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– de la Cruz, M.T. – Molina, J.A.: Zoom effect on soil data for soil erosion evaluation in a 
small mediterranean basin using GEOWEPP 

17. Djurhuus, J. – Højsgaard, S. – Heckrath, G. – Olsen, P.: ErosPredict – A new model for 
predicting water erosion in Denmark 

18. Tóth, A.: Application of the MEDRUSH model in a hilly catchment 
19. Josan, N. – Nistor, S.: The first large scale digital elevation model of the upper catchment 

area of Barcau-Berettyó river basin 
20. Auerswald, K. – Kainz, M. – Fiener, P.: Erosion potential of organic and conventional 

farming – validation of large scale modelling by results of a long term field study 
21. Antal, S. – Máté, F. – Sisák, I.: Development of a field-scale erosion model 
22. Jakab, G.: Spatial distribution and classification of gullies in the hilly areas of Hungary 

 
“Pollution of soil and water resources” 
23. Szalai, Z.: Predicting the vertical distribution of groundwater Cd and Cu contents in 

calcareous alluvial soils and sediments of River Danube 
24. Stępniewska, Z. – Szafranek A.: Dynamic of twenty-four hours methane emission from 

the Lake Moszne in the east part of Poland 
25. Bennicelii, R.P. – Stępniewska, Z. – Banach, A. – Szajnocha, K –  

Górski, A.: Determination ability of aquatic fernazolla caroliniana to remove biogens from 
municipal wastewater 

26. Bennicelii, R.P. – Stępniewska, Z. – Szajnocha, K. – Banach, A.: The ability of azolla 
filiculoides to remove precious metals (Ag(I), Au(III), Pt(IV)) from water solution 

27. Stępniewska, Z. – Ostrowska, A.: Nitrate (V) elimination from waste water trough 
sorption on the rock spoils of different degree of weathering 

28. Stępniewska, Z. – Wolińska, A.: Enzyme activity in soils contaminated by chromium 
forms 

29. Stępniewska, Z. – Kosiorowska, I. – Nowak, D.: Effect of waste water on wettability 
eutric histosol soil 

30. Olubunmi, O.T.: Livestock as a case study 
31. Füleky, Gy. – Rétháti, G.: Pollution of deeper soil horizons after long term placement of 

liquid manure 
32. Rétháti, G. – Füleky, Gy. – Enczi, Zs.: Sorption of chlorinated aromatic compounds on 

soil and soil constitutents 
33. Aleksza, L. – Dér, S. – Kovács, D. – Füleky, Gy.: Soil improvement with composted 

agricultural waste materials 
34. Aydinalp, C. – Füleky, Gy.: Cadmium and trace element levels in some agricultural soils 

under various crops in the Bursa Province of Turkey 
35. Andreu, V. – Rubio, J.L. – Picó, Y.: Presence of alkylbenzenesulfonates in a 

mediterranean forest soil amended with sludges 
 
 
 
 

11.15 – 13.00 Paper session III. 
 “Pollution of soil and water resources”  

11.15 – 11.45 Key-note: Németh, T. – Kádár, I.: Heavy metals in the soil-plant system 
11.45 – 12.00  Szalai, Z.: Heavy metal availability in Hungarian Alluvial Soils  
12.00 – 12.15  Csillag, J. – Lukács, A. – Osztoics, E. – Csathó, P. – Baczó, Gy. Trace metal 

concentrations in the soil solution at increasing phosphate rock doses and acid loads in 
a bulk soil experiment 
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12.15 – 12.30 Tripolskaja, L. – Romanovskaja, D.: Influence of green manure on migration of 
nitrogen compounds in fine texture soils in Lithuania 

12.30 – 12.45 Zubova, L.: The biological recultivation of waste banks in Donbas 
 
  13.00 – 14.30 Lunch 
 
14.30 – 16.00 Paper session IV. 

“Soil conservation and water management” 
14.30 – 15.00 Key note: Pla Sentís, I. – Ramos, M.C. – Nacci, S. – Fonseca, F. – Abreu, X.: Soil 

and Water Conservation as Affected by Changing Mediterranean Climate and Land 
Management in Vineyards of Catalonia (NE Spain) 

15.00 – 15.15 Sisák, I. – Máté, F. – Strauss, P. – Azazoglu, E.: Particulate and dissolved phosphorus 
loss by rill erosion from the watershed of the Tetves-stream 

15.15 – 15.30 Davies, K. – Fullen, M.A.: Evaluating the soil conservation potential of palm leaf 
geotextiles at the Hilton Experimental Site, Shropshire, U.K. 

15.30 – 15.45 Marinari, S – Mancinelli, R. – Campiglia, E. – Grego, S.: Chemical and physical 
properties of soil under organic management in Central Italy 

15.45 – 16.00 Dimitrov, P. – Klevtzov, A.: Simulaneous assessment and control of water and soil 
quality - Methodology and some GIS applications 

 
16.00 – 16.50 Poster session IV. (Posters 36-49) and Coffee Break 

“Soil conservation and water management”  
36. Stępniewska, Z. – Szmagara, A. – Ostrowski, J.: Redox resistance of soils enriched with 

nitrates 
37. Reintam, E. – Kuht, J. – Puust, J. – Neem, P.: Composition of phytocoenose and uptake of 

nutrients depending on soil compaction in barley field 
38. Uhlířová, J.: Soil and water protection – principles and realizations in agriculture 
39. Novak, P. – Vopravil, J. –Tomasek, M. – Vetisková, D.: Water retention capacity of soils 

in the Czech Republic 
40. Beltrán, E. M. – Miralles de Imperial, R. – Porcel, M.A. – Beringola, M.L. – Martin, J.V. 

– Calvo, R. – Delgado, M.M.: Olive grove soil conservation by addition of sewage sludge 
compost 

41. Jigeu, G. – Slonovski, V. – Lupu, M. – Jolondkovski, A. – Jigeu, R.: The premises to 
institution to guaranteeing of soil preservation in Pricernomorski basin 

42. Takács, K. – Füleky, Gy.:  Medieval water conservation system in Hungary 
43. Szlávik, L. – Deseő, É.: Flood control as a part of integrated river management in Hungary 
44. Sisák, I. – Máté, F. – Szűcs, P.: Soil and phosphorus loss differences between two study 

catchments on the watershed of Lake Balaton 
45. Spugnoli, P. – Melani, E.M.: Mechanical properties of a soil treated with brackish water 
46. Díaz, F. – Jiménez, C.C. – Tejedor, M.: Influence of the thickness and grain-size of tephra 

mulch on soil water evaporation 
47. Nikolova-Belcheva, B. – Alexandrova, P.: Investigation the qualitative parameters on 

basin water with reference to use it for irrigation 
48. Chitanu, G.C. – Filipov, F. – Tomita, O. – Popescu, I. – Suflet, D.M.: The effect of the 

copolymer maleic anhydride-vinyl acetate on some chemical properties of the main 
organic components of horticultural substrata 

49. Dumitru, E. – Canarache, A.: Soil Conservation in Romania - problems, research, control 
 
 
16.00 – 17.00 ESSC Council Meeting 
 
17.00 – 19.00 ESSC General Assembly 
 
 
27th May, Thursday 
 
09.00 – 10.15 Paper session IV. 

 “Soil conservation and water management” 
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09.00 – 09.15 Gillijns, K. – Govers, G.: Introduction of conservation agriculture in a highly 
mechanised agricultural system in Flanders, Belgium 

09.15 – 09.30  Hecker, J.-M.: High resolution determination of bulk density – distribution in sealed 
soils 

09.30 – 09.45 Schjønning, P.: Sustainability, the soil quality concept and the precautionary principle 
in soil conservation  

09.45 – 10.00 Ginanni, M. – Bonari, E. – Risaliti, R. – Silvestri, N. – Pampana, S.: Environmental 
impact of energetical cropping systems in central Italy 

10.00 – 10.15 Freer, J.E. – Quinton, J.N.: A simplified semi-distributed approach for mapping the 
risk of phosphorus sources connecting with surface water bodies 

 
10.15 – 11.05 Poster sessions V – VI. (Posters 50-57) and Coffee Break 

“Socio-economic aspects of soil degradation” –  
“Tillage erosion” 
“Socio-economic aspects of soil degradation” 
50. Adiloglu, S. – Adiloglu, A.: An investigation on fertilizer production, consumption, export 

and import between 1998 and 2002 in Turkey 
51. Michéli, E. – Szegi, T. – Montanarella, L.: Missing items for the developing European Soil 

Protection Strategy 
52. Márton, L.: Rainfall and mineral fertilization interactions on crops yield 

 
“Tillage erosion” 
53. Rejman, J.: Comparison of tillage and water erosion rates on a loess slope: a case study 

from south-eastern Poland 
54. László, P. – Gyuricza, Cs. – Liebhard, P. – Rosner, J.: Soil conservation by ridge tillage in 

Central Europe 
55. Farkas, Cs. – Várallyay, Gy. – Tóth, E.: The effect of conventional and soil conserving 

tillage systems on soil hydraulic properties and soil water regime of a loamy Mollisol 
56. Bádonyi, K: Measurement of ecological consequences of conventional and minimum 

tillage 
57. Akande, O.O.: Studies in tillage and fertilizer interactions in a degraded alfisol 

 
11.05 – 12.20 Paper session V. 

 “Socio-economic aspects of soil degradation” 
11.05 – 11.35 Key-note: Bakker, M.M. – Govers, G. – Rounsevell, M.A.: The crop productivity-

erosion relationship 
11.35 – 11.50 Szafranek, A. – Skłodowski, P.: Properties and sustainable management of cambic 

arenosols 
11.50 – 12.05 Bakšienė, E.: The influence of sapropel on the changes of Haplic Luvisols properties 

and on the productivity of crop rotation 
12.05 – 12.20 Dragović, N. – Zlatić, M. – Kostadinov, S.: Minimisation of direct costs in the 

construction of longitudinal structures for torrent management 
 

12.30 – 14.00 Lunch 
 
 
 
14.00 – 16.00 Paper session VI. 

“Tillage erosion” 
14.00 – 14.30 Key-note: Kertész, Á.: Conventional and conservation tillage from pedological and 

ecological aspects. The SOWAP project 
14.30 – 14.45 Lane, M.: The concept and first results of the GECAP project 
14.45 – 15.00 de Alba, S. – Borselli, L. – Torri, D. – Lindstrom, M.J.: Field evidence of intense 

tillage erosion 
15.00 – 15.15 van Lynden, G. – Jones, C. – Leake, A.: A case study of soil and water protection 

using conservation tillage in N. Europe 
15.15 – 15.30  Kisic, I. – Basic, F. – Othmar, N. – Mesic, M.: Soil erosion under different tillage 

systems in Croatia 
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15.30 – 15.45  de Alba, S. – Borselli, L. – Torri, D. – Reina, L. – Bartolini, D.: Assessment of tillage 
erosion rates in Tuscany (Italy) studying field features produced by past tillage 
practices 

15.45 – 16.00 Tobias, S.: Deriving threshold values for soil compaction from expert judgement 
 

16.00 – 16.20 Coffee break 
 
16.20 – 17.50 Paper session VII. 

 “Land degradation & desertification” 
16.20 – 16.50 Key-note: Rubio, J.L.: Forest fires and land degradation 
16.50 – 17.05  Várallyay, Gy.: Control of extreme moisture events and soil degradation processes as 

priority tasks of soil conservation in the Carpathian Basin  
17.05 – 17.20 Dazzi, C. – Monteleone, S. – Scalenghe, R.: Anthropogenic soils from severe soil 

disturbance due to large scale farming 
17.20 – 17.35 Laudicina, V.A. – Pisciotta, A. – Territo, C.: Soil inorganic carbon in benchmark 

forest soils of Mediterranean environment: a case study from Sicily 
17.35 – 17.50 Vacca, S. – Capra, G.F. – Biagioli, M. – Muntau, H.W. – Buondonno, A. – Loi, A.: A 

contribution to the knowledge about anthropogenic soils on and in urban waste 
deposits  

 
 
28th May, Friday 
 
09.00 – 10.30 Paper session VII. 

“Land degradation & desertification” 
09.00 – 09.15 Karyotis, Th. – Argyropoulos, G. – Toulios, M. – Haroulis, A. – Mitsimponas, Th. – 

Katsilouli, E. – Georgiou, Th.:  Factors influencing the properties and productivity of 
acid arable soils in the Tirnavos area, Central Greece  

09.15 – 09.30 Castillo, V.M. – Barberá, G.G. – Navarro, J.A. – Mosch, W. – Martínez-Mena, M. – 
Albaladejo, J.: Reforestation of degraded shrublands for combating desertification in 
SE Spain: effects on soil properties  

09.30 – 09.45 Blaskó, L.: GIS evaluation of a long-term experiment on salinization processing  
09.45 – 10.00 Jigeu, G. – Konishesku, A. – Jolondkovski, A.: Conceptual and methodical bases of 

preservation physically soil degradation 
10.00 – 10.15 Tarasov, V.I.: Control over stability of agricultural land to wind erosion 

 
10.15 – 11.15 Poster session VII. (Posters 58-66) and Coffee Break 

“Land degradation & desertification” 
58. Lóki, J.: Erosion sensitivity of the soils in Hungary – experiments based on wind tunnel 

experiences 
59. Csuták, M.: Land degradation and desertification problems of the Great Hungarian Plain 
60. Ingelmo, F. – Albiach, M.R. – Canet, R. – Gamón, S.: Water stable aggregates in an 

amended soil affected by simulated processes of soil degradation  
61. Kuht, J. – Reintam, E. – Nugis, E. – Edesi, L.: About effect lupine (Lupinus luteus) root 

system on the properties of compacted soils  
62. Dufkova, J. – Toman, F.: Water and wind erosion and its influencing by climate conditions

   
63. Van Oost, K. – Govers, G. – Heckrath, G. – Olesen, J.: Modelling the effect of soil 

redistribution by water and tillage on carbon dynamics in agricultural landscapes 
64. Dikkeh, M.: Comparing Wind Erosion (Field Measurements) with Simulated by (WEPS) 
65. Vacca, S. – Capra, G.F. – Muntau, H.W. – Loi, A. – Biagioli, M.: Heavy metal 

contamination of urban soils: A case study (Nuoro/Sardinia, Italy) 
66. Vacca, S. – Banov, M.D. – Petrov, N. – Muntau, H.W. – Aru, A. – Buondonno, A. – 

Capra, G.F. – Biagioli, M.: Evaluation of the state of contamination from heavy metals in 
the soils and the waters in the mining district of Mikaljlovgrad (North-Western Bulgaria) 

 
11.15 – 12.45 ESSC and the Advisory Forum on EU Soil Policy 
 

13.00 – 14.30 Lunch 
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14.30 – 15.30 Conclusions of the Main Topics of the Congress 
15.30 Closing ceremony 
 
19.00  Congress dinner 
 
 
29th May, Saturday 
 
FIELD TRIP 
 
All day field trip to Lake Balaton Catchment 
Main scientific topic: Soil erosion, conservation measures, minimum and conventional tillage 
For detailed programme please see the “Fieldguide”. 
 
30th May, Sunday 
 
 Departure 
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Integration of soil conservation issues into multifunctional land use 
 

Helming, K.1 – Zander, P. – Schuler, J. – Müller, K. – Wiggering, H. 
 
 

Soil erosion in Europe is inevitably related to agricultural land use. Whereas the off-site damages of soil 
erosion are often effective at the catchment scale, the actual run-off and soil erosion risk is determined by 
decisions on agricultural management practices taken at the farm scale. Therefore, farming system management 
plays a key role in combating run-off and soil erosion, implementing best management practices, run-off 
prevention and soil conservation measures.  

Soil erosion and degradation processes have extensively been studied during the last decades and soil 
conservation measures have successfully been developed. However, the implementation of conservation 
measures in farming systems in Europe has not been satisfactory. One reason for this might be due to a lack of 
reconciliation of soil conservation issues with further agricultural management targets. Any operation on 
agricultural land has to fit within the farm organisation, which involves the simultaneous consideration of social, 
economic and environmental concerns. Farmers generally follow the economic rationality in their decision 
making, which is determined by the economic and political conditions. 

Agricultural policies on EU, national and regional level are powerful measures to govern farmers 
decision making and include environmental and social concerns in management practices. The concept of 
multifunctionality of agriculture as developed by the OECD and EU opens new opportunities to consider and 
value environmental, social and economic effects of agricultural production as “non commodity outputs”, which 
complement the production of food and fibre (commodity outputs). With adequate policy instruments, the 
production of non-commodity outputs such as soil conservation can then be remunerated as an environmental 
service, which is demanded by the society. 

This paper describes, based on the exemplary case of soil conservation, an analytical framework for the 
implementation of multifunctionality issues into agricultural policies and management practices.  

                                                           
1 ZALF, Leibniz-Centre for Agricultural Landscape and Land Use Research, Müncheberg, Germany., 
Tel.: +49 33432 82155; Fax: +49 33432 82223; E-mail: khelming@zalf.de 
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Remote sensing-based assessment of land condition in Mediterranean Europe 
 

Boer, M.1 – Puigdefábregas, J. – Hill, J. 
 
 
Background and approach 

Much of the land in the Mediterranean Region is inherently vulnerable to degradation processes, due to 
the combination of pronounced relief, erodible soils, high-intensity rainfall, prolonged droughts, and a long 
history of human land use (e.g. Brandt et al. 2002). Existing information on the actual land degradation status is 
highly fragmented and often of a qualitative nature, which makes it practically impossible to obtain an overview 
of the situation at a European scale. As part of the LADAMER project (‘Land degradation assessment in 
Mediterranean Europe’), a new procedure for land condition assessments at continental scales is being 
developed. It focuses on the dryland environments within Mediterranean Europe and uses remotely-sensed 
vegetation indices and spatially-distributed climate information as the main data inputs. 

A major symptom of dryland degradation is the gradual loss of the land’s capacity to retain and utilise 
local water resources for primary production (Ludwig et al. 1997; Boer 1999). In non-degraded drylands, 
practically all local precipitation is retained on-site and is potentially available for plant growth. As the land 
degrades, plant available moisture (PAM) is reduced to increasingly smaller fractions of the long-term 
precipitation (P). The ratio PAM/P, when measured over several growth cycles, potentially forms an objective 
measure of dryland condition. For non-degraded sites PAM/P approaches 1.0, whereas (much) smaller values 
indicate degradation. The accuracy of PAM/P as a land condition indicator would be enhanced by stratifying for 
spatial variation in climate and soil characteristics that form boundary conditions for plant water use but are 
independent of the condition of the land (e.g. soil texture). A key research issue for the operationalisation of this 
approach is the development of procedures for the spatially explicit quantification of PAM over timescales of 
several years or longer. Existing methods for the remote sensing of soil moisture content (Carlson & Gillies 
1991; Goward et al. 2002; Nemani et al. 1993; Schmugge 1978; Wang et al. 2004) are impractical for the 
mapping of long-term conditions. The general moisture limitation of primary production in dryland 
environments provides possibilities for the assessment of long-term PAM/P from the analysis of the remotely-
sensed vegetation response to local climate and soil conditions. The vegetation response integrates short-term 
fluctuations in soil and weather conditions into a seasonal signal and can therefore convey relevant information 
on the condition of the land more efficiently than observations of more variable land properties such as soil 
moisture.  

These considerations are leading us to the development of an approach for the assessment of land 
condition from remotely-sensed vegetation observations that consists of two basic components: i) a model for 
the prediction of the potential vegetation response (Vmax) corresponding to: PAM/P≅1.0, ii) a procedure for the 
quantification of the deviation between the predicted potential response (Vmax) and the actually observed 
response (V) in terms of PAM/P. To be operational both steps of the assessment need to be based on readily 
available spatially explicit information. In this paper we report on preliminary results obtained with the approach 
for the Iberian Peninsula using NOAA-AVHRR images.  
 
Material and methods 

Sixty monthly Normalised Difference Vegetation Index (NDVI) images for the Iberian Peninsula 
covering the period September 1996-August 2001 were extracted from the MEDOKADS archive of NOAA-
AVHRR data (source: D. Koslowski, FU Berlin), and resampled to a 1 km grid with a Lambert Transverse 
Azimuthal Equal Area projection. A time-integrated NDVI (TINDVI) image was computed for every pixel by 
summation of the sixty monthly NDVI values and used as an indicator of V. Time-integrated NDVI is correlated 
with the photosynthetically active radiation intercepted by the vegetation canopy (Sellers et al. 1992) and was 
used before as a measure of aboveground net primary production in different environmental settings (Holm et al. 
2003; Paruelo & Lauenroth 1995; Hill & Donald 2003). By basing the assessment on five consecutive 
hydrological years spatial differences in vegetation response are likely to convey relevant information on land 
condition and less affected by short-term events and disturbances (Ludwig & Tongway 1992). Spatially-
distributed estimates of mean annual precipitation (P) and potential evapotranspiration (E0) were computed for 
mainland Spain using, respectively, a multiple regression model with latitude, longitude and altitude as 
independent variables (Sanchez Palomares et al. 2003), and a linear function of mean annual temperature (Le 
Houérou 1995). A spatially distributed estimate of the soil water holding capacity (SWHC) in the top 1 metre 
was computed from soil texture and soil depth data. A simplified version of the Corine Land Cover 
Classification was used as a map of current land use. 

                                                           
1 Consejo Superior de Investigaciones Científicas - Estación Experimental de Zonas Áridas, General Segura 1 
04001 Almería, Spain. Tel.: +34-950-281045; Fax: +34-950-277100; E-mail: mboer@eeza.csic.es  
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As a first step in the assessment the dryland environments in mainland Spain were identified by selecting all grid 
cells where mean annual E0 exceeds mean annual P. Next, the remaining study area was sub-divided into 24 sub-
areas by stratifying for four SWHC classes (i.e. < 50 mm, 50-100 mm, 100-150 mm, > 150 mm) and six E0 
classes (i.e. < 900 mm.y-1, 900-1000 mm.y-1, 1000-1100 mm.y-1, 1100-1200 mm.y-1, 1200-1300 mm.y-1, > 1400 
mm.y-1). We assumed that the observed maxima of TINDVI, for a given climate and soil, correspond to non-
degraded sites where TINDVI≅TINDVImax and PAM/P≅1.0. A suite of regression models for the prediction of 
TINDVImax was constructed by plotting observed TINDVI against mean annual precipitation (P) for each sub-
area and fitting a logarithmic or exponential function through the upper edge of the data envelop (Figure 1). The 
upper edge of the data envelop was defined by the 99% TINDVI values for every 100 mm interval of mean 
annual P (Boer & Puigdefábregas 2003), and was interpreted as the maximum response of the vegetation for the 
situation where long-term PAM/P=1.0. To focus on rainfed systems, grid cells of the following land cover types 
were excluded from the regression analyses: urban, industrial, irrigated agriculture, wetlands, and water bodies. 

 
Figure 1. Example of a P-TINDVI data envelop and 
P-TINDVImax reference function (red curve) for the 
population of grid cells with SWHC class 2 (i.e. 50-
100 mm) and mean annual E0 class 2 (900-1000 
mm.y-1). The analysis was restricted to data from 
dryland environments, defined by mean annual E0 
being equal to, or greater than, mean annual P (in this 
example 1000 mm.y-1).  
 
 
 
 
 
 

The suite of regression equations define a reference surface for each SWHC class with mean annual P 
and E0 as independent variables and TINDVImax as the dependent variable (Figure 2). All grid cells that plot 
below the reference surface were supposed to be degraded. To quantify the condition of the land in terms of 
PAM/P we assumed that: i) as far as long-term water relations of the vegetation are concerned, non-degraded 
sites (i.e. TINDVI≅TINDVImax) with low mean annual precipitation and/or inherently small soil water holding 
capacity (e.g. shallow sandy soils) can be used as spatial analogues of degraded land (i.e. TINDVI<TINDVImax) 
with higher mean annual precipitation and/or inherently greater soil water holding capacity (e.g. deep loamy 
soils), and hence ii) inversion of the reference surface function (Figure 2) provides an estimate of PAM/P for 
sites where the actually observed vegetation response (TINDVI) is inferior to the predicted potential vegetation 
response (TINDVImax). 
 

Figure 2. Hypothetical reference surface representing 
the maximum vegetation response, TINDVImax, for 
given mean annual precipitation (P), pot. 
evapotranspiration (E0) and soil water holding 
capacity. At site A, with P and E0 of, respectively, 
1000 mm.y-1 and 1400 mm.y-1, the observed TINDVI 
is inferior to the predicted TINDVImax for A, but 
equal to the actually observed TINDVI at site B, with 
the same soil water holding class and E0 but P of only 
600 mm.y-1. The land condition index, for A would 
then be 600/1000=0.6 
 
Discussion of results 
The plotted P-TINDVI data envelops had rather sharp 
upper edges. Fitted functions of the form 
TINDVImax=a+b.log10(P), and in some cases 
TINDVImax = a.(1-exp(-b.Pc)), generally explained 
more than 90% of the variance in the 99% TINDVI 
values and were highly significant. This finding 

confirmed the assumed moisture limitation of the vegetation response at the spatial and temporal scales of this 
study (i.e. 1 km2 and 5 years). The land condition index, PAM/P, was computed by inversion of the reference 
functions for each of the sub-areas (Figures 2, 3). Our assessment indicates that extensive areas in relatively poor 

0

10000

20000

30000

40000

0 500 1000 1500 2000 2500

Mean annual precipitation (mm.y-1)

TI
N

D
VI

raw data 99% TINDVI fitted function

A
B

TI
N

D
VI

A
B

A
B

TI
N

D
VI

TI
N

D
VI



18 

condition occur on the Northern and Southern Mesetas and in the upper Guadalquivir basin, while areas in 
relatively good condition are found, for example, in the central Ebro valley and in the mountain ranges of the 
interior. 
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Figure 3. Land condition index, computed from the ratio of long term PAM and P. The black areas correspond to 
non-dryland environments.  
 

This land condition assessment was based on readily available information only. It provides an 
interpretation of the deviation between the actually observed state of the vegetation and the potential state 
predicted from local climate conditions and soil water holding capacity. By comparing observed vegetation 
responses with a spatially-distributed reference situation, confusion of land degradation with ‘natural’ 
phenomena, due to spatial or temporal variability in environmental boundary conditions, is being reduced. The 
assessment of land condition in terms of a vegetation response relative to climatically available soil moisture is 
conceptually sound with current ecological understanding of dryland degradation (e.g. Ludwig et al. 1997), and 
in line with recent recommendations for the detection of desertification (Prince 2002). So far, the approach has 
been applied without distinguishing agricultural land cover types (e.g. annual crops) from non-agricultural types 
(e.g. evergreen shrubland), thus assuming that the same reference function applies to all land use types. The 
resulting assessments suggest that land in poor condition is particularly widespread in areas of rainfed 
agriculture, whereas land in relatively good condition is frequent in areas dominated by shrub or forest 
vegetation. From a soil hydrological point of view this pattern makes good sense, since dynamic soil properties, 
such as infiltration capacity, organic matter content and aggregate stability, that are used as indicators of the 
‘health’ of the soil e.g. are known to be negatively affected by many forms of agricultural land use (e.g. 
Cammeraat & Imeson 1998). A validation of the land condition assessment against independent data (e.g. 
agricultural and forestry statistics) is now underway to determine whether the contrasting condition of areas with 
agricultural and semi-natural vegetation covers is justified or, for example, a stratification for gross differences 
in growth forms should be made. Other research priorities include the implementation of enhanced methods for 
the quantification of the vegetation response, and the use of improved climate surfaces. 
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The influence of land-use change to soil cover properties and functioning 
 

Kõlli, R.1 – Lemetti, I. – Penu, P. 
 
 
Introduction 

The transformation of land-use from one mode to another and regulation connected with this carbon 
cycling are permanently existing world-wide problems (Pulleman et al., 2000; Kimble et al., 2002).  In Estonia 
land-use changes were normally confined to limited areas and were caused by new social-economical situation 
on the local as well as state level. Drastic changes took place in the nineties of the last century, when because of 
the economic and social reasons a large part of arable land was set aside. In connection with this, problems 
regarding soil conservation and assessment of different soil types’ environment protection ability in different 
land-use conditions were aroused. Besides, the land-use changes are by far not only problems of agriculture and 
environment, moreover, there are clearly visible social, state strategic and ethic aspects. In the evaluation of 
changes of soil properties and functioning the most important characteristic is soil organic matter (Kern, 1994; 
Percival et al., 2000; Rusco et al., 2001; West et al., 2002). In this work the land-use changes to soil organic 
carbon (SOC) and matter (SOM) are treated. 

 
Material and methods 

The quantitative characteristics of arable and forest soils originate from soil profile database PEDON, 
which was formed in the years 1967-85 and updated 1986-95 and 1999-2002. Postlithogenic mineral soils 
studied in this work form 86% of the total arable land and 61% from forest land. Changing of soil cover 
properties and functioning as a result of land-use changing may be to a certain extent explained by data of 
comparative studies of SOC and SOM of natural and cultivated lands formed on the same soil type. The 
nomenclature and correlation of Estonian postlithogenic mineral soils with WRB used in this work is presented 
on Figure 1.  

The pools of SOC and SOM of different soil types were estimated by two soil layers: (1) in the humus 
cover  and (2) in the soil cover. Humus cover consists of superficial horizons, containing remarkable 
concentration  (>0.6%) SOC. The soil cover or solum depth reaches from the surface to the unchanged parent 
material, consisting therefore of humus cover and subsoil. The SOC and SOM pools were determined on the 
basis of soil bulk density. For ANOVA the PC program MS Exel was used. The soil group names and codes are 
given in the system of WRB (FAO et al., 1998). Presented matrix, which embraces all Estonian postlithogenic 
mineral soils, was used also for the generalisation of SOM data.  
 
Results and discussion  

Land-use change influences first of all the soil humus cover or epipedon, which is as a transition layer 
between vegetation and soil in natural conditions and is mainly mechanically manipulated and from aside 
subsidated soil cover part in cultivated areas.  Clearly visible differences between forest and arable soils can be 
seen in epipedon fabric. On forest soils the forest floor is formed, where depending of the concrete 
pedoecological situation the exogenic soil part of SOC increased.  Regularities of these changes in connection 
with soil types may be well explicated by humus cover types on the background of Estonian postlithogenic 
mineral soil matrix (Figure 1). Along the vertical scalar (from Rendzic Leptosols to Haplic Podzols) the 
endogenic humus covers change step by step by exogenic ones or changes in sequence mull=>moder=>mor are 
followed. Along the horizontal or moisture conditions scalar developed on automorphic soils dry and fresh 
humus covers are changed by wet and peaty ones on hydromorphic soils (Epigleyic & Histic Gleysols) in the 
sequence dry=>fresh=>moist=>wet=>peaty.  

On arable mineral soils in conventional soil management conditions the development of exogenic humus 
covers is prevented due to regular soil tillage.  In most cases the thickness of arable humus covers (endogenic) 
surpasses that of natural areas (Table 1). If we take into account also the epipedon volume weight, which is 
always higher in arable soils, then it is clear that soil mass of arable soil humus cover overpasses the same of 
natural ones.  

As natural soil humus covers, the ones of arable soils are also developed in concordance with soil type 
and their correlation may be explicated on the background of mineral soil matrix. It can be concluded that there 
must also be a good correlation between the classifications of natural and arable soil humus covers. 
Consequently it is possible to predict probable humus cover type which begins to form after land-use changing. 
For example, with cultivation of  Calcaric Cambisols with fresh mull humus cover probably neutral or pebble 
mild  humus cover is formed, but  

                                                           
1 Estonian Agricultural University; Kreutzwaldi Str. 64,  Tartu 51014, Estonia, Tel.: +3727313536,  
Fax: +3727313539; E-mail: raimo@eau.ee 



21 

 

 
Figure 1. Correlation of Estonian postlithogenic mineral soil codes with WRB soil names. 

Kh - Rendzic Leptosols, Khg - Endogleyic Leptosols, Kr - Calcari-Skeletic Regosols, K - Calcaric Cambisols, 
Kg - Endogleyi-Calcaric Cambisols Ko - Mollic Cambisols, Kog - Gleyic Cambisols, KI - Cutanic Luvisols,  
KIg - Gleyic Luvisols, LP - Glossic Albeluvisols, LPg - Stagnic Albeluvisols, Lk - Haplic Albeluvisols, Lkg - 
Gleyic Albeluvisols  L(k) - Humic Podzols, L(k)g - Gleyi-Humic Podzols,  L - Haplic Podzols,  Lg - Gleyic 
Podzols,  Gh - Epigleyic Leptosols, Gk - Calcari-Skeletic Gleysols,  Go - Mollic Gleysols, G(o) - Calcic 
Gleysols,  GI - Dystric Gleysols, LPG - Glossic Gleysols, LkG - Umbric Gleysol,  LG - Epigleyic Podzols, Gh1 - 
Saprihistic Leptosol, Gk1 - Calcari-Histic Regosols, Go1 - Saprihistic Gleysols, GI1 - Dystri-Histic Gleysols,  
LG1 - Fibrihistic Podzols.  
Remarks: 1) meanings of additional letters in soil codes are: p - aridic; g - endogleyic  and 1 - histic, 2) the last 
column (M S R) belongs to Histosols. 
 
forestation of Glossic Albeluvisols with acid low or eluvic moder humous arable humus cover probably the  fresh 
moder-mor humus cover type is developed.   
 For sustainable soil management it is useful to know the best humus cover types from the aspect of 
biological activity, ecosystem productivity and environment protection ability (substances cycling intensity) for 
local pedoclimatic conditions.  From the agronomic aspect the best humus covers belong to the neutral mild 
humus cover type, the main constraints of others may be high acidity, low humus content, raw-humous fabric 
and wet moisture conditions. From the aspect of forest management postlithogenic mineral soils with good 
edaphic properties are moist&fresh&wet mull&moder humus covers. The other main constraints are excess of 
water (low biological activity, peaty types) as well as extremely high acidity or/and poor chemical-mineral 
composition (mor types).  
 From the material above and data Table 1, it can be revealed that multi-layered humus covers of natural 
areas are thinner, but arable ones are homogenized and thicker. On arable soils a good characteristic is mean 
SOC or SOM content (concentration) in arable layer, which at the same time depends on soil calcareousness and 
soil texture. We must be more attentive only in the case of poorly drained semihydromorphic soils, where raw-
humous SOC may be present to a certain extent, the agronomic quality of which is not equal to the automorphic 
soil. For the characterisation of natural soils it is practically impossible to use humus cover SOC or SOM 
concentration, as there exists rather the vertical concentration continuum (from 100% to 1% SOM) in different 
forms of curve.  Only in certain cases the weighed (by mass or volume) means of SOM or SOC concentration 
may be used.  The most suitable indicators in comparative analysis of different humus covers are SOC pools 
(Table 2). As may be seen from this data, in most cases statistically proved differences between humus cover 
SOC pools in arable and forest soils are absent. At the same time SOC in humus cover has statistically proved 
differences between certain soil types because the tendencies of their development are the same both in arable 
and forest soils. Statistically proved differences between natural and arable Gleysols SOC pools indicates highly 
cultivated (well managed) soil where due to artificial drainage the humus content is stabilised according to newly 
formed situation. 
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Table 1. Studied soil groups1 and thickness (M+SD2, cm) of soil cover layers   

Forest soils Arable soils Soil or soil association Soil code 
by WRB n HC3 SC4 n HC SC 

Rendzic&Skeletic&Gleyic Leptosols LP rz sk gl 7 17+5 24+4 12 21+4 22+6 
Calcaric&Endoskeletic Cambisols  CM ca skn 5 23+10 56+19 20 27+5 36+11 
Mollic&Endogleyic Cambisols  CM mo gln 12 20+9 47+8 26 29+7 56+18 
Sceletigleyic Cambisols CM gls 3 19+8 43+10 0 - - 
Cutanic&Endogleyic Luvisols LV ct gln 11 24+6 70+19 8 27+5 74+20 
Glossic&Gleyiglossic Albeluvisols  AB gs gsg 18 19+5 92+19 13 26+6 93+8 
Haplic&Endogleyic Albeluvisols AB ha gln 26 19+6 75+18 21 25+8 73+15 
Haplic& Endogleyic Podzols PZ ha gln 27 5+2 65+22 - - - 
Mollic&Calcic&Eutric Gleysols  GL mo cc eu 8 26+5 39+13 6 22+4 38+15 
Luvic&Epidystric Gleysols GL lv dye 16 25+4 55+21 4 26+5 54+22 
Spodic&Umbric&Dystric Gleysols GL sd um dy 8 16+5 70+15 2 23 100 
Saprihistic Gleysols GL his 5 23+5 51+12 1 18 33 
Fibrihistic Podzols  PZ hif 13 15+4 76+18 - - - 

1) Kokk, 1995; 2) M - mean, SD - standard deviation; 3) HC - humus cover, 4) SC - soil cover.  
 
 
Table 2. SOC pools (Mg ha-1, M+SE1) in postlithogenic mineral soils 

 Forest soils  Arable soils Soil code 
by WRB %2 n HC SC %3 n HC SC 
LP rz sk gl 0.8 8 82+14 102+15 0.8 12 77+9 78+10 
CM ca skn gls 3.2 9 82+18 105+17 11.1 20 59+3 68+4 
CM mo gln 3.3 13 49+6 76+5 14.5 26 69+5    101+7 
LV ct gln 2.4 12 75+6 95+6 13.5 8 62+7 92+10 
AB gs gsg 3.6 19 42+4 64+4 21.3 13 49+4 69+4 
AB ha gln 4.3 28 44+4 69+8 5.2 21 49+5 76+8 
PZ ha gln 6.0 31 18+2 45+5 0.0 - - - 
GL mo cc eu  12.1 15 113+15 120+16 10.3 6 74+17 83+18 
GL lv dye 8.0 16 118+14 126+13 5.8 4 131+50 144+45 
GL sd um dy 9.2 7 39+9 113+16 0.8 2 34 53 
GL his  5.3 5 165+42 209+33 2.5 1 189 194 
PZ hif 3.1 13 46+5 114+13 0.0 - - - 

1) M - mean, SE - standard error; 2) % from forest soils, 3) % from arable soils. 
 
 

It should be noted that in naturally proceeding stabilisation processes the decrease of SOC 
concentration in topsoil is not always accompanied with the decrease or loss of humus cover SOC pools, as at 
the same time the depth of humus cover increases (observed effect of dilution) and also the humus binding 
(stabilising) extent increases.  In this context the question of the efficiency of non-tillage management may be 
arisen. Following natural models or patterns seems optimal to the ameliorative organic residue on the soil 
surface, with surface density between 3-5 Mg ha-1. The expedient residue’s quantity ought to attain nearly 100% 
of the coverage of soil, contain nutrition elements corresponding to the medium input level and must be 
equilibrated from the aspect of C:N as well as mutual nutrition elements ratios.   
 Soil cover thickness is also not so much influenced by land-use, but first of all a peculiarity connected 
with soil type and local conditions.  SOC pools demonstrated an important role of subsoil in carbon 
sequestration. From this aspect there are also no clearly visible regularities in the differences between arable and 
forest land soils or the connection with land-use change. More figurative regularities are received by the 
generalisation of SOM data on Figure 2.  The comparison of Figures 2.B. and 2.E. shows that cultivation of 
Albeluvisols and Podzols is accompanied by increasing SOM pools in humus cover, as without this the normal 
plant breading is impossible. The parent material humus covers formed on calcareous soils tend to have the 
biggest SOM pools under forests. In the forest most calcareous soils have higher SOM pools than it is possible to 
have under frequent cultivation.  
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D. E. F. 
 
Figure 2. Isolines of generalized SOM contents and pools in postlithogenic mineral soils. 
 
Forest soils: A. SOM pools in forest floor (Mg ha-1); B. SOM pools (Mg ha-1) in humus cover; C. SOM pools 
(Mg ha-1) in soil cover. 
Arable soils: D. SOM content in arable layer (g kg-1); E. SOM pools (Mg ha-1) in humus cover; C. SOM pools 
(Mg ha-1) in soil cover. 
 For each soil type SOC (and SOM) retaining capacity is characteristic to a certain extent. Depending on 
variation of individual site specific soil properties (soil moisture regime as well as different layers carbonate and 
clay  content) the carbon retaining capacity varies to a great extent. Cultivation of soils declines the humus cover 
toward homogenisation and decreasing of natural diversity.   

The correlation between classification units of various soils and humus cover types is substantial, but 
not absolute due to phenomenon of interference. In spite of this, soil morphometric and humus status 
characteristics may be successfully used in the determination of soil suitability and in the planning of landscape. 
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Land use change and its consequences in southern Thailand 
 

Tanavud, C.1 – Yongchalermchai, C. – Bennui, A. 
 
 
Abstract 

Using GIS and satellite imagery, this article examines changes in land use and evaluates the 
environmental consequences of such changes with specific reference to southern Thailand. During 1980-2000, 
forest resources in southern Thailand were depleted from 2,632,726 hectares to 2,044,023 hectares, equivalent to 
a decrease of 22.4 %. This observed change was largely attributed to the expansion of rubber cultivation. Indeed, 
it was evident that during the same period the area under rubber cover increased by a total of 1,591,511 ha, 
equivalent to an increase of 117.5 %. These inappropriate land use practices disturb the finely tuned equilibrium 
of the natural ecosystems to such a degree that environmental stability has been compromised. As a result of 
environmental degradation, southern Thailand has become vulnerable to the occurrence of natural disasters, 
primarily floods, with consequent impacts on the fragile environment.  

Due to population pressure, land use patterns which contribute to the flood disasters are continuing, 
resulting in further increases in hazard and vulnerability levels. Such hazard events can restrain social and 
economic development due to the loss of life, the destruction of property and infrastructure and, the degradation 
of the natural environment that they can cause. To cope with the impact of the flood hazards, areas that are at 
risk need to be delineated and appropriate risk reduction programmes implemented. In the present study, it was 
estimated through the use of GIS that 209,100 762,900 and 343,100 ha of land areas in southern Thailand are 
subjected to low, moderate and high flood risks, respectively. Results also revealed that 143,700 ha of land areas 
subject to high risk are in Nakhon Si Thammarat Province. Risk reduction programmes are discussed in this 
paper. 
 
Key words: Land use changes, flood disaster, flood risk area, flood risk reduction programme, Geographic 
Information Systems, satellite imagery 
 
Background 

Situated between latitudes 5 o 35 / and  11 o 02 /  N and longitudes 98 o 12 / and 102 o 5 / E, southern 
Thailand covers an area of approximately 7,787,700 ha, equivalent to 13.8 percent of the total area of the 
country. The southern peninsular experiences higher temperatures and heavier, more frequent precipitation. The 
average monthly temperature is 27.1 o C. Annual rainfall across the southern region averages 2,581 mm but is 
highly seasonal, resulting in floods in the wet season and a pronounced water deficit in the dry season. The 
population in southern Thailand was 8,066,779, which was about 13.1 percent of the national total. The economy 
of the region is agricultural in nature. Traditionally, rubber is cultivated in the foothills, fruit trees and mixed 
orchards on the undulating and rolling, rice on the lowlands and, shrimp farming on the coastal zones. The high 
slopes on the hills and mountains are covered with forests. 

Over the years, in response to necessity and economic opportunity, much of the forest in the upland 
watershed has been gradually replaced by rubber plantation. The destruction of forests in these environmentally 
critical areas disturb the finely tuned equilibrium of the natural ecosystem to such a degree that environmental 
stability has been compromised. As a result of environmental degradation, southern Thailand has become 
vulnerable to the occurrence of natural disasters, primarily floods. Such hazardous events present a threat to the 
human environment (human life and socio-economic factors), built environment (property, buildings and 
infrastructure) and natural environment (geography and physiology). To reduce the negative impacts these 
hazards have on the vulnerable social and economic development of southern Thailand, areas that are at risk 
need to be delineated and appropriate risk reduction programmes implemented. 
 
Land use changes 

Through the use of GIS and satellite imagery, it was found that, in 1980, forests covered an estimated 
2,632,726 hectares, representing the largest land use category in the region (Table 1). Between 1980 and 1990, 
forest resources were depleted by a total of 253,731 ha, equivalent to an annual loss of 25,373 ha. As a result, by 
1990, forest accounted for only 34.0 % of the total land area and had dropped from the largest land use type to 
the second largest type of land use. During the period from 1990 to 2000, the area under forest cover was further 
reduced by a total of 334,972 ha, representing an annual decrease through this decade of 33,497 ha. Despite the 
proclamation of a government decree in 1989, which imposed a ban on commercial logging, the annual average 
rate of deforestation was actually higher during 1990-2000. 
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Over the period of 20 years, from 1980 to 2000, the forest area in southern Thailand declined by a total 
of 588,703 ha, equivalent to a decrease of 22.4 %, or an annual decrease of 29,435 ha. In contrast, during the 
same time frame the proportion of rubber plantation areas dramatically expanded from 1,354,653 ha to 2,946,164 
ha, reflecting an annual increase of 79,575 ha (Table 1). In southern Thailand, such conversion of natural forest 
to other uses has been attributed to an expansion of agricultural land, logging and lack of public awareness of the 
importance and benefits of forests (UNDP, 1994). The dramatic increase in the price of rubber during this time 
period and the subsidies provided by the Thai Government’ Office of Rubber Replanting Aid Fund have been 
instrumental in promoting land conversion to rubber plantation (Usher, 1994). 
 
Consequences of land use changes 

The drastic changes in these forestry and land uses would disturb the finely tuned equilibrium of the 
natural ecosystems to such a degree that environmental stability is compromised. These changes limit an area’s 
ability to absorb the impact and lower the natural resilience to hazard impact (United Nations, 2002). As a result 
of environmental degradation, southern Thailand has become highly vulnerable to the occurrence of natural 
disasters, primarily floods (Ertuna, 1989). Such hazard events claim lives and cause damage to property and 
infrastructure and, degrade soil and water resources resulting in a disturbance of the equilibrium of the physical, 
hydrological and biotic environments, as it did in Phipun District in 1988 and in Hat Yai District in 2000. To 
lessen the negative impacts these hazards have on the vulnerable social and economic development of southern 
Thailand, areas that are at risk have to be identified and appropriate risk reduction programmes implemented. 
 
Table 1. Land use changes in southern Thailand between 1980, 1990 and 2000. 

Areas (ha) Land use category 1980 1990 2000 
Forest 2,632,726 2,378,995 2,044,023 
Rubber 1,354,653 2,684,188 2,946,164 

Rice 1,143,656 779,297 649,335 
Fruit trees and mixed orchards 411,628 698,056 829,891 

Aquaculture - - 84,528 
Urban and built up land 15,692 47,640 139,543 

Miscellaneous land 1,438,889 409,068 303,760 
Total 6,997,244 6,997,244 6,997,244 

 
In this study, flood risk areas in southern Thailand were delineated using GIS together with the 

weighting and ranking technique of Pachauri and Pant (1992). The method is explained in details by Tanavud et 
al. (2001). It was estimated that 762,900 and 343,100 ha of land areas in southern Thailand are subjected to 
moderate and high flood risks, respectively (Table 2). It is worth noting that the 143,700 ha subject to high flood 
risk, equivalent to 14.4 % of the total land area of southern Thailand, was found in Nakorn Si Thammarat 
provinces. This signals an urgent need to restore the protective influence of forest cover in this province in order 
to provide environmental and ecological stability. In addition, appropriate soil and water conservation practices 
such as contour cultivation and agroforestry should be adopted in rubber plantation areas. 

 
Table 2. Distribution of areas facing flood risk in provinces of southern Thailand. 

Risk levels (ha) 
high moderate low Province 

 Areas (ha) 
Areas % Areas % Areas % 

Nakhon Si Thammarat 996,700 143,700 14.4 165,600 16.6 10,100 1.0 
Krabi 485,400 4,000 0.8 65,100 13.4 200 - 

Phangnga 394,400 8,100 2.1 74,600 18.9 - - 
Phuket 56,300 1,600 2.8 - - - - 

Surat thani 1,312,600 22,500 1.7 90,800 6.9 57,500 4.4 
Ranong 319,200 5,300 1.7 32,600 10.2 800 0.3 

Chumphon 589,500 12,600 2.1 23,000 3.9 65,300 11.1 
Songkhla 789,300 21,400 2.7 36,100 4.6 25,800 3.3 

Satun 261,700 10,600 4.1 72,300 27.6 15,000 5.7 
Trang 476,100 24,400 5.1 56,400 11.8 3,900 0.8 

Phattalung 375,100 18,900 5.0 25,200 6.7 8,500 2.3 
Pattani 200,400 26,500 13.2 36,800 18.4 19,400 9.7 
Yala 450,000 6,700 1.5 17,800 4.0 2,600 0.6 

Narathiwat 447,100 36,800 8.2 66,600 14.9 - - 
Total 7,138,000 343,100 4.8 762,900 10.7 209,100 2.9 
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Risk can be reduced by either decreasing hazard, reducing or eliminating vulnerability of elements at 
risk, or combination of both actions (DeGraff, 1989). Hazard of flooding in the lowlands is governed in large 
measure by the condition of upland ecosystems. To decrease flood hazard, the ecological condition of the upland 
watershed has to be improved through the enrichment of forest cover, the prevention of encroachment by 
cultivators and, the enhancement of soil and water conservation functions to improve the environmental stability 
of upland cultivation. In regard to the protected areas, the headwater source areas, national parks and wildlife 
sanctuaries should be demarcated for further enhancement of the forest environment. 

Hazard of flooding is also influenced by the conditions within the lowlands such as hazard or 
vulnerability levels. Through the use of structural measures such as construction of reservoirs, levees, drainage 
canal and flood diversion channels, and non-structural measures such as application of land use planning, 
installing a flood forecasting and warning system, and adopting preparedness measures against flooding, the 
effect of the hazard on lives, property and crop production can be reduced (Maiklad, 1999). It is anticipated that 
successful adoption of such risk reduction programmes would improve environmental stability and support 
sustainable development in southern Thailand 
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Abstract 

This paper presents an integrated ecologic-economic land use model formulated and used to study land 
use and landscape changes in North East region of Germany.  Land use studies continue to gain more momentum 
among researchers and policy makers, given the social, economic and environmental implications of land use 
and landscape changes. Middle Europe was dominated by forest ecosystems for hundred of years. Agriculture 
has, however, drastically and extensively changed the original natural landscape resulting in totally new 
ecosystems, thus making land use and landscape research to draw the attention of researchers and policy makers. 
Land use and landscape changes are complex, cross sectional and require an inter-disciplinary approach, given 
the complex interactions between ecologic, social and economic factors. Therefore, land use and landscape 
studies require integrated approach to be able to explain the consequences of the complex interactions among 
ecologic and economic factors. While previous research efforts have recognized the need for an integrated 
modeling approach to study land use and landscape changes, most of these research efforts either treated 
ecologic models separately or economic models separately.  In this study, attempts were made to model land use 
and landscape changes using integrated economic and ecologic models in a GIS environment.  Data on soil 
properties, crops and the yield, production inputs, input and output prices, value of premium as well as climatic 
and other spatial data were used to implement the models. Results indicated that the gross margin is greatly 
influenced by changes in price and premium. Also, different crop management practices determine the erosion 
potential in the study areas. At the current price and premium levels, projections into year 2030 indicate a wider 
distribution of crop coverage, with low erosion potential.  
 
Introduction and Problem Statement 

The importance of integrated approach to development and management of natural resources has been 
emphasized in many international fora on sustainable development. The 1992 United Nations Conference on 
Environment and Development (UNCED) noted that ….“Expanding human requirements and economic 
activities are placing ever-increasing pressures on land resources, creating competition and conflicts and 
resulting in sub optimal use of land and land resources”. In order to achieve sustainability, there is need to 
resolve these conflicts and move towards effective and efficient use of lands and its natural resources. Integrated 
modeling, involving economic and ecologic models to study landscape and land use, is a practical way to 
achieve this. By linking economic models with ecologic models in an integrated manner, it is possible to 
minimize conflicts, to make the most efficient trade-off and to link socio-economic development with 
sustainable land use, thereby helping to achieve the objective of sustainable development. Understanding the 
dynamics of land use change is a scientific challenge of considerable importance to humanity. The demands for 
improved knowledge of environmental processes and the impacts of policy on their dynamics must increase, as 
population pressures on food supplies and natural resources mount and the publicly held perception of preserving 
environmental diversity and amenity strengthens. Some of the most profound changes in the landscape have 
arisen from direct decisions by man concerning land use; from changes in cropping patterns, afforestation and 
deforestation to modification of water courses. These in turn have affected both the quality of environmental 
resources and the sustainability of a lasting diversified food chain. 

The convergence between economic viability and environmental protection is perceived by both the 
scientific community and the policy maker as being an important component of land use sustainability. 
Furthermore, there is going realization that rapid land use change is resulting from policy and economic 
influences (e.g. CAP reform) as well as changes in the physical environment, such as the climate. Therefore, the 
integration of biophysical and socioeconomic approaches to land use research underpins the success of the 
policy-informing process. However, the realization of this perception and its development into a coherent 
research strategy is not easy. Mainstream research has traditionally adopted approaches only relevant to 
individual disciplines and the difference in methodologies between disciplines has tended to prelude integration 
of approaches within single research projects.  

This paper presents an integrated biophysical and socioeconomic modeling procedures to evaluate the 
impact of current land use as well as changes in policy variables on land use and landscape changes in North 
East Germany. While there has been many land use studies in Germany (Kersebaum, Mirschel and Wenkel, 
1995; Zander, 2003; Kaechele and Dabbert, 2002 and Kersebaum, Steidl, Bauer and Piorr, 2003), there has been 
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an increasing need for a more concerted effort to use integrated biophysical and economic modeling approach 
for land use studies. While some of the previous studies have been able to combine economic model with 
ecologic model, only few of such studies were based on regional level. Our current work involved the integration 
of economic and ecologic models in a GIS-based environment to study land use at regional level, using the 
computer software, SAMT (Spatial Analysis and Modelling Tool). SAMT (Wieland, 2004) is a computer 
software with GIS capability and capability for static and dynamic modeling inherent in land use studies. The 
next section of this paper presents the modular structure and data requirement, followed by the section on results 
and discussion. The final section is on summary and conclusion.  

This study makes use of modules, comprising economic, ecologic and spatial modules. The modular 
structure makes it possible to couple all the components of the integrated model in a GIS environment. The 
different modules of the integrated models are: 
 
Economic module: This involves linear programming model to describe the economic decision behaviour of 
farmers. 
 
Ecologic module: This involves modeling the physical environment of agricultural production activities. For this 
study, it involves erosion model, to represent potential erosion, giving physical and crop management factors.  
 
Yield module: This involves modelling the yield formation of crops, giving biophysical and environmental 
conditions. 
 

Typology of Integrated Economic-Ecologic Spatial Model in SAMT 
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to erosion model. (v) The simulation component, to simulate the output from the economic, ecologic and spatial 
component. 
 
Study Area and The Data  

Our data covered the Quillow catchment area (about 170 square kilometers) located in the North 
Eastern part of Germany. The catchment is located in the Ückermark region near the town Prenzlau. The area 
consists of 15 villages and the area is divided into 54,000 grid cells in our analysis. The river Quillow is 27 
kilometers long and goes into river Üker.  With the use of expert knowledge approach, we were able to 
implement our model at regional level, using a set of cropping activities, which represent the long-term average. 
Standard cropping practices were defined for 22 crops according to expert knowledge as well as survey data 
collected in the area. Yields were estimated as a function of different agricultural cropping areas of the state of 
Brandenburg, which is a function of standard soil fertility index (Gagern, 2001). 

The data in the database are stored in both attribute form and in spatial form. The attribute data are 
either in actual figure or in coded form. The spatial data is in the form of maps and are in layers, which depict 
topography, soil types, climate, land use and soil erosion parameters. Crop production activities were specified 
for four classes of soil quality found in the study region.  Map of different parameters are combined to produce 
land use suitability for crop production and soil erosion. Information on the farm activities is based both on 
expert knowledge and farm production data. The description of standard and adapted cropping practices is based 
on expert knowledge from research at the Centre for Agricultural Landscape and Land Use research (ZALF), 
Germany. The quantitative description of cropping practices allows an assessment of the impact of land use on 
economic and ecologic parameters. The linear programming model simulates the farm system and allocates 
production resources in economic way. The system selects production techniques for the specified region and 
gives recommendations for optimal land use according to objective functions and restrictions. With the 
introduction of different production possibilities, which are compatible with the ecologic and economic 
objectives, the model was implemented to provide trade-offs between different ecologic and economic goals. 
The output from the economic component was combined with output from ecologic component through 
simulation to produce results for land use in the area.   
 
Results and Discussions 

Gross margins were calculated based on inputs and outputs relationship. Prices and subsidies were 
considered to be at the level of 2002 in the study area. Machinery costs and working hours were calculated 
according to standard data (KTBL 2002). Cropping activities, as well as the algorithms to calculate gross 
margins are stored in the database.  This allows the implementation and comparison of a large number of 
cropping systems for different sites. 

Our model was implemented with several production and price policy scenarios. Spatial and economic 
effects of the scenarios were analysed using SAMT in a GIS environment. The economic and ecologic outputs 
are presented below in GIS-based maps. The simulated scenarios include the following: 
 
Scenarios 
A: Base scenario, representing current land use   D: Projected crop coverage for year 2030 
B: 20% increase in price while premium remains the same E: Soil erosion under current land use 
C: 20% increase in premium while price remains the same F: Soil erosion for year 2030 
 

The economic and ecologic evaluations and implications are presented in Table 1 and figures 2 and 3. 
The economic effects of price and premium changes on gross margin are presented in Table 1. The Table shows 
the gross margin based on actual farm production, called base scenario, set to 100%. If prices received by 
farmers go up by 20% while subsidy remains at the same level, gross margin would increase by about 16%.  On 
the other hand, if subsidy received by farmers goes up by 20% while prices remain at the same level, then gross 
margin would go up by 11%. If however the European Union decides to withdraw farm subsidies in line with 
pressure from WTO negotiations, then the gross margin derived from farm would decline by 11%. This is an 
indication that the current subsidy being enjoyed by European farmers has serious impact on their income.  
Table 1. Gross Margin Effects of Different Crop production and Price Scenarios 

Scenario Input and Output Price / subsidy (premium) Gross margin Percentage Change 
1. Base Scenario (100%) 14,371,060 - 
2. 120%/100% 16,675,359 2,304,299 (16.03%) 
2. 100 % / 120%  15,959,234 1,588,174 (11.05%) 
3. 100%  / 0% 1,2764,347 1606713 (-11.18%) 
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The GIS maps in figure 2 show the effect of different farm production and price conditions on land use 
changes, while GIS maps of different crop management scenarios (crop coverage) and their effects on soil 
erosion are shown in figure 3. The GIS-based maps in figure 3 presents the erosion potential of two different 
crop coverage levels. 

Scenarios 

 

 

 

 

  

 

 

 

Figure 2. Crop coverage (Figures A,B,C,D,E) 
 

 

 

 

 

 

Figure 3: Erosion potential 
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Abstract 
An Internet-based land use and management planning decision support system has been developed in 

Hungary. The system performs plant production modeling with on-line GIS support, on the basis of land 
productivity evaluation under different management intensity scenarios. The so-called D-e-Meter system, which 
performs land evaluation for the major cultivated crops separately also calculates productivity indices for three 
characteristic climatic conditions. With its supporting modules, the information system is able to link the land 
ownership and land use registries and provides farm data management assisstance for farmers and other linked 
stakeholders.  
 
Keywords: land evaluation, land use planning, Internet, GIS, 
 
Introduction 

Present work illustrates a complex research of land evaluation and IT development, which integrates 
different requirements (expression of management and climate factors, crop specific evaluation) to a modern 
land evaluation system. 
Main goal of the so-called D-e-Meter project was to develop an information system that fulfils the following 
objectives: 

(1) displaying soil quality by means of maps using on-line GIS tools,  
(2) plant production modeling on the basis of soil quality and other criteria (e.g. optimal fertilizer use),  
(3) assistance for farmers to fulfill their obligations to provide information on the use of arable land, and 

providing means for direct communication with the administration agencies of the sector. 
Thus, the system described above can achieve the following: 

(1) The relationship between the yields of the agricultural land use and the natural resources becomes 
analyzable.  

(2) It makes possible to keep up-to-date records of information on plant production and environment 
management, and the exchange of information between farmers and the administration of the sector 
becomes simpler and faster.  

The information system is based on a land evaluation system that also entails environmental aspects, and which: 
(1) determine the production potential of agricultural lands in a quantitative way, 
(2) allow evaluations by major cultivated plants or groups of plants, 
(3) include the possibility of expressing any decrease in productivity and production risks that originate 

from climatic effects and are realized through pedological and geological factors (drought, inland 
water), 

(4) describe the conditions of production also on various intensity levels of cultivation. 
 
Land evaluation methods and results 
 
Database requirements of the land evaluation analyses 

The basis of the land evaluation work was the soil fertility analysis of the databases available from 
various sources. The analysis meant statistical processing of pedological, climatic, plant production, soil analysis 
and fertilizer application data. The following databases were available for this task:  

1. National plot-level soil, fertilization and yield databases. 5 years, 80000 cultivated fields each year, 
containing yield, fertilization and soil information for each plot.  
The data of the database can be classified in three major groups: 
- Basic data (location, size, sloping, exposure, meteorological area etc.) 
- Soil analysis data (SA) (pH, texture, humus, N, P, K) 
- Plot registry data (plant, succession, yields, fertilizer application) 

2. Database of National Long Term Field Experiment network. Information on yields of 30 consecutive 
years, with soil nutrient dynamics and fertilizer response data of 9 field trial station. The experiment 
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network representing differing ecological conditions, in which the fertilizer application experiments are 
carried out in 9 different geographical regions among differing soil conditions. 

3. Database of a 10 sample farms of different characteristic agro-ecologic site, 1-5 thousand hectares area 
each, containing farming records and soil analysis data as well as a 1:10,000-scale digital genetic soil 
maps. (These case study areas were also used during the IT development.) 

 
Land evaluation analyses 

Land capability indices has been worked out on the basis of soil taxonomic classification, which 
provides basis for soil mapping information as well. Soil varieties of the classification system are characterized 
by their relative fertility (related to the fertility of all other soils in the classification system) regarding major 
cultivated crops, and group of crops. Regional climatic conditions, hydrologic and terrain factors are also taken 
into account. Meteorological variability and cultivation intensity are also expressed in the land evaluation 
system. 

Above all, the land evaluation work has been based on the computerized statistical processing of 
available soil and plant cultivation information.  

In the first phase of the statistical analyses the fertility limit values of the soil types and sub-types (of 
soil classification) have been determined, in the context of the water management regime of their units. The 
effect of the water regime and moisture circulation of the soil have been incorporated to the land evaluation 
system. In the course of this work the effects of the elements of the soil water balance (precipitation, 
evaporation, surface runoff, infiltration, fluctuation of inland water etc.) on the production capacity have been 
examined in interaction with the soil characteristics.  

That was followed by exploration of the fertility conditions of soil varieties of the lower taxonomic 
levels.  

The initial phases of the land evaluation work was followed by the definition of the fertilizer responses 
of the soils. This was meant to explore the causes of changes in the production potential resulting from fertilizer 
application of various intensities and to express the extent of such changes. 
 
Visualization of the land evaluation model in electronic maps 

The creation of GIS databases for the sample areas in the various agro-ecological regions of the country 
served several goals. The land evaluation model is developed on the basis of archive farming data and the results 
of experiments was used to calibrate the model also among real conditions of farming. At the same time, sample 
areas are also needed for the integrated visualization of the land evaluation supported by GIS modeling. The 
results of the land evaluation research and the information technology development have been united in the 
sample areas.  
 
IT development methods and results 
 
Planning of the data-model 

Database planning has been carried out according to common practice of relational database 
development, starting from generalized approach to specific solutions, to widen the functionality of the system. 
As a basis, the system applies large scale (1:10000) digital soil maps, field data on soil nutrient status, vectorized 
cadastral maps (and includes land evaluation algorithms to asses the production potential of agricultural parcels).  
Object used in the system: 

• Cadastral unit 
• Land use unit 
• Agricultural field 
• Parcel (agricultural plot) 
• Soil mapping unit 

 
Calculation of land capability indices (the land evaluation process) 

Soil and terrain data and spatial information are used to calculate the land capability index of any given 
field. Each soil variety (in the corresponding agrometeorological region) is evaluated according to its fertility 
regarding the given crop. Calculations are carried out both under extensive and intensive cultivation conditions. 
The land information system stores data on different indices: 

• Crop-specific capability index for extensive conditions 
• Crop-specific capability index for intensive conditions 
• General capability index (index calculated by weighting of crop-specific indices according to crop ratio 

of the cultivated land) 
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Figure 1. Land evaluation calculation input and output data 

 
Java development environment has been used in order to keep platform independency. To secure the 

system’s accessibility to other information systems, connecting interfaces has been designed by using national 
and international standards. XML application was applied for system communication, creating specific protocol 
for the system. Database server and WEB server is operating in different physical locations (giving possibility 
for regional services in the future). 
 
Interface design and system operation 

Since the web-linked monitor is the meeting point of the system and it’s user, it was especially 
important to give clear user-friendly design with full functionality to the interface. 

Digital orthophotos assist the users to locate interested areas, where vectorized digital cadastral maps 
are used for building farm spatial database on-line. Maps of agricultural fields can be created and edited on the 
selected areas. During land use planning parcels can be delineated by taking land capability into account. 

As further function of the land information system, different farming and management data (on 
cultivation, amelioration, pest management, fertilization , harvest etc.) can be also registered in the system. 
 
Concluding remarks 

With the application of the decision support system the relationship between the yields of agricultural 
land use and natural resources becomes analyzable, thus it can be applicable for land use, land management, 
energy and crop production related analysis and for supporting decision-making from plot to national levels.  

With the help of the D-e-METER system, alternatives of land use planning can be applied in an 
integrated manner for supporting rural development policies. The new land evaluation system that is based on a 
complex approach of expressing soil quality with the available tools of information technology (Internet, GIS, 
database managers etc.) offer new possibilities that allow the harmonization of agricultural production and 
environmental management on a higher level. In this way, decisions can be made on the bases of complex 
knowledge. 

Land use planning can be carried in harmony with local ecological resources and in accordance with the 
general agro-economic production climate. Therefore the D-e-METER project is a truly complex project that is 
to assist to plan integrative programs for sustainable rural development. 
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Soil erosion measurements at different scales: are they necessary and  
how should they be made? 

 
Imeson, A.1 

 
 

The topic of this key note “soil erosion measurements at different scales” will consider some of the 
paradoxes and issues that are challenging current thinking in soil erosion research. It will discuss why and for 
whom soil erosion measurements are needed, how they were traditionally made and how they might be 
accomplished in the future. The first question to be asked is if erosion measurements are necessary at all, or if 
they are what form should they take. 

A traditional textbook review of erosion measurements would encompass, open and closed plots, 
Gerlach traps, sediment discharges and measurements of surface lowering with erosion pins. The arsenal would 
have included semi-quantitative measurements obtained during repeated surveys, for example of rill or gulley 
networks and sink and source areas of eroded sediment. In addition, use was frequently made of tracers and of 
rainfall simulators to study the nature of the erosion processes themselves. None of these measurements could be 
described as rocket science and soil erosion data were relatively easy to obtain: at least in theory.  

In practise the traditional type of measurement was extremely hard to make and the results were 
extremely sensitive to details of the installation. Maintenance was critical and all too frequently measurement 
sites often failed to function adequately during extreme events. When visiting or studying other peoples 
experimental erosion plots it was virtually impossible to find some kind of design fault that would have affected 
the data. It might be expected that this would not be the case with the standard Wischmeier plot. However, in this 
case, as will be mentioned later, the whole concept of long-term measurements at one site is perhaps one that 
should be abandoned. 

It is extremely easy to criticise erosion models as unrealistic in terms of how processes are represented. 
However, in many ways erosion plots measurements have equally bad drawbacks. Both erosion models and 
erosion measurements suffer from the same objection that they isolate erosion from the ecosystem in which it is 
occurring. Erosion plots and pins, for example, result in what could be termed ecosystem dysfunction. They 
totally alter the functioning of the site so that the sediment fluxes that are measured are affected. Unfortunately 
the conceptual framework in which the measurements are undertaken and models formulated suffer from the 
same ignorance of the processes that affect erosion. Both erosion measurements and models should then ideally 
be embedded in the ecosystem. 

Before considering ways of overcoming such problems, the reason why erosion measurements are 
wanted, will be considered. 
 
Why Soil erosion measurements are needed 

Soil erosion measurements were traditionally and are still today needed by scientists to test research 
hypothesis and validate models. Agricultural scientists needed them to compare and demonstrate the 
effectiveness of different soil conservation treatments and in order to know if erosion was in excess of a critical 
value (the tolerable rate of erosion. Geomorphologists measured erosion to have information regarding about the 
nature and rates of processes responsible for the evolution of geomorphologic systems.   

In addition to theses scientific needs, today soil erosion is now perceived as a major threat to the policy 
goal of sustainable land use and management.  Recently, the EU Working Group Task Force on Soil erosion 
concluded that agriculture was the main driver of erosion and that solutions to the problem should be sought in 
land use and land management.  In fact EU Agricultural Policy will probably use cross compliance by farmers as 
a means of reducing erosion and erosion risk.  The ability to measuring and monitoring erosion in a way that 
would enable the performance of soil conservation efforts to be evaluated would be extremely valuable. 
Repeated surveys of erosion in Europe, as part of the Lucas programme, are already being made but at the 
moment these to not include actual measurements. 
 
Soil erosion measurements and conceptual frameworks 

Soil erosion measurements are always carried out within a framework of concepts and paradigms that 
reflect how erosion is seen. Early research measurements reflected more mechanistic paradigms in which it was 
thought that erosion could be explained in terms of the underlying factors, for example in the USLE.  Gradually 
more organic models of change have been applied and broadened to include socio-economic aspects. When new 
paradigms are applied (e.g. from dynamic and evolutionary systems, hierarchy theory or adaptive systems, then 
the limited usefulness of traditional approaches to erosion are evident. 
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The adaptive system paradigm can be used as an example. In this paradigm erosion can be understood 
as a necessary process of release that takes place in an adaptive cycle. It is one of many other processes that can 
be measured. Equally important as the erosion itself, is the measurement of the critical factors that lead to it 
taking place.  This will be explained further in the full version of the paper.  

In other words, the usefulness for traditional types of stand alone erosion measurements is limited to 
research objectives; for integrated research other approaches are needed that looks at erosion risk in terms of the 
erosion cycle and the underlying drivers. 
 
Traditional ways of assessing erosion 

This section will consider erosion measurements at coarser scales and then gradually zoom in to 
consider increasingly finer scales. At the global or continental scales there have in fact been very few actual 
“measurements” of erosion, simply because the concept of “erosion” at this scale is abstract. Reliance has been 
placed on consultation with experts who are familiar with erosion. This has enabled very effective maps to be 
produced such as those by Jan de Ploey and co-authors as well as those from the Glassod Project of UNEP.  
Nevertheless between 1965 and 2000 studies in many countries of the world very many representative or 
experimental drainage basins were set up enabling continental scale comparisons of erosion rates. 

Another approach is to survey the on and off-site effects of erosion.  For example, rill and gulley 
surveys can be made after extreme rainfall events or maps can be made of sediment source and sink areas. These 
approaches have been found to be very useful as they enable data to be collected over relatively large areas. 

At the very finest scales there are very many features of erosion that provides evidence of its 
occurrence. These cover things such as stone pedestals, splash craters, the accumulation of splashed sand and 
sediment deposition features, as well as surface seals and crusts. 

In a sense sediment yield and model data are also methods that are used to assess soil erosion.  
Sediment yield data are frequently combined with erosion measurements within the framework of a sediment 
budget or sediment delivery system. 
 
New ways of measuring erosion 

Soil erosion is measured as a soil loss and the notion of the Wischmeier plot provides the norm.  In the 
first instance it would be better if “soil depth” were used instead. In the future changes in soil depth can and will 
be measured easily using ladar or radar technology. At the moment it is possible to record surface elevation 
changes with increasing precision.  The prospects for doing this have recently been reviewed by several authors. 
Remotely sensed measurements of ground elevation levels should become the norm. Ground measurements are 
needed not of soil loss but of the ancillary data needed to interpret surface elevation change. 

An alternative approach is to measure indicators that can be used to evaluate if the soil conservation 
function of the soil is being adequately formed. This can be done by measuring if sediment or runoff are 
“leaking” from a field or slope. This can be done also by analysing changes in vegetation and soil surface 
patterns or by using new types of tracers, for example based on very cheap micro-transmitters embedded in sand 
grains. Technology now used to monitor the flow of goods and banknotes can be used in erosion.  Indicators 
could be measured for all kinds of soil function. 

Soil erosion can also be measured using economics, in terms for example of loss of capital or function. 
It an also be measured in terms of increased costs of risks from for example flooding and contamination. The 
need for this type of data is frequently expressed because it is a strong motivator of action. 
 
Relationships of measurements of  erosion at spatial and temporal scales 

This section of the paper will review consider how fine-scale temporal drivers and processes can have 
an impact at the coarser spatial scales. It will also consider how these can be measured. 
In the past soil erosion measurements at different scales have been presented indicating that as the spatial scale 
increases, so the relevant time scale increases. 

Unfortunately, although this idea has some validity, it is too simplistic. For example, very fine scale 
processes can affect the behaviour of very large areas very rapidly. Large regional scale differences in erosion 
processes and rates are often the result of micro-scale phenomenon. The same is true of socio-economic drivers 
of erosion. An intervention applied at the fine scale of the individual farmer can have a regional impact on 
erosion. 
 
Conclusion 

Traditional ways of measuring erosion have proved valuable for providing insight into the underlying 
processes and for developing models. However they have been less useful for validating models and they are not 
really sufficient for current soil erosion policy. Different approaches to modelling are needed. New technology 
can revolutionise soil erosion research and soil conservation. 
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Cultural practices and risks of runoff and interrill erosion under vineyard  
(Ardèche, Southern France) 

 
Blavet, D.1 - De Noni, G. - Roose, E. 

 
 
Introduction 

As they cover poorly the soil surface during the whole year, vineyards involve weeds and erosion 
problems, particularly on the steep hillslopes of Mediterranean areas of France where rainstorms can be 
dangerous. This danger is important not only for wine quality but also for landscape evolution and floods over 
the plains. Last 20 years, many catastrophic floods were observed in southern France.  
In Ardèche country, many circumstances increase the erosion risks. The Cevenols rains in autumn may be very 
intensive (100 mm/hour) and abundant (120 mm/day). Lithosols are poor and superficial on steep slopes 
(Maillo,1999). Land use has changed last 30 years increasing environmental risks. To improve the wine quality, 
vineyards have been moved on the hillslopes but soils are compacted by tractors, which can move only up and 
down, and herbicides degraded the topsoil structure so that runoff increased significantly (Léonard, 2003). 

To evaluate the possibility to decrease these runoff and erosion problems, 36 rainfall simulator tests 
where used to compare the efficiency of six cultural practices on a calcareous Lithosols with 40% of topsoil 
surface covered by stones on a 12% slope vineyard. 
 
Material and Methods 
 The experimental vineyard is situated on the old farm of Olivier de Serres, at Pradel  (44°35 N, 4° 30 E, 
285 m alt.) on a hillslope situated between the Rhone valley and the volcanic Coiron Mountains. The marno-
calcareous rocks are covered by 0.4 to 1 m colluvium with a loamy-clay brown soil, 2% of organic matter, and 
40% of calcareous and basaltic stones. Rainstorms are particularly aggressive in autumn and spring and attain 
1000 mm a year because the proximity of Mediterranean Sea and the Cevennes Mountains. Vineyard (Syrah 
cepage) is 24 years old and is still well producing: it is planted along the slope each 1 m in the rank and 2.2m 
between ranks in order to allow the mechanization (Maillo, 1999). 
 In the spring 1999, four usual cultural practices have been introduced between 3 ranks along the slope:  
i) Chemical clean weeding (DCT) corresponding to the presently most frequent practice; 
 ii) Conventional tillage at 10 cm depth, the preceding system, leaving a soil surface covered by stones at 40% 
(SARC40); iii) a mulch of 25 t/ha of straw over the tilled surface (PAIL); iv) a graminacea seeding with 30% of 
Ray-grass (Lolium perenne) and 70% of Festuca rubra. Locally on 1m² plots, two additional treatments were 
developed: v) a clean weeding + tilling with manual extraction of stones down to 30% of the surface (SARC 30), 
vi) after tilling a manual addition of stones up to get 80% of covered surface (SARC 80). These treatments are 
common on some stony soils of the vineyards in France or in Switzerland (Nachtergaele et al., 1998).  

Each cultural practice has been tested by two simulated rains and three repetitions on 1 m² in June 1999: 
a 30 minutes rain 60 mm/hour on “dry soils” without any natural rain for 5 days at least, and after 15 minutes 
and the end of the possible runoff, a one hour rainfall of 60 mm/hour “on very wet soils” conditions, similar to 
the rainstorms falling during the autumn. For each simulation, various parameters were observed in order to 
explain the differences of runoff and erosion: Hp% = previous soil moisture on 10 cm depth; Pi 1 and 2 = 
prepounding rain amount (mm), KR 1 and 2= runoff rate (%) for the first and second rains; INF 1 & 2 = final 
infiltration rate (mm/h) after rains 1 & 2; TURBIM 1 & 2 = Runoff turbidity (g/l) at the end of each rain ; 
surface status : open surface (%) (aggregates, fauna holes, fissures) and covered surface (%) by litter, stones and 
weeds (Roose, 1996). They were estimated at 192 points of observation on lines crossing the microplots. Soil 
samples were collected near the microplots at 0 - 5 cm depth to determine the carbon content, texture and 
structural stability (Le Bissonnais, 1996). All the variables were analyzed for the second rain but some were not 
for the first rain because no runoff was observed after 30 minutes. In order to classify the treatments a note was 
attributed to each treatment in relation to the different parameters from 1 when it is the best to 0 if the worst and 
0,5 when intermediate. Statistical analysis (test Newman-Keuls for classification of treatments) was made with 
the logiciel Statistica V.6 (StatSoft TM).  
 
Results and Discussion 

In figure 1 and table I are presented averages and standard deviation of runoff (%) and soils losses 
(g/m²) of rain simulated in relation of the six treatments and their statistical analysis  (test Newman-Keuls). 
During the first rainstorm, on dry situation (Hp = 4 to 10% in 0 to 5 cm depth), prepounding rain (Pi1) is 
significantly higher under mulch (Pail) and tilled plots (SARC 80-40-30) than under chemical weeding and grass 
seeding (DCT and ENH): the runoff % is always higher on those last treatments. During the second rain, on 
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moist soil (Hp = 11 to 20 %), the runoff rate are higher than during the first (KR1= 0 to 27% ; KR2 = 5 to 78%). 
Mulching (addition of straw or stones on the soil surface) gave better results than the other treatments : highest 
prepounding rain, (Pi=23 to 35mm), highest infiltration rate (INF = 41 & 55 mm/h instead <39 mm/h), lowest 
runoff (KR2 = 5 to 12%), lowest turbidity (TURBIM <2.2 g/l instead 5 to 8 g/l for tilled plots) and lowest soil 
losses (MES = 2 to 12 g/m² while up to 105 and 309 g/m² under chemical weeding and tillage with clearing of 
stones).  

The semi-automatic classification of the six cultural practices allowed getting a general view on the 
interest of each treatment. After this classification (table 1), with a general note of 0.93, mulching with straw or 
stones are the best cultural practices. In opposite, tillage with taking stones off the field and chemical weeding 
got the worse notes (0.29) and accumulated maximal runoff and soil losses inconvenients. We noted that getting 
grasses was giving relatively poor classification index (0.36 against 0.71 for the conventional mechanical 
weeding). This was due to high runoff which happens with grasses Festuca rubra sewed 3 months before only. 
 To explain variations of runoff and soil losses observed, we analyzed their relations with parameters 
depending on local variability (slope, topsoil texture and moisture) and with parameters a priori in relation to 
cultural practices (soil organic carbon, soil structure stability, soil surface features like % of the surface covered 
by litter, rocks and weeds, and % of the surface closed by sealing crust, rocks included in the soil or in the crust 
and compacted areas) (Roose, 1996).  

At the 1m² scale there is no relation between slope % (10 to 16%) and erosion or runoff rate (Roose, 
Cavalié, 1988). We found no correlation between texture (clay, sand %), or soil moisture of the topsoil (0 to 5 or 
10 cm) and runoff or erosion parameters, probably because the variations between treatments are not great 
enough (Blavet et al., 2004; Lelong et al., 1993).  
But we found significant correlations (p = 90 %) with the stability of the structure (MWD) and the increase of 
prepounding rain of 1rst and 2d rain, or the decrease of the runoff rate of each rain and the stable infiltration rate 
of the second rain (De Noni et al., 2002. There is a good correlation between the carbon rate and the structure 
stability of the topsoil (Barthès et al., 1998; De Noni et al., 2002). There are also strict correlations between soil 
losses (Turbim & MES) and the covered surface %.  When the topsoil is covered it is protected against the drop 
energy : here the treatments mulched (with straw or stones) have the best cover % and the worse are tilled with 
stone clearing (SARC30%)(Gril, 1984; Roose et Cavalié, 1988; Arshad et al., 1999). 
Considering all cultural practices, there is no significant correlation between soil covered % and runoff 
parameters because soil surface could be open or closed on the same level of surface cover. But considering a 
same surface features (ex tilled weeding) with different cover surfaces, a correlation between various cover % 
and runoff parameters could appear: so the % of stones can improve the prepounding rate and the final 
infiltration rate (Poesen, Torri, Bunte, 1994). That means that stones on the open soil surface protect the soil 
structure against the rainfall energy. But if stones are included in the sealing crust or in the soil, the infiltration 
rate will decrease. Finally there are interactions between the closed surface and the cover %: the closed surface 
increased faster if the soil is poorly covered during the rains (r = - 0, 754*).  

Thus, considering the treatment classification and the explaining factors, cover % is mainly explaining 
soil losses and detachment, while closed soil surface % would regulate runoff and final infiltration rate. It 
appears also that soil structure stability in relation to carbon content of the 10 cm topsoil can influence the runoff 
rate from the first rain on the dry condition (Barthès et al., 1998).  

 
Conclusion 
 This study shows that mulching with straw (100% surface) and stones (80%) best covering inter rows of 
vineyard can reduce runoff and erosion significantly because their protection of the open surface against drop 
and runoff energy, aggregates breaking up and soil porosity closing. The worst cultural techniques are chemical 
weeding (presently the most frequently used) and tillage weeding with stones clearing (still frequently used). 
Seeding with grasses practice, not very efficient in our experiments, remains questionable because it was too 
recently installed (3 months) on previously herbicided soils: it could reduce rapidly soil losses, but more time is 
necessary to verify it can also reduce runoff.  
 It seems also useful to verify later the influence of these treatments on the soil properties modifying the 
soil behavior against erosion. Finally, it appeared that an inquiry must confirm that mulching is acceptable for 
the winegrowers in term of cost and painful labor.  
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1.a.Runoff rate, in % of the rainfall (coefficient KR 2). 1.b.Exported matter in suspension in g/m2  (variable 
MES 2). 

Figure 1. Runoff rate and exported materials by suspension during the second simulated rainfall following the 
different cultural practices (individual data and means). 
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Cultural Practices Variables of runoff and soil 
losses DCT SARC30 ENHB SARC40 SARC80 PAIL 

Pi 1 : Prepounding rain during 
the first rain (mm) 9,8 ±  3,1  c 0 19,8 ±  4,8  b 0,5 9,3 ±  4,2  c 0 23,8 ±  5,1  a 1 30 ±  0,5  a 1 30 ±  0,8  a 1

KR 1 Runoff rate during the
first rain (%) 27,5 ±  7,2  b 0 8,9 ±  7,3    a 1 17,9 ±  8,6  b 0 4,2 ±  5,8  a 1 0 ±  0  a 1 0 ±  0  a 1

Pi 2 : Prepounding rain during
the second rain (mm) 1,2 ±  0,4  b 0 1,1 ±  0,6  b 0 1,6 ±  0,2  b 0 4,8 ±  4,0  b 0 35,6 ±  23,1  a 1 22,7 ±  2,2  a 1

KR 2 : runoff rate during the
2d rain (%) 78,2 ±  5,1  c 0 61 ±  12,9  b 0,5 56,4 ±  9,8  b 0,5 24,5 ±  13,3   a 1 4,8 ±  4,6   a 1 12,2 ±  3,1  a  1

INF 2 : stable infiltration at
the end of the 2d rain (mm / h) 8,3 ±  3,9  c 0 13,5 ±  8,1  c 0 18,5 ±  5,8   c 0 38,2 ±  8,1  b 0,5 55,3 ±  3,3  a 1 41,8 ±  9,3  b  0,5

TURBIM 2 : Runoff Turbidity 
a t the end of the 2d rain (g / 
/L) 

2,2 ±  2,3  a 1 8 ±  0,3  c 0 2,1 ±  0,3  a 1 5,6 ±  1,7  b 0,5 5 ±  0,5  b 0,5 0,2 ±  0,3   a 1

MES 2 : Suspension matter
during the 2d rain (g/m2) 105,3 ±  113,2  a 1 309,4 ±  67,8  b 0 71,6 ±  4,2   a 1 93 ±  76,0   a 1 12,2 ±  12,0  a 1 1,6 ±  1,9   a 1

         
Average note for each cultural 
practice 0,29 0,29 0,36 0,71 0,93 0,93 

Lecture  of  the  table : 

 

 
Table 1. Average runoff and soil losses under rainfall simulations, with statistical grouping of means and semi- 
automatic classification of the cultural practices. 

 

Runoff variables Soil losses 
variables 

  First rain Second rain Second rain Field variables 

Pi  1 KR  1 Pi 2 KR 2 INF 2 TURBI
M 2 MES 2 

1. MWD  µm  ( 0 - 5 cm) 
 
 
2.  SOC   g/kg  (0 – 5  cm) 
 
 

0,82* 
n=5 

 
0,88** 
n=5 

-0,81* 
n=5 

 
-0,96*** 

n=5 

0,49  
n=5 

 
0,46 
n=5 

-0,71 
n=5 

 
-0,76 
n=5 

0,57 
n=5 

 
0,66 
n=5 

-0,31 
n=5 

 
0,27 
n=5 

-0,33 
n=5 

 
-0,06 
n=5 

3. Soil cover rate on all 
situations 

 
 

4. Soil cover rates on tilled 
situations with stone cover 
 

0,13 
n=17 

 
 

0,82** 
n=9 

-0,13 
n=17 

 
 

-0,67** 
n=9 

0,43 
n=17 

 
 

0,63 
n=9 

-0,40 
n=17 

 
 

-0,72** 
n=9 

0,40 
n=17 

 
 

0,78** 
n=9 

-0,77** 
n=17 

 
 

-0,70** 
n=9 

-0,75** 
n=17 

 
 

-0, 82** 
n=9 

5. Initial closing rate at the 
beginning of the first rain 
 

-
0,55** 
n=14 

0,66** 
n=14 

-0,13  
n=14 

0,43   
n=14 

-0,32   
n=14 

-0,68** 
n=13 

-0,30   
n=14 

6. Final closing rate at the 
end of the second rain  

-
0,79** 
n=14 

0,79** 
n=14 

-0,74**
n=11 

0,97***
n=11 

-0,94**
n=11 

-0,22    
n=11 

0,44    
n=11 

*Significatives correlations at p > 95 %., ** significative at >99% , n= repetitions number 
 
Table 2. Linear correlations between i) the Mean Weight Diameter, the Soil Organic Carbon, ii) the soil cover 
rate and soil surface closing rate and iii) the runoff and soil losses variables.  
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Conditions for rill initiation on marl soils. A field experiment in South East of Spain 
 

Martínez-Mena, M.1 – Castillo, V. – Albaladejo, J. 
 
 

Rills represent the main features through which soil is eroded on slopes. In fact surface runoff reaches 
its maximum power both as detaching and transporting agent once channelled into rills (Meyer et al., 1975; 
Poesen, 1987) . Knowledge about the precise conditions leading to rill initiation is incomplete and no widely 
erosion and transport equations for concentrated overland flow under different soil conditions yet exist. 
Evaluation of threshold conditions for incipient rilling is very important in order to apply conservation measures 
able to control soil loss effectively. If the hydraulic characteristics of rill flow can be more accurately defined, 
upland erosion processes can be better understood and more accurately modeled. In order to get observations and 
values for rill initiation to validate a process based erosion model (EUROWISE), a set of field experiments were 
carried out on marl soils in a semiarid Mediterranean area of South East of Spain. Ten runoff simulations 
involving different inflow discharge (0.81-2.24 l s-1) and local slope (10-20%) conditions were made.  
Parameters such as runoff, flow velocity (dye tracer), gully wide and depth were measured several times during 
each run. Characteristics such as profile penetrometric resistance and penetrometric resistance along the walls 
and on the bed, soil moisture and bulk density along a profile (0-3cm, 3-6cm and 6-9cm) were made before and 
after simulation.   

Better relationships were obtained between mean rill wide, depth and sediment concentration with 
discharge for slopes higher than 12%. The relations obtained between rill geometry and hydraulic flow 
characteristics were not as good as those obtained in other studies due to the high penetrometric profile 
resistance presented by these soils and the high surface roughness induced by the presence of stones. Better 
relations were, however, obtained between rill width and flow stream power (R2 = 0.40; p<0.05) than between 
rill width and discharge (R2 = 0.28; p<0.05). 

A statistically significant linear correlation (R2 = 0.54; p<0.05) was found between rill sediment 
concentration and flow shear stress and thus with rill erosion, indicating the dependence of sediment transport on 
the flow hydraulic characteristics. 
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Initial response of recently burned soil to water erosion processes in a Mediterranean 
environment 

 
Andreu, V.1 – Rubio, J.L. – Gimeno-García, E. – Gonzalez, O. – Campo, J. 

 
 
Abstract 
 In the Mediterranean area, actually, forest fires have been considered as a first order magnitude 
environmental problem. The increase in its frequency progressively reduces the recovery periods of the 
ecosystems. This last fact is critical in the Mediterranean countries where the fire season (spring-summer) is 
usually followed by torrential rains in the fall, favouring the intensification of the erosive processes and the 
advance of desertification. 
 In this work, the effect of a repeated fire on soil in its response to water erosion processes is studied, 
during the critical period of the first 5 months after it. Results are compared with those obtained from a previous 
fire occurred eight years before. The study has been developed in the Permanent Field Station of La Concordia 
(Valencia,Spain) where experimental fires, of different intensities, where performed in 1995 and now repeated in 
2003. The setup consist in 9 plots (20m long x 4 m wide) of which all runoff generated and sediment produced is 
collected in each rain event. Three of the plots were burned in 1995 with high fire intensity, other three were 
burned with moderate intensity and the remainders were used unaltered as control. The plots, in regeneration 
since the first fire, were burned again in 2003.  
 Results show the vulnerability of the soil after the repeated fire, with runoff rates that have increased 5 
times more than in 1995 and with soil loss which has been almost doubled, mainly in the plots burned with 
medium intensity fire in 1995. These plots have lost 5 t ha-1 during the period of this year of soil in contrast with 
the 2.31 t ha-1 of the same period of 1995. 
 
Introduction 
 In the last years the incidence of fires in the Mediterranean countries has become from a natural 
phenomena to a first order of magnitude environmental problem. It has been observed a dual tendency on this 
phenomenon. By one hand the surface affected by fires has decreased since year 2000 in a continuous way but, 
by the other hand, the overall tendency for the EU Mediterranean countries is towards increasing number of fires 
(European Commission, 2002). This is probably due, between other sources, to the extensive use of wildland 
areas for recreation and the increase in population density in the regions.  
 This increment in the number of fires means, in many cases, the burnt of areas that have suffered 
previously the impact of fire and were recovering their natural conditions. This phenomenon clearly implies the 
impossibility of these ecosystems to reach the adequate resilience time to recover its original state, favouring a 
progressive degradation and a regression in their evolution. This problem becomes extremely important in the 
Mediterranean region where the impact of the continuous and repeated fires happens mainly in summer, 
followed by torrential rains in autumn, which results in the intensification of water erosion processes. 
 Several studies indicate that the greatest increases in runoff and erosion occur within the first 1 or 2 
years after burning (Robichaud and Waldrup, 1994; Inbar et al., 1998), although this general pattern depends 
greatly on the fire intensity and, in the characteristics and distribution of the rainfall events. However, in 
Mediterranean areas, where the rains are concentrated in the immediate period after the fire season (summer), the 
4-6 months after the fire occurrence can be the period of highest susceptibility of soils to water erosion (Andreu 
et al., 2001). 
 In this work, the response to water erosion processes of a soil that has suffered a summer fire in 2003, 
after eight years of recovery from a previous one, has been studied. The incidence of water erosion in the 
immediate period after the fire (five months) has been monitored and compared with the behaviour of this soil in 
a similar period after a previous fire occurred in 1995. 
 
Materials and methods 
 This work was developed in the permanent Experimental Station of La Concordia (Casinos, SPAIN), 
which is located on a SW-facing midslope between 550 and 575 m a.s.l. with a gradient ranging from 30-40%. It is 
characterised by shallow soils of Rendzic Leptosol type, according to the F.A.O. classification (FAO-UNESCO, 
1988), developed on Jurassic limestone and showing variable depth, but always lower than 50cm. Some physical and 
chemical characteristics of this soil are shown in Table 1. 
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Table 1. Some physical and chemical characteristics of the studied soils in 2003. 

  Fire Treatments  
 Control Moderate Int. High Int. 

Sand (%) 60.84 ----- ----- 
Silt (%) 27.88 ----- ----- 

Clay (%) 7.52 ----- ----- 
WRC H2O(%)a 30.83 28.54 29.55 

Structural Stability (%) 30.41 29.71 34.54 
pH 7.6 7.6 7.7 

EC (dS.m-1)b 0.90 0.77 0.73 
Total CO3

= (%)c 53.65 54.21 54.37 
Organic Matter (%) 8.17 7.99 7.66 
a Water Retention Capacity. b Electric Conductivity. c Total Carbonate Content 

  
 The annual precipitation of the area is around 450 mm, with a maximum in autumn (September to 
November) and a less intense rainy period in spring. The dry period usually ranges from June to September. The 
mean annual temperature is 17.2ºC and the mean temperature of the dry period is 34ºC. 
 The characteristic cover of this area belongs to a Mediterranean shrub land, developed after a fire 
occurring in 1984. The dominant vegetation type belongs to the Rosmarino-Ericion association. The most 
abundant species include Rosmarinus officinalis, Stipa tenacissima, Chamaerops humilis, Rhamnus lycioides and 
Pistacia lentiscus. 
 The Station consists on a set of nine erosion plots, 4 m wide x 20 m long each, with similar 
characteristics such as soil morphology, slope gradient, rock outcrops and vegetation cover. The selection of 
each plot location was made after intensive surveys of the vegetation, soil and the morphology pattern, based on 
across slope transects every two metres. Plots were oriented parallel to the slope and bounded by bricks. At the 
foot of each plot a 2 m wide collector ran into a 1500 l tank to record all the runoff and sediment produced 
during each rainfall event. Inside them there is a 30 l tank to concentrate the sediments produced facilitating its 
collection. 
 A random design of three different fire intensity treatments (with three plots each) was used. Two sets of 
three plots each were burned in June 1995 reaching high (plots 1, 4 and 8) and moderate (plots 2, 6 and 7) fire 
intensities. It was achieved by addition of different amounts of fuel load to the plots of each treatment, 40 and 20 t ha-

1, respectively. The remainder three plots were maintained unburnt to be used as control treatment. The necessary 
quantity of dry biomass to obtain the two fire intensities was calculated using vegetation (from the surrounding area) 
similar to that present in the plots. The mean soil surface temperatures were 439ºC for high fire intensity plots and 
232ºC for the moderate intensity ones (Gimeno, 2003). 
 After the 1995 fires, the plots were left untouched allowing the natural regeneration of the vegetation 
cover, although continuing the monitoring of climatic and erosion parameters. Eight years later, in July 2003, the 
plots correspondent to the fire treatments were burnt again but, in this case, all the plots in the same conditions. It 
was done in this way trying to reflect the actual situation of the repeated incidence of fires on zones in 
recovering from previous ones. Only a constant quantity of biomass (0.25 kg m-2) was added to each one of the 
plots to obtain continuity on the vegetation mass and thus favour the advance of the fire front. The average of the 
temperatures obtained in the surface of the plots reached around 160 ºC. 

Climatic parameters and the intrinsic characteristics of the different rainfall events were monitored by a 
logging system of sensors with GSM transmission of data, placed close to the plots. The complete runoff 
generation and sediment produced in the different plots in each rain event, during the studied periods, were 
collected. 

Samples were taken from the first 5 cm of the studied soils to know some of its physical and chemical 
characteristics; after that they were air-dried, screened to remove the fraction higher than 2 mm diameter and stored 
in plastic boxes until their analysis. Standard laboratory analyses were used.  
 Standard statistical Multiple and linear correlation analyses were applied at 95% of signification level. 
Analysis of variance and Tukey’s test at α=0.05 were computed to detect differences occurring as a result of fire 
between the treatments and to compare variations between the studied periods.  
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Results and discussion 
 Figure 1 shows the rain events occurred, during the five months period after the fires of 1995 and 2003, 
with runoff generation. Both periods showed similar rain distribution along the year, almost uniformly, with 
minimums in March/April and, but different behaviour. 1995 received a total of 344.88 mm of rain, 
corresponding 134.94 mm to the period immediately after the fire (June-November) meanwhile during 2003 the 
total annual rain was of 464.00 mm, 241.70 mm of which were in the period after the fire (July-December). Both 
studied periods also show only 8 erosive events with runoff generation Figure 1. In those rain events is where the 
differences appear. The erosive events of 2003 were higher in rain volume, intensity and duration, being these 
two last parameters those that mark the most important differences between the two periods. Maximum rain 
intensities in 1995 and 2003 periods were 26.26 mm h-1 and 65.40 mm h-1, respectively, and the average duration 
of the events were 135’ and 327’, respectively. 

Figure 1. Characteristics of the erosive rain events occurred in the studied post-fire periods of 1995 and 2003. 
 

The almost homogeneous distribution of rain during the year 2003 with the increase of their volume and 
duration, allowed maintaining a certain degree of soil moisture along the year favouring a faster runoff 
generation. On the other hand, in 2003 the regeneration of vegetation only reaches the 68 % of the existent 
vegetation previous to the 1995 fire. These facts were determinant in the soil response to water erosion processes 
after the repeated fire. In the studied port fire period of 1995 was generated a 65.57% less runoff than in the 
same period of 2003, with maximum values in 1995 and 2003 of 4.41 L m-2 (plot 4, high intensity, 18th 
September) and 12.48 L m-2 (plot 7, moderate intensity, 30th July), respectively (Figure 2A). This great variation 
is not only due to the different rain characteristics - lower in volume, intensity and duration in 2003 - but also in 
the fact that the first erosive rain after the fire of 1995 occurred almost 2 months later, allowing the soil some 
kind of stabilization, while in 2003 the first erosive event was 10 days after fire and shows the highest intensity 
(65.40 mm h-1). The plots of the fire treatments show similar trend, giving in 1995 period an average of 70.97% 
less runoff than in 2003. The differences between these burned plots and the control ones, not burned, increase 
likewise from an average of 85.62 % after the fire in 1995 to 95.27 % in 2003. Although the dissimilarities 
among plots burned in 1995 with high intensity and those burnt with moderate one have not been statistically 
significant they increased from 5.22 % in 1995 to 12.74 % in 2003, being higher in this last year the values 
correspondents to the moderate intensity plots. It has been reflected in the values of infiltration rate that are 
lower in the moderate intensity plots (average of 9.34 mm h-1) than in the others (10.11 mm h-1 on the high 
intensity treatment and 12.23 in the moderate one). Values of runoff coefficient reflected also this tendency, but 
in this case the differences were still lower. 
 The evolution observed for the hydrological response in the fire treatments during the studied periods 
become more evident for soil losses. The greater aggressiveness of rains observed in 2003, together with the 
earlier incidence of important erosive rains, have been translated in a global soil loss in 2003 almost double 
(88.56% higher) than in 1995 for the post-fire periods studied (Figure 2B). With maximum values on sediment 
yield in 1995 and 2003 of 367.019 g m-2 (plot 7, 30th July) and 293.51 g m-2 (plot 4, 18th September), 
respectively. Respect to the fire treatments, burnt plots maintain the great differences observed in the post-fire 
period of 1995, respect to the unburned plots, in the 2003 period giving values around 99% lower in the control 
plots. However, the differences between treatments of fire have increased and changed the tendency. In 1995, 
after the fire, plots burnt with high intensity gave values 8.12 % higher than those burnt with moderate intensity, 
but in 2003 these last plots produce 26.81 % more sediment than the plots of the high intensity treatment. The 
plots not affected by fire show an important reduction on sediment yield (84.94 %) compared with the values 
reached in 1995. These data give a clear vision of the importance of the vegetation cover and the maintenance of 
its natural evolution, against the incidence erosion processes. 
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Figure 2. Runoff (A) and sediment yield (B) produced in each rain event for the different fire treatments in the 
two post-fire periods studied. 

 
 The values on soil loss obtained for each treatment for the 2003 period give a vision of the magnitude of 
soil erosion; it has been a total of 5.14 t ha-1 in the moderate intensity plots and 4.05 t ha-1 in the high intensity 
ones, while in the control plots this loss only reached 0.007 t ha-1. These values are critical for Mediterranean 
soils taken in to account that the established rates of soil formation for them are around  
2 t ha-1 y-1. This is a clear indication of how important is the incidence of repeated fires, of any intensity, on 
zones not totally recovered from a previous one. The degree of vegetation recovery and the intensity and 
readiness of rains after the fire are key factors in the effect on soil of water erosion processes, mainly in fragile 
ecosystems like those that characterizes the Mediterranean areas. 
 
Conclusions 
 The repeated incidence of fires on ecosystems previously affected by them can accelerate the 
degradation processes by enhancing the incidence of water erosion. It has been observed in the data obtained in 
the plots that suffered fires on 1995 and were burnt again in 2003. 
 The new impact of fire on the plots in regeneration stage and the occurrence of rains, short time after it, 
produced an increase in runoff generation and soil loss of almost triple and double, respectively, respect to the 
values obtained after the previous fire (1995). In contrast, the control plots (not burned) maintain similar values 
in 2003 than in 1995, although in 2003 the volume and intensity of rains increased. This can be indicative of the 
improvement on soil hydrological properties that the natural evolution of the vegetation favours, against water 
erosion. By the other hand, soil loss is magnified after the second fires reaching values for the high and moderate 
intensity treatments higher than 3 t ha-1 in a single rain event (30th July of 2003), overcoming the annual rates of 
soil generation.  
 In the Mediterranean countries the phenomenon of increasing the frequency of fires and its repeated 
incidence in previously affected zones, could broke the possibilities of resilience of the ecosystems favouring its 
progressive degradation, and the possibilities of soil sustainability, and thus the advance of desertification. 
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Throughfall Drop Sizes for Mediterranean Vegetation Species 
 

Coutinho, M.A.1 – Antunes C. R. 
 
 
Introduction 

It was considered necessary to focus attention to the foliage and leaves role in the hydrological 
behaviour of tree canopies to enable the development of a conceptual model and a computational methodology 
to analyse the effect of rainfall interception by the vegetation cover on the reduction of rainsplash erosion and 
runoff (Coutinho and Antunes, 1999, 2000, 2003) 

To account on the complexity of the processes, particular emphasis must be given to the leaf behaviour 
mechanism. The major objective of the study was to measure the retention of water at the surface of the leaves 
and the characteristic diameters of the drops, falling from the leaves of the most common tree and bush species 
presented in southern Portugal forest, namely, Cork Oak (Quercus suber L.), Evergreen Oak (Quercus ilex L. 
ssp. rotundifolia Lam), Wild Oak (Quercus coccifera L.), Eucalyptus (Eucalyptus globulus), and on orchard 
species - Olive tree (Olea europaea L.) and Orange tree (Citrus sinensis O.) 

Experimental work was conduced under a rainfall simulator. In that set up the drop diameters falling 
from the leaves and the retention of water at the surface were measured. The values of drop sizes were measured 
by integral volumetric methods and the diameters of the drops were also estimated using sensitive paper. Leaves 
of trees and bushes with different sizes and time of growth have been used. 

It was found that the drop sizes do not depend significantly on rainfall intensity. The diameters of the 
drops are a function of the general geometry of the leaf, the surface roughness, the edge indentation, the shape of 
the tip and the rate of drops’ formation. 

For the most common trees and bush in Mediterranean climates it was verified that the throughfall drop 
sizes produced by the leaves vary between 3.4 and 6.3 mm. The values of the retention of water at the surface of 
the leaves were obtained from the measured data, at the beginning of the dripping and at stabilised conditions. 
Also, the time for the beginning of the dripping, since the start of the simulated rain, was measured. 
 
Experimental set up 

To obtain accurate data to quantify the hydrologic behaviour of trees; some experimental work was 
done in Instituto Superior Técnico, Portugal, concerning various forest and orchard trees; the leaf retention and 
the throughfall drops were measured in laboratory conditions. Particular attention has been given to the common 
species of the Mediterranean zone - namely, Cork Oak (Quercus suber L.), Evergreen Oak (Quercus ilex L. ssp. 
rotundifolia Lam), Wild Oak (Quercus coccifera L.), Eucalyptus (Eucalyptus globulus), Olive tree (Olea 
europaea L.) and Orange tree (Citrus sinensis O.) 
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The laboratory work and experimental set up are illustrated in Figure 1, a) and b). 

 
a)        b) 

 
Figure 1. a) Rainfall simulator view and   b) Scheme for collecting drops from Cork Oak leaves. 
                   the experimental set up.  

 
 The experimental set up at the laboratory consisted of a very simple rainfall simulator, able to produce 
different rainfall intensities and rain drops in various diameter ranges’ (Antunes, 1995).  
 Under laboratory conditions the leaves of Cork Oak, Evergreen Oak, Wild Oak; Eucalyptus; Olive tree 
and Orange tree were submitted to different levels of precipitation intensity. The leaves were positioned with 
different aspects and the experiments were conducted with single leaves of different sizes and with cascades of 
overlapping leaves. 

For each set up, the following measurements where made: the rainfall distribution under the simulator 
and the dripping from the leaves (volumes and number of drops). 

The values of the retention volumes and characteristic drop sizes were measured by integral volumetric 
methods and the diameters of the drops were also measured with sensitive paper. Leaves of different sizes and 
time of growth have been used.  

According to the obtained values it was possible to identify the relevant factors for estimating total 
retention volumes provided by the vegetation canopies and characteristic diameters of the falling drops. Also, the 
kinetic energy of the drops for different falling heights was computed. 

From the obtained data the leaf retention and the throughfall drop sizes values have been computed: In 
the next chapter a brief description of the findings and of the obtained data is made. 
 
Leaf retention and throughfall data 

It was found that the retention volumes depend on the area, texture, roughness and nervures of the 
surface of the leaves, and on the architecture of the branches and the trunk of the tree. 
 The drop sizes do not depend significantly from rainfall intensity. They are function of the general 
geometry of the leaf, the surface roughness, edge indentation and tip shape. 

The major results obtained for water retention and drop sizes ranges are summarised in the following 
table, for different leaf sizes’ of the different tree species studied in laboratory. 
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Table 1. Rainfall retention, throughfall drop sizes' ranges and average size for the dripping of different leaves 
from tree species 

tree species average water 
retention 

(mm) 

range of  
throughfall drop sizes’ 

(mm) 

average 
drop size 

(mm) 
  oak species 0.30  to  0.40 4.7  to  6.3 5.3 
  eucalyptus 0.08  to  0.14 3.4  to  4.8 3.8 
  olive trees 0.40  to  0.50 3.7  to  4.1 3.9 
  orange trees 0.45  to  0.55 4.1  to  4.7 4.3 

 
The tree species studied did not present very distinctive drop sizes distributions. It was observed that the 

drop's size distribution and average drop size for each tree species were a function of the dimensions and general 
geometry of the leaves. 
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Nutrient losses by runoff affected by rainfall characteristics in Mediterranean vineyards 
 

Ramos, M.C.1 – Martínez-Casasnovas, J.A. 
 
 
Abstract 

The Mediterranean area, characterized by high rainfall variability and frequent heavy intensity rainfall 
events, is susceptible of suffering high erosion processes which are being accelerated by the elimination of 
traditional soil conservation measurements and the introduction of new land management practices. The present 
study makes reference to a new vineyard plantation, prepared for mechanized works, which is representative of 
the present practices carried out in the Penedès area (Barcelona, Spain). Soils are maintained without any cover 
during almost all year to avoid the water competition, which favour soil erosion processes. This paper focuses on 
nutrient concentration in runoff and nutrient losses by runoff associated with events of different erosive 
potential, quantified by their intensity and kinetic energy. The study was carried out in two vineyard plots: one in 
which important soil movements were done for field preparation and the another one in a non disturbed soil. In 
each plot four points along the slope were considered for the evaluations. Runoff samples were collected at each 
point after the main rainfall events recorded during 2000. Total N and total P were analysed in the runoff 
samples. Annual rainfall during the analysed period was 518 mm, value close to the annual mean in the area, 
although  about 40% of it fell in one day. Maximum intensities in 30- min periods ranged from 6 to 187 mm h-1, 
and the kinetic energy of the analysed rainfall ranged from 2787 to 135611 MJ ha-1. Total N and total P 
concentrations were, on average, lesser in the disturbed than in the non disturbed plot (0.76 g kg-1 vs. 1.03 g kg-1 
for N, and 627 mg kg –1 vs.775 mg kg-1 for P). However, in the non disturbed soil there was a small enrichment 
ratio in the sediments related to the soil content, while in the disturbed soil, the concentrations were lower in the 
sediment, whatever the rainfall characteristics. Nitrogen concentrations were similar at the different locations of 
the plot. However, P concentrations were higher in the points located at the top of the plots and decreased along 
the slope (ranging between 894 to 393 mg kg-1 in the disturbed plot and between 967 to 533 mg kg-1 in the non 
disturbed soils). There was not a clear relationship between the erosive character of the rainfalls and nutrient 
concentrations, although the pattern was the same in both plots, with higher values for lower rainfall intensities.  

 
Introduction 

The Mediterranean climate is characterised by a complex pattern of spatial and seasonal variability, 
with wide and unpredictable rainfall fluctuations from year to year and with frequent heavy intensity rainfall 
events (Ramos, 2002). This climate feature contributes to generate erosion processes, which also depend on soil 
management practices and crop types. Vineyards are one of the lands that incur the highest runoff and soil 
losses: 47-70 Mg ha-1 yr-1 in NW Italy (Tropeano, 1983), 35 Mg ha-1 yr-1 in the Mid Aisne region (France) 
(Wicherek, 1991), 22 Mg ha-1 yr-1 in the Penedès – Anoia region (NE Spain) (Usón, 1998), and even higher soil 
losses have been associated with extreme rainfall events: 34 Mg ha-1 in an only extreme rainfall in the SE France 
(Wainwright, 1996) or 207 Mg ha-1 (Martínez-Casasnovas et al., 2002). 

These erosion processes are being accelerated by changes in land use and in the cropping patterns 
adapted for field mechanisation. The traditional free growing vines planted following contour lines and in bench 
terraces are being change to trained vines, with vine rows perpendicular to the maximum slope gradient in most 
cases. Land preparation for mechanisation has required important soil movements, removing surface soil from 
some places and filling other sites, which has generated important changes on soil physical and chemical 
characteristics. Soils are now low in organic matter content and have weak structure, leading to land degradation 
processes. The Anoia-Alt Penedès region, located in the Mediterranean NE Spain, is a clear example of this 
situation. 

The aim of this paper focus on nutrient concentration in runoff and nutrient losses by runoff associated 
with events of different erosive potential, quantified by their intensity and kinetic energy. 

 
Material and methods 
 
Study area  

The study was conducted in a commercial vineyard located in the Anoia region (X: 400300; Y: 
4592700). The area has a Mediterranean climate with an annual average temperature about 15ºC and an annual 
rainfall about 550 mm, mainly in autumn and spring. The soil moisture regime is xeric and the soil temperature 
regime is thermic and according to Keys of Soil Taxonomy (Soil Survey Staff, 1998) they are classified as Typic 
Xerorthents and Typic Calcixerepts.  
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Vineyards are maintained with bare soil during all the year, by continuous tillage. Composted cattle 
manure was applied in this field one year prior this study at a rate of 50 Mg ha-1 wet weight in alternate rows. 
This compost carried in his matrix N and P at concentrations of 22.6 ± 0.6 mg g-1 and 1411±11 mg kg-1, 
respectively. 

 
Sample collection and analysis 

Soil samples from the top 0-20 cm were collected in 8 points along the slope in two plots. one plot in 
which soil surface had been removed in the upper part  (up to 3m) and filled in the lower part (points Di), and 
one plot without changes in the landform (points Ui). Particle size distribution without extraction of carbonates, 
organic matter content were analysed in each sample (Porta et al., 1986).  

Sediment and runoff collectors, Gerlach type, which allowed separation of sediment and runoff 
samples, were installed at the same points. Runoff samples were collected after the main rainfall events occurred 
during the year 2000. The collected runoff samples were filtered and air dried. Total phosphorus (Olsen and 
Sommers, 1982) and total nitrogen (Bremner and Mulvaney, 1982) were analysed in the sediments collected at 
each point and in the soil samples collected at the same slope positions. Enrichment ratios were calculated by 
dividing the nutrient content of the sediment by the nutrient content on the soil surface.  

 
Rainfall data 

Rainfall was recorded at 1-min intervals at the same field using a tipping-bucket pluviometre connected 
to data-logger. Intensity and kinetic energy of each storm was calculated using the relationship obtained for the 
area (Ramos, 1999). 
 
Results and discussion 
 
Rainfall characteristics and runoff generation 

Total precipitation recorded during 2000 at the study area was 518mm, very irregular distributed along 
the year. A total of 26 rainfall days were recorded through the year although only 10 of them registered more 
than 13 mm/storm (value given by Wischmeier and Smith (1978) as the erosive threshold). The most relevant 
one was an extreme event recorded in June, which had a return period of 105 years. It supposed 37% of annual 
rainfall in a single event. This storm had an intensity in a 30-minute period of 172 mm h-1 with a maximum 
intensity of 212 mm h-1 in 1-minute intervals and an erosive potential (R factor = KE*I30) 10 times higher that 
the annual for this area (Ramos and Porta, 1994), which determined most of the soil erosion produced during the 
study year. The rest of the storms had 30-minute intensity ranging from 15 to 37.5 mm h-1.  

In some cases, due to the low intensities, the rainfall recorded in one single rainfall did not cause runoff. 
Runoff samples were collected after eight rainfall intervals: the second interval includes 2 rainfall events of 12 
mm each, and the sixth interval includes several low depth of rainfall (< 10mm), all of them of low intensity. 
Table 1 shows total rainfall (P) recorded during the whole period and the rainfall causing erosion, maximum 
intensity in a 30-minute period (I30), kinetic energy, rainfall erosivity (R), runoff ratio (runoff/rainfall) and 
sediment concentration for each analysed rainfall period. 
 
Soil characteristics 

The soils have relatively high silt and fine sand contents (> 50%) and very low organic matter content 
(1.6-5.3 g kg-1 in disturbed soils and 6.9-14.9 g kg-1 in disturbed soils). Calcium carbonate content ranges from 
300-410 g kg-1, and pH varies between 7.9 and 8.9. Total N ranged from 0.6 to 1.8 g kg-1 in the original soil and 
P ranged from 600 to 1700 mg kg-1. The high variability on nutrient content level is due to the effect of some 
organic residua previously applied in the plots, which was not homogeneously distributed. The average 
concentrations in the sediments collected after the each rainfall periods in both disturbed and undisturbed plots 
are shown in Fig. 1 and 2.  
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Table 1. Accumulated rainfall (mm), rainfall events causing runoff (mm), total rainfall duration (min), maximum 
30-minute intensities (mm h-1), total kinetic energy  (KE) of the rainfall (mmh-1), rainfall erosivity: RE=KE*I30 
(MJha-1mmh-1), runoff ratio (%) and soil concentration in runoff (gL-1) during 2000. 
 

 20/3 
-10/4 

10/4 
-3/5 

3/5 
-24/5 

24/5 
-14/6 

14/6 
-4/10 

4/10 
-18/10 

18/10 
-3/11 

3/11 
-4/12 

P(mm) 
Erosive rainfall  

(mm) 
 

Duration (min) 
Max I30 (mm h-1) 

KE (MJ ha-1) 
RE (MJha-1mmh-1) 
Runoff ratio (%) 
Soil conc (gL-1) 

44.8 
14.2 

 
 

2081 
15.4 
24.9 

255.1 
8.8 
25.5 

49 
12+ 
12.8 

 
757 
16.7 
361.0 
4778 
3.5 

12.1 

41.4 
22.4 

 
 

597 
20.8 

314.2 
12178 

1.7 
20.7 

237.2 
216.2 

 
 

716 
172.5 

7374.2 
1356111

75.0 
41.3 

46.4 
40.6 

 
 

227 
37.5 

428.3 
11022 

8.0 
8.1 

57.9 
9.6+9.6 
+8.8+ 

8.8+8.4 
551 
25.6 
271.4 
3946 
9.3 
4.9 

28.2 
12.4 

 
 

1295 
29.9 

110.6 
2788 
6.6 
21.8 

17.6 
14.2 

 
 

764 
20.9 
130.9 
2620 
4.6 
4.1 

 
 
Nutrient concentrations 

Total N and total P concentrations were, on average, lesser in the disturbed than in the non disturbed 
plot (0.76 g.kg-1 vs. 1.03 g kg-1 for N and 627mg kg –1 vs. 775 mg kg-1 for P) ( Fig 1 and 2).  For nitrogen, 
concentrations in the sediments were higher than in the soils (enrichment ratio (1.1 <ER < 1.2), in both disturbed 
and undisturbed, but for phosphorous, concentrations were lower in the sediment than in the soil in the disturbed 
plot (ER = 0.5) and higher in the (ER = 1.2), whatever the rainfall characteristics were. Nitrogen concentrations 
were similar at the different locations of the plot. However, average P concentrations were lower at the top of the 
plot increasing along the slope (ranging between 894 to 393 mg kg-1 in the disturbed plot and between 967 to 
533 mg kg-1 in the non disturbed soils), particularly when high erosive rainfalls were recorded. Most is fixed on 
the surface and detached and transported by runoff, but part of it is sedimented inside the plot.   

These concentrations in the sediments imply nutrient losses ranging from 0.2 to 1.2 kg ha-1 of N except 
for the extreme event, in which the nutrient losses were higher than 100 kg ha-1. Phosphorous losses associated 
with sediment transported by runoff ranged from 0.2 to 0.6 kg in ha-1, and during the extreme event they were 
higher than 50 kg ha-1. Additional phosphorous is lost dissolved in water. Phosphorous concentration in water 
ranged form 0.37 to 0.87 mg L-1.  

Total nutrient losses are higher than those reported by Douglas et al. (1998), who showed annual losses 
ranging from 20-100 kg ha-1 yr-1 and P losses ranging form 8 to 48 kg ha-1 yr-1 in plots under continuous fallow. 
Figures are also higher than those found for P by Schlesinger et al. (2000) in shrubland  (0.33 kg ha-1 yr-1) and 
grasslands (0.15 kg ha yr-1), areas in which the coefficient runoff was always less than 25%. Except for the 
extreme event, an inverse relationship between nutrient concentration in the sediment and kinetic energy and the 
R factor  (KE.I30) is observed with the higher values for the lower intensities. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions 

Total N and total P concentration is, on average, lesser in the disturbed than in the non disturbed plot. 
However, in the non disturbed soil there was a small enrichment ratio in the sediments related to the soil content, 
while in the disturbed soil, the concentrations are lower in the sediment, whatever the rainfall characteristics. 
Nitrogen concentrations were similar at the different locations of the plot. However, P concentrations were 
higher in the points located at the top of the plots and decrease along the slope. There was not a clear relationship 

Fig.1 Average total N in the sediment for each rainfall period in 
disturbed and undisturbed plot and kinetic energy of the
corresponding period

Fig.2 Average total P in the sediment for each rainfall period in 
disturbed and unidsturbed plot and kinetic energy of the
corresponding period
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between the erosive character of the rainfalls and nutrient concentrations, although the pattern was the same in 
both plots, with the higher values for the lower intensities.  
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Soil Erosion and Carbon Dynamics in Agricultural Landscapes 
 

Van Oost, K.1 – Van Muysen, W. – Govers, G. – Heckrath, G. 
 
 
Abstract 

The influence of erosion and redistribution of soil within the landscape on the global terrestrial C 
budget is poorly understood. This is due to the lack of detailed information on SOC (soil organic carbon) storage 
in terrestrial ecosystems and of simulation models that allow to track the fate of the eroded sediment. In this 
paper, perform a spatial analysis of sediment and carbon fate during erosion, transport and deposition by water 
and tillage erosion. We combine detailed measurements of 137Cs, used as an erosion tracer, with SOC data for 4 
agricultural fields in Europe. The results indicate that soil erosion substantially contributes to the spatial 
variation in SOC at the field scale. Tillage erosion is the dominant soil redistribution process leading to the 
burial of substantial amounts of SOC in concave landscape positions. In contrast to earlier estimates, we 
conclude that soil erosion may lead to substantial carbon uptake in agricultural soils. 
 
Key words: Soil erosion, tillage erosion, water erosion, SOC, carbon sequestration, caesium-137 
 
Introduction 

At present, there exist two opposing hypothesis concerning the role of soil erosion on carbon dynamics. 
(i) Soil erosion creates an atmospheric sink for CO2. This is based on the assumption that carbon in eroded 
sediment will decay more rapidly than in undisturbed soil as a large part of the eroded carbon is decomposed 
during aggregate breakdown (Lal, 2003). (ii) Soil erosion and deposition may create an atmospheric sink for CO2 
if considerable storage of sediment takes place between the site of erosion and the fluvial system (Stallard, 
1998). This redistribution leads to burial of carbon and such storage zones may reduce decay. In this paper, we 
address this issue in a spatial analysis of sediment and carbon fate during erosion, transport and deposition by 
water and tillage erosion. We combine detailed measurements of 137Cs, used as an erosion tracer, with SOC data 
for 4 agricultural fields in Europe. The objective of this study is to improve our understanding of the impact of 
soil erosion on the redistribution of SOC within the landscape and soil erosion induced carbon fluxes between 
soil and atmosphere. 
 
Study area 

For this study, 4 agricultural fields were selected in the Mediterranean. A first study site was selected in 
Spain ca. 25 km southeast of Cordoba.  The south oriented 1.35 ha field site is part of the Alcaparro catchment 
that drains to a alluvial plain near the Guadajoz river and consists of clay soils, developed in marine deposits.  
Landuse in the area consists of dryland cropping of cereals and sunflower, although considerable parts of the 
area are more recently used for olive and almond plantations.  This site will be referred to as the Alcaparro site.  
Average annual precipitation in the area is 606 mm while temperature is 17.5 °C. A second study site was 
selected in the Alentejo region of Portugal.  It is located in a region of intensive dryland agirculture with a 
cropping history of winter cereals and, more recently, the introduction of sunflower cropping in a rotation with 
set-aside fallow.  Soils are classified as Chromic Luvisols or Cambisols.  Annual precipation is 580 mm while 
average annual temperature is 15.6 °C.  The south-facing ca. 2 ha study field is part of a 24 ha catchment, 
bordered by a road/track at the northern side. The Thives site is located ca. 100 km north-west of Athens 
(Greece).  The field covers an area of ca. 3.5 ha and is mainly cultivated with rainfed cereals.  Soils are classified 
as Typic Xerochrept or Typic Rhodoxeralfs and are shallow to moderately deep with a rock fragment content 
ranging from 44 to 72 %. Annual precipitation is ca. 490 mm and average annual temperature is 17.0 °C.  The 
Vicarello site (2 ha) was selected near Florence (Italy).  Soils in the study area are Calcaric Regosols. Annual 
rainfall is 678 mm, while the average temperature is 12.7 °C.  Fields are cropped with a rotation or durum wheat, 
barley, and oats. For each study site, a detailed topographical survey (with elevation measurements taken along a 
10*10 m grid) was carried out using an automatic theodolite to construct a digital elevation model.  
 
 
 
Materials and methods 

Sampling for 137Cs inventory assessment was carried out in 1996 – 1997. The sampling procedure 
described in Van Oost et al. (2003) was applied.  Bulk samples were taken using a cylindrical tube with an 
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internal diameter of 7.6 cm.  For the Vicarello and Alcaparro site, the tube was drilled into the soil using a 
percussion-coring device until a depth of 0.6 m was reached.  For the other sites, however, the presence of 
bedrock at shallow depth prevented to reach this depth at several locations.  In those cases, samples were taken 
to the bedrock or the weathered subsoil. Reference samples were taken on non-eroding sites. In addition to this, 
the organic matter content was determined on the 137Cs samples using the Walkley-Black method. 
 
Results and discussion 
The relative contribution of water and tillage erosion 

All sites show large variation in 137Cs inventories with differences up to 100% (Figure 1). This indicates 
that substantial erosion and deposition has taken place. Due to the high rock fragment content of the soils, 137Cs 
measurements are associated with a high uncertainty. Consequently, a 137Cs conversion model cannot be used to 
derive quantitative estimates of soil redistribution by water and tillage. The relative importance of tillage and 
water erosion is therefore assessed by considering the very distinct spatial pattern of both processes.  While 
tillage will result in soil erosion on convexities and deposition in concave slope positions, water erosion will be 
highest on steep slopes and/or on slope positions characterised by a relatively large contributing area. In this 
perspective, a qualitative evaluation of the relative importance of diffusive and fluvial erosion processes can be 
made by investigating the relationship between the spatial pattern of measured 137Cs inventories and basic 
topographical characteristics, such as slope gradient, contributing drainage area and slope curvature. 
Multiple regression analysis has been applied to relate the 137Cs inventory to topographical parameters following 
the general regression equation: 
 

 usm dCALogcbSaCs +++= )_(137
  

 
where a, b, c and d are regression parameters, S is the slope gradient (m m-1), As is the unit contributing area (m) 
en Cu is the total curvature ((m m-1)/m). Results show that in all cases 137Cs inventories are significantly related 
to the curvature while (Table 1). In contrast, parameters that are indicative for water erosion are not significantly 
related. The strong correlation with curvature points to the importance of tillage erosion in explaining the higher 
137Cs inventories in concave and lower in convex landscape positions. This result agrees with earlier studies in 
Mediterranean agricultural environments indicating that tillage is the dominant soil redistribution process on 
sloping agricultural land (e.g. Kostas et al. 2001, Gerontidis et al. 2001, Tsara et al., 2001). 
 
 
Table 1. Results of the multiple regression analysis. Values in italic indicate the significance. 

site a b c d R² 
Alcaparro 2527 -1881 -82 45611 0.44 
 0.0001 0.1223 0.4438 0.0001  
Santa Susana 1731 -1402 -39 30086 0.33 
 0.0001 0.4784 0.6017 0.0001  
Thives 7446 -1720 -197 161129 0.21 
 0.0001 0.6570 0.4749 0.0059  
Vicarello 11183 -3133 580 77339 0.36 
 0.0001 0.4137 0.0734 0.0001  
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Figure 1. Spatial variation in measured 137Cs inventories (Bq m-2) at the Thives (left) and Vicarello (right) sites. 
 
 
Patterns of SOC 

The above analysis, although qualitative of nature, shows that total soil redistribution is mainly 
controlled by tillage erosion.  This dominance is not only reflected in the spatial variation in observed 137Cs 
inventories.  A strong positive relation between SOC inventory and 137Cs inventory is found for all study sites 
(Table 2). This strongly suggests that tillage erosion significantly contributes to the spatial variation and burial of 
SOC on sloping agricultural land.  Tillage erodes SOC from convex landscape positions and transports this to 
concave landscape positions where deep soils, rich in SOC develop. This is further supported by the significant 
correlations between 137Cs inventories and Ap-depths (depth of the soil A-horizon) (Alcaparro r = 0.59, p<0.001; 
Santa Susanna r = 0.40, p<0.001). 
 
Table 2. Pearson correlation coefficients (r) of SOC inventories and 137Cs inventories. 
 

 r 
Alcaparro 0.688*** (n=37) 
Santa Susana 0.524*** (n=42) 
Thives 0.478*** (n=44) 
Vicarello 0.381*** (n=53) 

 
Conclusions 

In this study, 137Cs measurements were used to study soil redistribution patterns and rates on 4 study 
sites throughout Mediterranean Europe (Spain, Italy, Greece and Portugal).  The observed spatial pattern of 137Cs 
inventory indicates that tillage erosion is the predominant soil erosion process on these study sites. This results 
agrees with earlier studies reporting the dominance of tillage erosion in the total soil redistribution on sloping 
agricultural land (e.g. Govers et al., 1994, Govers et al., 1999). Significant correlations between 137Cs and SOC 
inventories suggest that tillage substantially contributes to the removal of SOC at convex landscape positions 
while soil and associated SOC is buried in concavities.  

Until now, soil erosion carbon dynamic-studies focus on the process of water erosion (Lal, 2003, 
Stallard, 1998) but the role of water erosion in the global carbon budget is highly uncertain. Our results indicate 
that tillage erosion leads to substantial redistribution of SOC in agricultural landscapes. This mechanism may 
lead to significant C sequestration by fixating atmospheric C at eroding sites while the eroded C is efficiently 
stored in the subsoil at depositional sites. However, a quantification of the water- and tillage induced carbon 
fluxes between soil and atmosphere requires the integration of carbon and spatially distributed water and tillage 
erosion models. 
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Erosion potential of organic and conventional farming – validation of large scale 
modelling by results of a long term field study 

 
Auerswald, K.1 – Kainz, M. – Fiener, P.  

 
 
Abstract  

Modelling erosion potential of organic (OA) vs. conventional agriculture (CA) on the scale of Bavaria, 
Germany, resulted in 15% less erosion potential for OF (Kainz et al., this volume). For validation, erosion was 
measured over 8 years in 10 sub-watersheds (287 erosive events)on two neighbouring OA and CA farms using 
best management practices.  

In general all important findings from the country-scale study could be verified on the farm scale: The 
bare fallow soil losses were close to the averages in Bavaria. Slopes were shorter and steeper, soils shallower and 
less erodible, and land-use was less erosive under OA on both scales. Finally erosion was less under OA on both 
scales. On the farm scale this was true for the predicted and for the measured soil loss, indicating that the major 
findings of the country-scale modelling are valid. 

Differences between both scales were detected in three important aspects: (1) Rain and rain erosivity 
was identical for both neighbouring farms, while a large difference between OA and CA occurs on a country 
scale. (2) The measured and the predicted soil losses were much lower in both systems as compared to the 
average in Bavaria due to the best-management practices.(3) The difference in soil loss between OA and CA was 
larger for the measurement (-86%) than for the prediction (-33%). This may indicate an additional effect of OA 
in reducing erosion which is not understood, quantified and taken into account in present models. 

 
Introduction 

Soil erosion by water is regarded as being one of the most serious environmental problems associated 
with land use (Morgan 1996). Organic agriculture aims to be in closer alignment with natural cycles and 
processes than CA. Hence OA should also cause less erosion than CA. Although this is claimed sometimes, 
proof is still missing. To our knowledge, there is only one study which compares soil loss on a conventional and 
on an organic farm, and which demonstrates a smaller soil truncation for OA (Reganold et al. 1987) based on the 
unproven assumption that soil depth prior to different farming were identical. Furthermore, there are some 
studies comparing soil properties which influence erosion like infiltrability, aggregate stability or earthworm 
abundance (Mulla et al. 1992; Scullion et al. 2002; Mäder et al. 2002). However, these studies allow no 
quantitative conclusion on soil erosion and they do not take the various interactions between different factors 
governing erosion into account. Hence Kainz et al. (this volume) evaluated on a country-wide scale the erosion 
potential of organic and conventional faming following a modelling approach. We will try to validate their 
conclusions by evaluation long-term measurements from two neighbouring farms. An extended version of this 
contribution may be found in Auerswald et al. (2003). 

 
Material and Methods  

On two neighbouring farms, one conventional (68 ha) the other organic (43 ha), soil loss was 
continuously measured on a field to sub-watershed scale for 8 years in 10 small sub-watersheds ranging in size 
from 0.5 to 16 ha. The sub-watersheds consisted of less than one field to a few fields because no artificial 
borders are allowed at this scale. The 10 sub-watersheds were selected out of 16 to have identical soil use except 
for the type of farming with 83.7 / 83.1% arable land, 10.3 / 10.8% grassland and permanent set-aside, 4.6 / 5.0% 
field borders, and 1.4 / 1.1% farm roads in the conventionally and the organically farmed watersheds, 
respectively. Runoff and soil loss were measured on an event base by sampling 0.5% of the runoff with 
Coshocton-type runoff samplers where runoff was concentrated by topography and/or field borders. For details 
of the measurement and validation of the measuring system see Fiener & Auerswald (2003 a). Soil loss was 
modelled with high resolution using the dUSLE (average polygon size: 13 m2; Fiener & Auerswald 2003 a). Best 
management practices were applied appropriate to the individual farming systems (i.e. optimised field layout 
with field borders acting as runoff barriers, use of ultra-wide tyres, reduction of field passes, use of 
intercropping, catch crops and residue management to increase surface cover, use of grassed waterways). For 
details of management see Auerswald et al. (2000) and Fiener & Auerswald (2003 a, b). 

The USLE (Wischmeier & Smith, 1978) predicts soil loss by multiplying six more complex terms: 
 A = R K L S C P  

where A is the long-term average annual soil loss (t ha-1 yr-1), R is the rainfall and runoff erosivity (N hr-1 yr-1), K 
is the soil erodibility (t hr ha-1 N-1), L and  S are dimensionless topography factors quantifying the influences of 
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the watershed area and watershed curvature, C and P are dimensionless factors quantifying the influence of the 
cropping system and the influence of permanent erosion control measures like terracing. The C factor can be 
estimated from the combination of the so-called soil loss ratio SLR with the erosivity index EI (Wischmeier & 
Smith 1978). The EI quantifies the seasonal distribution of rainfall erosivity. The SLR quantifies the 
susceptibility of the soil surface relative to the conditions of a freshly prepared seedbed, which is thus considered 
a standard. The SLR mainly depends on tillage and soil cover. It can be determined experimentally, e.g., by 
rainfall simulator experiments, or by calculation from sub-models. We calculated “measured” C factors from the 
measured soil loss and the predicted bare fallow soil loss RKLSP of the instrumented watersheds after adjusting 
the measured soil loss for the effects of the grassed waterways and the retention ponds at field borders as 
quantified by Fiener & Auerswald (2003 a). “Predicted” C factors for the specific rotations of both farms were 
derived from soil cover (plants, residues, stones) measured bi-weekly in 15 fields at three geodetically defined 
locations over four years (for examples of data see Auerswald et al. 2000). The soil loss ratios were calculated 
from soil cover using the equation determined by Kainz (1989) with rainfall simulator experiments under similar 
conditions. The C factors were then computed from daily soil loss ratios and the annual distribution of the 
erosivity index taken from Rogler & Schwertmann (1981). The carry-over effect after inversion of ley on the 
organic farm was taken from Wischmeier & Smith (1978). 
 

 
.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Layout of fields, grassland and set-aside areas on both experimental farms. The gauged watersheds 
used for this study are enclosed by bold lines and hatched. The farm road running from the SW corner diagonally 
to the farmstead in the NE corner separates the organic from the conventional farm. The four watersheds north of 
the farm road are organically farmed, those south of the road are conventional 

 
Results and Discussion  

During the 8-yr measuring period 287 events induced runoff and soil loss in at least one of the 10 sub-
watersheds. The data set, however, represents a unique situation and thus the absolute values of the different 
parameters for both farms differ from the country averages. Nevertheless, the relative differences between OA 
and CA in this data set confirm the results from the country statistics (Table 1). The organic farm had more leys 
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at the expense of row crops, which was similar to the countrywide averages. The site conditions exhibited similar 
differences as the country average except for long-term average precipitation and the R factor which are 
considered identical for two farms separated only by a farm road. The organic farm had soils with a smaller K 
factor. It was situated on steeper land and the S factor was larger, the field size and the L factor were smaller. 
The bare fallow soil loss (RKLSP) of the organic farm in the validation study was, however, about 17% smaller 
due to the identical R factor. Finally, the measured soil loss from the organic farm was much less than the 
difference in RKLSP (86% vs. 17%) proving the lower erosion risk of a land use, which incorporates leys. 
 
Table 1. Average cropping conditions and erosion parameters on arable land (AL) of the conventional and the 
organic farm (high-resolution erosion modelling with a total of 52894 cells; measured soil loss is based on 2296 
watershed events) as compared to the Bavarian average taken from Kainz et al. (this volume). 
Variable Unit Conventional farm Organic farm Difference between OA and CA 
  Validation     Validation Bavaria 
Small grain % of AL 50.0 42.9 -7% -1% 

Row crops % of AL 50.0 20.8 -29% -14% 

Ley % of AL 0.0 22.3 +22% +14% 

Precipitation mm yr-1 804 804 0% +28% 

R factor N hr-1 yr-1 69 69 0% +27% 

K factor t hr ha-1 N-1 0.42 0.32 -24% -14% 

Number of fields - 7 14 +100% n.d. 

Field size ha 4.3 2.2 -49% n.d. 

Slope length m 159 112 -30% -19% 

L factor - 2.69 2.25 -16% -4% 

Slope gradient % 8.9 10.4 +16% +16% 

S factor - 1.04 1.36 +32% +17% 

RKLSP t ha-1 yr-1 68.9 57.4 -17% +14% 

Measured soil loss 

Measured soil delivery 

t ha-1 yr-1 

t ha-1 yr-1 

2.5 

0.29 

0.2 

0.04 

-92% 

-86% 

n.d. 

n.d. 
 

 
On the conventional farm the C factor determined from measured soil loss was 0.036, which matches 

the C factor predicted from soil cover measurement (0.040; range 0.028–0.049). On the organic farm the 
measured soil loss gave a much lower C (0.004), while from soil cover alone a higher C factor than on the 
conventional farm was obtained (0.049) because more frequent tillage reduced soil cover. Including the carry-
over effect into the prediction yielded a lower C factor than on the conventional farm (0.032), but it was still 
considerably higher than that derived from the measured soil loss. This could be the result of an additional effect 
of organic farming due to the absence of mineral N fertilizers and synthetic pesticides, which until now has not 
been quantified.  

The measured soil losses on both farms were much smaller than what could be expected on average for 
all conventional or organic farms (Table 1). This was due to the adoption of best-management practices on both 
farms (Auerswald et al. 2000; Fiener & Auerswald 2003 b), which have considerably lowered soil loss. This can 
also be shown by comparing soil loss measured be for and after the implementation of erosion control strategies: 
For one field, which now belongs to the organic farm, Schimmack et al. (2002) quantified the soil loss by using 
atomic-weapon fallout plutonium. Soil loss by sheet and rill erosion (not including tillage erosion) was more 
than two orders of magnitude greater than after the best-management practices were introduced. Averaged over a 
23 yr period the rate of soil loss was 14 t ha-1 yr-1 compared with substantially less than 1 t ha-1 yr-1 after the 
land-use change.  

The measured soil delivery (soil loss leaving the agricultural land) was even lower by an order of 
magnitude than the measured soil loss due to the installation of retention structures like grassed waterways and 
retention ponds (Fiener & Auerswald 2003 a, b). This demonstrates that soil loss and off-site damages could be 
greatly lowered with both farming systems without significant change in the acreage of different crops. In 
consequence, on-site and off-site protection can be achieved without economical drawback (Fiener & Auerswald 
2001, 2003 b). 



61 

 
Conclusions 

In general all important findings from the country-scale study could be verified on the farm scale: The 
bare fallow soil losses were close to the averages in Bavaria. With OA slopes were shorter and steeper, soils 
shallower and less erodible, and land-use was less erosive than with CA on both scales. Finally erosion was less 
under OA on both scales. On the farm scale this was true for the predicted and for the measured soil loss, 
indicating that the major findings of the country-scale modelling by Kainz et al. (this volume) are valid. 

Differences between both scales were detected in three important aspects: (1) Rain and rain erosivity 
was identical for both neighbouring farms, while a large difference between OA and CA occurs on a country 
scale. (2) The measured and the predicted soil losses were much lower in both systems as compared to the 
average in Bavaria due to the best-management practices. Retention structures allowed to reduce off-site 
damages even more. Present agriculture does not reduce soil loss to a degree, which could be achieved without 
economic restrictions. This is true for both, CA and OA. (3) The difference in soil loss between OA and CA was 
larger for the measurement (-86%) than for the prediction (-33%). This may indicate an additional effect of OA 
in reducing erosion which is not understood, quantified and taken into account in present models. 
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Development of a field-scale erosion model 
 

Antal, S.1 – Máté, F. – Sisák, I.2 
 
 

Plot-sized rainfall simulation experiments have been carried out and development of a new, field-scale 
erosion model has been started, in which sheet and rill erosion should be modelled as two stages of the same 
process. 

Basic idea of the model development was that one cannot know the surface and soil properties in full 
detail so stochastic methods should be used. The simulated area is divided into pixels. The elevation of pixels is 
known (H), but it is randomly diverted from the original value with the surface roughness between plus and 
minus Z. H is function of the slope angle yet (α), but digital elevation model may be used later. 

The velocity of rainfall considered to be 9 m.s-1. The initial velocity of water on the surface is the 
component of rainfall velocity in the direction of slope. The water volume in a pixel is the area multiplied by the 
height of water column. The water velocities into direction x and y are stored in a matrix, too. The water moves 
with some degree of randomness toward the neighbours. The unified water masses move together and cannot be 
split again. Their velocities are calculated from the summed impulses. The acceleration of the water masses had 
to be also calculated from gravitation and friction (S).  

A fraction of water infiltrates into the soil. The speed of infiltration depends on the initial infiltration 
capacity and on the volume of water stored in the profile. Steady state infiltration depends on the seepage and 
assumed to be constant. Three variable describe the process: initial infiltration into the dry soil (K0), storage 
capacity (C) and equilibrium hydraulic conductivity (Ke). The process can be described by first order 
inhomogenous differential equation. The soil has average surface storage capacity (F) which randomly varies 
between zero and 2F. There is no surface runoff until the capacity of surface storage not filled by the rainfall or 
by the runoff from other pixels. The infiltration reduces the amount of water stored on the surface or, if that is 
not enough, reduces the surface runoff.  

The mass of soil eroded by water is proportional to the impulse of water and erodibility of soil (E).  The 
volume of suspended solid increases the volume of water. The erosion is assumed to happen from the whole 
pixel therefore the removed soil mass is proportional to the deepening of surface. The deepening can be 
considered as rill below a given depth but there is no theoretical difference between the deepening and rill 
formation so we call it rill. The erosion effects changes in the H matrix. This has the hydraulic consequence that 
water can quit rills only if its impulse increases the limit caused by the barriers in the neighbourhood.  

Part of the suspended solids settles back on the soil surface. The velocity of settling calculated from the 
Stokes-formula, but average diameter of the settling particles (d) and their average bulk density (ρ) must be 
estimated. Complete mixing has been assumed so the average distance of an average particle from the soil 
surface is half of the water column. The distance of settling during one time step is calculated from the Stokes-
formula and the ratio of this distance to the height of water column gives the rate of settling. The settled particles 
fill the rills and it is recorded in the H matrix, too. The settled particles may be eroded again as described above.   

The rainfall is homogenous in space and time yet but temporal variability will be incorporated later. The 
parameters of the rainfall are the intensity (I) and duration (t). 

The model has been tested and parameterized with data from small plot erosion experiments with 
simulated rainfall at Somogybabod where soil properties and slope result in strong rill erosion.  

Special experiments will be designed to measure unconventional parameters (e.g. S), investigations will 
be carried out to estimate d and ρ from usual soil physical data and further experiments will be carried out to 
estimate the other parameters, too. 

This work was carried out with support of the DESPRAL (EVK1-CT-1999-00007) and 3/024/2001 
NKFP projects. 
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Erosion potential of organic and conventional farming – results of a country-scale 

modelling the situation in Bavaria 
 

Kainz, M.1 – Fiener, P. – Auerswald, K.  
 

 

Abstract 

Organic agriculture (OA) aims to identify a production regime which causes less environmental 

problems than conventional agriculture (CA). We examined whether both differ in susceptibility to soil erosion 

by water. To account for the large heterogeneity within the rotations practiced on different farms, we chose a 

statistical evaluation and modelled erosion from the cropping statistics for 2056 districts in Bavaria (70547 km2; 

29.8% arable). Physical conditions of erosion were determined in a rectangular grid yielding 13125 grid cells of 

ca. 5 km2 covering the whole area of Bavaria. On average, about 15% less erosion on arable land was predicted 

for OA than for CA due to the higher percentage of leys in the rotations, although OA more often than CA 

occupies areas, which are susceptible to erosion. On the country scale cropping did not change adequately with 

sites conditions favouring erosion. The need for erosion control seems not to influence crop rotations on erosion-

prone sites.  

 

Introduction 

Soil erosion by water is regarded as being one of the most serious environmental problems associated 

with land use (Morgan 1996). It is highly variable in time and space, which makes it difficult to base an 

assessment on measurements over short time periods only, e.g., several years, or on small spatial segments, e.g., 

plots. To overcome this problem many soil erosion models have been developed and are accepted tools for 

studying soil erosion. The Universal Soil Loss Equation USLE (Wischmeier & Smith 1978) is one of the oldest 

models, which is still frequently used. It has a large experimental background, has been adapted to many areas in 

the world and is still among the best tools for long-term assessment of soil erosion by water (Nearing 1998). It 

was extensively customized over 20 years in the research area using data of about 1000 rainfall simulations and 

500 plot years under natural rain (summarized in Schwertmann et al. 1987). 

Organic agriculture aims to be a production system in closer alignment with natural cycles and 

processes than CA. Hence OA should also be less conducive to erosion than CA, although proof is still missing. 

To our knowledge, there is only one study which compares soil loss on a conventional and on an organic farm, 

and which demonstrates a smaller soil loss for OA (Reganold et al. 1987) and there are some studies comparing 

soil properties which influence erosion like infiltrability, aggregate stability or earthworm abundance (e.g., 

Siegrist et al. 1998; Pulleman et al. 2003). However, these attempts may be insufficient to draw firm conclusions 

for two reasons. First, a  quantitative comparison requires that the two farms differ only in respect to the farming 

system while all other parameters match. This condition cannot be met and proven for large landscape elements 

like fields or farms. This is especially true for soil erosion, which depends on many site properties like soil 

erodibility, topography and rain erosivity, all known to change over short distances. Secondly, a quantitative 

comparison requires that the farming systems under consideration can be clearly defined, which is not the case in 

practical agriculture, where every farm has to be regarded individually. “Organic farming” can only be evaluated 

by taking into account all organic farms. Hence, in this study we compare the degree of erosion on all organic 

farms in Bavaria to that of all conventional farms there. This comparison is based on modelling, which allows us 

to specify site influences on erosion when comparing the influence of farming systems. The results will be 

validated by Auerswald et al. (this volume) by using long-term measured data from two farms. An extended 

version of this contribution may be found in Auerswald et al. (2003). 

 

Material and Methods 

The USLE predicts soil loss by multiplying six more complex terms: 

A = R K L S C P  

where A is the long-term average annual soil loss (t ha-1 yr-1), R is the rainfall and runoff erosivity (N hr-1 yr-1), K 

is the soil erodibility (t hr ha-1 N-1), L and  S are dimensionless topography factors quantifying the influences of 

the watershed area and watershed curvature, C and P are dimensionless factors quantifying the influence of the 

cropping system and the influence of permanent erosion control measures like terracing. 

The long-term average C factor can only be computed for complete rotations for two reasons. First 

between two main crops there is a period, sometimes of some months duration, in which considerable erosion 

may occur but cannot be assigned either to the previous or to the following crop. Second carry-over effects exist 

by which the preceding crop influences the extent of erosion during following years. This is especially true in 
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ley-based rotations. Sod-forming crops like clover-grass are known to stabilize the soil. This decreases soil loss 

up to two years after the sod has been ploughed as compared to an otherwise identical system without sod 

(Wischmeier & Smith 1978). These carry-over effects of leys are also identified in other models like the “prior 

land use factor” in EPIC (Sharpley & Williams 1990). In EUROSEM (Morgan et al. 1998) or WEPP (Lane & 

Nearing 1989) the higher organic matter content, the higher aggregate stability, more earthworm channels and 

lower erodibility (Siegrist et al. 1998, Pulleman et al. 2003) after inversion of leys would cause a similar effect.  

Data on crop rotations are not available, however, for larger areas because to our knowledge no 

statistical inventory of rotations exists. This is true for CA and OA. Therefore, C factors assumed in this study 

have to be computed on the basis of cropping statistics based on a transfer function developed by Auerswald 

(2002). The mean absolute error between this estimation and the average from the accurately determined C 

factors of rotations was 0.016 only. The C factor is estimated from rather simple parameters with one equation 

being valid for both farming systems: 

C = {[830 – 15.8 (G + M + S) +  0.082 (G + M + S)2] (1-0.03 S) + 0.1 S – 0.5 M +27}/1000    

where G, M and S are the percentages of small grain (including oil seeds), row crops planted in mulch tillage and 

the percentage of sod-forming crops, respectively. Mulch tillage is the planting of row crops into a mulch cover 

created by the cultivation of cover crops which are either frozen down during winter or chemically killed prior to 

row crop sowing or planting (Kainz 1989). In cases where C factors of less than 0.01 are predicted the C factor 

has to be set to 0.01 and where it exceeds 0.45 it has to be set to 0.45 (Auerswald 2002).  

 

Study area 

Bavaria is a 70547 km2 large state in southern Germany, comprising 29.8% arable land, 16.7% 

grassland and 34.6% forest. It is characterized by a comparatively wide range of site conditions. This allows 

extrapolation of findings in a study such as this to other German states or to neighbouring countries like Austria 

and Switzerland (Auerswald 2002). Bavaria is divided into 2050 districts. For each of these districts average 

cropping records exist from the INVEKOS inventory (INtegriertes VErwaltungs- und KOntrollSystem zur 

Kontrolle von flächengestützten Förderanträgen; integrated administration and control system for European 

Community aid schemes). The INVEKOS inventory covers about 97% percent of the agricultural area and thus 

provides accurate information about cropping. The INVEKOS data were separated into organic and conventional 

farms and the average C factor was computed for each district from the respective inventory data. We used only 

data from rotations but not from permanent crops like hops, grapes or asparagus and we did not compare the 

percentage of grassland because erosion on productive grassland can be regarded close to zero in either case. 

The C factor alone may be insufficient to compare the erosion risk of two farming systems, when 

accumulations of organic farms in certain regions occur, which may be characterized by non-average erosion 

conditions. The C factors hence have to be combined with the other factors of the USLE to yield soil loss. To 

guarantee a sufficiently high resolution, Bavaria was divided into a rectangular grid of 13125 cells, each about 5 

km2 in size. For each grid cell the necessary information to calculate the R, K, L, S and P factor were 

determined. Details on data acquisition and interpretation are given by Auerswald & Schmidt (1986). By 

multiplying the product RKLSP with the respective C factors of OA or CA of each grid cell we are able to 

predict regional and general differences in soil loss between OA and CA systems. The average cropping 

conditions on either organic or conventional arable land were computed by weighting each grid cell according to 

the proportion of respective arable land.  

 

Results & Discussion 

OA occupies less favourable arable sites than CA. On average the arable OA sites receive more 

precipitation and have soils, which are less deep, and slopes, which have steeper gradients (Table 1). The higher 

annual precipitation corresponds to a greater erosivity R, and the steeper slopes to a greater S factor. The 

shallower soils of OA are also stonier, sandier or clayier and hence have a 14% lower erodibility K. This 

difference in K , however, is too small to compensate for the 27% greater R and 15% greater S. 

 

Table 1. Average site conditions on arable land of conventional and organic farms (computed from 13125 grid 

cells weighted according to their percentage of conventional or organic arable land) 

Variable Unit Average CA  Average OA Difference OA - CA 

Precipitation mm yr-1 767 981 +28% 

R factor N hr-1 yr-1 65.4 83.2 +27% 

Soil depth m 0.68 0.64 -6% 

K factor t hr ha-1 N-1 0.37 0.32 -14% 

Slope length m 185 150 -19% 

L factor - 2.41 2.30 -4% 

Slope gradient % 7.5 8.7 +16% 

S factor - 0.87 1.02 +17% 

RKLSP t ha-1 yr-1 46.9 53.4 +14% 
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Land use accounts for these more unfavourable conditions by smaller fields leading to 19% shorter 

erosive slope lengths. The effect on the L factor, however, is only 4%, due to the low sensitivity of the L factor 

to length changes in this range of slope length and the largest differences occurring in flat landscapes. 

Consequently, it does not compensate for the effect of the other site specific properties. Hence the bare fallow 

soil loss (RKLSP) is about 14% greater on organic arable land than on conventional (Table 1). 

Among all 2050 districts, 85 had no arable area and will not be considered further. OA contributed between 0% 

and 100% to the arable area. On average it covered 3.6% of the arable land (Table 2). Hence, it has a negligible 

influence on the district-wide average soil loss. The distribution between districts is very uneven, which is 

demonstrated by the 25% quartile being equal to 0% and the 75% quartile being equal to the mean because the 

mean is largely influenced by a few districts with exceptionally high percentages of OA. 

 

Table 2. Comparison of organic and conventional agriculture based on district records for 2001 (2050 districts in 

Bavaria, 1965 with total arable land >0.00% of agricultural land; 1081 with organic arable land >0.00% of 

agricultural land, 1956 with conventional arable land >0.00%; AL is arable land, RKLSP quantifies the site-

specific soil erosion potential exclusive of the influence of cropping). 

  Organic Farms Conventional Farms 

 

Total arable land (% of AL) 

 

25% quartile 

average 

75% quartile 

0.0 

3.6 

3.6 

96.4 

96.4 

100.0 

 

Small grain (% of AL) 

 

25% quartile 

average 

75% quartile 

45.4 

56.9 

73.7 

48.4 

57.6 

70.7 

 

Row crops (% of AL) 

 

25% quartile 

average 

75% quartile 

7.0 

20.8 

27.4 

23.1 

34.5 

43.0 

 

Grass/legume ley (% of AL) 

 

25% quartile 

average 

75% quartile 

1.6 

22.3 

32.2 

1.6 

7.9 

10.1 

 

C factor (% of RKLSP) 

 

25% quartile 

average 

75% quartile 

3.3 

9.9 

11.9 

10.1 

13.3 

15.9 

 

The percentage of small grain on arable land is similar for CA and OA. Distinct differences occur in the 

percentages of row crop and sod-forming crops between the systems. Predominantly, OA is characterized by a 

large percentage of grass/legume ley which is about three times greater than that for CA. This is mainly at the 

expense of row crops. This difference results from the need to use symbiotic N fixation of legumes as a source of 

nitrogen, in place of mineral N fertilizers, and to control weeds with repeated mowing. 

From the wide range in crop areas, a wide range in C factors followed. The C factors in both systems 

ranged from 0.01 to 0.45. The low values are restricted to regions of more than 1000 mm annual precipitation 

growing almost entirely grass. C factors of 0.45 indicate maize monocultures, which are restricted to the same 

regions because the maize serves to supplement the fodder from grassland. In both cases, the respective districts 

can be regarded as unimportant outliers in respect to the amount of arable land. The 25% and 75% quartiles 

(Table 2) provide a more realistic picture of the range. 

The comparison of the mean C factors (Table 2) predicts that OA reduces soil loss by about 24% as 

compared to CA under identical site conditions. Due to the more erosive site conditions of OA, the soil loss is 

only 15% less for OA than for CA. A regression between the C factors of OA and CA, however, only yields r2 = 

0.128 (for n = 1072 districts) indicating that the rotations and thus the C factors of both systems are governed by 

different influences. Due to the large variability of both systems and the low correlation, we should not conclude 

that OA decreases soil erosion, although this was true for the majority of districts. For 255 out of 1072 districts 

the C factor of OA was larger than that of CA. The large scatters shows that for both systems the C factor, and 

thus soil loss, can be decreased. In both cases, the expansion of grass/legume leys would decrease soil loss far 

more than changing from row crop to small grain. Opportunities to increase the percentage of grass/legume leys 

should hence be explored in both systems. 

For both systems, the average C factor decreases with increasing site specific erosion potential, which is 

quantified by RKLS: 

COA  = 13.7 – 1.1  ln(RKLS)             r2 = 0.020 n = 6879 

CCA = 17.1 – 1.0  ln(RKLS)             r2 = 0.043 n = 10070 

These relationships are very weak, however. The C factor decreases only as logarithm of RKLS 

whereas a linear decrease would be necessary to compensate for the effect of RKLS on soil loss. Slight changes 
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in cropping can thus not compensate for the large differences in site specific erosion potential. This is true for 

both farming systems. Neither OA nor CA adequately take into account the site specific erosion potential in their 

cropping decisions. 

The equation used to estimate the C factor accounts for the effects created by the rotation. Organic 

farming differs not only in rotation but also in the use of agrochemicals. In addition to the rotation effect absence 

of pesticides are sometimes claimed, which may additionally influence the C factor. These effects on erosion are, 

however, not quantified and thus have not been considered.  

 

Conclusions 

In Bavaria organic farms tend to occupy the more unfavourable arable sites, which are also more at risk 

of erosion. The estimated site specific bare-fallow soil loss is hence 14% greater for OA than for CA. The district 

average in the proportion of row crops, small grains and grass/legume leys differed greatly between OA and CA 

indicating that natural site properties have little influence on rotations. 

On average, OA will cause about 24% less erosion then CA under otherwise identical site conditions. 

This can be attributed to the larger area of grass/legume ley and their extraordinary potential to reduce erosion 

even two years after inversion. The lower C factors more than compensate for the unfavourable site conditions. 

Hence, the average soil loss is about 15% less for OA than for CA.  

There are large deviations on both sides of the average C factor indicating that erosion in both farming 

systems could be reduced considerably. Erosion control does not seem to influence management decisions on 

crop rotation in either farming type. The lower erosion in OA on average has hence to be regarded as accidental. 

It is a consequence of the shortage of N supply and the need for weed control which are partly met by a greater 

proportion of grass/legume leys in organic rotations. The large effect of the best-management practice on the soil 

loss in the validation study (Auerswald et al., this volume) also demonstrates, that both farming systems have a 

large opportunity to reduce soil losses. 
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Modelling soil erosion at the regional scale using LANDSAT TM and RADARSAT data 
 

Cerdan, O. 1 – King, C. – Baghdadi, N. – Desprats, J-F. – Le Bissonnais, Y. – Couturier, A. 
 

 

Introduction 

Soil erosion of cropland constitutes a major environmental issue (CCE, 2002 http://europa.eu.int 

/comm/environment/agriculture/soil_protection.htm). Besides the loss of soils and the flooding of urban areas, 

the main costs are attributable to the pollution of drinking water sources both by sediments and agricultural 

chemicals. The generation of runoff depends on rainfall, infiltration, interception and storage in surface 

depressions (Govers et al., 2000). The degradation of soil surfaces decreases both infiltration rates and the 

storage capacity of shallow surface depressions. In the Loess belt of northwestern Europe, the silty soils, which 

are susceptible to crusting, show a high risk of runoff and erosion. Moreover, changing trends in agricultural 

practices (increase of spring crops, decrease of permanent pastures, increase of field size) have increased the 

occurrence of erosion and mud flows over the past few decades (Souchere et al., 2003). To confront this issue, a 

runoff and erosion model STREAM (Sealing and Transfer by Runoff and Erosion related to Agricultural 

Management), which operates at the rainfall event and catchment scales, has been developed to simulate the 

influence of conservation measures, such as introducing vegetated filter strips (Souchère et al., 1998; Cerdan et 

al., 2002a; 2002b). A particular feature of the model is that it takes into account crusting processes when 

calculating infiltration rates, and the influence of agricultural features (e.g. ditches, furrows…) when computing 

the runoff circulation network. STREAM is based on an expert-system approach that focuses on the dominant 

processes whilst requiring only a few input parameters. Input nevertheless requires field observations, costly in 

terms of time and money, thus restricting application of the model to small catchments. 

Satellite data covering large areas with consistent precision can therefore be considered as a promising 

alternative input for any runoff and erosion model where surface characteristics constitute the key parameters. 

Previous work has shown that optical remote-sensing images, such as SPOT and LANDSAT TM, as well as 

radar images, such as RADARSAT, could provide a significant contribution (Leek, 1992; Pillesjö, 1992; 

Arrouays et al., 1996; Rémond, 1996; Zhangshi and Lee, 1997).  

Optical satellite images can provide a specific characterization of the different land-use components, e.g. soils 

that are agriculturally bare or have only a thin vegetation cover during periods of highest rainfall (Mathieu et al., 

1996). Furthermore, remote sensing also enables the study of temporal variations and, in certain cases, changes 

that affect the hydrological behaviour of catchments, such as the size and spatial distribution of individual fields 

(Blanchard et al., 1999). Soil-infiltration capacity is also directly related to surface roughness (Papy and Douyer, 

1991), the quantification of which thus constitutes another pertinent indication of potential runoff risk. We have 

already demonstrated (Baghdadi et al., 2002) that surface roughness can be retrieved using a backscattering 

coefficient derived from high-incidence SAR radar images (RADARSAT 47°). This parameter, called the root 

mean square of random roughness, can also be used in satellite-based runoff models. 

The objectives of the present study were to assess whether remote-sensing data can constitute an 

efficient input for the STREAM model by adapting it accordingly and comparing the results obtained using the 

new version of the model (STREAM-TED) with those based on ground data gathered during the winter of 1998 

for a catchment in Normandy. 

 

Study site and field data 

The study site, the Bourville catchment in the Pays de Caux region (long. 0°50’ and lat. 49°47’N), 

consists mainly of agricultural fields on a low-relief plateau (62 % of the area is below 2 % slope and 11 % 

above 5 % slope) with homogeneous soil cover. The soils are Typic Hapludalf with a texture composed of about 

67% silt, 13% clay and 20% sand. They are representative of the extensive belt of silty soils in northwestern 

Europe. 

The catchment outlet is equipped with a calibrated flume and an automatic water sampler. In addition to 

monitoring rainfall and runoff, three parameters were measured semi-quantitatively within each plot of the 

catchment on 19 February 1998: 1) surface roughness, 2) soil-crusting stages and 3) vegetation coverage were 

assessed. Five roughness classes were distinguished: 0-1 cm, 1-2 cm, 2-5 cm, 5-10 cm, >10 cm. Four stages of 

soil-crusting were identified: unsealed - initial fragmentary state where all clods are clearly distinguishable; 

structurally sealed - altered fragmentary state with a local structural seal; transitionally sealed - generalised 

structural seal with the local appearance of a sedimentary seal; sedimentary sealed: generalised depositional seal. 

Three classes of vegetation coverage were adopted: 0-20%, 21-60% and 61-100%. 
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Twenty-five rainfall events, including eight producing runoff, were identified during the three months 

around the date of field observation, i.e. from January to March 1998. 

 

Satellite data and classification 

This study uses LANDSAT TM and RADARSAT data gathered during the winter of 1998 at the same 

period as the field survey. 

After georeferencing the LANDSAT TM image, a classification according to the maximum likelihood 

method allowed us to specify 13 different radiometric classes. From these radiometric classes, 8 land-use classes 

were distinguished with, in certain cases, the identification of sub-classes or ‘clusters’ according to radiometric 

criteria and regrouped after classification: 1) bare soils (3 clusters), 2) sparse vegetation cover, 3) moderate 

vegetation cover, 4) pasture, 5) woodland (3 clusters), 6) industrial, 7) water (2 clusters), and 8) cloud.  

For the bare soils and sparse vegetation cover (classes 1 and 2) selected using LANDSAT TM, 

roughness was extracted from the RADARSAT image after it had been georeferenced. The testing of three 

configurations of radar incidence (23°, 39°, 47°) by Baghdadi et al. (2002) has shown that the optimal 

configuration for discriminating soil roughness is 47°. This configuration allows three classes of surface 

roughness (rms) to be distinguished (0-1 cm, 1-2 cm, >2 cm) and provides an overall classification accuracy of 

85.3%.  

 

STREAM: original structure and adaptation for the input of remote-sensing data  

STREAM is a runoff and erosion model developed on the basis of field experiments and knowledge 

concerning crusting and agricultural practices (Cerdan et al., 2002a; 2002b). The model is designed to calculate 

total-runoff and erosion volumes at any point in a catchment for a single rainfall event. Input data for STREAM 

are: 1) ploughing direction, 2) slope and orientation, 3) agricultural aspects, 4) soil-surface state, 5) oriented and 

random roughness, 6) vegetation cover, and 7) antecedent rainfall; 1-3 are used for determining the runoff 

circulation network, and 4-7 for computing infiltration rates. 

The adaptation of STREAM to accept satellite data as input necessitates certain modifications. The 

resulting STREAM-TED model requires fewer input variables: 1) slope and orientation, 2) land-use 

classification from optical remote-sensing data, 3) surface roughness indices from RADARSAT, and 

4) antecedent rainfall. Ploughing direction and oriented roughness are no longer considered. Although the 

degradation of soil-surface states is not considered directly, this is incorporated indirectly through the land-use 

and roughness data supplied by remote sensing.  

The influence of the modifications was analysed by simulating the selected rainfall events on the 

Bourville catchment using STREAM and STREAM-TED.  

 

Results 

A range of statistical indices was calculated to evaluate model performances (Table 1). The 

performance of the different versions of the model proves relatively similar for the studied rainfall events. All 

four versions provided simulated runoff volumes that are fairly consistent when compared to measured runoff 

(R² > 0.9). The original STREAM model based on field data underestimates runoff volume at the catchment 

outlet by about 110 m3 and has a mean precision of approximately 1300 m3 for values ranging from 0 to 

21,000 m3. 

 

Table 1. Performance of STREAM and STREAM-TED with different input data compared to measured runoff 

(8 events). 

Model Input data R² ME (m3) RMSE (m3) AUE (%) EF 

STREAM Ground 0.94 111 1271 34.3 0.90 

 STREAM-TED Remote sensing 0.94 -217 1028 45.7 0.93 

R²: coefficient of determination, ME: Mean Error, RMSE: Root Mean Square Error,  

AUE: Average Unsigned Error, EF: Modelling efficiency. 

 

The STREAM-TED model based on remote-sensing overestimates runoff volume by about 220 m3 on 

average. To analyse why, we simulated 24 additional standard rainfall events ranging from 10 to 50 mm over 2 

to 5 hours with differing previous rainfall amounts. The trend of STREAM-TED overestimating runoff volume 

was confirmed. This difference can be attributed to changes in field conditions between field observation and 

remote-sensing data acquisition, and may suggest the presence of additional fields generating runoff in the 

STREAM-TED version (Fig. 1). The date of measured runoff covers January, and the radar and optical data 

were acquired at the beginning of February; the soil surfaces could have degraded during this interval and cause 

local changes in the state of surfaces favouring runoff. 
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Globally, prediction performance does not decrease with the STREAM-TED version. The average 

unsigned error (AUE), around 45%, is satisfactory, as is modelling efficiency (EF). 

 

Figure 1. Maps of simulated runoff accumulation by the STREAM and STREAM-TED models 

 

Conclusion 

Progression from the original STREAM model to the STREAM-TED version involves significant 

modifications, in particular, the loss of information on agricultural features, which can have an influence on the 

runoff circulation network, and the reduction (from 31 to 9) in the number of combinations of soil-surface 

characteristics, and their matching with infiltration classes. Nevertheless, these simplifications do not 

significantly affect STREAM-TED performance compared to the original overland flow model, which suggests 

major prospects for its regional use with remote-sensing data.  In particular, it enables catchment surveys to be 

carried out and the creation of overland flow hazard maps according to various scenarios of rain event and land-

use distribution. These are vital tools in land-use management where the aim is to reduce runoff and erosion risk. 
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Modelling potential risk of water erosion on a national scale in Denmark based on the 

Revised Soil Loss Equation 
 

Olsen, P.1 – Bøcher, P.K. – Greve, B.H. 
 

 

Introduction 

In Denmark, efforts to secure a good environmental quality of the aquatic environment have been going 

on for the last 16 years. The actions taken have focused on losses of nitrogen and phosphorus. Phosphorus has 

always been the limiting nutrient in Danish lakes. In addition, phosphorous has during the recent 10 years 

become the prime nutrient, when it comes to the reduction of algal growth in Danish fjords and coastal waters 

(Kronvang et al., 2001). 

Loads of P from point sources has now been significantly reduced due to treatment of industrial and 

household wastewater. A further reduction on point source loading will eventually be extremely costly. 

At present, point source loads make up much less then half the total phosphorus loading in many catchments. 

The diffuse loss of P from agriculture has thereby increased its relative importance. In order to achieve a good 

ecological status within the Danish aquatic environment, focus on diffuse losses is imperative. 

In Denmark soil erosion normally occurs in connection with inexpedient use and cultivation of slopping areas 

having soil properties supporting the process. Whether erosion takes place will depend on the climatic 

conditions. Since the mid-eighties erosion on the cultivated fields apparently has increased in concurrence with 

the intensified soil tillage as well as the increased winter cereal cultivation. To the farmers per se the soil loss has 

no economic importance. What concerns about erosion in Denmark is the associated loss of P to the aquatic 

environment. 

Besides direct action against the general P surplus in the Danish agricultural sector in general, a 

reduction of diffuse P loss will call for targeted initiatives in local areas having a potentially high risk of loosing 

P to the aquatics. Such critical source areas for P loss (Heathwaite et al., 2000) are to be found where an 

effective transport process links a P-rich area with a sensitive recipient. The GIS-based tool, presented in this 

manuscript, was based on this concept, focusing on water erosion as one of the potential transport processes. 

 

Materials and methods 

A simplified version (A=KLS) of the Revised Soil Loss Equation (A=RKLSCP) (Renard et al. 1997) 

was used, taking in to account only the factors that are considered invariable over time, i.e. K (soil erodibility), L 

(slope length) and S (slope steepness). The calculated A was assumed to describe the potential risk of water 

erosion. 

As the basis for calculating the K-factors of Denmark we used the Danish Soil Classification, 

containing measurements of soil-texture of the plough layer on about 44.000 locations (Larsen & Sørensen, 

1995). The transition from point- to surface coverage was carried out by dividing the country into 9 geo-regions, 

established on the basis of geological settings as well as the basic maps of the Danish Soil Classification. In the 

resulting map of K-values each of six soil classes within each of the nine geo-regions was assigned a K value. 

The LS factor was calculated using the LS equation from RUSLE operated in ArcInfo (Van Remortel et 

al. 2001) This part of the modelling made use of a digital elevation model covering the area of Denmark with a 

resolution of 25-by-25 meter grid-cells. 

Combining the K-factor with the LS-factor produced a KLS map, Figure 1. 
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Figure 1. The map shows the variation in KLS in Denmark; the darker the tone, the higher is the KLS-value. The 

resolution is 25-by-25 meters. 

 

In 1992-1997 a nation wide study on soil loss by rill erosion was conducted on approximately 190 

arable fields. The summarised results given in Figure 1 show that the amounts of soil being lost were generally 

low. As an average of the 6 years 33% of the fields were eroded. Of the fields being eroded the average rill 

erosion ranged between 0.5 and 3.5 m3/ha 

Table 1. Overview of soil lost by rill erosion for all crops and for those fields where rill erosion were observed. 

Measurements were done in spring and represent the period since the last soil tillage operation, maximal one-

year back.  

  All crops1 Only eroded2 fields 

  Average Number Number of 

fields  

Percentage 

of fields  

Average Median Min Max 

 m3/ha of fields eroded  eroded, % m3/ha 

1994 1,65 67 32 48 3,46 1,9 0,02 14,82 

1995 0,42 61 16 26 1,58 0,93 0,2 4,02 

1996 0,15 70 20 29 0,54 0,21 0,03 3,25 

1997 0,76 72 35 49 1,56 0,55 0,01 28,35 

1998 0,13 131 26 20 0,65 0,44 0,08 1,83 

1999 0,19 123 32 26 0,73 0,26 0,02 5,39 

Average3 - - - 33 1,42 0,72 - - 

1 Grass/clover grass, stubble, cereals/rape, Christmas trees, ploughed, stubble cultivated 
2 Cereals/rape, Christmas trees, ploughed, stubble cultivated 
3 Average of years 

 

The data in Table 1 was used for, so to say, draw the line between high and low erosion risk areas 

shown in Figure 2, and to check that we did not pinpointing areas as being of low potential risk of erosion, where 

measurements in the field study did show high erosion. The other way round, was not as critical since our 

method did not involve the influence of climatic factors but only the conservative. 
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Figure 2. Comparison of observed rill-volumes in fields versus maximum modelled KLS-values for the same 

fields detected over a buffer zone of 300 meters to compensate for positional errors in the model. 

 

Discussion and conclusion 

Though being a coarse tool we find that the KLS method together with a GIS theme on lakes and 

streams can be used in the initial screening of areas that may potentially pose a risk of P loss to the aquatic 

environment. This first pointing out must however be accompanied by a field inspection on site before any 

actions can be taken restricting the use of that particular location. Additional information needs to be included 

e.g. phosphorus status of the soil, past cropping history, presence of buffer strips hedge rows and specific local 

circumstances.  

The method is only considering the surface runoff and erosion. Before we can use the tool in pointing 

out all potential risk areas other transport processes needs to be considered e.g. ditching, artificial drainage, 

interflow and preferential flow paths, all of which may cause loss of phosphorous. 
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Soil texture versus soil structure in the evaluation of erodibility in sandy soil 
 

Casermeiro, M.A.1 – de la Cruz Caravaca, M.T. – Hernando, M.I. – Molina, J.A. 
 

 

Introduction 

 In the Mediterranean region, soil conservation is paramount in order to adequately develop agriculture 

and optimise the use of available land. Water erosion processes in this zone are of particular importance given 

the irregular distribution of rainfall, alternating between summer drought and high-energy downpours. Therefore, 

it is most necessary to understand the vulnerability of soils to these physical processes. As Lal (1988) states, the 

erodibility of soil depends on the sum of the overall processes that affect how well the soil can retain rainwater 

and resist liberating its particles. Sandy soils, with little colloidal content, usually display a poorly developed 

structure, with highly unstable structural aggregates, which make them very susceptible to the processes of 

hydric erosion. This type of soil is very frequent in many parts of the Mediterranean area.  

In the evaluation of soil erodibility, soil texture plays a major role for most authors. Thus in some models of soil 

erosion, such as USLE, RUSLE or WEPP, one of the most important pieces of soil data is texture. With respect 

to the movement of water in the soil profile, soil structure is one of the main edaphic features involved, 

especially in relation with other properties such as porosity and water storage capacity. The structure of the soil 

is the result of a wide variety of physical-chemical and biological processes which together create a soil 

aggregate. 

In some circumstances, texture seems to be a good indicator for soil erosion in sandy soils, while other 

authors (Le Bissonais, 1996 and Amezketa et al., 1996) have instead proposed structure as one of the more 

important indicators of soil erosion. In some sandy soils, hydric erosion processes are more moderate, probably 

due to their high hydraulic conductivity, a property that is closely linked to texture and structure. 

The objective of this study is to check the validity of these concepts, texture and structure, in regard to 

sandy soils. 

 

Materials and methods 

The study area encompasses, on one hand, the southern projection of the Sierra de Guadarrama, whose 

base material is made up of crystalline massif of granite nature (IGME, 1980). Also selected were soils over 

Miocene continental deposits composed of arkosic sands of the Madrid facies that originate from granites and 

gneiss from the Sierra de Guadarrama. 11 soil samples were collected in steel cores in the catchments of del 

Monte River, Madrid (Soto de Viñuelas), with different types of vegetation, and 12 soil samples were collected 

from the Rio Alberche. Both belong to the Tajo River basin in the Comunidad de Madrid (Spain). Climate is 

Mediterranean pluviseasonal oceanic (Rivas-Martínez, 1997) with an annual average precipitation of 498 mm. 

Agriculture and cattle herding are the main land uses. All samples were taken from significantly eroded areas, 

and there was evidence of rill erosion. 

The methods employed in the determination of pH, texture and organic carbon level followed the 

procedures of ISRIC 1993. Soil macroaggregates (diameter 3-5 mm) were isolated and their structural stability 

measured using the methodology proposed by Le Bissonais 1996. Statgraphics Plus 5.1 and SPSS 11.0 were 

used for statistical analysis. 

 

Results and discussion 

The samples were collected at very similar altitudes, between 670 and 730 m, and were all taken from 

moderately sloping hillsides whose vegetation cover was a variety of pasture, cultivated land, denuded ground or 

fallow ground in the Monte River basin (Soto de Viñuelas) and consisted of scrub brush in the Alberche basin. 

The soil types belonged for the most part to the Arenosols group (FAO 1998) in Soto de Viñuelas and to the 

Leptosols in the Alberche (FAO 1998). 
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Table 1. Soil features: pH, organic carbon and texture 
SAMPLES pH % Organic 

Carbon 

(OC) 

% Coarse 

Sand (CS) 

% F ine 

Sand (FS) 

%     Silt %    Clay  TEXTURE 

1 6,30 0,76 69,23 13,07 4,20 13,50 LOAMYSAND 

2 5,32 0,16 76,61 9,46 3,19 10,74 LOAMYSAND 

3 5,47 1,73 61,09 15,31 4,83 18,77 SANDYLOAM 

4 6,74 1,56 69,26 16,40 3,46 10,88 LOAMYSAND 

5 5,70 0,19 49,36 34,33 10,44 5,87 SAND 

6 6,19 0,58 74,15 15,69 4,29 5,88 SAND 

7 6,25 0,59 81,50 7,30 6,30 4,90 SAND 

8 5,08 0,21 78,39 12,40 3,01 6,20 SAND 

9 5,77 0,21 63,85 16,71 8,46 10,98 LOAMYSAND 

10 5,86 0,49 70,44 18,83 6,41 4,31 SAND 

11 6,49 0,92 70,26 14,61 8,21 6,92 SAND 

12 5,84 0,91 65,88 22,33 7,43 4,46 SAND 

13 5,74 0,86 66,00 24,63 5,15 4,22 SAND 

14 5,89 0,85 63,27 26,85 5,53 4,35 SAND 

15 5,93 0,73 66,53 22,95 7,10 3,42 SAND 

16 6,44 2,24 53,93 32,21 8,93 4,93 LOAMYSAND 

17 6,34 1,00 63,64 27,07 4,95 4,34 SAND 

18 6,29 1,32 59,47 28,00 6,58 5,95 LOAMYSAND 

19 6,57 0,70 75,29 17,38 2,18 5,15 LOAMYSAND 

20 6,45 1,08 64,24 22,73 4,66 4,24 LOAMYSAND 

21 5,96 0,42 74,97 18,47 2,17 4,39 SAND 

22 6,07 1,63 53,28 31,74 9,89 5,09 LOAMYSAND 

23 6,33 1,95 60,81 26,89 8,15 4,15 SAND 

 

Table 2. Structural stability and aggregates distribution  
SAMPLES MWD % > 2 mm 

(AG2) 

% 2-1mm 

(AG2-1) 

% 1-0,5 mm 

(AG1-05) 

% 0,5-0,2mm 

(AG05-02) 

% 0,2-0,1 mm 

(AG02-01) 

% 0,1-0,05 mm 

(AG01-005) 

% < 0,05mm 

(AG005) 

1 1,22 49,2 12,8 13,6 15,0 3,8 1,0 4,6 

2 0,86 28,2 15,8 16,8 18,2 9,2 6,2 5,6 

3 1,15 44,0 16,6 13,6 16,0 3,6 2,0 4,2 

4 1,15 45,6 13,4 14,0 15,6 4,0 1,4 6,0 

5 0,69 23,0 9,0 14,8 23,4 8,8 12,0 9,0 

6 1,75 82,2 7,0 4,8 4,2 0,8 0,6 0,4 

7 1,30 53,6 14,0 10,6 12,4 3,8 1,8 3,8 

8 0,75 24,4 12,4 15,8 21,0 7,8 6,6 12,0 

9 1,16 45,0 15,0 14,8 14,6 4,2 3,0 3,4 

10 1,12 42,4 16,9 14,5 11,7 4,5 3,1 6,9 

11 1,06 37,8 18,6 14,2 17,2 6,8 5,4 0 

12 0,73 23,41 9,26 23,86 19,59 11,46 5,64 6,77 

13 0,61 14,75 13,30 27,37 20,00 11,16 5,67 7,75 

14 0,78 24,75 12,10 22,94 20,29 9,57 3,69 6,67 

15 1,01 38,16 11,00 19,81 17,04 7,15 3,04 3,80 

16 1,26 54,09 8,26 14,75 10,62 6,22 2,78 3,28 

17 1,04 41,91 8,77 15,24 17,42 9,63 2,83 4,19 

18 1,59 75,42 4,38 7,25 6,11 3,41 1,48 1,94 

19 1,67 77,03 9,06 6,81 3,97 2,15 0,56 0,41 

20 1,16 48,02 8,86 15,99 13,19 7,49 2,83 3,63 

21 1,10 39,72 17,79 19,37 12,35 6,23 1,95 2,60 

22 1,90 94,22 0,36 1,67 1,68 1,05 0,38 0,63 

23 1,63 75,93 4,58 7,86 6,34 2,70 0,69 1,90 

 

The analytic results correspond to the soils’ surface horizon. The shaded samples correspond to Soto (1-

11) and the unshaded samples to the Alberche (12-23). The pH was moderately acidic as one would expect from 
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soils that evolve from naturally acidic materials. Although all the soils showed very coarse textures (sandy and 

fine sand) the soils that evolved from arkose (1-11) showed slightly higher clay values (Table 1). In Table 2, the 

index is shown for the structural stability (MWD) and the percentages of the different sizes of the aggregates. 

Differences appeared between the different zones for structural stability, which was slightly higher in the 

Alberche soils (12-23). This could be related to their organic carbon content (Table 1). Organic carbon content 

depends on the type of vegetation, and generally soils under scrub brush show a slight increase in carbon 

content, which translates into a slight increase in the stability of the larger sized aggregates (Casermeiro et al. 

2002). The statistical analysis confirms the importance of organic material in the structural stability index, as a 

positive correlation exists between the two (R2=0,43, p<0.05). Furthermore, there exists a highly significant 

relationship between MWD and aggregates larger than 2 mm (R2=0,99, p<0.01), and between these aggregates 

and organic carbon (R2=0,44, p<0.05).  

To confirm the relationship between structural stability and the rest of the variables a multivariance 

analysis was done, transforming the values of those variables that did not fall into the normal distribution (Box 

and Cox 1964). The results are shown in Table 3 and Figure 1, where it is observed that the first three axes 

account for 83% of the variance. Axis 1 compares the indicator of structural stability of the aggregates larger 

than 2mm with that of the rest of the aggregates. Axis 2 compares the organic carbon levels of clay to those of 

fine sand and silt. These results confirm that structure is more important than texture, even in soils with low 

levels of organic material and clay, like those in this study (Barthes and Roose, 2002; Casermeiro et al 2004). 

Figure 1 shows the close relationship between MWD and both the larger sized aggregates and organic carbon. 

 
 

Table 3. Result of principal components analyses in selected variables 

Component 

number 

Eigenvalue Percent of Variance Cumulative percentage 

1 6,5950 50,73 50,73 

2 3,0828 23,71 74,44 

3 1,2252 9,42 83,87 

4 0,7763 5.97 89,84 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Principal Component Analysis biplot. Component 1 and 2. 
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Conclusions 

In texturally sandy soils, structural stability is a good indicator for determining the susceptibility of soils 

to erosion processes. 

The formation of structural aggregates is favoured by organic carbon content, and no statistically 

significant relationship is found with clay content, in spite of this being the soil colloid that should favour 

aggregation.  
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Heavy metals in the soil-plant system 
 

Németh, T.1 – Kádár, I. 
 

 

Introduction 

All of the trace elements and heavy metals can be found in all of the spheres and in different ecosystems 

under natural conditions, as well.  

Since the industrial revolution and especially from the middle of the 20th century, energy generation, 

industrial production and increase of transportation have caused serious heavy metal loads on environment, and 

contamination of the environment (soils, plant communities, surface and subsurface waters and air) by trace 

elements. The rate of contamination can vary in place and in time, as a function of sources, source densities and 

intensities of trace element flux, meteoroligical condition and duration of the hazardous activities. The origin of 

the contamination can be characterized as point source or non-point source pollution. Point sources are: densely 

populated urban areas, surrandings of industry, sewage sludge and waste deposit sites, while the non-point 

sources are the dispersed ones (aerosol particles containing trace elements can be transported far away from their 

sources by advection before being deposited). Atmospheric dry and wet deposition also transports heavy metals 

to the environment. 

Industrial activities have influenced the natural biogeochemical cycles of trace elements, heavy metals 

and other elements, which are relatively low concentrations in eco- and agroeco-systems as well as the spheres 

excluding litosphere. For example, worldwide annual release of Cd to the atmosphere - during the mid 1980s - 

has been estimated to be 7.6x109 kg yr-1, compared to 1.4x109 kg yr-1 from natural sources (NRIAGU and 

PACYNA, 1988, NRIAGU, 1989). Cumulative all time emission of Cd to the atmosphere estimated to be 

376x109 kg (NRIAGU, 1994). There are significant regional differences in atmospheric Cd load because of the 

location of emitting sources, in the northern hemisphere the industrial inputs exceed the background fluxes by 

several fold. Furthermore large quantities of Cd are applied to agricultural lands worldwide with phosphate 

(especially phosphate rock) fertilizers, animal manures, and sewage sludge and waste waters. 

The trace elements in different spheres can also be originated from natural sources (like minerals and 

rocks) or from human activities. 

The soil–plant system is an open system subject to inputs, such as contaminants, fertilisers and 

pesticides, and to losses, such as the removal of metals in harvested plant material, losses by leaching, erosion 

and volatilisation. Heavy metal contamination potentially endanger soil, air and water, thus plants and, especially 

animal and human health.  

On the field of fate, behaviour and effects of metals in the soil-plant system different experimental 

techniques are available, i.e.,pot experiments, larger (undisturbed) soil columns or lysimeters and field 

experiments.  

 

Undisturbed soil column experiments 

In a series of long-term laboratory experiments with large, cropped, undisturbed soil monoliths, 

overloading with heavy metal nitrates was studied in the presence or absence of sewage sludge. One of the 

objectives of the research was to determine the total potentially available and plant-available metal fractions, and 

to compare these to the measured plant uptake of the metals. 

Multicomponent (Cd, Cr, Ni, Pb and Zn) solutions of  metal nitrates (M)  or communal sewage sludge 

(S) enriched with them (MS) were mixed into the top 10 cm layer of 40 cm diameter, 100 cm long columns of a 

humous sandy soil (NÉMETH et al., 1993a, 1993b, NÉMETH et al., 1999). The final metal loading rates in the 

soil were equivalent to 10, 30 and 100 times the permitted loading limits. Corn was grown as test plant on the 

monoliths. Sprinkler irrigation was applied at the soil surface. After harvesting the mature corn plants (no plants 

were growing at the maximal load), the upper parts of the columns were cut into 5 cm or 10 cm consecutive soil 

layers. Soil pH and total potentially available metal concentrations (cT) were measured in air-dried soil samples 

(2 mol/L HNO3 at 100 C° at 1:20 soil:extractant ratio). Plant-available concentrations (cs) were determined in 

the soil solution obtained by centrifugation of the field-moist soil samples. 

 

Migration and plant-availability (Table 1) 

In the upper layers of the columns the total potentially available amounts of Cd reflected the application 

rates. Even at the highest contamination level (100M) only a slight downward movement was observed below 

the application zone. The migration and the plant availability is shown by the example of Cd. Though Cd and 

other metals were originally mixed into the 0-10 cm soil layer, their concentrations were generally higher in the 
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0-5 cm layer than in the 5-10 cm layer due to upward movement of the elements caused probably by 

evaporation. The differences between the two upper layers, at equal loading rate, were lower when sludge was 

present. Plant-availability of Cd was calculated from the soil solution concentration (SAS = cs/ cT). The SAS 

value was much lower when sewage sludge (MS) was present. 

 

Table 1. Amounts of  extractable Cd in the upper 30 cm of the soil columns (mg/kg soil) 

* under detection limit 

 

Plant uptake (Table 2) 

Concentrations in the shoot reflected both the loading in the soil and the order of mobility of the metals applied 

(Zn=Cd=Ni>Pb=Cr). Cadmium as an example: Cd concentration in the root was higher than in the shoot. 

Transfer factors showed that bioaccumulation of Cd (similarly to other heavy metals) was smaller when sewage 

sludge was present. The ratio of amounts of metals taken up by the various plant parts depended more on the 

type of heavy metal, than on the loading. Translocation percentage values of 87% (10M) and 90% (30MS) 

indicated, that most part of the total amount of Cd taken up by the plant (root+shoot) had accumulated in the  

shoot. 

 

Table 2. Concentrations in the plant parts and bioaccumulation of heavy metals  

 

Element 

in shoot in root 

10M 30MS 10M 30MS 

μg/g dry matter 

Cd  3.5 4.69 7.17 12.1 

Cr 1.24 2.48 10.5 203 

Ni 25.4 17.4 168 127 

Pb 6.87 11.7 104 280 

Zn 839 495 1990 759 

TFt Cd 2.4 1.2 4.8 3.1 

transfer factort (TFt) = cplant part / c soil, total potentially available 

 

 

Heavy metal-load long-term field experiments 

It is well known that movement of anions and negatively charged ions is the most expressed in the soil, 

because the soil-colloids bind them only slightly on their negatively charged surface. Linkage of metals and 

kations is stronger on the specific binding places, but at a bigger load these places are saturated and the more 

mobile fractions become conspicuous. Behaviour of metals is similar to kation-exchange. The decreasing 

stability order of the celates of  different metals can be the following: Hg, Cu, Ni, Pb, Co, Zn, Cd, Fe, Mn, Mg, 

Ca. (LISK 1972, BOUWER et al. 1974, FILEP 1988, CSATHÓ 1994). 

The heavy metal-load long-term field experimental series started between 1991 and 1995 with the 

support of Ministry of Environmental Protection. The experiments were started on calcareous chernozem soil in 

the spring of 1991 (Nagyhörcsök, Mezőföld), on calcareous sandy soil (Őrbottyán) and on acid brown forest soil 

in 1995 (Tass-puszta, Mátraalja).  

 

Treatment Depth (cm)> 0-5 cm 5-10 cm 10-15 cm 15-20 cm 20-30 cm 

10M 
soil solution 0,056 0,012 0,003 * * 

2M HNO3 1,441 1,406 0,881 0,556 0,61 

100M 
soil solution 11,804 2,076 0,755 0,048 * 

2M HNO3 13,43 3,842 3,159 1,306 0,906 

30MS 
soil solution 0,055 0,017 0,004 * * 

2M HNO3 3,609 3,979 0,765 0,712 0,642 

100MS 
soil solution 1,932 0,251 0,009 0,002 * 

2M HNO3 9,534 7,870 0,851 0,744 0,658 
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In the following the results of the oldest long-term experiment set up in Mezőföld will be discussed. In 

this area the calcareous chernozem soil was formed on loess, and it contains averagely 5% CaCO3 and 3% 

humus in the ploughed layer. Concerning to its mechanical composition, it is loam with 20% clay and 40% fine-

fraction. Nearly half of their clay minerals is illite, the third part is chlorite and a smaller part is smectite. The 

water table c be found at the depth of 13-15 meters, its contamination is practically excluded with surface 

leaching. The climate of the settlement is dry and similar to Great Hungarian Plain and it is amenable to drought. 

In the ploughed layer pH(KCl) is 7.3, and Al-P2O5 shows 80-100, Al-K2O 140-160, KCl-Mg 150-180, KCl-

soluble EDTA Mn 80-150, Cu 2-3, Zn 1-2 mg kg-1 values, respectively. On the basis of methods and limit values 

initiated by MÉM NAK (1979) these values mean that the soil is well-supplied with Mn, sufficiently-supplied 

with Mg and Cu, medium-supplied with N and K, and weakly-supplied with P and Zn. 

Salts of the 13 examined microelements and heavy metals were applied once on 4-4 levels in the spring 

of 1991, maize was the test crop in the first year (The investigated treatments embody soil-contamination 

relations that occur nowadays or also can occur in the future in the polluted environment of industrial 

establishments, highways, settlements and – unfortunately - in city-gardens.) The 13x4 =52 treatments were 

arranged in split-plot design altogether in 104 plots with 2 replications. The loading stages means 0, 90, 270, 810 

kg/ha quantity per element in the form of AlCl3, NaAsO2, BaCl2, CdSO4, K2CrO4, CuSO4, HgCl2, 

(NH4)6Mo7O24, NiSO4, Pb(NO3)2, Na2SeO3, SrSO4, ZnSO4. The basis fertilising was done yearly with 100-

100-100kg/ha N, P2O5 and K2O active agent with ammonnitrate, superfosfate, potash artificial fertilizer. It was 

only one application for the elements in 1991, from that time only the residual effects of the different treatments 

are investigated, without any new salt application. 

Deep drilling was carried out four times from the begining of the experiment. The first sampling 

happened just before the start. The maximal depth of sampling was 60 centimeters in 1993, 90 centimeters in 

1996 and 290 centimeters in 2000 (in 30 centimeter intervals). In 1993 13 treatments x 2 replications were 

sampled, so drilling was carried out on 26 plots, and considering the 2 soil layers, 52 samples were analysed. In 

1996 12 treatments x 3 replications were done in 3 layers, so 108 samples were analysed. In 2000, the most 

mobile Cr, Mo, Se elements were sampled in 9 layers, while the other treatments were analysed only in the upper 

3 layers. 108 average samples were made from 12 treatments x 2 replications = 24 plots. (The number of part-

samples were 540) In the case of dry soil surface, the environment of drilling-hole was watered and the thinnest 

drill-series was used to avoid soil contamination between the layers. Sampling was done after harvesting. The 5-

5 drilling-holes settled in one quadrate meter inside the plot, let 1m from the edge. In Table 3. contains the resilts 

of the upper part 0-90 cm soil layer. 

The soil analysis data of Table 3 show that 3-10% of the Cr, 10-20% of the Al and AS, 20-40% of the 

Ba, Mo, Ni, Se and Sr, 40-50% of the Zn, Pb, Cu and 100% of the Cd applied, remained in the first year as 

ammonium-acetate+EDTA soluble form in the ploughed layer. 

These results can be considered as first and orientated information. On the other hand, however the 

standard deviation and mistake of examinations can not be correctly estimated, on the basis of trends the vertical 

movement of some elements can be judged. Because leaching is a slow process and it is differs element by 

element, practical to repeat the deep-drilling from time to time. On the basis of the repeated results of deep 

drillings, which become wider in space and in time, our conclusions become more reliable. Leaching will be 

predictable and modelable more accurately and in the case of the necessary soil-protection the intervention can 

be planned more precisely and can be cheaper. 
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Table 3. Vertical distribution of heavy metals at the time of the beginning of the experiment (1992) and the 

sampling years (1993, 1996, 2000) 

 

Sampling depth (cm) 

Zn  mg/kg Cu  mg/kg 

1992 1993 1996 2000 1992 1993 1996 2000 

         

0-30 1.3 213.0 96.0 93.5 3.4 270.5 108.1 98.2 

30-60 .4 4.5 1.8 23.1 1.6 6.9 2.9 2.4 

60-90 .6 x .9 .6 1.1 x 1.2 1.4 

Sampling depth (cm) 

Ni  mg/kg Pb  mg/kg 

1992 1993 1996 2000 1992 1993 1996 2000 

         

0-30 3.7 223.5 45.6 52.7 3.9 280.5 121.0 112.0 

30-60 1.1 4.4 .8 .9 1.6 23.2 2.5 2.1 

60-90 .5 x .5 .6 1.5 x 1.6 1.8 

Sampling depth (cm) 

Ba  mg/kg Sr  mg/kg 

1992 1993 1996 2000 1992 1993 1996 2000 

         

0-30 17 285 60 61 36 257 142 131 

30-60 22 44 22 24 42 51 36 54 

60-90 21 x 20 20 55 x 48 62 

Sampling depth (cm) 

Mo  mg/kg Cr  mg/kg 

1992* 1993 1996 2000 1992 1993 1996 2000 

         

0-30 - 43.3 13.6 11.3 .1 7.2 2.4 1.8 

30-60 - 2.0 1.9 1.0 .2 14.3 1.4 1.0 

60-90 - x 1.3 1.3 .2 x 2.0 1.0 

Sampling depth (cm) 

Se  mg/kg As  mg/kg 

1992 1993 1996 2000 1992 1993 1996 2000 

         

0-30 .3 81.0 45.5 17.2 - 92.6 44.6 34.4 

30-60 .2 1.1 6.2 13.4 - - 2.5 .4 

60-90 .1 x 1.0 12.5 - x - - 

Sampling depth (cm) 

Hg  mg/kg Cd  mg/kg 

1992* 1993 1996 2000 1992 1993 1996 2000 

         

0-30 - 60.9 12.8 10.0 .2 227.5 141.0 118.0 

30-60 - .4 2.0 .1 .1 6.6 .3 2.9 

60-90 - x .1 - .1 x .1 .3 

* In 1992 Mo and Hg was not measured 
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Conclusions 

For the purpose of  follow the fate and behaviour of trace elements and heavy metals it is essential to 

know the change and movement of  these elements among the various compartments of the environment. The 

accumulation of these elements by plants depends on their mobility in soils but is highly determined by plant 

physiological and biochemical characteristics. 

The experiments with large undisturbed soil columns are necessary to follow the vertical movement of 

the applied metals under environmentally controlled conditions in time and in space, the long-term field 

experiments – they are extremely rare, because of safety futures – can help to follow the transport of metals not 

only in the soil-plant relationship, but also further in the food chain in many of years (as long as the experiment 

exist). 
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Heavy metal availability in Hungarian Alluvial Soils 
 

Szalai, Z.1 – Varga, I. – Németh, T. – Jakab, G. – Madarász, B. – Tóth, M. 
 

 

Introduction 
The environmental and social importance of floodplains is increasing continuously since the last two 

decades. From the social viewpoint these areas are and can be the main recreational areas in the flatlands, and 

these areas also have agricultural relevance as well. From the environmental viewpoint the floodplains are 

multifunctional wetlands, which have green-corridor and refuge area function and this areas serves as an 

important filter. The water quality deterioration (and partly the air pollution) causes hidden hazards for using 

these riparian environments. The increased heavy metal content of the suspended sediments (mainly during the 

pollution waves) increased the heavy metal content of the alluvial soils and parallel with this process the canopy 

of the riparian forests also can be effective filter for the airborne particles. These adsorbed particles also load to 

topsoil. The main direct human hazard is caused by the agricultural landuse (orchards and arable lands), because 

the heavy metal content of this livestock can be elevated. The main ecological hazard is also caused by the heavy 

metal uptake. In this case the increased heavy metal content is caused low quality for species of riparian green 

corridors. The heavy metal content and availability of the alluvial sediments is not homogenous. It is affected by 

micro-topography, sediment quality, vegetation pattern and quality, etc. Present paper tries to show some local 

and regional differences of these processes in the riparian zone of River Danube, and the River Tisza.  

 

Keywords: heavy metal, groundwater, alluvial sediment, Danube, Urtica dioica 

 

Materials and methods 

 

Study areas 

The study was conducted along the Hungarian section of River Danube (three sampling sites) and along 

the medium Hungarian section of River Tisza (two sampling sites). In geographical order, the first one is on the 

Isle of Tát (site”C”), which is situated near to Esztergom (fig. 1.) at the Hungarian-Slovakian frontier. The second 

one is on the Háros Island (site ”A”), which is situated at the Danube section at Budapest. The third one is on the 

Csepel Island, near to Szigetújfalu (site ”B”), approximately 35 km south of Budapest. The fourth sampling site 

(site “D”) is situated near Tiszabábolna, in upstream position with “Lake Tisza” (reservoir of Tiszalök 

HydroPower Plant. The fifth sampling point (site “E”) is situated near Tiszasüly, downstream position with “lake 

Tisza”. 

The both investigated rivers have highly shrunken active floodplains. The distance between the main 

dyke and the riverbank somewhere is less than 200 m. The bank profile of four study sites is convex, so a natural 

levee is situated. In case of site E, the height is continuously increasing from the bank to the dyke. The texture of 

the sediments is loamy on the surface in case of site B and C, and sandy-loamy in case of sites A, De and E. 

Sandy sediments are prevail from the 1-1,5 m depth in every sites. The mineral composition of the investigated 

sediments shows characteristic distribution: the Danubian sediments are calcareous sediments, where the calcite, 

dolomite are the main components. Their proportion may exceed the 30 %. The sediments of River Tisza have 

completely different, because the main 

component of fine sediments is the quartz, 

which the proportion is always higher than 50 

% (fig. 2.). The “A” sample areas have 

relatively diverse alluvial landforms: various 

generations of abandoned meanders on low 

and high floodplains. The average 

groundwater table is at 3-4 m depth under 

high floodplains and at 1-2 m depth under 

low floodplains. In case of the other four 

study areas the width of active floodplains is 

very low, so their catena include only three 

sampling points: riverbank, natural levee, 

backswamp. The vegetation and the 

vegetation pattern of the sites have 
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similarities. The lowest strip of riverbank is 

covered by mud vegetation. The second step 

of the succession series is the willow bush 

vegetation.  

This belt is partly appears as a 

neighbouring belt of mud vegetation and it 

can appear in the deepest parts of 

backswamps. The tissue of this vegetation is 

highly accelerates the sedimentation on the 

natural levees. The highest surfaces are 

covered by willow-poplar and white poplar 

groves. 

 

Sampling and chemical measurement 

Each sampling sites includes at 

least three sampling points. The sampling 

points are situated along a catena. The site A 

includes two transects with 26 sampling  

sites. The sites B-E include 3 sampling points. The sediment samples were taken from each 10 cm. Depth of 

sampling is 210 cm in sites A-C and 50 cm in sites D and E. The majority of sampling points have low floodplain 

position. High floodplain (inundated only the high flood) points are situated only in site A and site C.  

The soil solution was extracted from the soil by modified Davies-Davies procedure. After the sampling 

the samples were isolated by hot-proof bags. These samples were centrifugized for120 min on 3000 1/min. they 

were conserved by 1 cm3 HNO3 (/100 cm3). The remained soil and sediment samples were extracted by H2S-

HNO3 method for measuring “total element content” and Lakanen–Erviö method for investigating the bio-

available amount. The prepared samples were measured by Zeiss AAS 30 electrothermical atom-absorption 

spectrometer (ETA-AAS) and by PlasmaLab inductively coupled plasma atomic emission spectrometer (ICP 

AES). 

 

Results 

 

Micro-topography, vegetation pattern 

and heavy metal distribution in 

floodplains  

The spatial distribution of total 

amount of heavy metals is depends on the 

topography of active floodplain and on the 

vegetation stucture (which also highly 

influenced by the topography). There are 

two possibilities for spatial heavy 

distribution on shrunken floodplains. If 

there is natural levee, the highest 

concentrations can be experimented there, 

while the sediments have lower 

concentrations in the backswamps. This 

phenomenon is enforced by the 

vegetation, because the levees are covered 

dense bush or woody vegetation. This 

vegetation serves as an effective filters 

against the suspended load (during the floods). If the elevation is increasing continuously towards the dykes, the 

highest heavy metal concentrations can be measured in the first dense vegetation patch, or in the sediments of 

the highest part of floodplain (fig. 3). Where the active floodplain is relatively wide (higher than 200 m) the 

vegetation structure influence the horizontal heavy metal distribution. This phenomenon is based on the 

influence on dry and wet deposition of airborn particles. The spatial distribution of most of heavy metals 

follows the structure of riparian groves.  

 

Differences heavy metal availability between study areas 

The heavy metal caused environmental hazard practically can be defined as an amount of available and 

amount of potentially available heavy metals. The availability is changing spatially and temporally. While the 
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Figure 3. Cu, Cr and Pb distribution along riverbanks. Left bank: 
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local differences in heavy metal availability is depends on the quality of land mosaics, the regional differences 

also are influenced by the mineral composition of alluvial sediments.  

There are relevant differences between Danubian sites (A-C) and the floodplains of River Tisza (D, E). 

The investigated elements have lower proportion in the soil solution and in the Lakanen-Erviö extraction 

compare to the total amount in the calcareous sediments than the quartz dominated sediments.  

The differences in availability can be based 

on the source as well. If the elevated 

concentration is resulted from a deposition of 

polluted sediments (e.g. Cu) the ratio of 

availability (LE/total) decreases with 

increasing total element concentration  

(fig. 4). If the concentration differences are 

based on natural geochemical processes (as 

e.g. in case of Co), the above mentioned ratio 

will increases with increasing total element 

concentations (Fig 5.). 

 

Differences in Cu uptake of Urtical dioica 
The real availability appears in the 

amount of uptaken elements. In this research 

the common nettle (Urtica dioica) was 

studied for estimation the bioavailability by 

higher plants. The nettles were collected 

from different geomorphic position and from 

open and shaded position. The ratio of root 

concentrations and total element content of 

sediments were not depended on the mineral 

composition of sediments. The differences of 

this ratio were experimented between the 

open and shaded patches. The uptake is more 

intensive in the open patches, because the 

higher evapotranspiration on the foliar 

surface drives element transport from the 

roots towards theleaves in the xilem and this 

accelerates the uptake as well. The average 

root/soil concentration ratios (R/S) usually 

are lower than 1 (fig. 6.). The Al and Fe R/S 

values re bellow 0.001, which is caused by 

the high amount of these elements in the 

sediments. The Cd, Co and Mn have 0.2-0.3 

R/S values. However the Cd is a non-

essential trace element, so its uptake is 

strongly related with the Ca uptake. The Cu, 

Ni, Pb and Zn are between 0.7-0.8. The R/S 

value of Cr is higher than 1, it is around 1.2. 

This value indicates the Cr accumulation of 

common nettle. The difference of R/S values 

between study sites is extremely low, but the 

standard deviation (STD) of individual sites 

can be much more higher.  

 

Conclusion 

The riparian structure directly and 

indirectly affect on availability. The indirect 

influence appears as the spatial distribution 

of the investigated elements. The 

morphology and vegetation pattern determine 

the accumulation zones in the floodplains and 

this determine directly the inhomogenity in 

sediment quality. 
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The direct influence appears as the state of water logging and the vegetation quality and the structure (in 

an individual patch). 

The availability can be characterising as ratio of available and total amounts of investigated elements. 

The indicator of availability can be an extraction method or the concentration of root tissue. Lakanen –Erviö 

method were used for modelling availability, which is a widespread (and standard) method in Hungary. The 

common nettle where used for testing it under “natural like” conditions. 

The L-E extraction method resulted lower element concentrations than heavy metal concentrations in 

root tissues of Urtica dioica. The trace element uptake is a genetically determined characteristic of (higher) 

plants. This is the reason of the lower heavy metal concentrations of L-E method. (Lakanen-Ervö method were 

developed for estimating heavy metal uptake by crops.). The L-E extraction method can be used as a rough 

availability indicator for natural vegetation. 

Very low differences were experimented in the average R/S ratios of studied heavy metals (Cd, Co, Cr, 

Cu, Ni, Pb, Zn) of Urtica dioica between study sites. This phenomenon was unexpected, because the 

mineralogical properties of sediments show relevant differences between Danubian floodplains and the 

floodplains of River Tisza. However the R/S values are quiet higher in were have shown  

The indicated availability of heavy metals depends on the “origin” of alluvial sediments. If the 

deposited sediment is polluted (e.g. it is polluted by with material of a tailing pond) the L-E/total concentrations 

ratios are decreasing. This phenomenon cannot be experimented in the Urtica dioica root tissues. The R/S values 

were stationary in the experimented range. The differences in R/S values were not caused by the concentrations, 

and the mineral sediment properties.  
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Trace metal concentrations in the soil solution at increasing phosphate rock doses and 

acid loads in a bulk soil experiment 
 

Csillag, J.1 – Lukács, A. – Osztoics, E. – Csathó, P. – Baczó, Gy. 
 

 

Introduction 

Slowly dissolving (reactive) basic phosphate rocks (PRs) are suitable for direct application to acidic soils 

as P fertilizers. However, their use may cause environmental problems since, similarly to other, commercial P-

sources, they contain potentially toxic elements as pollutants: among others trace metals (e.g. Cd, the metal of 

the greatest toxicological concern, as well as Co, Cr, Cu, Mn, Ni, Pb, Zn, etc.) and nontrace metals (e.g. Ba, Sr) 

(Sauerbeck, 1992; Kpomblekou and Tabatabai 1994). Their appearance in the soil solution may constitute 

environmental threats, since the water soluble forms might be leached towards the groundwater and are easily 

available for plants. Since, on one hand, the dissolution of trace metal pollutants generally depends on the 

measure of acidity of the soil (Sauerbeck 1992; Kabata-Pendias and Pendias 2001) and on the other hand, metal 

uptake by plants is strongly influenced by pH of the soil, it is important to know how the increasing amounts of  

basic PR and acid loads influence  the actual pH of the soil. 

The main focus of this study was to determine trace metal concentrations in the liquid phase of an acidic 

soil at increasing PR and acid doses and to assess their mobilities in the studied system. The acid load, necessary 

to decrease the basic PR-elevated pH of the soil solution to its original value, was also determined. 

 

Materials and methods 

The main chemical and physical properties of the 0-20 cm layer in the acidic sandy soil (originated from 

Nyírlugos, Hungary) are the following: pHH2O: 5.0; pHKCl: 3.8; y1 (hydrolytic acidity, measured after the first 

extraction by applying 0.5 mol L-1 Ca-acetate solution at pH 8.2): 11; y2 (exchangeable acidity, measured after 

the first extraction by applying 1 mol L-1 KCl solution): 3.7; organic matter content: 0.6 %; cation exchange 

capacity: 3.0 cmolc  kg-1 soil; clay + silt content (< 0.02 mm, weight %): 5.0 %; clay content (<0.002 mm, 

weight %): 2.2 %; bulk density: 1.5 g cm-3. 

The "total" amounts of trace metals and other elements in the soil and in a Senegal sedimentary PR 

(which was previously ground to pass a 500 m sieve) were determined after cc HNO3 + cc H2O2 microwave 

wet digestion in a teflon bomb, from the 1:50 extract, by ICP-AES method (Table 1). Total P2O5 content of the 

PR sample was 31 %. Its total carbonate (mainly Ca and Mg carbonate) content (determined by 10 % HCl 

treatment in Scheibler calcimeter, and expressed as CaCO3) was, as compared to the majority of PRs, relatively 

low, 4.3 %. 

Different doses of the PR (containing 0 mg, 1500 mg and 3000 mg P2O5 kg-1 soil: D0, D1 and D2, resp.) 

were added and mixed into 1300 g air-dried soil samples. The soil was then moistened to field capacity (-10 kPa 

water potential, corresponding to 26.5 % gravimetric water content) with HNO3 solutions of various 

concentrations (0, 0.05, 0.075, 0.1 and 1.5 mol L-1: Ac0, Ac1, Ac2, Ac3 and Ac4, resp.). To control 

reproducibility, treatments were made in duplicates. After one week incubation, during which the wet soil 

samples were homogenized three times, the soil solution was extracted by centrifugation, a method developed in 

our institute (RISSAC) (Csillag et al. 1999). A rotor speed corresponding to -1500 kPa (which is equal to the 

conventional wilting point of plants, i.e. to the maximum suction that can be exerted by the root) was applied, so 

the separated solution could be regarded as energetically utilizable for plants. As, Ba, Cd, Co, Cr, Cu, Hg, Mn, 

Mo, Ni, Pb, Sr, Zn concentrations in the centrifugated solutions were determined by ICP spectrometry. Data in 

the tables are averages of the duplicate measurements, pH values are calculated from averages of proton 

activities measured in two parallel solutions. 

 

Results and discussion 

Element contents in the untreated original soil determined by cc HNO3 + cc H2O2 digestion were below 

the Hungarian threshold levels. In the PR sample, however, Cr and especially Cd concentrations considerably 

exceeded the corresponding strict Hungarian limit values for P fertilizers (Table 1). 

 

Effect of acid treatments on pH and element concentrations in the soil solution: 

Concentrations of potentially toxic elements in the liquid phase of the untreated soil were, with the 

exception of Co, lower than or near to the allowed concentrations in subsurface waters (Table 2). Solubility of 

cation forming elements, in good agreement with literature data (Sauerbeck 1992; Csillag et al. 1999; Kabata-

Pendias and Pendias 2001), increased in a great extent due to acidic treatments, their concentrations in the soil 
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solution at high acid loads were several orders of magnitude higher than those in the control samples. Cd 

concentration, for example, which was 1.8 g L-1 in the liquid phase of the control soil (just above the detection 

limit: 1 g L-1, and less than the maximum permissible concentration in subsurface waters: 5 g L-1), increased 

considerably with elevating acid loads: when the pH of the soil solution decreased from 4.5 by two units, Cd 

concentration increased about 30 times as compared to the unacidified sample. This acid load, 26 mmol H+ kg-1 

soil, was very high, nearly 20 times more than the annual average acid load estimated on agricultural lands in 

Hungary: 4.5 kmol H+  ha-1 year-1, i.e. 1.5 mmol  H+  kg-1 soil  year-1. It was also above the critical acidity 

(within the pH range between 4.0 and 4.5), at which a 0.2 unit drop in pH results in a 3 to 5 times increase of Cd 

concentration in the soil solution (Kabata-Pendias and Pendias 2001). Concentration of anion forming elements 

(As, Mo) in the acidic soil solution was below the detection limit. 

 

Effect of PR doses and acid loads on pH and element concentrations in the soil solution: 

Application of high dose of PR elevated pH in the soil solution of the acidic soil with about two units: 

from 4.5 at the D0 dose to 5.2 and 6.4 at the D1 and D2 doses, resp., shifting its reaction to nearly neutral (D2-

Ac0 treatment on Figure 1). To compensate this pH elevating effect of the high dose PR treatment 13 mmol H+  

kg-1 soil acid load was necessary (this was enabled by 0.05 mol L-1 HNO3 treatment; see D2-Ac1 treatment on 

Figure 1). 

It was shown that trace metal concentrations in the soil solution, following one week incubation of the 

wet soil, were less influenced by the amount of pollutants carried into the soil with different PR doses than by 

the pH increasing effect of this material. This means that metal concentrations were lower in the liquid phase of 

the PR-containing soil sample (at D1 dose) than in the control sample (D0 dose), and elevation of PR dose (to 

D2) further decreased the concentration of many elements (Ba, Cd, Co, Mn, Pb, Sr, Zn) in the soil solution 

(Table 3). It should be taken into consideration, that with the addition of PR to the soil, solubility of  cations is 

lowered also by the probable precipitation reactions. 

The concentration of the anion forming Mo exceeded the detection limit at the higher (D2) PR dose. Its 

appearance in the soil solution may be the consequence of the increase of solution pH and its small dissolution 

from PR added to the soil. It is known that in acidic soils availability of Mo as micronutrient is increased by 

liming, elevating the pH of the soil (Kabata-Pendias and Pendias 2001). 

By applying acid loads, release of metals from the [soil + PR] mixture to the soil solution increased as 

compared to the deionized water treatment (Ac0). However, when the dose of the PR was increased, metal 

concentrations in the soil solution decreased - due to the pH increasing and/or solubility altering effect of  the PR 

- except in the liquid phase of the samples subjected to the strongest acid treatment (Ac4). To characterize the 

release of the metals to the soil solution due to the various PR and acid treatments, their concentration in the soil 

solution (cs) was expressed as percentage of their total amount in the soil and in the PR sample (100 cs / (csoil + 

cPR)). cs was given as g kg-1 =  (g L-1  gravimetric water content of the soil) 100-1. 

These mobilized (relative) amounts of the metals, especially of Cd, increased significantly with the 

increase of acidity (Figure 2). However, addition of PR in many cases decreased the release of the metals into the 

soil solution. In case of the extreme high acid load (1.5 mol L-1 HNO3 treatment) the solubility decreasing effect 

of PR was observed only at Pb, probably due to formation of Pb phosphates. In the case of Cd, Sr and Zn with 

the increase of metal contamination (at D0<D1<D2 doses) higher amounts of metals entered the soil solution 

than at the smaller dose. The changes of the relative mobilized amounts of Ba, Co, Cr, Cu, Mn and Ni due to 

increasing PR doses were negligible; presumably the opposing effects (i.e. higher input of pollutants  pH 

increasing + solubility altering effects of PR) were compensated. 

The pH of the soil solution (Figure 1), thus the mobility of the metals depended more on acidity than on 

the applied PR treatments (Figure 2).  Their mobility order generally corresponded to literature data (Sauerbeck 

1992, Kabata-Pendias and Pendias 2001): Cd, Mn and Sr proved to be the most mobile elements in this 

experiment. Evaluating the mobility order of the elements and considering the changes due to the various PR and 

acid treatments (Figure 2), it was concluded that 

- Cd was the most mobile element at every acid treatment (Ac0, Ac3, Ac4) in the soils not containing PR 

and at the highest acid load (Ac4) in the PR-enriched samples. In the other PR containing samples the mobility 

of many elements (Sr, Mn, Co, Zn, Ba at Ac0 and Sr, Mn at Ac3, D2) exceeded that of Cd. 

- Mn, which was present in the studied [soil + PR] mixture in the highest amount, was among the first 

three most mobile elements, independent from the applied treatments. 

- With increasing acidity the mobility of Cd, Mn and of the relatively stable Pb increased in higher 

degree, that of Cu in a lower degree compared to the other elements. Depending on PR dose, Cu was 2nd (at D2 

dose) to 7th in the mobility order of the elements in the nonacidified soil, 8th at the 0.1 mol L-1 HNO3 treatment 

and 9th or 10th at the strongest, 1.5 mol L-1 HNO3 treatment. Pb, on the other hand, got from the 9th rank (at Ac0, 

D0,D1,D2) to 3rd (at Ac4, D0). 

- Chromium was the least mobile element, in accordance with literature data (Sauerbeck 1992, Csillag et 

al. 1999, Kabata-Pendias and Pendias 2001). 
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Conclusion 

Application of PR as P-source on the soil may cause the risk of potentially toxic metal contamination. 

Soil acidification promotes mobilization of cation forming metals originally present in the soil or added with 

fertilizers. However, the pH increasing (and probably the solubility altering) effects of the basic PR (at a one-

time, high dose application), unless extreme strong acid load had prevailed it, lowered the release of metals into 

the soil solution.  
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Table 1.  Concentrations of potentially hazardous elements in the studied soil and PR sample determined by  

cc HNO3 + cc H2O2 digestion (mg kg-1), and the corresponding threshold levels 

 As Ba Cd Co Cr Cu Hg Mn Mo Ni Pb Sr Zn 

Soil 1.2 32 0.04 3.4 13 2.8 <dl 212 <dl 7.9 6.2 11 16 

10/2000 15 250 1 30 75 75 0.5  7 40 100  200 

PR <dl 77 86 2.5 122 46 <dl 125 2.5 33 4.5 745 532 

50/2003 10  6*  100  1   50 100   

dl: detection limit (Hg: 0.5, Mo: 0.08 mg kg-1) 

10/2000 KöM-EüM-FVM-KHVM: threshold levels for soils 

50/2003 FVM: max. permitted contents of toxic elements in P-fertilizers 

*: allowed Cd content in case of the applied PR sample, which contained 31 % P2O5 

 

Table 2. Effect of increasing acid loads on pH and element concentrations (g L-1) in the liquid phase of the soil 

moistened to field capacity 

HNO3 

mol L-1 
pH As Ba Cd Co Cr Cu Hg Mn Mo Ni Pb Sr Zn 

0 4.5 <dl 320 1.8 57 4.4 11 <dl 9240 <dl 19 13 430 160 

0.1 2.6 <dl 15850 56 1480 87 120 <dl 133500 <dl 590 150 10750 2070 

1.5 0.2 <dl 36900 110 4750 5070 1670 <dl 453000 <dl 5590 11500 13350 14500 

10/2000  10 700 5 20 50 200 1  20 20 10  200 

dl: detection limit (As: 8, Hg: 5, Mo: 1.5 g L-1) 

10/2000 KöM-EüM-FVM-KHVM: threshold levels for subsurface waters 

 

Table 3. Element concentrations (g L-1) in the liquid phase of the PR treated soil 

PR dose Ba Cd Co Cr Cu Mn Mo Ni Pb Sr Zn 

D0 320 1.8 57 4.4 11 9240 <dl 19 13 430 160 

D1 120 1.3 16 3.6 8 2410 <dl 11 12 180 78 

D2 86 <dl 9 11 18 1180 1.9 18 11 97 40 

dl: detection limit; D0, D1 and D2: see Figure 1. 
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Figure 1. Change of soil solution pH at different PR doses and acid loads  

D0, D1 and D2: PR doses equal to 0 mg, 1500 mg and 3000 mg P2O5 kg-1 soil, when 0, 4.85 and 9.70 g PR, 

resp., were added to one kg soil; Ac0, Ac1, Ac2, Ac3 and Ac4: acid loads, i.e. concentrations of HNO3 solutions 

(0, 0.05, 0.075, 0.1 and 1.5 mol L-1, resp.) applied to moisten the soil to field capacity. Remark: in case of 0.05 

and 0.075 mol L-1  HNO3 acid loads (Ac1 and Ac2, resp.) only PR-treated soils (at D1 and D2) were analysed;  

dotted line: shows the acid load, which compensates pH elevating effect of the basic PR sample at D2 dose 
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Figure 2. Relative amounts of metals (%) entering the soil solution at increasing PR doses and acid loads 

% = 100 cs / (csoil + cPR), where cs and  csoil: metal concentrations in the soil solution and in the soil, resp., (g 

kg-1), cPR: metal amount carried into the soil with PR (in case of D1 dose, for example, it was 416, 592, 160 and 

2580 g kg-1 soil for Cd, Cr, Ni and Zn, resp.); D0, D1, D2 and Ac0, Ac3, Ac4: see Figure 1. 
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The effects of green manure on the migration of nitrogen compounds in fine - textured 

soils in Lithuania 
 

Tripolskaja, L.1  – Romanovskaja, D. 

 

Introduction 

 Lithuania is of the countries of Baltic States. Lithuania has a transitional climate between the maritime 

climate of west Europe and the continental climate of Russia. Annual precipitation in Lithuania amounts to 661 

mm. According to the precipitation, the territory of Lithuania is the zone of excessive humidity. The mid-annual 

temperature makes 6.1 0C. Such hydrothermal conditions forming a periodically percolative soil moisture 

regime. The soil cover in Lithuania is various – 56 % of soils were generated on moraine, 18 % - on glacial 

lacustrine deposits, 14 % - on fluvioglacial deposits. Prevailing soil types are Cambisols, Luvisols, Albeluvisols, 

Planosols, and Arenosols /Lietuvos dirvožemiai, 2001/. Up to 52.4 % are sandy and sandy loam soils which at 

their agricultural use demand application of various agrotechnical means for stabilizing and improving their 

fertility. One of the major problems of these soils is a lack of organic carbon. That requires constantly restoring 

its losses of a mineralization. Manure was widely applied to this purpose in Lithuania at the end of 20th century. 

For 1 hectare of an arable land it was brought about 10 t manure. Last decade, as a result of reduction of a 

livestock, application of manure was considerably reduced. To restore the pool of organic substance various 

plants – red clover, lupine, oil radish, oilseed rape and others for the green manure were widely used. In 

conditions of Lithuania green manure is used for winter crops in August, or for a spring crops of the next year – 

at the end of October. The processes of decomposition of green mass of plants depend on time of entering in soil. 

And correspondingly influencing the pollution of drainage and subsoil waters with nitrogen compounds. 

 

Materials and methods 

The work was performed in 1997–2001 at the Voke Branch of the Lithuanian Institute of Agriculture, 

situated in South-eastern Lithuania in sandy plain and, according to climatic-hydrothermal belongs, ascribed to 

the region of medium soil eluviations and decomposition of organic matter. The experimental plots were 

established in sandy loam on carbonaceous fluvial-glacial gravel ordinary eluviated soil (Idp), according to 

FAO-UNESCO classification Haplic Luvisols (LVh). The depth of carbonate effervescence  – 60–80 cm. 

The sources of organic matter of plant origin i. e., green manure of all kinds and straw were aimed to 

enrich the soil with organic carbon and nitrogen, released through the decomposition of the inserted organic 

matter, while the leguminous plants – by the accumulated rhizobially fixed nitrogen. The following matter of 

organic origin were tested: leguminous plants (red clover and peas), green manure (yellow lupine, undersowing 

red clover, oil radish as an aftercrop, vegetation of a fallow), and straw.  

 All tested elements were introduced into crop rotation after harvesting of the first crop of the rotation 

(manure, undersowing clover, and radish as an aftercrop for green manure) or during the second year of the 

investigation (1st year of use clover, peas, lupines for green manure, fallow). The straw was ploughed under after 

the harvesting of first (barley) and third (winter rye) members of the rotation. Therefore, depending upon the 

experimental treatment, the impact of organic fertilisers on the yield and chemical composition of plants was 

investigated for 2–3 years. 

Aiming to clarify the migration of mineral nitrogen, soil samples were taken after the insertion of 

organic fertilisers in 1997–1998, 1998–1999 and 1999–2000 during the season of autumn–winter–spring. Soil 

samples were taken employing the method of individual profiles from the depth of 0–20, 20–40, 40–60, 60–100 

cm, in pursuance of the genetic soil horizons.  

 

Results and discussion 

Green manure plants whose primary purpose is to enrich the soil with organic matter and nitrogen are 

incorporated into the soil before winter crops’ sowing, or late in the autumn for the following year’s spring 

crops. Thus, in the first case, decomposition of the freshly incorporated organic matter occurs at relatively high 

air and soil temperatures. In the second case, the decomposition of green manure takes place in the conditions of 

relatively low soil temperatures and high soil moisture. These differences in temperature and moisture regimes 

determine differences in green manure decomposition rate and the peculiarities of the effects of the 

decomposition products on the environment / Gerzabek et al., 1997, MacLeod, 1996, Ritter et al., 1998, Teit, 

1990/.  

Chemical composition of the incorporated green manure has some impact on the decomposition 

processes, and consequently on the migration of nitrogen in the soil. Leguminous green manure is subject to 

rather rapid mineralisation. For winter cereals fertilisation, green manure crops are generally grown throughout 
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the whole growing season, and as a rule produce heavier vegetative mass, compared with aftercrops grown after 

harvesting of primary crops (Table1).  

Our experimental findings suggest that leguminous plants as green manure not only produce a higher 

organic matter yield, but also considerably enrich the soil with symbiotic nitrogen. In terms of nitrogen 

accumulation in the biomass, clover aftermath and lupines were very similar-  94.9 and 90.5 kg ha-1 N, 

respectively, including 61.7 and 58.8 kg  ha-1 symbiotic  nitrogen. The generalised data on mineral nitrogen 

reserves in the soil  profile up to 100 cm depth have shown that incorporation of green manure ( lupine, clover 

aftermath, vegetation of uncultivated fallow) for  winter  crops increased the content of mineral nitrogen in the  

 

Table 1. The biomass yield of the sources of organic matter and accumulation of nitrogen of plants for green 

manure. 

 

Plants 

Dry organic matter  

t ha-1 

Accumulated nitrogen in yield  

kg ha-1 

  total symbiotic 

Undersown clover 2.58 76.50 49.72 

Oil radish 1.33 44.12 - 

Spring barley straw 3.73 29.83 - 

1 st yr. clover aftermath 4.00 94.99 61.74 

Lupine 3.69 90.49 58.82 

Vegetation of uncultivated fallow 3.52 60.90 - 

 

plough layer by 5.5-16.5 kg ha-1 N two months after incorporation, three months after incorporation - by 12.9-

18.4 kg ha-1 N, compared with the soil where roots and stubble of cereals were ploughed in (fig.1). In subsoil 

layers (25-100 cm) these differences were even more significant. As a result of leaching, mineral nitrogen 

content in the 25-100 cm soil layer after lupine, clover aftermath and fallow crops incorporation increased by 

25.9-43.7 kg ha-1 N in October, in November by – 39.1-63 kg ha-1 N. 
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Figure 1. Effect of various organic fertilizers incorporated before the soil got frozen, on the migration of mineral 

nitrogen, Voke, 1997-1999 
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Decomposition of the incorporated organic fertilizers (oil radish, undersown clover) late in the autumn 

and also cereal straw and manure occurs differently than that of green manure, ploughed in for winter crops. 

During this period the air temperature ranges between 0  to +10o C , therefore, decomposition of organic matter 

occurs more slowly. However, even in such conditions, 2-3 weeks after incorporation of green manure, the 

content of mineral nitrogen in subsoil horizons increases.  Having ploughed in cereal stubble, mineral nitrogen 

reserves in the 25-100 cm layer were 147.5 kg ha -1 at the end of October, while having entered green manure 

and straw -by 14.3-19.3 % higher. Straw, manure and intermediate plants for green manure are incorporated 

before the soil has frozen, which considerably shortens the decomposition period during the autumn and nitrogen 

leaching into subsoil horizons. In this case, nitrogen leaching increases only by 14%, while when green manure 

is incorporated at the end of a summer by 24-63%.  According to research evidence (Zvegincev, 1987), the 

activity of ammonifying bacteria is renewed at low positive temperatures in December-January, while nitrifying 

bacteria are more active in October-November. 

Our research into soil microorganisms’ activity during the winter period carried out at the Institute of 

Ecology have shown that the positive temperatures during the autumn-winter period had some effect on the 

activity of microorganisms, especially in the soil treated with manure. The findings suggest that in January the 

content of ammonifying bacteria increases, and the content of mineral nitrogen assimilating bacteria decreases. 

At low air temperatures mineral nitrogen assimilating bacteria cannot meet their energy needs because of the 

lack of readily available organic carbon, therefore they are outrivaled by nitrifying bacteria that meet their 

energy needs by CO2 fixing. This may result in an increase in nitrate content in winter, which may readily leach 

from the wet soil. The experimental evidence of Norwegian researchers (Henriksen, Breland, 1999 confirm that 

the heavy losses of nitrogen during the autumn-winter period can be caused by low temperatures limiting 

microbic immobilization of nitrogen. Our experimental findings have shown, that dynamics of mineral nitrogen 

in the soil is connected with the ratio of ammonium nitrogen to nitrate nitrogen, that is the reduction in mineral 

nitrogen is connected with the increase in the share of nitrate nitrogen (Fig.2). 
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Figure 2. Dynamics of ratio nitrate and ammonia nitrogen in soil during the autumn-winter season 

       Voke, 1998-2000  
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It was found that the reserves of mineral nitrogen when green manure (clover aftermath, lupine, 

vegetation of uncultivated fallow) was incorporated for winter crops were less during the autumn period when 

nitrates accounted for 14-17 % of the total mineral nitrogen. Similar regularities were established in the 

treatments applied with organic fertilizers (manure, straw, oil radishes, and undersown clover). In this case, an 

essential reduction in the reserves of mineral nitrogen in the 0-100 cm layer was identified when nitrates made 

up 33-38 %. 

 

Conclusions 

1. Decomposition of various kinds of organic fertilizers depended on their chemical composition and 

meteorological conditions succeeding their incorporation. When green manure (lupine, clover aftermath) was 

incorporated for winter crops, nitrogen leaching in the 25-100 cm soil layers during the autumn period increased 

by on average 24-63%, compared with incorporation of cereal roots and stubble. Larger amounts of mineral 

nitrogen (+17-36%) were leached in the case of lupine biomass incorporation. During mineralization of 

uncultivated fallow vegetation, the content of mineral nitrogen in the autumn in the 25-100 cm soil layer 

increased by on average 11-38, while in the case of aftercrops as green manure (oil radishes, undersown clover) 

by 14%. 

2. Investigations on the dynamics of the concentrations of mineral nitrogen in soil revealed that the 

decomposition of organic fertilisers proceeds up to the freezing of soil, and during winter thaws the process of 

mineralisation rapidly resumes. Changes in the ratio of nitrate and ammonia nitrogen allow the supposition that 

in winter, under favorable conditions for the renewal of mineralisation, the processes of nitrification of nitrogen 

compounds prevail. 

3. Hydrothermal conditions influenced the migration character of mineral nitrogen. It was determined 

that after cold (without thaws) winter, as in spring snow intensively melts, together with melt-water higher 

amount of mineral nitrogen is being washed out if compared with a spring of mild winter. During mild winters 

the migration of mineral nitrogen is gradual, and, because of constant formation of mineral nitrogen, at the 

beginning of the vegetation period its supplies remain more abundant. 
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Soil and Water Conservation as Affected by Changing Mediterranean Climate and 

Land Management in Vineyards of Catalonia (NE Spain) 
 

Pla Sentís, I.1 – Ramos, M.C. – Nacci, S. – Fonseca, F. –  Abreu, X. 
 

 

Introduction 

Vineyards, for dry land grape wine production, are a traditional crop in the highly sloping agricultural 

lands of Catalonia (NE Spain). In Catalonia, as well as in other regions of Mediterranenan Europe, the dryland 

vineyards have sufferd great changes in the last 15-20 years. Some cropped lands have been abandoned, but in 

others, with vineyards dedicated to production of high quality wine and cava, the cropped area has increased, 

with more intensive and highly mechanized agricultural systems (Pla & Nacci, 2003). In some cases, the removal 

of great soil volumes, to change the topography of slopes to facilitate water retention and mechanization, like 

terracing and levelling with bulldozer, affect the hydrological properties and natural drainage, favouring erosion 

and mass movements, mainly during extreme events (Pla & Nacci, 2001; Nacci et al, 2002).  

Tillage is considered necessary for weed control, for loosening compacted and crusted surface soils to 

increase rain water infiltration, to reduce losses of water by evaporation and for increasing rooting depth of 

vines. Although the benefits of no tillage together with green cover crops, in protecting the soil surface against 

direct raindrop impact, and increasing soil organic matter content, reducing runoff and surface erosion are 

recognized, it is considered that in dryland vineyards it may cause more water deficiencies and insufficient N 

supply, specially in dry years (Rupp & Fox, 1999). Besides, it has been proved that in some cases the green 

cover crop or cover residues increase the survival rate of pathogens, and favors the development of mildiu. The 

use of herbicides, associated to no tillage practices may cause fito-toxicity problems in the vines. 

Additionally, there has been detected a trend of increasing frequency of dry years and at the same time of more 

aggressive extreme rainfall events, apparently as a consequence of general climate changes in the Mediterranean 

region (Ramos, 2001). 

The actual and potential effects of those changes in land management and climate on the soil and water 

conservation has been studied in two representative areas (Alt Penedés and Priorat), covering the range of more 

common soils, topography, climate and land management changes in dry land vineyards of Catalonia (Spain) and 

of many other Mediterranean regions.  The studies included evaluations of soil and land hydrological properties 

and processes, throughout field and laboratory measurements, and field monitoring. They were integrated, using 

flexible models based on hydrological processes, to deduce the potential effects on soil surface and mass erosion, 

and on the soil moisture regime affecting the sustainability, quantity and quality of grape and wine production, 

under changing scenarios of climate and land conditions (Pla, 1997; 2002).  

 

Materials and Methods 

The research has been carried on in two of the regions (Alt Penedés and Priorat) of Catalonia (NE 

Spain), where vineyards for high quality wine production has increased the last 20 years, drastically changing the 

traditional practices and introducing new varieties.  In both regions the climate is Mediterranean semiarid, with 

an average annual rainfall close to 550-600 mm, very irregularly distributed, with the highest rains in autumn-

winter, a very dry summer, and with high differences from one year to another (400-750 mm in Alt Penedés, and 

300-900 mm in Priorat). Many storms in autumn, and occasionally in spring, are of high concentration and 

intensity (Alquézar et al. 1990; Ramos and Porta, 1994). Climate changes may increase the irregularity of 

rainfall, the frequency of dry years and the probability of extreme events, phenomenon that has been observed in 

both regions in the last 25 years. The extrapolation to the future of past or historical information may not be very 

reliable due to those previewed greenhouse effects on climate changes. In any case, the past information about 

extraordinary events is not very good, both due to not enough length of the periods of measurement, and to the 

low quality of the measurements (Gallart, 1990). 

The water use of vines throughout the growing season is characterized by a lowered use in the periods 

before bloom and after harvest until fall, and a maximum consumption in the mid part of the growing season. If 

the reserve water capacity of the soil in the rooting zone is not enough, reduced amounts of rainfall during the 

main growing season of vines (June-august) may lead to a long term soil water deficit, which can affect growth, 

production and maturation, in spite of the natural capacity of survival of vines under drought conditions (Maigre 

et al , 1995). 
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In order to decrease costs of the scarce available hand work, to increase production and to speed all 

operations, the tendency is towards the full mechanization of all practices, including harvesting. This requires 

vine guided lines with lateral pruning, with rows 2,4 – 3,2 m apart, and 1,2 – 1,4 m among plants. This gives a 

much lower soil surface protection than the traditional planting systems, although in both cases the protection is 

low in autumn-winter, when the strong storms usually occur. Mechanization also requires long and straight lines, 

sometimes in favour of the slope. To reach these conditions there are required heavy land levelling or terracing 

operations, with drastic changes in the surface drainage network and on the effective soil rooting depth and 

surface soil properties (Nacci et al, 2002; Pla & Nacci, 2003)  

In the Alt Penedés region, the topography of the area is highly undulated, and even hilly, with cropped 

fields in 4-20% slopes, and altitudes of 250-400 m a.s.l. The soils generally have low or not profile development, 

mainly as a result of levelling operations for smoothing the land surface for mechanization. These soils, formed 

from calcareous lutites, are low in organic matter (< 1,5%), high in silt fraction (40-60%) and very rich in Ca 

carbonates. They have a high susceptibility to surface sealing (Ramos, Nacci & Pla, 2000), resulting in high 

runoff and high surface erosion rates. Periodical tillage, do not allow root growth in the surface 15-20 cm soil, 

which is maintained loose most of the time to increase rainfall water infiltration, to decrease evaporation of 

deeper soil water, and to control weeds. 

As a water conservation practice, in some cases there are built narrow (2-3 m wide and 15-20 cm depth) 

bench terraces across the slope, every 10-15 vine rows (depending on the slope), with the purpose of absorbing 

and deviating runoff water and sediments coming from the upland rows. These terraces, made of loose surface 

soil frequently suffer mass movements, specially after extraordinary rainfall events, originating active growing 

gullies when they receive concentrated surface runoff and subsurface flow of water coming from higher parts of 

the field. 

In the Priorat region, the climate is also semiarid, and the topography is mountainous, with cropped 

areas in 10-80 % slopes, at 200-650 m a.s.l. Soils are developed on slates and schists , and are not calcareous, 

slightly acid, very poor in organic matter, and very stony (20-60% by weight), sometimes with a gravelly 

pavement in the soil surface. Fine soil fractions, mainly smectite clays, increase with soil depth, which is 

generally less than 50-60 cm, on top of a highly weathered and fragmented rock.  

The traditional vineyards in the Priorat are planted with varieties producing wines of high graduation 

and high quality, but low yields. The planting pattern mainly follows the contour lines, in very small individual 

fields, with vines and lines 2-3 m apart. There is usually maintained the original relief and slopes, and the only 

conservation structures are non continuous stone walls, located across the drainage ways and in places where 

based on local experience are more danger of soil movement by surface or mass erosion. In the past, the land 

between vine rows was removed, generally after harvest, by ploughing the surface 10-15 cm using man or 

animal power. Nowadays this practice has almost disappeared, except where a gentler slope allows the use of a 

small tractor, and the control of weeds is mainly done with herbicides. As a result of continuous no-tillage, 

frequently the vine roots concentrate on the surface soil, where the effects of droght, derived of scarcity or of non 

well distributed rainfall, are more marked. 

The new plantations of vines in the Priorat region are made in a way to allow mechanical operations in 

the vineyards, looking for more soil water retention and higher and more stable grape and wine production. 

There are built bench terraces, 2-5 m wide, depending on the slope, with very steep and unstable embankments, 

which requires the clearing of the forest (in case of new plantations), followed by removal of very high volumes 

of soil and underground rock using heavy bulldozers.  In the terraces there are planted one to three rows (2-3 m 

apart) of vines of generally new introduced more productive varieties, 1,2 m between plants.  In most of the 

cases, the very steep embankments of the terraces are not protected, except by the slow re-growth of natural 

vegetation. The effects of these drastic changes on the relief and soils for new plantations, and of the changes in 

land management in the traditional plantations, on the surface and subsurface hydrology, and on the derived 

consequences, have been and still are being studied under different field and laboratory conditions.  

Both in the Alt Penedés and Priorat regions, most of the problems of soil and water conservation appear 

associated to the effects on the soil water regime caused by changes in climate and on soil and cropping 

management practices. Measurements and continuous monitoring of appropriate soil hydrological parameters 

and rainfall characteristics, at different sites in the field, complemented with laboratory measurements, were used 

as a basis for the application and validation of a model (SOMORE), which allows the  simulation and prediction 

of  the soil moisture regimes,  and of the  associated potential problems of  soil erosion and of water supply to 

the vines at different growth stages (Pla, 1997; Pla & Nacci, 2001). In many cases there were required 

adaptations and changes in the methodologies to make adequate measurements, particularly under field 

conditions, derived of the very particular characteristics of the soils (natural and transformed through land 

management), climate and topography. 

In this paper there are presented the results, based on field measurements in selected sites located in 

commercial fields, and on simulation modelling of the range of more commonly found conditions of soils, 

slopes, and management. There is also included, besides the present clean tillage management (NC), the 
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potential use of green cover grass (C) during the resting period (R), followed by cover with the killed grass 

residues during the   rest of the growing periods (Tables 1 and 2).  

 

Table 1. Rainfall distribution in selected extreme (return period: 5 years) dry and humid growing seasons of 

grapevines during the last ten years in the Alt Penedés and Priorat regions (Catalonia, NE Spain) 

                                                                mm rainfall 

Month:            Oct.    Nov.    Dec.    Jan.    Feb.    Mar.    Ap.    May     Jun.     Jul.     Aug.     Sept.           YEAR 

Alt Penedés   

Dry (D)            29         0       106      53       20        8        32       40         9        22        4          85                408         

Humid (H)      130      150     135     118        0       17       44        19       57         9       44           0                 723 

Priorat 

Dry (D)             81        19        0        12      28       15       53        67       10         8        17        63                 333 

Humid(H)        370       63       62       20      15       24       46        51         7        48       12        15                733 

 

 

Table 2. Soil Characteristics and hydrological properties in selected sites of the Alt Penedés and Priorat region  

                                %                       cm                      mm                  mm                mm/hour               mm/hour  

                            Slope           Effective rooting         AWC           Saturation       Rain  Inf. Rate       Ksat (subsoil) 

                                                Depth (95 % roots)                                                   (NC)       (C)                    

Alt Penedés 

AP – 1                     6                     20 – 80                  200                  240                 20         50                    3 

AP – 2                    10                    15 -  60                  120                  150                  5          20                    3  

AP – T                     0                      0 – 20                    70                    80                   0          50                   0,4 

Priorat   

P -1                         50                     0 – 70                    82                   140                 66         66                 1200 

P – 2                       30                      0 – 40                    61                    96                 62         62                   800  

P  - T                        0                      0 – 70                   110                  210               100       100                  700 

 

 

The selected growing seasons in each region, are the driest (D) and the most humid (H) during the last 

ten years, with return periods of about 5 years. In the selected humid (H) seasons, the rainfall was highly 

concentrated (> 70 % of the total annual rainfall) in autumn (Priorat) and in autumn – early winter (Alt Penedés). 

In the Alt Penedés region there are included two soil conditions, one of the essentially non disturbed 

area (AP-1) and the other from a highly disturbed (by land levelling) area (AP-2), with slopes 6-10%, and 

another soil condition in  one of the small bench terraces (AP-T) built every 10-15 rows. 

In the Priorat region there were selected two soils in sloping (30-60% slope) lands, with effective rooting depth 

of 70 cm (P-1) and of 40 cm (P-2), in a field with traditional management system, and one soil in a neighbour 

bench terraced land (P-T).  

The obtained experimental data were  fitted using a water balance model (Pla, 1997) to the water 

requirements of the grapevines and cover crop, during the approximate different growing periods of vines (with 

slight differences according to to the year, to the region and to the variety) for wine production in those areas: 

- Resting period (R). October- February 

- Budburst – Bloom period (Bu – Bl). March – April 

- Bloom – Veraison period (Bl – Ve). May – July 

- Veraison – Harvest – Fall period (Ve – H – F). August – September 

The given values of water requirements (ET) for vines, correspond to the more common range of 

requirements under semiarid Mediterranean climate. The water requirements for the green cover crop, 

correspond to the ones of a well developed rye crop. 

 

Results and conclusions 

Table 3 shows the values of the different calculated components of the soil water balance during the 

different growing periods of vines for wine production, in the different selected seasons, under variable soil and 

management conditions. It is shown that in all cases, the only possibility to have a green cover (C) between the 

vine rows, is during the resting (R) period, and that if we liked to keep a cover the rest of the year we would have 

to kill it with a selective herbicide, not causing toxicity to the vines. In any case, the use of a green cover crop in 

the resting period would increase the possibilities of drought in the critical (Bl - Ve) period in drier years (D), in 

soils with lower available water retention capacity (AWC) (associated to soil characteristics and effective rooting 

depth), and in climates with higher water requirements (ET) of the vine. A positive effect of the green cover 

crop, in many cases, would be a reduction in the water runoff losses (RUNOFF) and in the accompanying soil 

water erosion. 
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The small absorption terraces in the Alt Penedés (AP-T), may reach conditions triggering mass movements (days 

with soil moisture higher than the liquid limit, high runoff under saturation, and high potential internal drainage), 

mainly in the resting period (R) of the more humid seasons (H). 

 

Table 3. Soil water balance components in relation to the crop water requirements in the different growing 

periods of grapevine, in the selected years and sites of the Alt Penedés and Priorat regions (*with  cover crop) 

                                                                                 mm 

Growing period:      Resting      Budbreak – Bloom    Bloom-Veraison    Veraison-Harvest-Fall        TOTAL 

ET (Cover)                 130                      140                              419                           250                               639 

ET (Vine)                 10 - 20                 40 – 45                    200 – 265                    95 – 100                     340 - 430 

_______________________________________________________________________________________ 

Alt Penedés          

RAIN (D)                   208                        40                               71                             89                                408 

----------------------------------------------------------------------------------------------------------------------------- ----------- 

AP – 1 (NC)                                                         

RUNOFF                      75                        0                                   0                              0                                  75 

DRAINAGE                 56                        0                                  0                              0                                  56 

DEFICIT (ET)                0                        0                                  0                            0 – 5                             0 – 5 

AP -1 (C)                                           

RUNOFF                       0                         0                                  0                               0                                    0             

DRAINAGE                  0                         0                                  0                               0                                    0    

DEFICIT (ET)               0*                       0*                                0(70-135*)               0                                    0 

AP – 2 (NC)  

RUNOFF                    160                      10                                 8                              65                                243 

DRAINAGE                 0                          0                                 0                                0                                   0 

DEFICIT (ET)             0                          0                              27 – 97                      61 – 66                       88 – 163 

AP – 2 (C) 

RUNOFF                      0                          0                                 0                                 0                                  0 

DRAINAGE                 98                        0                                 0                                 0                                  98 

DEFICIT (ET)              0*                       0(60-65*)                9 – 79                        6   – 11                         15 – 90 

__________________________________________________________________________________________    

RAIN (H)                   533                        61                                85                              44                               723 

---------------------------------------------------------------------------------------------------------------------------------------- 

AP – 1(NC) 

RUNOFF                     110                        0                                   3                                0                                113 

DRAINAGE                189                       15                                  0                                0                                204 

DEFICIT (ET)               0                          0                                   0                             0 – 39                          0 – 39 

AP – 1 (C) 

RUNOFF                       0                           0                                   0                                0                                  0 

DRAINAGE               320                      15 (0*)                              0                                0                                335 

DEFICIT (ET)               0*                         0*                                 0(4 -9*)                  0 – 26                         0 – 26 

AP – 2 (NC) 

RUNOFF                     292                        12                                  14                               9                                327 

DRAINAGE                  47                          9                                   0                                0                                 56 

DEFICIT (ET)                0                           0                                9 – 74                       51 – 56                    60 - 130   

AP – 2 (C) 

RUNOFF                        0                           0                                   0                                 0                                0                  

DRAINAGE                310                        21(0*)                            0                                 0                               331 

DEFICIT (ET)                0*                         0 (0*)                         0 – 60                      46 – 51                    46 - 111              

AP – T (C) 

RUNOFF (SAT.)         250                          0                                   0                                0                                250 

DRAINAGE                190                          0                                   0                                0                                190 

Days (SAT):              20 days                      0                                   0                                0                           20 days    

__________________________________________________________________________________________         

Table 3. (Continued) 

__________________________________________________________________________________________ 

Priorat 

RAIN (D)                    140                          65                                 88                              80                           333 

----------------------------------------------------------------------------------------------------------------------------- ----------    

P – 1 (NC) 
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RUNOFF                       0                             0                                   0                                0                              0 

DRAINAGE                 76                           20                                  0                                0                             96 

DEFICIT (ET)               0                             0                               30 – 95                       15 – 20                 74 – 149 

P- 1 (C) 

RUNOFF                       0                             0                                    0                                0                             0 

DRAINAGE                  0                             0                                    0                                0                             0 

DEFICIT (ET)               0*                           0 (87-92*)                 59 – 129                     15 – 20                74 – 149 

P – 2 (NC)         

RUNOFF                       0                              0                                   0                                0                             0 

DRAINAGE                 97                            25                                  0                                0                            122 

DEFICIT (ET)               0                              0                              51 – 116                     15 – 20                66 – 136 

P – 2 (C) 

RUNOFF                       0                              0                                   0                                 0                            0 

DRAINAGE                  0                              0                                   0                                 0                            0 

DEFICIT (ET)               0*                            0 (100-105*)           67 – 137                      15 – 20               82 – 157 

P – T (NC) 

RUNOFF                       0                              0                                   0                                 0                            0 

DRAINAGE                 70                            20                                  0                                 0                           90 

DEFICIT (ET)               0                              0                                 2 – 67                        15 – 20                17 - 87     

P – T (C) 

RUNOFF                       0                               0                                    0                               0                            0 

DRAINAGE                  0*                             0                                    0                               0                            0 

DEFICIT (ET)               0*                             0 (75-80*)                47 – 117                    15 – 20                62 - 137     

 

RAIN (H)                     530                            70                                 108                            25                        733 

----------------------------------------------------------------------------------------------------------------------------------------     

P – 1 (NC) 

RUNOFF                      142                              0                                   0                               0                         142 

DRAINAGE                 303                            30                                   0                               0                         333            

DEFICIT (ET)                 0                               0                               10 – 75                    70 – 75                80 – 150 

P -1 (C) 

RUNOFF                         0                               0                                    0                               0                           0 

DRAINAGE                 315                            30(0*)                             0                               0                         345 

DEFICIT (ET)                 0*                             0(28-33*)                10 – 75                      70 – 75               80 – 150 

P – 2 (NC) 

RUNOFF                      132                              0                                    0                               0                         132 

DRAINAGE                 298                             30                                   0                               0                          328 

DEFICIT (ET)                0                                0                               31 – 96                     70 – 75             101 – 171 

P – 2 (C)                

RUNOFF                        0                                0                                    0                               0                           0 

DRAINAGE                 300                             30 (0*)                           0                               0                          330 

DEFICIT                         0*                               0 (49-54*)               10 – 75                     70 – 75              80 – 150 

P – T (NC) 

RUNOFF                        0                                 0                                   0                               0                           0 

DRAINAGE                450                               30                                  0                               0                        480 

DEFICIT (ET)                0                                 0                                0 – 47                     52 – 57               52 – 104 

P – T (C) 

RUNOFF                        0                                 0                                    0                              0                           0 

DRAINAGE                320                               30 (0*)                           0                              0                          350 

DEFICIT (ET)                0*                               0 (0-5*)                     0 – 47                     52 – 57              52 – 104 

           

In the bench terracing of the Priorat region (P-T), with more effective rooting depth of vines and higher 

available water retention capacity, there would be less probabilities of drought in the drier (D) years, but in 

extreme humid years, specially with continuous and concentrated rainfall in the resting period (R), there would 

be potential conditions (high internal drainage following soil moisture conditions close to saturation on the soil 

profile for prolonged periods) for triggering landslides in the non protected embankments of the terraces. A 

green cover crop in that period, using part of the excess water, would decrease the possibilities of landslides. 

In general, it may be concluded that the new fully mechanized, land management and cropping   

practices in dry land vineyards of the Alt Penedés and Priorat regions of Catalonia (Spain) result in drastic 

changes in the soil moisture regime, with effects on surface runoff, on surface erosion and mass movements, and 
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in the retention of rainfall water in the soil to be used by the grapevines. Analysis, based on appropriate in situ 

evaluations of climate characteristics and of soil hydrological properties and processes, complemented with the 

use of simple simulation water balance models based on those processes, may be very useful, and even 

indispensable, for an adequate planning of more sustainable land use and management for grape wine 

production, or other alternative uses, under different previewed scenarios of changing climate and agricultural 

policies leading to changes in land use and management  in the Mediterranean region. 
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Particulate and dissolved phosphorus loss by rill erosion  

from the watershed of Tetves-stream 
 

Sisák, I.1 – Máté, F. – Strauss, P. – Azazoglu, E. 
 

 

Introduction 

Rill erosion is a severe form of erosion, it can deliver much more sediment and phosphorus to the 

receiving surface waters and it causes more siltation problems than sheet erosion does. The water quality of Lake 

Balaton has been sufficiently good for years but the P loading from diffuse sources should be further reduced in 

order to stabilize the good results. Erosion prone watersheds like that of the Tetves-stream may contribute 

strongly to P load of the lake. Since there is no daily measurement of water quality on the stream the annual soil 

and P yield has to be estimated from experimental data. 

 

Material and methods 

A set of rainfall simulation experiments was carried out in Hungary in the south watershed of Lake 

Balaton at Somogybabod on a Calcaric Regosol (sandy clay loam, slope 13.5 %) in 2001. The description of the 

simulator and the methodology is given by Strauss et al. (2000). The site is in the watershed of the Tetves-stream 

(Figure 1) 240 m above the Adriatic see level.  

 

 
Figure 1 Land use and experimental site on the watershed of Tetves-stream 

 

The soil was prepared to seedbed conditions after the removal of maize plants two days before the 

experiment started. Pre-wetting (30 mm) was applied to each plot one day prior to the rainfall simulation to reach 

uniform soil moisture conditions for the beginning of the simulations. The soil surface was protected with a light 

and dense plastic net during the pre-wetting. Simulated rainfall was applied  (uniform intensity of 60 mm.h-1) on 

four plots (2x5 m). Rainfall application was repeated after week one and two. Runoff and total soil erosion were 

measured and total P content of the eroded material determined after digestion with sulphuric acid and hydrogen-

peroxide. Few samples were let settle in the laboratory and suspended solid content of the upper 5 cm layer was 

determined by filtration (0.45 μm) after 1000 and 10,000 seconds. Rill development during consecutive 

simulations was photographed digitised and the length of the rills measured with a software routine. The erosion 

potential of rainfall (R) and slope LS factors were determined by the method of Renard et al. (1997): 

 

R= Σ EIstorm              EIstorm ={Σ 0.29 [1- 0.72 exp (- 0.05 Xi)] Di} I30 

where 

EIstorm  = storm erosivity 

i  = rainfall hyetograph time interval 

                                                           
1 University of Veszprém, Georgikon Faculty for Agriculture, Department of Soil Science and Agrochemistry, 

Deák F. St. 16, H-8360 Keszthely, Hungary; E-mail: talajtan@georgikon.hu  

mailto:talajtan@georgikon.hu
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Di  = rainfall during time interval i (mm) 

I30 = maximum 30-min rainfall intensity of the storm (mm/hr) 

Xi = rainfall intensity (mm/hr) 

 

L = (λ / 72.6) 

S = 10.8 sin θ + 0.03  s < 9 % 

S = 16.8 sin θ - 0.5  s ≥ 9 % 

where 

λ = slope length in ft 

θ = slope angle 

 

The monthly and yearly C factors were adopted from the work of Horváth and Kamarás (1980) 

 

Results 

The soils in the watershed of Tetves-stream were formed on sandy loess and they are highly eroded 

under the conditions of arable farming. Usually the whole solum, or large part of the solum is eroded from the 

original Haplic Luvisols and Eutric Cambisols and the calcaric parent material is the top layer with less 

developed soils on it. There are some Gleysols near the stream, too (Figure 1). The eroded soils are prone to 

further erosion, thus rills have formed very quickly on the experimental plots. One example of rill formation is 

shown on Figure 2.  

 

   
 rain1 rain2 rain3 

Figure 2. Development of rills in the consecutive simulations  

 

By relating soil loss to the total length of rills, one should recognize that the mean and the variance of 

the data are higher in the first simulation than in the following ones, and these statistical measures are practically 

the same and they are small in the second and third simulations (Figure 3), where the average soil loss rate per 

rill length unit is 0.984 kg.m-1 ( see also Table 1). It was observed that mixed sheet and rill erosion are present at 

the beginning, but rill erosion dominates later. According to the field observation, the ratio of rill erosion 

approximates 100 percent after the first simulation. 
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Figure 3 Soil loss rates from the 10 m2 plot  

 

The rill development in the experiment has been linear and the variance of data among the plots in the 

consecutive simulations has been rather uniform (Figure 4). Storm erosivity (R) was chosen as independent 

variable at fitting the line. The equation indicates that rill formation is a permanent process on this soil 

presumably in the whole year at this slope and rainfall intensity. Based on the experiment, 20 t.ha-1.yr-1 rainfall 

erosivity was considered as the lower limit for rill formation and all the cumulative rainfall erosivity above this 

level was considered as rill forming (Table 1).  
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Figure 4 Rill formations in the consecutive simulations 

 

The sediment P concentrations have varied only slightly and have shown no significant differences 

among simulations and plots. The average value was 0.743 g P.kg-1 (or kg P.t-1) and that is approximately equal 

to the P content of soil (Table 1). Dissolved P concentration has been equal to zero in almost all samples. The 

concentrations of eroded soil in runoff have varied between 20 and 140 g.l-1, the suspended sediment content 

varied between 5 and 25 g.l-1 after 1000 s deposition time and there was a linear relationship with the original 

concentration but, interestingly, the concentrations have been almost constant (3.64 g.l-1) after 10,000 s 

deposition time (Figure 5). Another calculation has shown that residual suspended sediment content after 10,000 

seconds is 5,5 % of the original one with ± 3,5 % standard deviation. The later relationship was used to calculate 

sediment and particulate P delivery ratio between field and lake because of its simplicity (Table 1). The settling 

experiment with the longer deposition time may be good physical representation of the long-distance delivery of 

sediment and P once soil is eroded. 
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Figure 5 Suspended sediment content of samples after 1000 and 10,000 seconds deposition time in the upper 5 

cm layer. 

 

The RCLS products have been above 20 t.ha-1.yr-1 even in the first month of calculation (October) at 

slopes higher than 12 %. That means, rill erosion can be assumed throughout the whole year from that slopes. 

 The RKLSCP product became larger than the limit in November at slopes 5-12 % and in April at slopes 

0-5 % so even slight slopes may produce considerable amount of rill erosion (Figure 6).  
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Figure 6 Rill erosion risk at lower slopes 

 

Dominating part of soil and phosphorus may come from arable land, other areas` contribution is 

relatively small. Different slope categories were calculated for the arable land of the study area (Table 1) and 

with help of the mathematical relationships described above in this paper, particulate P loading to the lake was 

calculated.  

 

Table 1. Soil and phosphorus loss from arable land on the watershed of Tetves-stream 

  slope categories on arable land 

  0-5 % 5-12 % 12-17 % 17-25 % above 25 % sum 

A 
area                                                                          

ha 
2473 1329 90 202 93 4187 

B 
rill forming1 RCLS product (USLE)                 

t.ha-1.yr-1 
31 138 303 479 711 1660 

C 
sediment yield from rills2                                   

t.ha-1.yr-1 
13 61 133 210 312 730 

D 
sediment yield from the whole watershed3 

t.yr-1 
33319 80472 11980 42553 28912 197236 

E 
primary total P loss from field4                            

kg.yr-1 
24756 59791 8901 31617 21482 146547 

F 

particulate P load to Lake Balaton by rill 

erosion5 

kg.yr-1 

1362 3289 490 1739 1181 8060 

1 – see text and Figure 6; 2 – C = 0.984 x 0.4468 x B (see text and Figure 3 and 4); 3 – D = C x A; 4 – E = 0.743 x D (see 

text); 5 – F = 0.055 x E (see text) 
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Discussion and conclusions 

The total calculated particulate P load per total surface area is 0.691 kg P.ha-1yr-1 which is higher than 

the average calculated total P load from the whole watershed (Istvánovits, 2000). The P load should be even 

higher if mixed agricultural land, orchards and vineyards (12.4 % of the watershed) would be calculated with 

similar loss rates as arable land.  Istvánovits (2000) has tried to correct the P load calculations of the Tetves-

stream based upon biweekly water quality measurements at the mouth of the stream (influenced by the pond at 

the lower section of the stream – see Figure 1) and upon daily water flow measurements at Visz that represents 

76 km2 (65 %) of the watershed (not influenced by the pond). The calculated average total P load was only 0.11 

kg.ha-1.yr-1, even smaller than the average load from the whole (5200 km2) watershed. This may be an effect of 

the additional settling in the pond. However, a lot of other processes may happen between the erosion site and 

the final sink in the lake and there is no common agreement on the quantification of these effects yet. Sediment 

traps might be effective way of keeping P away from the lake temporarily until the traps silt up, but it does not 

solve the problem of the diffuse agricultural load in long-term and even not the problem of soil and P loss from 

arable land at any moment.  

It also should be recognized that the physical representation of the delivery ratio in our settling 

experiment may overestimate the load, since it does not consider the infiltration of runoff and the removal of 

sediment by that process. 

It can be declared based upon the calculations that the initial soil and P loss is several magnitude higher 

than actual P load from the watershed at the mouth of the stream but even soil and P load of the valley may be  

one magnitude higher. The fish-pond is an effective trap of sediment and particulate P but it masks the huge 

mass movement by erosion processes on the watershed that can be recognized by mere eye-observation, still our 

study has assigned figures to that process.    

 

Summary 

Sediment and total P losses (practically equal to particulate P) from the watershed of Tetves-stream 

were calculated based upon plot experiments and GIS analysis of the watershed. The investigation pointed out 

that total P load can be as high as 0.691 kgP.ha-1yr-1, much higher than reported data but several magnitudes 

lower than primary P loss from the field. The fish-pond near to Lake Balaton is an effective trap of sediment and 

particulate P but it masks the huge mass movement by erosion processes on the watershed and it does not solve 

the problem of diffuse agricultural load in long-term and the problem of soil and P loss from arable land. 
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Evaluating the Soil Conservation Potential of Palm (Borassus) Leaf Geotextiles at the 

Hilton Experimental Site, Shropshire, UK 
 

Davies, K. 1 – Fullen, M.A. 
 

 

Introduction 

Synthetic geotextiles have been the mainstay of the erosion control industry since the 1950s (Mitchell et 

al., 2002). However, geotextiles constructed from organic materials are highly effective in erosion control and 

vegetation establishment (Sutherland and Ziegler, 1996; Langford and Coleman, 1996; Ogobe et al., 1998). The 

market leader in organic geotextiles is jute, however natural fibres such as coir, sisal and ramie also have 

geotechnical applications (Ranganathan, 1992). 

A B.Sc. study was completed in 1999, in which runoff plots at the Hilton Experimental Site, Shropshire, 

UK, were replicated with 3 m buffer zones of palm mat geotextiles.  Results showed that sediment yield from the 

buffer zones was 71.76% lower than the yield from bare soil (Davies, 2000).   

The aim of this investigation is to evaluate the soil conservation potential of geotextiles constructed 

from palm leaves (Borassus aethiopum) at the Hilton Experimental Site. A three year study is in progress 

evaluating palm mat effectiveness in controlling runoff and sediment yield from established runoff plots, 

together with a field study of the potential of the palm mats in reducing splash erosion. A rainfall simulator study 

will be conducted, to investigate the effectiveness of the palm mats in reducing runoff and sediment loss during 

simulated storm events. Further laboratory studies include an assessment of the effect of palm mats on soil 

physico-chemical properties.  

 

Materials and Methods 

The Hilton Experimental Site has been used extensively since 1976  (Fullen and Mitchell, 2000). The 

site covers 0.52 hectares with an upper elevation of 67.46 m and slopes to the south and west. The region 

experiences a temperate climate with a mean annual precipitation of 648.3 mm (Mitchell et al., 2002). The soil is 

a Bridgnorth series loamy sand with a typical Ap horizon texture of 79.8% sand, 14.8% silt and 5.4% clay and 

1.9% organic matter content (Fullen and Brandsma, 1995).  

The runoff plots are situated on the south-facing slope, numbered D1-D8, measuring 10 x 1 m. Prior to 

observations, the control and treated plots were rotavated to ~20 cm depth and treated with Roundup herbicide to 

remove vegetation.  Observations began on 14 January 2002, with a calibration period until 25 March 2002, 

when the plots were treated.  Using random selection, plots D2 and D8 were completely covered with palm mats, 

D4 and D5 had 1 m buffer zones of palm mats at the plot lower end, D1 and D6 are the control (bare soil) plots 

and D3 and D7 are grassed plots (Plate 1). Observations have regularly continued with runoff and sediment yield 

being collected. Splash erosion studies are also being conducted on the same site on the lower west-facing slope.  

An area measuring 3 x 3 m was prepared using Roundup herbicide and dug to ~20 cm depth and then raked.  

Twelve 50 cm2 areas were marked out and plastic piping 14.5 cm in diameter and 20 cm in length were placed in 

the soil. Within the piping, 1 litre plastic bottles and funnels were placed to catch splashed sediments (Plate 2). 

The control and palm mat plots were periodically sprayed with ‘Roundup’ herbicide to prevent vegetation 

growth. Measurements of runoff, sediment yield and splash were regularly collected, usually every two weeks. 
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Plate 1. Runoff Plots, Hilton Experimental Site, UK       Plate 2. Splash Plots, Hilton Experimental Site, UK 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

 

Runoff Plots: Year 1 Observations 

Observations from 8 April 2002–10 March 2003 (precipitation total 610.7 mm) showed similar runoff 

values from the grass plots. However, there were noticeable differences between the replicated bare soil plots, 

covered plots and the buffer zone plots (Figure 1). Runoff from the covered plots was higher than the control 

plots by a mean of 125.2%, while runoff from the buffer zones was lower than the control plots by a mean of 

68.8%. However, sediment yield from the treated plots was significantly lower than the yield from the control 

plots during the same period (Table 1). The mean sediment yield (Table 2) from the control plots was 0.09 kg, 

from the covered plots 0.03 kg, from the grass plots 0.02 kg and 0.03 kg from the buffer zone.  The total erosion 

rate (t/ha) was 0.9 from bare soil, 0.2 from grassed soil and 0.3 from soil covered with palm mats and with buffer 

zones. As erosion from buffer strips plots equals plots completely covered with mats, this indicates that buffer 

strips are very effective in reducing erosion. 

 

 

Figure 1. Runoff Volume (l) Observation 8 April 2002 - 10 March 2003 
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Table 1. Sediment Yield Observations (g) 8 April 2002-10 March 2003 

 Bare Soil Covered Grass Buffer Buffer Bare Soil Grass Covered 

Date D1 D2 D3 D4 D5 D6 D7 D8 

08/04/2002 2.9 1.1 0.7 0.3 0.3 0.8 0.2 0.5 

13/05/2002 1.3 0.8 0.5 0.6 1 1.9 0.2 0.9 

20/05/2002 3.3 0.5 0.1 0.7 0.1 3.3 0.1 0.3 

30/05/2002 1.9 1.4 1 0.2 0.2 1.3 0.2 0.7 

17/06/2002 1.1 3 1.1 0.5 0.4 1.2 0.6 0.9 

08/07/2002 0.4 0.6 0.1 0.4 0.2 0.7 0 0.7 

22/07/2002 4.2 2.5 1.7 1.2 0.7 1.5 0.2 0.2 

05/08/2002 0.8 0 0.2 1.2 0.7 0.6 0.3 0.5 

19/08/2002 1.3 0.6 0.2 0.4 1.6 0.4 0.6 0.4 

09/09/2022 0.6 0.4 0.6 0 0 0.5 1.6 0.5 

23/09/2002 1 0.8 0.2 0.5 0.7 27.8 0.3 0.1 

14/10/2001 9.1 2.1 0.9 3.8 4.5 2 0.4 0.5 

21/10/2002 0.2 0.4 0.4 0.4 0.4 1.6 0.1 0.4 

18/11/2002 1.6 1.4 1.2 2.4 0.6 0.6 0.2 1 

09/12/2002 1.4 1 0.7 0 0.3 0 1.2 0.7 

06/01/2003 3.8 3.1 0.5 0 1.8 2.3 0.5 0.6 

10/03/2003 4.2 3 0.9 2.9 3 3.6 0.2 1.2 

Total 39.1 22.7 11.0 15.5 16.5 50.1 6.9 10.1 

 

Table 2. Mean Sediment Yield (g) Observation 8 April 2002-10 March 2003 

 

 

Plot 

Bare Soil 

(Control) 

D1         D6 

 

Covered 

D2         D8 

 

Grass 

D3          D7 

 

Buffer Zone 

D4          D5 

Mean Sediment 

Yield (g) 

 

44.6 

 

16.4 

 

9.0 

 

16.0 

 

% of Control 

  

36.8 

 

20.2 

 

35.9 

 

Splash Plots: Year 1 Observations 

The observations from the splash plots (9 September 2002-10 October 2003) show statistically significant 

differences in sediment yield between the treated and untreated plots (Table 3). The mean sediment yield from 

the treated plots was 25.8% of the untreated mean.  

 

Table 3. Splash erosion (g) Observations 9 September 2002-10 October 2003 

Untreated Plots Treated Plots 

K2 58.4 B7 13.9 

G10 61.7 J3 20.3 

C12 53.4 L5 10.3 

F11 39.0 H9  7.2 

E6 39.7 D4 11.5 

A1 50.6 I8 14.9 

Total 302.8   78.1 

Mean  50.5   13.0 

% of control   25.8 

 

Conclusions 

Over one year of investigations, geotextiles constructed from (Borassus aethiopum) palm leaves 

reduced water erosion by ~63% and splash erosion by ~74% compared to bare soil. These geotextiles have 

considerable potential for soil conservation, as the mats stabilize the soil and encourage vegetation growth. 

When compared to organic geotextiles already on the market, the cost of palm mat shows that at $0.30–0.55 per 

square metre, the mats are economically viable compared to current market value for jute ($0.30-1.00 per square 

metre) and coir ($0.90-2.20 per square metre) (Smith, 2000).  If constructed using indigenous materials, the mats 

can be effective, affordable and compatible with sustainable land management strategies.  
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Chemical and physical properties of soil under organic management in Central Italy 
 

Marinari, S.1 – Mancinelli, R. – Campiglia, E. – Grego, S. 
 

 

Introduction 

It is known that different soil management influence the crop resistance to summer drought (Altieri, 

1995). The objective of this study was to verify the effects of organic management on some physical properties 

typically related to crop water stress resistance and on some chemical properties in Mediterranean environment. 

In this study, two fields in Central Italy, one managed according to organic and the other according to 

conventional farming methods, were compared to determine the effects of these two agricultural systems on soil 

available water content, cation exchange capacity, nutrients and soil organic matter content.  

 

Materials and methods 

Two adjacent fields have been differently managed from 1993 until 2001, in Viterbo, Central Italy 

(latitude 42° 29’ N and longitude 12° 16’ E). Available water (AW) was estimated as the volume percentage of 

water retained between –33 kPa [Field Capacity Water Content (FCWC)] and –1500 kPa [Wilting Point Water 

Content (WPWC)], water content (WC) was also measured at –200 kPa and –500 kPa. The volume was 

measured using Richards apparatus. Total organic carbon (TOC) was determined by dichromate oxidation. Total 

organic nitrogen (TON) was determined by sulphuric acid digestion and regular Kjeldahl distillation method. 

Ammonium nitrogen (NH4-N) and nitrate nitrogen (NO3-N) were determined after extraction from the soil with 

0.5 M K2SO4 and analysed using colorimentric methods. Available phosphorus (P) was determined following the 

method reported by Bray and Kurtz (1945). All the results are the mean of six replicates. 

 

Results and discussion 

Soil texture, pH and cation exchange capacity (CEC) (Tab. 1) were not different between the two fields, 

whereas electrical conductivity (EC) in organic soil was higher than in conventional soil. This difference was 

probably due to the widest level of available nutrient in organic soil. In addition, the organic orchard showed 

significantly better physical and nutritional conditions, with improved available water holding capacity (+25%), 

increased level of total nitrogen, nitrate and available phosphorus. The average of nutrient content of organic soil 

was two- or three- fold than the conventional soil (+177% TON and +67% available P). In addition, a small 

increase in soil organic matter was observed, whereas C/N ratio was significantly lower in organically than in 

conventionally managed soil (Tab. 1). 
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Table 1. Soil physical and chemical properties of organic and conventional fields. Values between brackets are 

standard deviations (n = 6).  

  Organic Conventional 

Sand (%) 45.9 (6.8) 39.9 (3.6) 

Loam (%) 36.2 (5.2) 36.9 (2.8) 

Clay (%) 17.8 (1.6) 23.2 (0.9) 

Texture  Sandy Clay Loam Sandy Clay Loam 

FCWC –33 kPa (%) 20.9 (0.3) 20.4 (0.6) 

WC -200 kPa (%) 17.5 (0.8) 16.4 (0.8) 

WC -500 kPa (%) 13.7 (1.0) 15.0 (0.4) 

WPWC -1500 kPa (%) 12.5 (1.0) 13.6 (0.3) 

AW (%) 8.5 (1.19) 6.8 (0.37) 

Organic matter %) 2.17 (0.14) 1.89 (0.14) 

TOC %) 1.26 (0.08) 1.10 (0.08) 

TON %) 0.197 (0.014) 0.071 (0.015) 

C/N ratio  6.5 (0.8) 18.1 (3.9) 

NO3-N g N-NO3 g-1) 15.3 (1.85) 6.0 (1.16) 

NH4-N g N-NH4 g-1) 3.0 (0.5) 2.8 (0.6) 

Available P g P g-1) 13.0 (1.6) 7.8 (0.5) 

pH (H2O)  7.61 (0.016) 7.61 (0.018) 

pH (KCl)  7.05 (0.023) 7.13 (0.020) 

EC  S cm-1) 192 (1.35) 185 (2.08) 

CEC (meq 100 g-1) 43.4 (1.33) 41.8 (1.63) 

 

The results of this study suggested that, in agricultural system, organic management over the long-term 

(8 years) could be an efficacy strategy to preserve water in the soil, maintaining and improving soil physical and 

chemical properties. The improving of whole soil properties were probably influenced by the differences 

between organic and conventional farming systems on organic matter quality and quantity. 
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Introduction of conservation agriculture in a highly mechanised agricultural system in 

Flanders, Belgium 
 

Gillijns, K.1 – Govers, G. 
 

 

Over recent years scientists have advocated the introduction of less intensive tillage systems 

(conservation tillage) in order to remedy the problems of soil compaction and soil erosion caused by modern, 

intensive agriculture. However, the overall adoption rates of conservation tillage in Europe remain relatively 

low. This paper reports on a project that was set up in order to demonstrate the feasibility and stimulate the 

adoption of conservation tillage to the farming community of Flanders. In order to achieve this, the project 

combined the collection of scientific data on farmer’s fields with intensive communication and discussion with 

the farmers. 

The fields that were selected for investigation were split up in two parts. One part was cultivated using 

conventional ploughing implements while on the other part a form of conservation tillage was applied. The effect 

of tillage techniques on runoff and sediment production was investigated using field surveys and rainfall 

simulations. The results indicate that runoff production as well as soil loss is significantly reduced by 

conservation tillage.  

Also, a cost-benefit analysis with special attention to the crop yields was made, as this information is 

essential for farmers. The results indicate that there was no difference between the yield of maize and sugar beets 

on the different tilled parts. The costs of conservation tillage techniques were equal or a little less than those of 

conventional tillage resulting in a small economic benefit for the farmer. 

Every year, the results were presented to the farmers on a field day. The farmers show a lot of interest in 

the technique and react positively, but the adoption of the techniques remains rather low. We think that, besides a 

certain reluctance to start using a new technique, the investment costs necessary to adapt or replace current 

machinery is a major factor hindering the acceptance of conservation tillage. 
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High resolution determination of bulk density–distribution in sealed soils 
 

Hecker, J.-M.1  
 

 

Soil surface sealing is a common phenomenon of cultivated soils. Seals are known as thin layers at the 

soil surface and are characterized by higher bulk density, high shear strength, lower porosity, and lower 

hydraulic conductivity compared to the underlying undisturbed soil. They are identified as a key factor in soil 

erosion processes. 

The bulk density distribution is suitable to qualify surface seals. The bulk density–depth function, c(z)-

function, i.e. bulk density c against depth z, is widely accepted for the characterization of seals and/or modelling 

the linked processes (Mualem et al. 1991; Roth 1997). The small thickness of seals is the main technical problem 

for bulk density measurements: In most cases less than 5 [cm] for structural crusts 

To face this pitfall a non-destructive method is presented to measure the bulk density distribution in surface seals 

by X-ray computed tomography (CT): The scanning of soil cores provides a stack of slices. These slices build a 

3D-matrix of X-ray mass attenuation coefficients, expressed as [HU]. Each value of this matrix represents a 

distinct volume – a so called voxel. Due to the linear relation between attenuation and bulk density  (Petrovic et 

al. 1982; Anderson et al. 1988) – if water content and mass attenuation coefficient of the sampled soil is known – 

we obtain a 3D-bulk density matrix for further analysis.  

Soil samples sealed under natural rainfall conditions will demonstrate the capability of the proposed 

method. Two sites were prepared in spring 1996 and 1997. One sites near Adenstedt in south Lower Saxony/ 

Germany (three plots with soils derived from loess), the second site Bäckerweg is located near Müncheberg/ 

Brandenburg with two plots with sandy soils (Pleistocene sediments). For details see Hecker (2002). 

The sealed soil cores were scanned in a medical CT with voxel size of 1.0 x 0.125 x 0.125 mm³ and 64 

slices (average). Virtually we cut a cube with 643 [mm3] off from the sample. Two images (slices) of a well 

developed seal are shown in figure 1. This sample consists of a silt influenced by a few rainfall events with a 

total amount of 69 mm cumulative precipitation and 854 [J m-2] cumulative kinetic energy of precipitation 

respectively.  

  

  
 

Figure 1. Well developed structural crust; slice 26 and 53 of the sample 97eg21(Ut2, silt) 

 

After the CT-scanning process subsequent data processing steps are necessary to generate the digital 

elevation model (DEM) of the soil surface, the 3D-reconstruction of the cube for visualization purposes, and – 

last but not least – the c(z)-function including derived parameters. 
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Figure 2. Sketch of surface detection 

 

For quantification issues (quantitative characterization of the sealed soil) following steps are proposed: 

1. computation of bulk density representation of the sample-cube following Petrovic et al. 1982,  

2. detection of the soil surface ( DEM), 

3. generating of the bulk density–depth function and  

4. computation of derived parameters. 

For the surface detection, in a first step, every voxel is labeled as soil bulk or pore (figure 2/A). This is 

done by usage of a threshold which is set to a porosity of 66%. The uppermost voxel in each column which 

belongs to the soil compartment is taken as a surface voxel with depth = 0.  

Stepping downward within the column we pick up the bulk density for each voxel as shown in fig.1/C. 

Putting all columns together we got the resulting bulk density–depth function representing the mean bulk density 

of each level (distance to surface) against depth (figure 3). For the characterization in a quantitative manner 

parameters were used which are derived from the bulk density–depth function. These are parameters such as 

mean bulk density of the seal [g cm-3], the maximum density of the upper 10 mm, max10 [g cm-3] and thickness 

of disturbed layer dc [mm].  

Additionally the surface-voxels were interpreted as a digital elevation model of the microtopography (-

relief) so that typical micro–relief parameters can be calculated: such as the random roughness coefficient (Luk 

1983), the specific surface area (Helming et al. 1993), and depression storage capacity. 

Images and other visualizations are important diagnostic tools, especially for opaque materials like 

soils. Therefore CT-slices transformed to images of bulk density matrixes are of interest to get additional 

information leading to adequate interpretation of many processes linked to soil sealing. 

Volume rendering with alpha blending is also useful to visualize the whole cube and the inner 

arrangements of seal, pore structure, soil matrix and skeleton. For figure 4 a ray tracing with alpha blending is 

used to visualize the soil bulk as 3D–bulk density matrix. 
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Figure 3. Bulk density–depth functions of selected samples with comparable rainfall pattern. 

Legend: upper left corner: texture (AG Boden 1994); right corner: cumulative precipitaion [mm] and 

corresponding kinetic energy [J m-2]; SD: 68 % area of mean  standard deviation; c : mean bulk 

density of depth-level (N32.700 voxel per level). Su2  loamy sand, Ut2  silt, Tu3  silty clay loam. 

 

 
Figure 4. 3D-reconstruction of the sample 97eg21 (Ut2, silt) 

  Volume rendering with alpha blending is used to visualize the bulk density: below 0.90 [g cm-3] fully 

transparent, above this threshold a linear increasing alpha value; bulk density itself is spread between 

black (0.90 [g cm-3]) and white(2.65 [g cm-3]). Sample was exposed to natural rainfall (69 mm 

cumulative precipitation/ 854 [J m-2] cumulative kinetic energy) 

 

Conclusions 

The advantages of the proposed method are: (i) non-destructive, (ii) high resolution (< 1 mm in depth), 

in conjunction with adequate data processing programs (iii) it is useful for multi purposes (bulk density 

distribution, digital elevation model (DEM) of soil surface, the characterization of macro-pore system etc.), as 
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well as (iv) other subsequent soil physical or chemical measurements. The latter is possible because of the non-

destructive character of the CT-scanning method. 

Results showed that the method is capable to characterize seals in detail and to contrast structural 

differences of surface seals in a qualitative, quantitative, and nondestructive manner. The resulting quantitative 

descriptions – in conjunction with the diagnostic capabilities of the visualization possibilities – are well suited to 

investigate several processes at the soil surface. For example the development of the seal and related 

morphological formations, interactions between surface roughness and soil sealing, and modelling the bulk 

density–depth function.  

 

References 

AG Boden (1994) Bodenkundliche Kartieranleitung, 4. Aufl., Hannover 1994 

Anderson , S.H.; Ganzer, C.J.; Boone, J.M. & Tully, R.J. (1988): Rapid nondestructive bulk density and soil-

water content determination by computed tomography. Soil Sci. Soc.Am. J. 52: 35-40. 

Hecker, J.-M. (2002): Morphometrie und Dynamik verschlämmter Bodenoberflächen. Computertomographische 

Untersuchungen und Überprüfung von Modellen des Lagerungsdichte-Tiefenprofils. Diss. TU-Berlin, 

Wiss. Verlag Berlin.  

Helming, K., Roth, C.H., Wolf, R. & Diestel. H., (1993): Characterization of rainfall - microrelief interactions 

with runoff using parameters derived from Digital Elevation Models (DEMs). Soil Technol. 6: 273-286. 

Luk, S.H. (1983): Effect of aggregate size and microtopography on rainwash and rainsplash erosion. Z. 

Geomorphologie NF 27(3): 283-295. 

Mualem, Y.; Assouline, S. & Rhodenburg, H. (1990): Rainfall induced soil seal. (A) A critical review of 

observations and models, Catena 17: 185-203. 

Petrovic, A; Siebert, J. & Rieke, P. (1982): Soil bulk density analysis in three dimensions by computed 

tomographic scanning. Soil Sci. Soc. Am. J. 46: 445-450. 

Roth, C.H. (1997): Bulk density of surface crusts: depth functions and relationships to texture. Catena 29: 223-

237. 



117 

The soil quality concept as a tool for exposing values in science 

and promoting sustainability considerations 
 

Schjønning, P.1 
 

 

Introduction 

In the developed and industrialized countries, modern agriculture has fulfilled its primary goal of 

providing adequate and reliable sources of food of good quality, and even more so as witnessed by surplus 

production and subsidized export of agricultural products. This has contributed to a switch in societal concerns 

from sheer productivity to sustainability of agriculture, including the effects of production methods on the 

environment, the diversity of the natural flora and fauna, the welfare of domestic animals, and on the soil 

resource itself. The quality of air, water and - as yet to a minor extent - soil has come more into focus. Almost 

every aspect of modern agriculture is now under scrutiny from concerned producers, environmentalists and 

consumers, from researchers and government as well as non-governmental organizations, and agricultural 

sustainability is on the agenda of most political movements and parties. 

This development has increased the demand for scientifically based solutions that incorporate a wider 

range of aspects. Scientists have been involved in problem solving and development in the society for centuries 

but the pressure from society for a pro-active role of science is much more pronounced than a few years ago. 

Bouma (2001b) denotes the present-day community a network society and urges soil scientists to take active part 

in ‘negotiations’ with stakeholders in society. More specifically, he suggests ‘research chains’ of scientists and 

stakeholders in order to optimize the implementation of scientific results in land use planning. However, many 

(soil) scientists are reluctant to take part in such work and claim that science (and hence scientists) should not be 

involved in value-laden discussions on sustainable development. The present paper deals with some basic issues 

on values in science. It is crucial that any (soil) scientist realizes how his/her personal opinions and priorities 

influence his/her research. The soil quality concept offers itself as a tool in this exercise. Many of the 

considerations presented here are derived from a recent editorial work on a book on soil quality (Schjønning et 

al., 2004). 

 

Descriptive and prescriptive science 

Typically, scientists in ecology, geography and other classical scientific disciplines perceive soil as an 

ecosystem component, and their approach is descriptive and observational in nature. Agricultural researchers, on 

the other hand, are concerned primarily with the production of food and fibre, and perceive soils mainly as media 

to support plant growth. Fertility trials, crop rotation studies, tillage experiments, etc., have provided the basis 

for an increasing productivity. Thus, researchers involved in agricultural sciences are accustomed to produce 

prescriptions with the clear aim of increasing yields. Ellert et al. (1997) advocated a combination of the 

conceptual/descriptive approaches of ecologists and the quantitative/prescriptive approaches of agronomists. I 

concur in this opinion, and call attention to the importance of this for organizations as the European Society for 

Soil Conservation (ESSC). Our knowledge of soil degradation processes is of no need for soil conservation 

issues if we do not address the management options to combat the degradation. 

 

Soil quality as a technical concept 

Numerous publications addressing ‘soil quality’ have appeared over the last decade. Most papers assign 

specific soil attributes to the term (e.g. organic matter content, structural stability, and microbial activity). I.e., 

the soil quality term is often used unreflectively for a vast number of soil characteristics. Also Carter (2002) 

noted that most studies are purely descriptive. This approach is typical for classical ecologists and geographers. 

In order to make this approach operational, much focus has been on soil quality indicators, hoping that a 

collection of such indicators may fully classify the quality of some specific soil. Larson and Pierce (1991) 

suggested a minimum data set to describe the quality of a soil. This data set should consist of a number of 

indicators describing the quality/health of the soil. Using an analogue to human medicine, reference values for 

each indicator would set the limit for a healthy soil (Larson and Pierce, 1991). The use of indicators has been 

widely discussed in the literature on soil quality (e.g. Doran and Jones, 1996). Seybold et al. (1998) and Sojka 

and Upchurch (1999) stressed the difficulty in dealing with the 18-20.000 soil series occurring in the USA. 

Considering the diverse agricultural uses of soils (e.g. growing different crops with dissimilar soil requirements) 

and the different optima associated with each specific use, Sojka and Upchurch (1999) emphasized 

understanding rather than rating of the soil resource. The use of soil quality indicators is even more problematic, 

when they are indexed (e.g. to range between 0 and 1). One reason is that indexing effectively hides all 
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mechanistic details and reduces a complex soil property/function to a naked value. Another is the fact that 

judgements on good/poor made by the scientist are embedded in the term. 

Confining the soil quality term to a technical denominator of soil properties, indicators and indices is in 

my opinion both unambitious and – more importantly – even harmful because unreflected societal priorities and 

personal values are embedded in the term. In consequence, I suggest that the term should be used only in 

combination with considerations of sustainability issues. Before elaborating on this approach, it is necessary to 

reflect on values in science and their crucial role in communication on soil issues. 

 

The cognitive context and the reflexive objectivity 

Agricultural research is an applied science with the main objective to improve production methods and 

develop production systems. In consequence, agricultural science influences its own subject area, agriculture, in 

important ways (Lockeretz and Anderson, 1993). In general, science that influences its own subject area is 

defined as systemic science (Alrøe and Kristensen, 2002). The fact that science plays a pro-active role in the 

world that it studies makes the criterion of objectivity as a general scientific ideal less straightforward. It is 

important that the scientist is able to view her- or himself as part of the system (self-reflection). This ability to 

take an ’objective’ stance but at the same time being aware of the intentional and value-laden aspects of science 

is denoted reflexive objectivity, and the framework in which these reflections take place is labelled the cognitive 

context (Alrøe and Kristensen, 2002). The cognitive context may be divided into three: the observational, the 

societal, and the intentional. The observational context includes the actual methodological aspects of the 

research, the societal context is the group or segment for which the research is relevant, and the intentional 

context is the goals and values employed. 

In this paper, only a few remarks will be added to the above definition (please consult Alrøe and 

Kristensen (2002) for a more thorough introduction to the cognitive context and the reflexive objectivity). The 

relevance of the scientific work depends on the societal context pervading at the time of the study. There is no 

‘universal’ science that is independent of social context. When pesticides became available to farmers in the mid 

20th century, the most relevant task for agricultural researchers was to optimise their use for maximum 

production and minimum costs. Today’s scientists are engaged in studies of the detrimental rather than the 

beneficial effects of pesticides (e.g. ground water pollution, bioaccumulation, side-effects on non-target 

organisms). The example serves to illustrate that the societal context has changed dramatically during the period 

discussed here. The intentional context in science has to do with values and goals for the specific research group 

or scientist. Sojka and Upchurch (1999) gave a critical review on the concept of soil quality. Some of their 

concerns were abstracted as ‘we are .... reluctant to endorse redefining the soil science paradigm away from the 

value-neutral tradition of edaphology and specific problem solving to a paradigm based on variable, and often 

subjective societal perceptions of environmental holism’. That is, the authors support the classical understanding 

of objectivity in science. In their paper, however, they draw the attention to articles dealing with different aspects 

of soil quality and raise the query whether a high biodiversity in soil is more valuable than animals at the other 

end of the food chain. I interpret their statement as giving a high production of foods (higher animals) a higher 

priority than a high biodiversity in the soil. This is of course a legitimate standpoint, but my point is that this 

opinion also reflects an ‘intention’ or a ‘value/goal’. Awareness of these values is what the reflexive objectivity 

is all about. 

 

Soil quality as a cognitive concept 

The soil quality term emerged in North America (Alexander, 1971; Warkentin and Fletcher, 1977). 

Despite an early, intense discussion in the USA (e.g. Allan et al., 1995; Karlen et al., 1997) and the 

governmental support for an institute addressing the soil quality concept (Anonymous, 1996), the relevance and 

impact of the concept are currently being disputed (Sojka and Upchurch, 1999; Karlen et al., 2001; Letey et al., 

2003; Sojka et al., 2003; Karlen et al., 2003). It appears that this dispute is fuelled largely by the lack of a clear 

objective for the use of the soil quality concept. 

Soil quality is how well soil does what we want it to do’. This statement, extracted from the web-site of 

the USDA Soil Quality Institute, represents the very essence of the soil quality concept. The statement includes 

two aspects: ‘how well’ relates to grading soils (the descriptive approach discussed above), while ‘what we 

want’ relates to priority of soil functions. And priorities are based on sustainability considerations, which further 

are founded in values pervading in the society at the specific time (the societal context) and the opinions of the 

researcher (the intentional context). What is important in this context is the fact that any evaluation of some 

property or function in soil necessarily involves values and priorities. The literature cited above clearly illustrates 

that it is a prerequisite for fruitful communication among scientists as well as between scientists and stakeholders 

that these values are explicitly stated together with the basic scientific results. 
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Mans interaction with soil 

Blum and Santelises (1994) and Blum (1998) considered the functions and services of soil as related to 

human activity and grouped them into six categories. Three ecological uses are 1) the production of biomass, 2) 

the use of soils for filtering, buffering and transforming actions, and 3) the provision of a gene reserve for plant 

and animal organisms. Three other functions relate to non-agricultural human activities: 4) a physical medium 

for technical and industrial structures, 5) a source of raw materials (gravel, minerals etc), and 6) a cultural 

heritage. This classification of man’s interest in and interaction with soil may facilitate an operational definition 

of soil quality: Soil quality is the capacity of a specific kind of soil to function, within natural or managed ecosystem 

boundaries, to sustain plant and animal productivity, maintain or enhance water and air quality, and support human 

health and habitation (Allan et al., 1995; Karlen et al., 1997). Keeping the above reflections on the cognitive 

context in mind, the exercise of soil quality evaluation thus involves explicit judgement of which soil conditions 

will fit the sustainability expressions in this definition. This link between soil quality and sustainability is so very 

important because soil quality should not remain an abstract concept but rather something to be strived for by 

management (Bouma et al., 1998). 

 

Indicator threshold and management threshold 

Threshold was defined by Smyth and Dumanski (1993) as ‘levels beyond which a system undergoes 

significant change; points at which stimuli provoke response’. Thus threshold links to resilience. As an example, 

Smyth and Dumanski mentioned the threshold for erosion as the level (extent of erosion) beyond which erosion 

is no longer tolerable (in order to maintain sustainability). Thus, thresholds are values of a variable beyond 

which rapid, often exponential, negative changes occur (Pieri et al., 1995). Because of their intimate association 

with resilience, focus should be on thresholds rather than on references, baselines or benchmarks, often 

employed in the literature on soil quality indicators. 

This paper advocates a shift from assessing soil quality to managing soil quality. Of course 

management cannot be addressed without evaluating soil attributes (i.e. indicators) but putting the focus on the 

effects of management may establish a more relevant foundation for the soil quality concept. When the common 

knowledge on soil functions and properties (including indicator thresholds) is combined with that derived from 

studies on the effects of specific management tools, the potential outcome can be management thresholds, i.e. 

the most severe disturbance any management may accomplish without inducing significant changes towards 

unsustainable conditions (Schjønning et al., 2004). Let me give an example: regarding soil acidity, soil pH is a 

soil quality indicator for which a threshold can be established, while the rate of liming (e.g. kg CaCO3 ha-1 

year-1) required to maintain the pH at some prescribed level represents the management threshold. 

 

Science, scientists and society 

Bouma et al. (1998) advocated a ‘research chain’ for implementation of scientific results in decisions on 

management and land use. This would imply methodical steps in a process of identifying, selecting, resolving and 

presenting the soil quality problem and the knowledge gained. This ‘chain’-approach should be performed by an 

interdisciplinary group of researchers and stakeholders. A step-by-step increase in complexity of succeeding research 

chains may further improve the quality of decisions on land use (Bouma, 2001b). At the same time, this will optimise 

the focus and the contribution from all branches of science, both fundamental, strategic and applied research. Bouma 

(2001b) also mentions the benefits of such procedures in highlighting the key role of soil science in producing 

optimized solutions to management and planning problems in society. He even claims that a continued passive role 

of soil scientists is a threat to the mere survival of the profession of soil science! 

The reader is encouraged to consult the papers of Bouma for inspiring ideas on this important role of the 

modern scientist (e.g. Bouma et al., 1998; Bouma 2000, 2001ab, 2004). However, the examples of communication 

problems among scientists mentioned above clearly stresses that first we need a shift in the research paradigm (Fig. 

1). Barrett and Raffensperger (1999) speak of ‘precautionary science’ as an alternative to classical, positivistic 

science. The precautionary principle is related to and interacts with the sustainability concept. One basic issue of 

the precautionary principle is ‘thoughtful action in advance of scientific proof’ (O’Riordan et al., 2001), which – 

from a first sight – is rather difficult to combine with natural sciences. However, this exercise of combining 

societal concerns and research results is in accordance with the notion ‘reflexive objectivity’. The difference 

between the ‘reflexive objectivity’ approach suggested by Alrøe and Kristensen (2002) and the ‘precautionary 

science’ approach of Barrett and Raffensperger (1999) is the way that values associated to science are treated 

(Fig. 1). The reflexive objectivity yields an important and explicit differentiation of the specific experimentation 

on one side and the values and goals associated to the experimentation on the other. In contrast, Barrett and 

Raffensperger (1999) arrive at a situation very much alike that predominating for the positivistic view of science: 

values and priorities are closely – and at the end in reality unreflectively – associated with the observations and 

experiments. This is a big mistake and in my opinion really ‘dangerous’ for a fruitful implementation of the 

concerns addressed in the precautionary principle. A new, alternative research paradigm should put explicit 

considerations on values in science to the activities of scientists by increasing their awareness of the cognitive 
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context. The shift should not retain the mix (read: mess) of specific scientific observations and evaluations of 

sustainability (Fig. 1). It is important for me to state that the above statements do not include an attitude to the 

precautionary principle. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Science is influenced by the societal priorities and personal values of the scientist. The shift from the 

classical, positivistic research paradigm should take use of the explicit considerations on societal priorities and 

personal values offered by the reflexive objectivity approach (‘reflexive science’, lower box). The notion of 

‘precautionary science’ is dissuaded because this paradigm keeps the (unreflected) mix of observations and 

values also found in the positivistic approach. Consult text for details. 

 

Summary and conclusions 
The term soil quality has mainly been used as a technical concept for grading soils. It is important that 

the values and goals in soil use planning and soil management are explicitly stated and related to the soil quality 

indicators. Such a cognitive soil quality concept may facilitate the urgent need of soil scientists to interact with 

stakeholders in the society. Useful approaches for such exercises have been proposed in the literature. A shift in 

research paradigm away from the classical, positivistic, ‘value-neutral’ approach is, however, a prerequisite for a 

fruitful outcome of this endeavour. The reflexive objectivity is a valuable tool in differentiating the basic 

scientific observations from societal priorities and personal values of the scientist. Other suggestions of 

associating ‘post-positivistic-science’ societal priorities to observations and experiments (e.g., ‘precautionary’ 

science) are strongly dissuaded. The suggested increase in focus on sustainability-based decisions on soil 

management induces a recommended search for ‘management thresholds’ rather than the more descriptive ‘soil 

quality indicator benchmarks/thresholds’. I strongly recommend the ESSC to increase its activities on 

prescriptive and management-oriented research and in this endeavour make use of the proposals given above. 
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Environmental impact of energetical cropping systems in central Italy 
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Introduction 

Bioenergy production has become one of the main topics of the Italian Biofuel Programme. Alternative 

farming systems aimed at energy production are considered effective in satisfying both energetic and ecological 

needs (Mi.P.A., 1997). The short rotation forestry system represents an interesting opportunity for the agro-

forestry sector, promoting an alternative and renewable energy source characterized by low environmental 

impact, with regards to CO2 emissions. 

Besides, SRF can give a sensible contribution  to soil conservation, both reducing  the removal of 

valuable topsoil and containing  the loss of natural nutrients, applied fertilizers and soil organic matter light-

weight fractions. The positive effect on soil conservation and water quality is supported by different Authors 

(Hoenstein & Wright, 1994 Pimentel & Krummel, 1997, Ranney & Mann, 1994), even if studies concerning the 

environmental impact of SRF cultivation are still lacking. In order to evaluate the ecological feasibility of 

bioenergetic system, SRF have been studied and compared with an ordinary crop rotation. 

 

Materials and methods 

The experimental field trial started in 1996 at Centro Interdipartimentale di Ricerche Agroambientali 

“E. Avanzi”, University of Pisa, at a plain site representative of the central Italy environment (43° 40, N latitude, 

10° 10’ E longitude, 6 m a.s.l.). Soil characteristics are resumed in Table 1. Three different farming systems 

were compared: two SRF poplar cultivation (planted in 1996) characterized by high (SRFH) and low (SRFL) 

mechanical and chemical input and a two years rotation (sunflower-winter wheat) managed following the agro-

techniques commonly applied by the farmers of the area (CS). Total rainfall amount and its distribution were 

recorded throughout the experimental period. Runoff collection was performed according to the sprinkling 

infiltration system, following the method proposed by Van Der Linden (1983) and Agassi (1990). The erosion 

plots have been  enclosed by metal sheets rectangle shaped (2 m²), pushed 10 cm into the soil to ensure hydraulic 

isolation. Water and sediments were channelled by means of both a metal frame and a plastic tube to collecting 

tanks. Samples were collected after every significant rainfall event. After the total volume determination the 

collecting tanks were stirred, sub-samples were collected and placed into 1 l jars. The sampling campaign 

corresponded to the whole three years experimental period (1996-1998). In order to evaluate rainfall contribution 

to runoff, special collecting systems to be used as blank were arranged (Syversen N., 2002). Runoff analysis was 

performed soon after sampling. Total solid determination was performed by means of gravimetric method, pH 

determination followed the potentiometric method. N-NO3 was measured on filtered runoff samples by means of 

potentiometric method (Eaton et al 1995). 

 
The erosion plots were periodically removed 

from CS plots in order to allow cultivation 

practices. Thus, even if forty erosive rainfall 

events were monitorized as a whole, proper 

comparisons were possible within six sub 

sampling period (Table2). The last sampling 

sub-period (P6) can be considered as the 

most significant one, as the SRF cultivation 

reached a relative steady state.  Rainfall 

amounts recorded in each erosive events are 

showed in Figure 1. 

 

 

Table 2. Experimental monitoring as divided in subsampling periods 

Subsampling periods 

P1 P2 P3 P4 P5 P6 
From Aug. 1996 
To Sept. 1996 

From Oct. 1996 
To Jan. 1997 

From Feb. 1997 
To Jul. 1997 

From Aug. 1997 
To Sept. 1997 

From Oct. 1997 
To Feb. 1998 

From Mar. 1996 
To Sept. 1996 

 

                                                           
1 Centro Interdipartimentale di Ricerche Agro ambientali “Enrico Avanzi”, University of Pisa, Via Vecchai di 

Marina n. 6 San Piero a Grado, 56010 Pisa, Italy. Tel.: 0039-50-960063; Fax: 0039-50-960330;  

E-mail: ginanni@tiscali.it 

Table 1. Soil characteristcs in the 0-60 soil layer 

Soil depth  0 – 30 30 – 60 

Sand % 30.2 28.8 

Silt % 51.9 53.1 

Clay % 17.9 18.1 

Organic matter  % 1.79 1.59 

pH - 7.93 8.03 

mailto:ginanni@tiscali.it
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SRF and CS main cultivation practices are 

resumed in Table 3 and Table 4. Three years 

from the experiment beginning soil samples 

were taken from each plot to a depth of  60 

cm, in 30 cm steps. Organic Carbon analysis 

was performed by dichromate oxidation 

(Nelson & Sommers,  1982). Aggregate 

stability was determined on topsoil  samples 

(0-5 cm depth), collected immediately before 

second SRF harvesting (December 1998), the 

analysis was performed according to  wet 

sieving method (Pagliai et al., 1997). SRF 

leaf litter 

biomass was 

recorded by 

means of 

collecting 

plots net 

made, 1 m2 

wide, left at 

soil surface 

during the 

leaves fallen period (from August to November). 

Leaf biomass was determined by means of 

gravimetric method. 

 The experimental scheme was a randomized 

complete block design with three replicates of 700 

m2. 

Statistical analysis of runoff experimental data was 

performed considering the six subsampling periods 

separately. The last sampling period (P6) was 

studied in details, the rainfall events being 

considered  one by one. 

Data collected were analysed by ANOVA. 

Treatment means were separated according to 

Duncan’s Multiple Range Test at  P≤ 0.05 (Gomez 

and Gomez, 1984). 

 

 

 

 

 

Results and discussion 

Throughout the experimental period the monitorized erosive rainfall amount  was by  893 mm; the 

selected runoff events accounted for 30% of the total rainfall fallen during the same period (Fig. 1) The erosion 

cumulative results, concerning the period from July 1996 to December 1998, are showed in Table 5. The 

flowdown coefficient was lower under the two SRF systems with respect to CS (respectively by 3.6 and 5.4 %). 

Considering the two SRF crop systems average results, sognificant lower soil and nitrogen losses were recorded, 

by 56%  and 37% of the ones recorded under CS. 

 

 

 

 

 

 

 

 

 

 

Table 4. CS main cultivation practices 

 Sunflower Durum Wheat 

Main tillage Deep ploughing (40 cm)  Shallow ploughing (25 cm) 

Fertilization N-P-K (kg ha-1)  24.72.72 36.92.0 

Top dressing  N fertilization (kg ha-1)  92 50 + 50 

Herbicide Pre emergence Post emergence 

Table 3. SRF main cultivation practices 

Operation SRFH SRFL 

Main tillage Deep ploughing  Chieseling  

Poplar  clone Lux   

N Fertilization (kg ha-1) 48 + 100* 48 + 50* 

Plant spacing 10.000 trees ha-1 8.000 trees ha-1 

*top dressing N fertilization has been performed every two years 

 

Figure 1. Erosive Rainfall amount as recorded in 

the six sub-sampling periods 
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The SRF performance in terms of runoff and soil loss  reduction (Pimentel & Krummel 1987, Hoenstein 

& Wright, 1994, Ranney & Mann, 1994) was evident just after SRF planting. This may be a consequence of 

rapid SRF growth rate observed under the experimental conditions.  

Soil loss amounts (Fig. 2) were always significantly higher under CS with respect to both the SRF crop 

systems. The most relevant differences were recorded in P4, P5 and P6 when CS results were by 6.3, 2 and 2,5 

folds the ones recorded under the energetic crop cultivation systems. In the meantime no relevant differences 

were observed between SRFH and SRFL.  

Similar trend was observed taking into account nitrogen losses; low fertilization rates (Tab. 3) together 

with  a good  runoff control (tab. 5) contributed to SRF effectiveness in soil protection.  

Remarkable results were obtained in P6 

sampling period, when ten erosive events were 

observed for a total rainfall amount of 230 mm. As a 

whole the most relevant soil losses were recorded 

under CS whereas both the SRF crop systems showed 

their effectiveness in containing soil erosion. 

Considering the CS cultivation cycle, with regards to 

tillage techniques and fertilizers distribution 

(Mazzoncini & Bonari, 1997) related risk factors in 

terms of soil erosion and nitrogen losses can be easily 

identified in Figure 3 and 4. On the contrary, the SRF 

environmental vulnerability is distributed along the 

course of  the year in a quite homogeneous way. 

Considering the two herbaceous crops 

separately, within the P6 sub sampling period, 

sunflower soil losses overcame the SRF average 

performances by 277.5 kg ha-1, and wheat by 208 kg 

ha-1. 

With regards to nitrogen losses winter wheat 

showed the higher water contamination potential. 

Soil erosion results of P6 sampling period are 

showed in figure 4. Under CS winter wheat and 

sunflower showed a different susceptibility to erosion as a consequence of their growth rate and soil cover 

capability. Differences in eroded soil amount were always significative from March to October. With regard to 

sunflower, the highest erodibility corresponded with the leaves senescence (end of summer). On the contrary, 

winter wheat guaranteed an effective soil cover also after harvesting, thanks to the straw presence above the soil 

surface. 

 

 

 

Table 5. Runoff, Soil and nitrogen losses as affected 

by different farming systems. In the same column values 

followed by Different letters indicate significant differences at 
P≤0.05 (Duncan’s Multiple Range Test) 

Cropping system 
Runoff 

(mm) 

Soil loss 

(kg ha-1) 

N NO3 

(kg ha-1) 

SRFH 33 b 224 b 1.0 b 

SRFL 32 b 189 b 0.9 b 

CS 49 a 465 a 1.5 a 

Table 6. SRF wood biomass production (t ha –1)in 

the experimental period. In the same column different 

letters indicate significant differences at P≤0.05 (Duncan’s 

Multiple Range Test)  
SRF system 1996 1998 Total  

SRFH 6.8 a 68.4 a 75.2 a 

SRFL 5.6 b 53.2 b 58.5 b 

Figure 3. Nitrogen losses via runoff as recorded  

throughout the six sub sampling periods (g ha-1).  
In the same period bars labelled with different letters are  

significantly different P≤0.05 (Duncan’s Multiple Range Test) 

Figure 2. Soil losses via runoff as recorded 

throughout the six sub sampling periods (kg ha-1). 
In the same period bars labelled with different letters are 

significantly different P≤0.05 (Duncan’s Multiple Range Test) 
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a    a    a   ab 

  b    c 

Figure 6. Aggregate stability (AS) and soil 

organic matter (OM) in the 0-5 cm soil layer. 
Different letters in bars with the same colour indicate 

significant differences at P≤0.05 (Duncan’s Multiple Range 

Test) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nitrogen losses data related to P6 sub sampling period are shown in figure 5. The peak time result 

corresponds to winter wheat top dressing fertilization, when nitrogen displacement reached the 2/3 of the total 

annual amount.  Sunflower crop showed a lower vulnerability, thanks to hoeing associated to the top dressing 

nitrogen distribution. 

The SRF effectiveness in containing soil erosion may be due to the elevate aggregate stability, as 

influenced by the organic matter content (Figure 6). This characteristic can be related to the leaves mulch 

decomposition (Makeschin, 1994). Furthermore SRF canopy and dead leaves mulch (Figure 7) assure an 

effective soil protection for a major portion of the year, thus reducing rainfall erosivity.  

 

Conclusions 

Data collected in the three years period indicate substantial environmental sustainability of SRF crop 

system. The SRF positive effect on soil erosion control is expected to be more significant as well as the 

agroforestry management will be more consolidated, and also appreciable at soil organisms scale in terms of 

diversity and abundance (Pinzari et al., 1998 ; Fyles and Cote, 1994 ; Ugolini & Spaltenstein, 1992). In order to 

confirm the economical and ecological feasibility of the bioenergetic crop, further experimentation are needed. 

Proper comparison including conventional crops managed following low input systems (Bonari et al, 1996) will 

allow to obtain more objective results, without emphasizing the SRF environmental performances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. SRF leaf biomass production (q ha-1) in the 

experimental period. In the same row different letters 

indicate significant differences at P≤0.05 (Duncan’s Multiple 

Range Test) 

 SRFH SRFL 

1996 35 26 

1997 117 a   91b 

 

  

Figure 4.   Soil losses via runoff as recorded  

throughout the P6 sampling  periods (kg ha  -1 ).   For the  
same rainfall event bars labelled with different letters are  
significantly different P  0.05 (Duncan’s Multiple Range Test)    

 

Figure 5.   Nitrogen losses via runoff as 

recorded  throughout the P6 sampling periods (g
-1

 

ha 

  
).  For the 

same  rainfall event bars labelled with different letters are significantly 
     l  

different P0.05  (Duncan’s Multiple Range Test)   
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Abstract 

The risk of phosphorus reaching streams and surface water bodies associated with overland flow and 

sediment, where it can cause pollution, is a combination of a source connecting with a sink.  While this has been 

recognised in the literature, few models explicitly take account of the delivery of material to water bodies and 

how this relates to the source material. In this paper we present a new approach whereby the sources of material 

reaching the stream are calculated using semi-distributed functions, enabling delivery maps to be produced of 

high and low risk areas. We do this by characterising the individual flow pathways using a multiflow algorithm 

and using soil and land use information to characterise the source. Soluble phosphorus (P) is generated using a 

simple empirical relationship between soil P test values and soluble P; sediment associated P is mobilised by 

using a simple erosion model. The proportion of phosphorus is then routed through the landscape and the 

cumulative contributions of delivered-phosphorus from individual pixels is tracked. We demonstrate this using 

data from 109ha Ganspoel research catchment, Belgium. 

 

Introduction 

Erosion and sediment transport appears to be a relatively straightforward topic for modelling. Rain falls 

and impacts on the soil surface, soil particles are dislodged and may be transported by rain splash or overland 

flow. Overland flow can also detach material and transport it. This conceptualisation of erosion processes on an 

interrill area  was used by Meyer and Wischmeier (1969) in their mathematical model of the process of soil 

erosion and is still found at the heart of many process-based soil erosion models. Two key processes are 

identified: detachment and transport. Meyer and Wischmeier modelled splash detachment as a function of 

rainfall intensity, an approach also adopted in ANSWERS, KINEROS2, and GUEST (Morgan and Quinton 

2001). The transport capacity of the rainfall was described as a function of soil, slope and rainfall intensity. Flow 

detachment was modelled as a function of discharge slope and soil erodibility and the transport capacity of the 

flow as a function of slope, discharge and a soil factor. For splash and flow detachment the sediment detached is 

compared with a value for transport capacity, if the value is below the transport capacity figure the material is 

transported, above it is deposited. Meyer and Wischmeier (1969) recognised that their model was not 

comprehensive and highlighted the need for further components to be added to it. 

Similar concepts are at the heart of several 'current generation' erosion models, such as EUROSEM 

(Morgan et al. 1998a) and WEPP (Flanagan and Nearing 1995, Laflen et al. 1997). However, unlike Meyer and 

Wischmeier’s model these models have attempted to define and characterize the controls on erosion processes in 

more detail. For example, EUROSEM contains an expression linking soil cohesion to the resistance of the soil to 

erosion by flowing water. Importantly such relationships are based on only a few measurements from laboratory 

scale experiments. As a consequence, attempts to more explicitly model erosion processes have led to large 

requirements for parameters (and more complex spatial model structures) which are intrinsically uncertain and 

difficult to measure, especially at the 'effective field scale' of the processes concerned. Thus many of the current 

generation of erosion models are based upon models which we cannot easily parameterise and based on 

processes which we find it hard to characterise.  

In this brief paper we describe a modelling strategy which is a pragmatic response to the known 

complexities and uncertainties inherent in understanding soil erosion processes and P movement - well 

associated with landscape areas where surface runoff generation occurs (Heathwaite et al. 2003), this strategy 

can be outlined as follows: 

 To develop a parameter efficient method for identifying the risk of a contaminant generated at 

a given point in the catchment reaching the stream or reaching a depositional (sink) area. 

 To develop a parameter efficient method for identifying the risk of erosion and sedimentation 

and the associated transport of P. 

 The simplification of processes by primarily using surface erosion by water as the source of 

sediment and associated P movement. 

Importantly, we are trying to identify areas of erosion risk, the processes that define the mobility, 

transport and delivery of sediments and associated pollutants (i.e. P) to the stream channel through the use of 

simple topographically derived characteristics in a parsimonious and conceptually simple way. This modelling 

strategy, commensurate with the limits/extent of our spatial observations, is now discussed in more detail. 
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A simple spatial model of runoff, erosion and P loss 

Figure 1 details the spatial datasets and topographically derived characteristics that form the basis of the 

definition of the Erosion Response Unit (ERU). Using the multiflow algorithms of Quinn et al. (1991), an index 

of hydrological similarity ln(a/tan), the topographic index (Beven and Kirkby 1979), can be calculated from the  

 
Figure 1. The spatial data sets and Digital Terrain Analysis that is used to calculate and define the final Erosion 

Response Units. Data from the Ganspoel catchment, was provided by KU Leuven as part of the GTCE erosion 

model comparison. More details can be found at http://www.geog.uu.nl/lisem/research/intro.html. 

 

elevation data, for which a is the area per unit contour length and tan is the local slope angle. The index 

identifies areas with greater upslope contributing area, a, and lower gradients, , as being more likely to saturate 

during storm events than areas with lower a and higher . The topographic index is combined with the other 

spatial coverages (slope, soil type and landuse) to define locally accounted storages, fluxes and ERU 

characteristics (Figure 2) which are uniquely identified in space (Figure 1f). Using a new suite of DTA programs 

(see Beven and Freer 2001) downslope flux linkages between ERU are maintained, hence flow/erosion/P 

transport (using flowpaths derived from the surface topography) are dynamically calculated at each timestep, 

enabling the sources, sinks and delivery ratios (i.e. material reaching the catchment outlet vs material generated  

http://www.geog.uu.nl/lisem/research/intro.html
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Figure 2. A simple Erosion Response Unit (ERU) 

 

in the catchment) of simulated variables to be mapped back into space. Erosion is controlled by the 

characteristics of the slope, soil type and landuse coverages using a simple equation taking the form: 

 
025.05.1  CQSKE  (1) 

 

Where E is the Erosion (g/m2), K is the source erodibility (g/mm), S is the slope energy (radians), Q is 

the calculated surface discharge (mm) and C is the landuse modifier (fraction). The source erodibility (K) and 

the landuse modifier (C) are calculated from the soil and landuse coverage units respectfully using standard 

values adapted from EUROSEM manual (Morgan et al. 1998b). 

 

An example application – Ganspoel Catchment 

To demonstrate the spatial dynamics of the ERU model structure the model was applied to the 109ha 

Ganspoel catchment in Belgium using input/output data from May 1997-98 (3 storm events). Figure 3 shows, for 

a selected timestep, the spatial simulations of discharge (Figure 3a) and erosion (Figure 3b). Spatial discharg 

 

 
 

Figure 3. Simulated spatial discharge and erosion for a single timestep during a sample small storm event at 

Ganspoel catchment, shown for each of the 64 indexed ERU from Figure 1. 

 

is correlated to the ln(a/tan) and the soils coverage (see Figure 1), both which control the dynamics of the local 

storage units. However simulated spatial erosion, although clearly related to discharge, is further controlled by 

the local surface slope and to a lesser extent the landuse type. These results would be expected given the 

relationships shown in equation 1. Similar spatial variability can also be demonstrated for P losses (data not 

shown). 
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Conclusions 

We have shown how a simple model of locally accounted storages, expressed through use of a 

topographically derived index and a simple erosion model, expressed from slope, soil and landuse 

characteristics, can be used to simulate discharge and erosion/ P loss spatially. These results demonstrate the 

beginnings of a method which can identify the risk of source areas connecting with streams for the simulated 

variables. The objectives of this modelling exercise is to develop a spatially connected model structure that is 

both parsimonious, that has a structural complexity this is commensurate with our understanding of erosion/P 

loss processes at the catchment scale and requires limited input data.  
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The crop productivity-erosion relationship 
 

Bakker, M.M.1 – Govers,G.2 – Rounsevell, M.A.1 
 
 
Introduction 

Understanding the response of crop yields to soil erosion is of vital importance in assessing the 
vulnerability of agriculture to erosion. Correct understanding of the effect of erosion on crop productivity is not 
only important for soil conservation per se: decisions about land use by individual farmers are to some extent 
determined by the extent to which productivity is affected by erosion. Also the shape of the relationship between 
crop yield and erosion is important. Crop yield reduction due to erosion may be constant or either increase or 
decrease with increasing soil loss. The shape of the yield reduction function, therefore, has important economic 
and management implications: in the case of a convex relationship (i.e. increasing productivity loss with 
increasing soil loss) priority should be given to protecting eroded soils from further degradation as further 
erosion on these sites will lead to increasing productivity losses. In the case of a concave relationship, protecting 
already eroded soils is a less economically viable option, as further erosion will only lead to a relatively minor 
reduction in crop yield. In this case, preventing erosion of non-degraded topsoil may best preserve the overall 
production potential. 

Over the last 50 years, a significant amount of research has been carried out to study the relationship 
between erosion and crop productivity. The conclusions of this research appear to be inconsistent. Some studies 
report a strong response of crop productivity to erosion, others a much weaker effect, if any. The shape of the 
response curve also appears to be quite variable. In some cases the reported erosion-productivity relationship is 
convex, sometimes it is linear, yet in other cases it is concave.  

In this paper a review is made of research that has been carried out on the erosion-productivity 
relationship in the context of intensive, mechanized agriculture. The major aim of the paper is to investigate 
whether general patterns emerge when the numerous experimental results reported in the literature are combined 
and compared, that can help to explain the variability between studies and provide further insight into the 
erosion-productivity relationship. The paper tests the hypothesis that the lack of consistency in reported 
magnitudes of the effects of various studies can be attributed to the experimental method used, and that the 
inconsistent shapes of the response curves reported can be attributed to the regressor, i.e. the dominant process 
causing the productivity-reduction. 
 
Methods and Results 

The main regressors reported in the literature that are thought to be responsible for yield reductions are 
(a) root growth hindrance by a clayey subsoil or by a pan or bedrock, (b) water deficit, and (c) nutrient deficit. 
The methods reported in the literature that were used to asses the impact of erosion on productivity are (a) 
artificial desurfacing, (b) adding topsoil, (c) comparing yields along a transect, and (d) comparing plots that 
differ in nothing but erosion degree.  

Fig. 1 presents the data that were found in the literature and which could be quantified, i.e. where both 
the depth of soil loss as well as the yield reduction were given by the authors.  

In order to test differences between the methods, the data sets were merged by method. A pair-wise test 
for parallelism was performed for the four groups of datasets, to see if the slopes of the regression lines through 
the data sets differed significantly. For testing the difference between regressors, the same method was used on 
data sets that were created by merging data sets per regressor and per method. 

Comparative plot experiments show average reductions of 4.3% per 10 cm of soil loss; transect 
experiments show reductions of 10.9% per 10 cm soil lost, and desurfacing experiments show reductions of 
26.6% per 10 cm soil lost. The differences in yield reduction between the comparative-plot method, the transect 
method and the desurfacing method are statistically significant.  
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Figure 1. All data that could be quantified in terms of soil depth reductions and relative yield are plotted. 
Desurfacing experiments are depicted as diamonds, topsoil addition experiments as triangles, transect 
experiments as crosses and comparative-plot experiments as squares. 
 

Several arguments can be given to support the assumption that comparative plot experiments most 
closely simulate the effects of erosion on productivity under normal agricultural circumstances, and that 
desurfacing (and to a lesser extent transect studies) lead to a systematic overestimation of the effect of soil 
erosion on crop productivity. When erosion occurs gradually, a limited amount of subsoil (equivalent to the 
erosion rate) is mixed with topsoil each year. This causes dilution of the topsoil constituents that are beneficial to 
crop production such as nutrients and organic matter. Consequently, if erosion occurs again the following year at 
the same intensity, a smaller absolute amount (same relative amount) of these constituents is removed by 
erosion. Furthermore, if some of the organic matter in the topsoil is removed by erosion a disequilibrium 
between organic matter production and mineralisation is created, leading to a net production of soil organic 
matter, thereby partially compensating for the erosion losses. These processes do not occur in desurfacing 
experiments, which would cause an overestimate of the impact of erosion on crop productivity. 

The transect method also yields a stronger reduction in crop yield with soil depth reductions than the 
comparative plot method. The main weakness of this approach is that landscape position determines not only 
erosion, but also the availability of other resources for plant growth. For example, landscape positions where 
erosion is likely to occur (steep slopes, convexities) often have reduced water availability due to lateral water 
movement (Stone et al., 1985; Olson et al., 1994; Schumacher et al., 1994). Because of these co-variations 
between erosion and landscape position, many transect studies describing the effect of soil erosion on crop 
productivity may not be able to distinguish the effect of landscape position from that of erosion (Stone et al., 
1985). Comparison of transect studies with comparative plot studies suggests that the confounding effect is often 
quite significant, leading to considerable overestimation of the effect of erosion on crop productivity. 

With respect to the shape of the yield response curves found by the various researchers, these can be 
subdivided into four groups: (1) linear relationships; (2) convex relationships, where yield reductions increase 
with incremental topsoil removal; (3) concave relationships, where yield reductions decrease with incremental 
topsoil removal; (4) S-shaped curves.  

Table 1 shows a relationship between the regressor and the shape of the curve. It can clearly be seen 
that for experiments where yield reductions were caused by water deficits the response curves are convex, 
whereas for experiments where the regressor was a nutrient deficit the response curves are linear or concave. 
Where physical root hindrance or clayey subsoils were the regressor there is a slight dominance of convex 
curves. 
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The concave response of crop yield reductions to topsoil removal when nutrient deficit is the regressor, 
can be explained as follows. Nutrients that originate from organic matter are often situated at or near the surface 
and decrease in a non-linear way with soil depth. With topsoil removal the highest reductions in nutrient 
availability occur with removal of the first few centimetres of topsoil and, therefore, yield reductions will also be 
highest with these initial soil removals. This regressor becomes decreasingly limiting with soil depth, resulting in 
a concave response curve.  

In case of a water deficit, the convex response could be due to the existence of thresholds: both loss of 
storage capacity and water-holding capacity become critical after a certain threshold has been exceeded. 
Furthermore, plant responses to water availability involve a threshold: yield reductions due to limited water 
availability generally become apparent when the ratio of actual versus potential evapo-transpiration falls below 
0.75 (Doorenbos and Pruitt, 1977). Also root growth response to increases in bulk density shows non-linear 
behaviour (Neill, 1979). The combination of these thresholds result in a semi-convex response, although 
theoretically the curve consists of line segments that become increasingly steeper as each threshold is surpassed. 
 
Table 1. The number of publications reporting shapes of response curves and regressors that caused the response. 

 Convex Linear Concave S-shaped 

Water Availability 8 - - - 

Clayey B 7 1  1 

Physical hindrance 
(bedrock or pan) 

4 2 1 - 

Nutrients 1 2 7 1 

Various regressors - 1 - - 
 

When root growth is impeded by the presence of a pan or bedrock, reductions in crop yields will start as 
soon as roots encounter the restrictive layer, and will be strongest when the highest density of roots meets this 
layer. The response curve can be seen, therefore, as a result of the root morphology of a crop. For most crops 
root density increases towards the surface (Pierce et al., 1983), which will thus result in a convex response curve.  
For soils having subsoils with high clay contents, erosion will often result in a combination of limiting factors 
causing yield reductions. The increase in clays content may lead to physical hindrance for root penetration, 
resulting in a convex response curve (see above). Furthermore, an increase in clay content also affects nutrient 
and water availability. Therefore, the presence of a clayey subsoil may lead to more complex response curves. 
However, since both water availability and physical hindrance result in convex curves, this shape dominates the 
response curves of clayey soils. 
 
Synthesis and Conclusions 

The high variability in magnitudes of crop yield reductions resulting from soil depth changes published 
in the past decades can largely be attributed to the different research methodologies applied. Yield reductions 
following desurfacing were on average six times higher than those derived from comparative plot experiments. 
The transect approach also produced results that were significantly higher than the comparative plot results. It is 
hypothesized that the comparative plot experiments result in the most reliable estimations of crop yield response 
to soil erosion. Conversely, desurfacing and, to a lesser extent, transect experiments lead to a significant 
overestimation of the effect of erosion on crop yield in intensive, mechanized agriculture. 

Different response curve shapes can be related to a specific regressor: nutrient deficit leads to linear or 
concave response curves, water deficit leads to convex response curves, root growth hindrance caused by 
restricting subsoil also leads to convex response curves. This can be explained by the behaviour of the regressor 
in the soil profile in combination with the crop response to the regressor: nutrients decrease non-linearly with 
soil depth and become, therefore, decreasingly limiting with soil removal; water availability decreases more or 
less linearly with soil depth, but crop growth reduces increasingly with water availability reductions; root 
restrictions become increasingly limiting as more roots encounter the restricting layer, and since root density 
generally increases towards the surface, the impact increases with shallower (top)soils. 

The results presented in this paper suggest that the development of a general theory about crop yield 
response to soil erosion is possible. Where erosion occurs gradually and where soil management avoids severe 
nutrient shortages, the remaining regressors are physical hindrance and water deficit. The shape of the response 
curve of crop growth to topsoil reductions is generally convex. Yield reductions caused by these regressors are 
around 4% per 10cm of soil lost. This means that areas suffering from moderate erosion rates (around 10 
ton/ha/year) will lose on average 0.4% yield per decade, but for areas suffering from more severe erosion this 
can easily become ten-fold greater. In general, the reduction in crop yield will become more severe with 
progressing erosion as root growth becomes increasingly more difficult.  
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Thus, with respect to land management, attention should be paid to soils with growth-restricting clayey 
subsoils, pans or bedrock. Even though erosion may not have resulted in severe productivity losses so far, future 
erosion will show increasingly severe losses with equal erosion rates. As the response of crop yield to erosion is 
generally convex, specific attention should be paid to soils that have already suffered from erosion, but which are 
at this stage still productive.  
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Properties and sustainable management of cambic arenosols 
 

Szafranek, A.1 – Skłodowski, P. 
 
 
Introduction 

Land use and land planning are of increasing concern becouse of limited soil resources and their many 
possible uses. A soil’s suitability for particular use often depends on characteristics of its properties. About 29 % 
of Polish soils is composed of Cambic Arenosols (ARb). In some regions the number is much higher. Cambic 
Arenosols are infertile, acid with limited water-holding capacity and permanently dry . In many regions Cambic 
Arenosols are abandoned for crop production. 

Since many years we are involved in study which are referring to determine the characteristic and 
changes taken place in soils with respect to sustainable management.  

The main objective of the study was to evaluate physical, chemical and agricultural usefulness of 
Cambic Arenosols which ocuur within Wysokomazowiecka Upland developed from sand with respect to 
sustainable agricultural development.  
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Figure 1. Layout of investigated 
mezoregion - Wysokomazowiecka 
Upland  

 
Materials and methods 
Two representative complexes of agricultural usefulness of soil were 
studied – Weak rye complex  (complex 6) and Rye – lupinus complex   
(complex 7).  
Soil samples were taken from Ap, Bv, BvC and C horizons. Upper 
horizons are represented by composit samples taken from many fields 
representing the same soil unit. The soil material was air dried  and 
passed through a 1 mm sieve. In all samples granulometric 
composition, pH, Alexch, exchangeable acidity, hydrolytic acidity, 
exchangeable cations – Ca2+, Mg2+, K+ and Na+ , organic carbon 
content were determined.The amount of plant available 
macronutrients were determined as well. Soil pH was determined 
using a 1:.2.5 soil - water ratio and a 1 : 2.5 1M KCl ratio. 

Organic  carbon was determined by the Tiurin method; exchangeable aluminium were determined by Sokołow 
method; hydrolytic acidity by Kappen method; Ca2+, Mg2+, K+and Na+ were extracted with 1M ammonium 
acetate and determined by AAS ,  plant available macronutrients  - P and K were determined by Egner – Riehm 
method, Mg - by Schachtschabel metchod . Each soil unit is represented by minimum 4 soil profiles. Selected 
properties of soils studied are given on figures 2 -16. 
 
Selected properties of Cambic Arenosols (average values) 
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Figure 6. Exchangeable bases – Ca++  Figure 7. Exchangeable bases - Mg ++ 
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Figure 8. Hydrolytic acidity.  Figure 9. Sum of bases  
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Figure 10. Saturation of bases  Figure 11. Share of cations in CEC 
   

73

41
56

35

89

49
35

18

0,0

20,0
40,0

60,0
80,0

100,0

Ap Bv BvC C Ap Bv BvC C

Weak rye complex Rye - lupin complex

m
g 

P 
/ k

g

 
37

18 15
19

36
43

31

17

0

10
20

30
40

50

Ap Bv BvC C Ap Bv BvC C

Weak rye complex Rye - lupin complex

m
g/

kg

Figure 12. Plant available phosphorus  Figure 13. Plant available potassium 

 136 



2,4
1,5

2,1

4,0

2,9
2,5 2,2 2,3

0,0

1,0
2,0

3,0
4,0

5,0

Ap Bv BvC C Ap Bv BvC C

Weak rye complex Rye - lupin complex

m
g 

/ 1
00

 g
 

6

4,7
5,2 4,8

3,8
3,3

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0

Ap Bv C Ap Bv C

Weak rye complex Rye - lupin complex

Figure 14. Plant available magnesium – Mg  Figure 15. Plant available water ( in  w.w  %) 
 
Discussion and conclusions 

Soil agroecological utility complexes for agricultural purposes represents an index, which combine 
factors of soils like – parent material, texture, lay – out in the relief, water conditions – like water holding 
capacity or water table. Cambic Arenosols belongs mainly to Weak rye complex (6) and Lupin – rye complex 
(7). Soils representing weak rye complex are developed from sand with low content of clay and are periodically 
dry, whereas lupin-rye soils are permanently dry with very deep water table. 

The amount of plant available water in investigated soils, decreased together with the decrease of their 
agricultural usefulness. Bv horizons contained more plant available water, comparing to Ap horizon. It is 
connected with granulometric composition. The field water capacity of Cambic Arenosols had its highest values 
in Ap horizons and it was decreasing with the depth. 

Obtained results prove, that increase of acidity results in a series of significant changes of sorption 
properties of soils, namely:  

- increase of exchangeable acidity and, first of all increase of the content of exchangeable aluminum in 
the sorption complex; 

- decrease of the content of calcium and magnesium, especially plant available magnesium;  
- increase of the content of exchangeable potassium in the sorption complex, in relation to calcium and 

exchangeable magnesium . 
Cambic Arenosols formed from sand containing 3 - 4 % of clay were characterised by the higher 

sorption of phosphorus, comparing to similar soils formed from loose sand, with very low content of clay. This 
sorption increased with increase of the content of iron and aluminium in soil. 

The quality and agricultural usefulness of Cambic Arenosols, used for agricultural purposes have been 
lowered within 20 years by : the increase of acidity, decrease of the organic matter content and decrease of plant 
available magnesium. 

Taking into consideration objectives and tasks of sustainable agriculture and sustainable land 
management, we are coming to conclusions, that the present agrochemical evaluation of soils should be 
developed by cation sorption capacity in representative units of soils, with consideration of arable-humus and 
sub-humus horizons.  

Cambic Arenosols classified to the 7th (the weakest) rye-lupin complex were characterised by the lowers 
quality and agricultural usefulness. These soils should be gradually excluded from production and their functions 
should be changed for other purposes (forests, etc.). 

In regards to the needs of sustainable management of soil resources, results of soils evaluation should be 
presented on a digital soils-agricultural map at the scale of 1:25000. This system enables the creation of any 
thematic map, which presents phenomena in time and space. 
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The influence of sapropel on the changes of Haplic Luvisols properties and on the 
productivity of crop rotation 

 
Bakšienė, E.1 

 
 
Abstract 

The possibilities to use sapropel for fertilization have been investigated in the Vokė Branch of 
Lithuanian Institute of Agriculture since 1984. The experiments were carried out on sandy loamy haplic luvisols. 
In the crop rotation with the application of 50, 100, 150, 200 tha-1 rates of dry calcareous sapropel.  
Summarized results of a long-term experiment showed that by the end of a second and third rotations the 
influence of sapropel on agrochemical properties of haplic luvisols was positive. The usage of calcareous 
sapropel for fertilization on sandy loamy haplic luvisols has shown that sapropel reduced the acidity of sandy 
loamy soil, increased the amount of absorbed bases, humus, total nitrogen, and mobile phosphorus. The amount 
of available potassium has decreased. 

The results of investigations have shown that the highest rates (150, 200 tha-1) of dry sapropel after 18 
years of application increased the productivity of crop rotation. The highest rate of sapropel used (200 tha-1) was 
almost of the same effectiveness as manure. 
 
Key words: sapropel, soil, conditions, yield. 

 
Introduction 

Lithuania is the land of lakes. Their number (of those above 1 ha in area) is as high as 2830. Many lakes 
are silty, they are decaying and turning into marsh.  

As lakes are silting the concentration of phytoplankton increases. Such lakes are suitable neither for 
recreation nor for pisciculture; they can even become the source of infection diseases. There is plenty of means 
to reduce lake silting (Kavaliauskiene 2000). However, dealing with the already silted lakes most attention is 
given to mechanical cleaning – removal of lake sapropel (from the Greek language: sapro – decay, pelos – silt). 
If they are properly used come costs involved in the cleaning could return. Application of lakes sapropels as 
fertilisers looks most appropriate. Besides, the highest numbers of silted lake are in the zone with unfertile, fine 
textured soils where requirement for fertilisation is the highest. In sapropel the amount of bacteria decomposing 
cellulose is not high; therefore, the functioning of lake sapropel is more prolonged than of other organic 
fertilisers. It is of utmost importance in cultivated soils.  

The lakes sapropel contain 15-90 % of organic matter. Their chemical composition contains all 
macroelements and line microelements necessary for plants, biologically active substances - vitamins, enzymes, 
antibiotics (Troels-Smith 1955). Besides in Lithuania the region of the main lake sapropel resources is also the 
region of poor and erosive soil. So we have organic sapropel there, where need it for soil first of all. The 
sapropel extracted from lakes can be used for land amelioration. Its mineralization is slow, so it improves the 
properties of light textured soils for a long time (Encke & Körschens 1988; Gruner & Belau 1990; Liepins 1993; 
Orlov & Sadovnikova 1996). 

All lakes sapropels are subdivided into organic (50-90 % of organic mater), calcareous (30-60 % of 
calcium carbonate), siliceous (25-45 % of silicon dioxide) and mixed. All kinds of sapropels are used to fertilize 
infertile soils.  

The experiments with the purpose to study the possibilities to use sapropel for fertilization have been 
carried out in the Vokė Branch of Lithuanian Institute of Agriculture since 1984. 
 
Materials and Methods 

The experiments were carried out on sandy loamy haplic luvisols (pH – 6.1, P2O5 - 230-262, and K2O - 
159-194 mgkg-1 soil, humus - 1.81-1.92 %). Maize (Zea mays L.), barley (Hordeum L.) with undersowing, clover 
(Trifolium pratensse L.), winter rye (Secale cereale), potatoes (Solanum tuberosum L.), and oats (Avena sativa 
L.) were studied in the rotation with the application of 50, 100, 150, 200 tha-1 rates of dry calcareous sapropel (S) 
from Lake Ilgutis (Vilnius district), which contained N - 1.20, P – 0.041, K - 0.005, Mg - 7.89, CaCO3 - 33.0, 
organic matter - 30.0 % of the dry matter.  

Manure (100 tha-1) (M) was used in order to compare its effect with sapropel. Both were applied to the 
first crop (maize) in the rotation.  
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The end of the first and second crop rotations renewed treatment with 100 tha-1 manure. Within the 
rotation further effect of sapropel was observed. Mineral fertilizers (N30-60-90-120P60K60-90) were strewed in soil 
before sowing each plant of the rotation. 

Agrochemical properties of soil were evaluated before the experiments (in 1984-1985) and after the end 
of first (in 1989-1990), second (in 1995-1996) and third (in 2001-2002) crop rotation from seven treatments and 
four replications.  

All fertilizers, except for the mineral fertilizers, were applied at the beginning of the rotation, before 
sowing. During the following years the further effect was observed. All rates of sapropel were calculated for dry 
mass. Minimum rates of mineral fertilizers (N30-60P30-40K50-60) were applied annually before sowing.  

Data of soil properties and yield were treated according to computer programme ANOVA. Data was 
evaluated according to Fisher criteria (F) and LSD05. 
 
Results and discussion 

The experiments revealed that the use of calcareous sapropel for fertilization has a positive influence on 
agrochemical properties of sandy loamy haplic luvisols. 

Fertilizing with various rates of sapropel decreased acidity of soil (fig. 1), pH increased by 1.0 – 1.3. 
With the increasing rates of sapropel the total amount of absorbed bases increased proportionally by 159 - 380 
m-equivkg-1 soil. Application of fertilizers increased the content of total nitrogen by 0.003 – 0.036 % units, 
humus – by 0.56 – 1.19 % units and available phosphorus by 44 - 90 mg kg-1 of soil. While the amount of 
available potassium decreased by 7 - 43 mgkg-1 of soil, because there is little amount of it in the sapropel. 

By the end of the second crop rotation the influence of sapropel to agrochemical characteristics of sandy 
loamy haplic luvisols remained positive. In comparison with the first crop rotation, the soil acidity did not 
decrease, pH was 7.2-7.4. At that time the control pH was 6.3. The changes of total amount of absorbed bases 
also remained increased (in treatments with sapropel - 101-258, and in treatment with manure 34 m-equivkg-1 of 
soil), humus - respectively: 0.15 – 0.30, and 0.40 % and amount of mobile phosphorus was –12 - 50, and -26 
mgkg-1 of soil of respectively: The amount of mobile potassium was smaller (33 -61 mgkg-1 of soil) in treatments 
with sapropel than in the treatment with manure (83 mgkg-1 soil). 

Comparing the data of agrochemical indices after third of crop rotation with the data of agrochemical 
indices after the second crop rotation, we can notice that long-term efficiency of different rates of calcareous 
sapropel has decreased, but has not achieved an initial data which was before carried out of experience. PH of 
soil has not changed. Sum of absorbеd bases has remained on 74-167 m-equivkg-1 soil above than was in the 
beginning. Also there were major indices of the total nitrogen (0.007 - 0.021 % units) and humus (0.06-0.30% 
units). Results show that efficiency of manure was finished much faster, than sapropel.  

In comparing data of mobile phosphorus and potassium with the data of the previous rotation their 
amount has increased in all treatments with fertilizing of all rates of sapropel and manure (by 47-125 mgkg-1 soil 
phosphorus and on 19-100 mgkg-1 soil potassium). 

The introduction of different rates dry sapropel in sandy loamy soil has corresponding influence on the 
increase of productivity of plants in three crop rotations. 

The cumulative curve of the increase of plant productivity (Fig 2) showed that during first four years of 
crop rotation the efficiency of the smallest rate (50 tha-1) of sapropel was equal to the efficiency of manure. 
Higher rates (100-200 tha-1) of sapropel proportionally increased the productivity of crop rotation. However 
during the years when in the crop rotation potatoes and oats were cultivate, all rates of sapropel have reduced the 
productivity of these plants and the rate from 50 tha-1of sapropel has established negative effect. 

In the second crop rotation the productivity increased from the repeated introduction of manure and 
further effect of the largest rate (200 tha-1) of sapropel was even more efficient. However, at repeated cultivation 
of potatoes and oats, the negative effect of sapropel (50 tha-1) on the productivity reappeared, as in the first crop 
rotation.  

The data show that when began the third crop rotation, the cumulative curve began to rise but in 2001 
and 2002 when in the crop rotation were breeding potato and oat the curve, as well as in previous crop rotations 
has decreased too. 
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Figure 1. Changes of agrochemical indices after fertilization of sandy loam haplic luvisols with calcareous 
sapropel (I - agrochemical indices after first crop rotation; II - agrochemical indices after second crop rotation; 
III - agrochemical indices after third crop rotation; 1-7 – treatments of trials). 
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Figure 2. The cumulative curve of yield increase from the different rates of calcareous sapropel. 
1 - check; 2 - S 50 tha-1 ; 3 - S 100 tha-1; 4 - S 150 tha-1; 5 - S 200 tha-1; 6 - M 100 tha-1. 
 
Conclusion 

1. The usage of calcareous sapropel for fertilization on sandy loamy haplic luvisols has shown that 
sapropel reduced the acidity of sandy loamy soil, increased the amount of absorbed bases, humus, total nitrogen, 
and mobile phosphorus. The amount of available potassium has decreased. By the end of the second and third 
crop rotation the influence of sapropel on agrochemical properties of sandy loamy haplic luvisols was positive. 

2. Summarized results of a long-term experiment on sandy loamy soil have shown that the highest rates 
(150, 200 tha-1) of dry sapropel after 18 years increased the productivity of crop rotation. The highest rate of 
sapropel used (200 tha-1) was almost of the same effectiveness as manure. 
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Conventional and conservation tillage from pedological and ecological aspects,  
The SOWAP project 

 
Kertész, Á.1 

 
 
Introduction 
 Conservation agriculture is in a way the new discovery of „old fashioned” agriculture, i.e. of the 
agriculture practised before the discovery and application of high tech machinery in agriculture. Even before the 
usage of soil cultivation machines cultivation was performed by inverting the soil using the plough or similar 
tools. According to our understanding conventional agriculture is based on tillage and it is highly mechanised. 
Conventional agriculture causes severe land degradation problems including soil erosion and pollution as well as 
other environmental damages like biodiversity and wildlife reduction, low energy efficiency and a contribution 
to global warming (Boatman et al. 1999). 
 According to the SOWAP project (Soil and Surface Water Protection Using Conservation Tillage in 
Northern and Central Europe, 2003) definition Conservation Tillage (CT) is understood as tillage practices 
specifically intended to reduce soil disturbance during seedbed preparation. The objective being to improve soil 
structure and stability. Conservation tillage encompasses a range of tillage practices up to and including „Zero 
(no) Tillage”. 
 Conservation Agriculture (CA) is a holistic approach to crop production, which encompasses 
„Conservation Tillage”, and also seeks to preserve biodiversity in terms of both flora and fauna. Activities such 
as Integrated Crop, Weed, and Pest Management form part of Conservation Agriculture. The concept of „As 
little as possible, as much as is needed” will be the guiding principles for SOWAP in crop production, when it 
comes to chemical usage. 
 Sustainable Land Management (SLM). This is one step beyond „Conservation Agriculture” and includes 
other „non-crop” activities used to promote biodiversity (landscape) historic character in the wider „farmed” 
landscape. 
 Conservation tillage is practised on 45 million ha in the world (Holland 2004), first of all in North and 
South America and with an increasing trend in South Africa, Australia and in other semi-arid areas. 
 It is interesting that the application of CA in Europe has developed slower than in other parts of the 
world. Table 1 shows data about CA and direct drilling in different EU countries. Switzerland and the UK are in 
leading position with 40% and 30% of the agrarian surface. 
 
Table 1. Estimation of surface under Conservation Agriculture and Direct Drilling in different European 
Countries (data obtained from ECAF National Associations) 

   

Surface under 
Conservation 
Agriculture 

% Agrarian 
Surface 

Surface under 
No-Till 

% Agrarian 
Surface 

Belgium  140.000 10%   
Ireland  10.000 4% 100 0,3% 
Slovakia  140.000 10% 10.000 1% 
Switzerland  120.000 40% 9.000 3% 
France  3.000.000 17% 150.000 0,3% 
Germany  2.375.000 20% 354.150 3% 
Portugal  39.000 1,3% 25.000 0,8% 
Denmark  230.000 8%   
United Kingdom  1.440.000 30% 24.000 1% 
Spain  2.000.000 14% 300.000 2% 
Hungary  500.000 10% 8.000 0% 
Italy  560.000 6% 80.000 1% 
TOTAL  10.054.000  960.250  
 
 The reasons why Europe is behind the rest of the world can be summarized as follows (European 
Conservation Agriculture Federation, 1999). (1) There is less need to take risks because the reduction of costs is 
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not as important than elsewhere. (2) Lack of technology. (3) Lack of technology transfer. (4) Lack of 
institutional support. 
 Soil degradation has not been considered to be a major problem in many European countries until 
recently. According to Oldeman et al. (1991) in Europe water erosion endangers 12% of the total land area and 
wind erosion 4%, 16% of the cultivated land is prone to different kinds of soil degradation. Today there is an 
effort to reduce production costs as well. 
 Generally it can be said that CA is an important tool in those regions of the world where soil erosion is a 
major problem and where the retention of soil moisture is an important goal. Keeping the water in the soil is 
equally important if flood and drought are to be avoided. 
 
Benefits for the soil 

The main benefit of CT is that the soil will be preserved more or less in semi-natural conditions as soil 
disturbance by cultivation in minimized and physical and chemical depletion are reduced. 

Soil structure remains very good with drainage, porosity, adsorption capacity and structural stability 
(Lavier et al. 1997). 

Compaction and loss of soil structure can be stopped or reduced by applying CT as well, since there is 
less traffic on the field and crop residues will not be buried in the soil. It is good for soil organic matter, too. 

As it is well known, organic matter influences soil structure, soil stability, buffering capacity, water 
retention, biological activity and nutrient balance, all of these determining erosion risk as well (Holland 2004). 
Loosing organic matter can be catastrophic for erosion. If the C content of the soil is below 2% erosion may take 
place (Evans 1996). The OM content of the soil diminishes under conventional cultivation rather quickly. 
Kinsella (1995) estimates that most agricultural soil loose 50% of soil C. When CT is applied crop residues 
remain on the soil surface offering a very good protection against erosion. 
 
The SOWAP project 
 Recognising the benefits of CA a demonstration project started in 2003, supported by the EU LIFE 
Programme, involving the organisations listed at the end of this paper. This three-year, 4 million € project is co-
funded (50:50) by EU Life and Syngenta. 
 SOWAP (SOil and WAter Protection) aims to assess the viability of a more “conservation-oriented” 
agriculture, where fewer tillage practices replace the numerous cultivations carried out under more 
“conventional” arable farming systems. The use of appropriate chemicals is tested, and their potential for off-site 
contamination assessed, to ensure that any suggested approaches are environmentally sound. 
 The main study topics of the project are as follows:  

(1) Soil erosion studies are based on erosion plots, which are used to compare conventional, farmer and 
SOWAP practice and to measure sediment, pesticide and nutrient loss and runoff from these 
systems. 

(2) Aquatic Ecology studies are an important part of the ecology – environment block of SOWAP. Soil 
disturbance produced by tillage creates high runoff rates and silty water that drains into streams, 
ditches and ponds. This results in reduced water clarity, enhanced levels of nutrients, organics, 
pesticides and silty bottom sediments. SOWAP will study the effects of „conservation” tillage on 
stream biodiversity (fish, invertebrates and plants) water chemistry and sediment loading  

(3) Biodiversity – Birds and Terrestrial Ecology. Key biological indicators will assess the impacts of 
differing land management practices on ecosystem sustainability. Counts of foraging farmland 
birds in winter and in the breeding season will be undertaken. Of particular interest is the 
comparison of UK agriculture with the currently, lower intensity agriculture of Hungary. The 
abundance and availability of seed and invertebrate food resources will also be assessed. 
Earthworm numbers will be important indicators of soil „health”. 

(4) Soil Microbiology. The soil microbiology component of the project will complement the physical 
and chemical measurements of soil undertaken in the erosion topic by monitoring biological 
indicators. The work will involve micro and macro biological survey recording indicator species 
and communities/populations thereby indicating levels of bio-diversity in the soil. Details on 
microbial biomass and community structure and function will add to the complex picture of 
biological activity in the soil under the different management regimes. 

(5) Agronomy. Changes in the way crops grow and are grown in response to different soil management 
regimes are important to understand and disseminate. To facilitate this understanding, various 
assessments e.g. crop cover, date of emergence, disease prevalence, weed incidence will be made 
during the season and over the three year duration of the project, thereby taking into account the 
farm's crop rotation. 

(6) Economics. The economic viability of the practices employed will be key to their successful uptake 
by farmers inside and outside the project. Project farmers will be encouraged to keep farming 
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calendars throughout the project duration, noting economic inputs (costs of land preparation, 
treatment application, cultivations and management practice, harvesting costs, marketing costs, 
transport, variable and fixed costs, gross margins) and outputs (yields). 

 
Environmental benefits 
 The environmental benefits of CA include on-site and off-site effects, the latter having local, regional or 
global importance. 
 From global aspects carbon and other greenhouse gases have to be mentioned first. CA means the 
reduction of energy consumption and mechanical work, reducing the emissions of CO2 and CO gases. CA 
promotes carbon sequestration in soils. Reduced mechanical activity means less SO2 emissions from motors 
mitigating acidification of the atmosphere. 
 As a consequence of CA, air pollution is also reduced. 
 Concerning global biodiversity, CA offers better nesting sites and better food supplies (Belmonte 1993). 
CA fields host higher bird, small mammals and game population (Guedez 2001). 
 The benefits for soil biodiversity are self-evident. Excellent food and habitat are provided for 
microorganisms, earthworms and insects, promoting bioactivity and biodiversity of the soil. 
 As mentioned above, soil moisture conditions are much better, than under conventional agriculture. 
Better water management of the soil is manifested in reduced runoff by 15-89% (Holland 2004). 
 Above the positive influence of CA on infiltration, runoff, leaching CA helps to reduce the risk of 
pollutants to reach surface and groundwater. There is an indirect positive affect of CA on aquatic ecosystems. 
 
Details about the Hungarian sites will be given in the conference papers of Bádonyi – Madarász. 
 
Organisations involved in SOWAP 

¾ Agronomica, U.K. 
¾ Cwi Technical Ltd, U.K. 
¾ FWAG, U.K. 
¾ Harper Adams University College, U.K. 
¾ Geographical Research Institute of Hungarian Academy of Sciences, HU 
¾ National Trust, U.K. 
¾ Cranfield University – NSRI, U.K. 
¾ RSPB, U.K. 
¾ Syngenta, U.K./HU 
¾ The Allerton Trust, U.K. 
¾ The Ponds Conservation Trust, U.K. 
¾ University of Leuven, Belgium 
¾ Vaderstad, U.K./HU 
¾ WOCAT, The Netherlands 
¾ Yara (UK) Ltd, U.K. 
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Field evidence of intense tillage erosion 
 

de Alba, S.1 – Borselli, L. – Torri, D. – Lindstrom, M.J. 
 
 

Soil redistribution due to tillage practices has been identified as an intensive soil erosion process. 
During the last decade have been published an important number of papers documenting the mechanics of the 
process and the rates of soil displacement for different tillage implements and agronomical conditions. Several 
models of soil translocation and soil redistribution by tillage are being developing and applying in order to 
simulate the progressive transformation of landscapes and study the derived implications of such landscapes 
transformation on the water erosion, surface and subsurface hydrology, active geomorphic processes, soil 
variability, productivity, etc. However, still today part of the soil scientists community do not acknowledge the 
significance and importance of the consequences of the soil redistribution by tillage in the evolution of the 
agricultural landscapes. This reveals the need for studies for identifying current landscape features produced by 
past repeated tillage practices, as well as for documenting the different bio-physical implications. This 
communication presents several examples of field evidence observed in agricultural fields of Central Spain, 
Tuscany (Italy) and Central Minnesota (USA). The collection of field evidences are presented grouped according 
to the nature of the effects, into the following four classes: 

1) Landscape levelling and smoothing: features of change of the soil surface level;  
2) Modification of morphology of slope profiles: formation of banks at the lower field edges, 

landscape benching by the formation of slope profile breaks at borders between adjacent fields 
located at mid-slope positions;  

3) Spatial variability of soil properties: patterns of distribution of areas of degraded soils 
(truncated soils) and of soil accumulations, spatial variability of soil properties in the 
superficial soil horizons, and variability of soil profiles morphology along the slope profiles; 
and,  

4)  Spatial variability of productivity: relationships between relieve and spatial variability of soil 
properties and productivity. 

 
Key words: tillage erosion, soil redistribution, field evidences, slopes morphology, soil variability, productivity. 
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A case study of soil and water protection using conservation tillage from the SOWAP 
project 

 
van Lynden, G.1 – Jones, C. – Leake, A. 

 
 
The SOWAP project 

SOWAP is an acronym for a project called “Soil and Surface Water Protection using conservation 
tillage in Northern and Central Europe”. SOWAP is a EU-LIFE Environment -supported project jointly 
implemented by Syngenta, the University of Leuven, ISRIC, Vaderstad (machinery manufacturer), the 
Geographical Research Institute of the Hungarian Academy of Sciences, and the National Soil Research Institute 
of Cranfield University, as well as a variety of national partners.  

SOWAP aims to assess the viability of a more “conservation-oriented” agriculture, with fewer tillage 
operations minimising negative impacts on the environment. SOWAP will work at the farm scale, although 
detailed monitoring will take place at the plot level, allowing sufficient resolution and replication of data. 
SOWAP’s focus is the UK, Belgium and Hungary. Field sites (farm scale) with collaborative farmers are 
identified within each country, and the proposed conservation tillage system will be applied at each site. Local 
variations and farmer/land owner preference will be considered (without losing the potential environmental 
benefits of that system) and documented. Consultation and participation by all stakeholders is critical to the 
success of SOWAP. In addition to agronomic and economic aspects, the ecological impacts on wildlife (birds in 
particular) and aquatic species will be monitored.  

SOWAP field sites have been sited in each of the three countries for demonstration purposes. In the UK 
there are two sites, one in West Somerset and a second on the Leicestershire/ Rutland Border. Single site have 
been located in Belgium and Hungary. Along with these demonstration sites, other co-operating farmers and 
farmer organisations have been identified, where demonstrations and comparisons between various land 
management practices can be tested. The research sites for erosion, aquatic ecology and terrestrial ecology do 
not necessarily coincide. Each erosion site has a weather station with data being directly accessible from the 
SOWAP Website. This can be queried for past erosion events or weather data every day or month. 
 
The WOCAT programme  

SOWAP will build upon the work of the World Overview of Conservation Approaches and 
Technologies programme (WOCAT). ISRIC - World Soil Information, as a member of the WOCAT 
Management Group, represents WOCAT in the SOWAP project and will be responsible for the documentation 
and dissemination task.  

During the past decade WOCAT has developed and tested a standard method to document, monitor and 
evaluate soil and water conservation (SWC) know-how and to disseminate it around the globe in order to 
facilitate exchange of experience. A set of three comprehensive questionnaires and a database system have been 
developed to document all relevant aspects of SWC technologies and approaches, including costs and benefits, 
uptake, area coverage, etc. A SWC technology is defined by WOCAT as: “the agronomic, vegetative, structural 
or management measures (or combinations of these) that control soil degradation and enhance productivity in the 
field. A SWC approach constitutes “the ways and means of support that help to introduce and implement, adapt 
and apply a SWC technology in the field” (WOCAT, 2004). 

At the field level the WOCAT questionnaires offer SWC experts, technicians and extension workers a 
common framework and methodology to document and evaluate their own experience. One proven benefit of 
filling in the questionnaires is an in-depth analysis and evaluation of one's own SWC activities. SWC 
institutions, planners, co-ordinators and decision-makers at the national and regional planning levels need to 
obtain and maintain an overview of SWC activities. WOCAT helps to efficiently pull together and apply relevant 
SWC knowledge that is available in their working areas. 

The database which contains 300 technology case studies and more than 200 approaches from 40 
countries (though not all have been validated or completed) is used worldwide by a variety of government 
departments, project staff, scientists and extension workers to promote such practices.  

Within the SOWAP project the WOCAT method will be used to document and evaluate the tested 
practices. Other practices not tested on the SOWAP field sites will also be documented and evaluated, resources, 
time, and funds permitting. 

With just three case studies from Switzerland and a few from Serbia, Europe is under-represented in the 
WOCAT database.  
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Dissemination 
WOCAT disseminates its information via the Internet, CDs and workshops that facilitate personal 

contact with other specialists and immediate exchange of experience. 
Together with the aforementioned WOCAT channels of dissemination, SOWAP will also independently 

develop a dissemination - or in more fashionable terms: upscaling - strategy. For such a strategy all target groups 
have to be identified, as well as the type and contents of the information required by these beneficiaries. The 
target groups identified in the SOWAP project document cover a very wide range of institutional and 
professional backgrounds and interests (SOWAP, 2002). Three major levels of dissemination can be 
distinguished: 

− local: farmers, land owners and estate managers, local policy makers and advisory organisations 
− national: farmer organisations, agricultural advisory organisations, national policy makers and advisory 

organisations, researchers and academia, industry. 
− EU: policy makers at EU level 

These beneficiaries may have different as well as overlapping information needs and interests and need 
to be addressed through a variety of dissemination means. The latter may include workshops and field visits (for 
instance for farmers, and field-based organisations), technical documents and scientific papers (technicians, 
researchers), brochures and leaflets, TV, radio and written press (general public, policy makers), a project 
Website, electronic newsletter, etc. and of course papers and posters presented at conferences such as ISCO. 

The dissemination process will highlight the site-specific elements that need to be considered.  This is 
or at least should be obvious for bio-physical conditions, but is often less so for socio-economic conditions / 
human environment. Dissemination should therefore be an interactive process with active involvement of the 
target beneficiaries. 
 
The SOWAP site at Loddington (UK) 

The project in the UK has already started to organise workshops and open days for farmers, agronomists 
and extension workers. Tremendous support has been given to the project in bringing these workshops into being 
by local organisations such as the National Trust, the Farming Wildlife and Advisory Group (FWAG) and the 
Allerton Research and Educational Trust. 

This paper presents a new case study on “non-inversion tillage” from the SOWAP site at Loddington in 
the UK. The site is located in Leicestershire and is owned by the Allerton Research and Educational Trust.  
The concept of “non-inversion tillage’ implies cultivation of the top 10 cm of the soil without complete 
inversion. Within the SOWAP project, this is designated as conservation tillage. The concept of conservation 
tillage was originally devised in the US after the notorious “Dust Bowl” in the 1930’s. Various forms of 
conservation tillage have since been developed. The technology described here was introduced into the area 
some 20 years ago.  

Non-inversion tillage includes various methods of preparing a seedbed from the stubble of a previous 
crop without the use of a mouldboard plough, as used in conventional tillage systems. 

Economic benefits include reducing crop establishment cost by making energy and financial savings in 
terms of fuel and labour. Environmental benefits include the reduction of mineralisation and leaching of soil 
nitrogen, decreased risk of soil erosion, as well as increased biodiversity as observed in North America and 
Belgium.2 

WOCAT has developed a system of “Assessment Indicators” that help users to make an evaluation of a 
technology. It groups various questions from the questionnaire under a number of general headings which are 
considered key indicators for success or failure of a technology. These indicators are:  
 
 Costs and returns (inputs and outputs) 
 Economic benefits/disadvantages 
 Acceptance or adoption 
 Required / available knowledge 
 On-site ecological benefits/disadvantages  
 Off-site ecological benefits/disadvantages  
 
 
 
 
 
 
 
2 http://www.google.nl/search?q=cache:8ZAwUs28dfIJ:www.harper-
adams.ac.uk/research/kchaney/Heidi_280803.ppt+non-inversion+tillage&hl=nl&ie=UTF-8 
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For the Loddington case study this reveals that rather than production increase which is fairly marginal 
(5-10%) the key drivers are lowering establishment costs, higher work rate (more hectares per hour) and 
therefore crops establish earlier prior to heavy winter rain. This has enabled a larger area to be cultivated which 
reduces unit costs per area. Other (expected) benefits play a role such as soil cover improvement, increase in soil 
moisture, soil fertility increase, soil loss reduction, efficiency of excess water drainage. Biodiversity and soil 
biology are enhanced, surface water quality improved, flooding and siltation reduced. The latter issues are not of 
prime interest to the farmer  but have greater societal relevance. In general there is not one clear benefit but 
rather a mixture of relatively small benefits that combine to make this technology an attractive option for the 
land user. A number of years of continued treatment may be required before beneficial effects of non-inversion 
tillage are manifested in improved topsoil tilth3. SOWAP aims to further investigate the precise effects of the 
technology on the aforementioned aspects and provide practical and technical solutions for farmers seeking to 
adopt this practice. In the UK the spread of minimum tillage has grown from 15 to 40% in the past decade. 

Initial investment costs are considerable because the technology requires expensive specialised 
machinery. The farmers nevertheless implement the technology without subsidies so savings in time and fuel 
costs for farm operations are providing sufficient motivation, in addition to their environmental responsibility. 
Whereas most SWC practices often require extra costs because the activities undertaken are additional to 
“normal” agricultural practice, in the case of conservation tillage the agricultural practice itself is changed. 

While in the EU production is subsidised there are no subsidies, which are solely aimed to encourage 
SWC. However, there are various subsidies to encourage environmental benefits e.g. retention of winter stubbles 
which, although aimed at encouraging bird populations also reduces soil erosion, or buffer strips which protects 
water courses. The nature of these subsidies is changing with greater emphasis shifting from production to 
environmental protection. In the UK soil management will be one option in a range of options that the farmer 
can choose for his environmental payment. 

At the Loddington site the Allerton Educational and Research Trust is experienced in operating 
workshops which provide technical research input from experts coupled with field demonstrations. The topics 
covered in the workshops are arranged in response to requests from farmers searching solutions to problems they 
are experiencing in the field. Such events, tailored to meet the needs of land users, are frequently over-
subscribed, highlighting the desire within the farming community for knowledge. The SOWAP demonstration 
field at Loddington allows for the first time a link to be made between crop establishment costs, crop yields and 
economics with soil and water protection and other aspects such as soil biological activity and wildlife. These 
latter benefits are likely to be linked to financial rewards under the reformed CAP regime.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 Munkholm, Lars J. and Schjønning, Per and Rasmussen, Karl J. (2001) Non-inversion tillage effects on soil 
mechanical properties of a humid sandy loam. Soil and Tillage Research 62(1-2):1-14. 
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Tillage erosion under different tillage systems in Croatia 
 

Kisic, I.1 – Basic, F. – Othmar, N. – Mesic, M. 
 
 
Abstract 
 Erosional drift was recorded during the nine-year investigation cycle (1994-2003.) on Stagnic Luvisol, 
in central Croatia, under common agricultural crops grown in 6 tillage treatments. This work presents the results 
relating to the total erosional drift, with special reference to the time of occurrence of erosional drifts per USLE 
crop development stages of the crops grown. The largest erosion in the 9-year period was recorded in the 
standard variant (black fallow). This was followed by the variant involving conventional up and down the slope 
ploughing. Erosional drift was much smaller in no-tillage variant and treatments with ploughing across the slope. 
Much higher erosional drifts were recorded in the growing of spring crops (maize, soybean) than in winter crops 
(wheat, oil seed rape). Also, in the growing of crops, notably spring crops, erosional drifts were not evenly 
distributed during crop growing, quite the contrary. The period of seedbed preparation, or the period 
immediately after sowing spring crops, is the most critical period with the highest risk of erosion. In the growing 
of spring crops, this is the period when over 80 % of the overall annual erosional drift occurs in all tillage 
treatments. In the growing of winter crops, crops of high density, no critical periods were observed.  Summing 
up all the advantages and drawbacks of the studied tillage methods for a wide application in crop growing on this 
soil type, we recommend no-tillage and conventional ploughing across the slope. 
 
Key words: Tillage erosion, Erosional drift, Tillage treatments, Croatia 

 
Introduction and investigation goal 
 The primary goal of the investigations is to determine the characteristics of erosion on Stagnic Luvisol 
(ISSS-ISRIC-FAO, 1994) and then to seek for the answer to the question whether it is possible, and to which 
extent, to reduce erosion to a tolerant level by applying different treatments of soil tillage in the growing of 
agricultural crops. Based on the results obtained, the optimal tillage has to be determined for Stagnic Luvisol, a 
soil very prone to erosion. Further goals are to determine the critical crop-stage periods during which the most 
intensive erosion may be expected, establish the reasons for such intensive erosion, and the way in which erosion 
is affected by vegetation cover in interaction with the applied tillage. The results should provide elements for 
recommending the optimal method of tillage on Stagnic Luvisol, as a very widespread soil type in this part of 
Europe. 
 
Materials and methods 
 The stationary field trial was set up in the summer of 1994, after the oil-seed rape harvest, on arable 
land of the farm "Poljodar" in Daruvar, central Croatia. Erosion was measured on 6 enclosed trial plots, 
according to the USLE (Universal Soil Loss Equation) propositions (Wischmeier and Smith, 1978), viz. on a 9% 
slope, length 22.1 m, width 1.87 m, or a plot area of 41.3 m2. Plots are enclosed by a sheet-metal fence, which is 
removed before each tillage practice, and then put up again after the practice is completed. The experimental 
station consists of the following treatments: 1. Standard plot (black fallow), tilled up/down the slope. 2. 
Conventional ploughing up/down the slope 3. No-tillage, sowing with a special seeder into dead mulch, up-
down the slope 4. Conventional ploughing across the slope 5. Very deep ploughing across the slope (to 50 
cm deep) 6. Subsoiling to the depth of 60 cm, with conventional ploughing across the slope to 30 cm deep. 
 Special equipment enabling separation and filtration of erosional drift has been set up on the lower part 
of each trial plot of the station, clean water is collected in a separate container while solid drift remains on the 
cloth serving as filter. In this paper we present results for next crops: 1995 and 2000 - maize (Zea mays L.), 
1996/97 and 2001/02 - winter wheat (Triticum aestivum L.). Crop development is monitored per stages 
according to USLE (Wischmeier, 1960): Period F - rough fallow (primary tillage - plowing to secondary tillage 
for seeding); Period SB – (seedbed) - secondary tillage for seedbed preparation until the crop has developed 10 
% canopy cover; Period 1 – (establishment) – end of SB until crop has developed a 50 % canopy cover - for 
winter crops includes the winter period; Period 2 (development) – end of period 1 until canopy cover reaches  75 
%. Period 3 (maturing crop) – end of period 2 until crop harvest); Period 4 (residue or stubble) - harvest to 
plowing or new seeding. 
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Results and discussion  
 Investigations were conceived so as to obtain the answer to the set investigation goal by applying 
adequate methods of basic soil tillage and growing of the main field crops. It is assumed that the differences that 
will occur in surface run-off and erosional drift will be directly dependent on the applied soil tillage methods and 
growing crops. The obtained results will serve as the basis for determining the tillage method that will most 
efficiently stop erosional processes, that is, reduce erosion risk in crop growing, protect the environment, at the 
same time sustaining or increasing the attained growing levels. 
 
Erosion in growing maize  
 Numerous studies conducted in the world, among which mention is made of only some of the authors: 
Govers et al. (1994), Tebrüge and Düring (1999), Van Muysen et al. (2002) and de Alba (2003) have proven that 
up/down the slope ploughing is the least favourable tillage method, since it leads to highest erosional drift, 
whereas no-tillage and ploughing across the slope are much more efficient in terms of erosion control. This has 
also been confirmed by our investigations. Spring crop (maize) was grown according to a crop sequence 1995. 
and 2000. Erosional drift in those years was determined per different stages of crop development according to 
USLE and is shown in Table 1. It is obvious that the convincingly highest erosional drift (146.32 and 141.39 t 
ha-1) was recorded in the black  fallow. This quantity is several times higher than the tolerant level of erosional 
drift - T, which for this type of soil amounts to 10 t ha-1 y-1 (Schwertman et al. 1987). This is followed by the 
variant involving conventional ploughing up/down the slope with 38.53 and 26.07 t ha-1, respectively, of 
erosional drift. A smaller quantity of erosional drift was recorded in the no-tillage (22.86 and 0.56 t ha-1) and in 
very deep ploughing across the slope (21.12 and 6.61 t ha-1, respectively). Reason for very high erosional drift on 
no-tillage for first year of investigation is first year of used of no-tillage. It is followed by conventional 
ploughing across the slope with the total annual erosion of 11.66 and 8.35 t ha-1, respectively. Convincingly best 
results in soil conservation were achieved in the variant with subsoiling with ploughing across the slope, where 
total erosional drifts were only 2.99 and 6.02 t ha-1, respectively. The results give absolute advantage to 
ploughing across the slope. Up/down the slope ploughing should be omitted altogether. Maize and other spring 
row crops are considered to be high risk crops by all the authors studying erosion problems on arable land,  
 
Table 1. Erosional drift in growing of maize   

Cropstage Black 
fallow 

Up/down 
the slope 

No-
tillage 

Ploughing Very deep 
ploughing 

Subsoiling 
+ploughing 

  ploughing  across of slope 

MAIZE GROWING - October 1994-October 1995. 
Seedbed - SB 34.74 28.86 18.48 9.54 18.80 2.69 

% of total drift  23.7 74.9 80.8 81.8 88.9 90.0 
Period 1 - establishment 1.37 0.36 0.015 - - - 

% of total drift  0.9 1.0 0.1 - - - 
Period 2 - development 50.24 5.22 1.58 0.65 1.13 0.05 

% of total drift  34.3 13.5 6.9 5.6 5.4 1.8 
Period 3 – maturing 59.97 4.09 2.78 1.47 1.19 0.24 

% of total drift  41.1 10.6 12.2 12.6 5.7 8.2 
Total erosional drift, t ha-1 146.32 38.53 22.86 11.66 21.12 2.99 

MAIZE GROWING - November 1999-October 2000. 
Rough fallow 0.08 0.06 0.01 - - - 

% of total drift  0.1 0.2 1.4 - - - 
Seedbed - SB 31.16 15.55 0.30 7.01 6.14 5.75 

% of total drift  22.0 59.7 53.5 83.8 92.9 95.6 
Period 1 – establishment 14.51 3.64  0,10 0.02 0.01 

% of total drift  10.3 14.0  1.2 0.3 0.1 
Period 2 - development 8.01 0.10 0.25 1.20 0.45 0.26 

% of total drift  5.6 0.4 45.1 14.4 6.8 4.3 
Period 3 – maturing 66.83 6.51 - 0.04 - - 

% of total drift  47.2 24.9 - 0.6 - - 
Residue or stuble 20.80 0.21 - - - - 

% of total drift  14.8 0.8 - - - - 
Total erosional drift, t ha-1 141.39 26.07 0.56 8.35 6.61 6.02 

 
regardless of the direction of tillage (Laflen and Moldenhauer, 1975; Alberts et al. 1985; Govers et al. 1999 and 
Tebrüge and Düring 1999). Besides, in early sowing at a time when the soil is bare and unprotected of spring 
crops of low population density, the large intra- and inter-row spacing enables intensified erosion. Therefore, all 
raw spring crops cannot be fully protected from the direct impact of raindrops even in later stages, which leads to 
erosion also in its later stages. Ploughing across the slope may reduce erosion to a tolerant level by comparison 
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with the up/down the slope ploughing and sowing. The orientation of furrows in this tillage methods prevents 
excessive surface run-off and thus reduces erosion. In the treatments with deep tillage, the larger depth of the 
plough-layer enables stronger descendent movement of water and in this way additionally decreases surface run-
off. The results show that the critical period in growing spring raw crops is that of bare soil and the SB. On the 
black fallow 23.7% or 22.0% of the total annual erosion value was recorded in that period. Essentially different 
results were obtained in other treatments of tillage. In ploughing up/down the slope, the SB period erosion 
accounted for 74.9 and 59.7%, respectively, of the total annual erosion while in the no-tillage variant it amounted 
to 80.8 and 53.5%, respectively. In the variant involving ploughing across the slope, the SB period erosion 
amounted to 81.8 and 83.8% of annual erosion while in the variant with very deep ploughing across the slope to 
88.9 and 92.9%, respectively. In the variant of subsoiling with ploughing across the slope, the SB period erosion 
accounted to 90.0 and 95.6%, respectively, of the total annual erosion. The reasons for such high values are that 
this is the period when the soil is bare and unprotected - without any vegetation cover, immediately after sowing. 
Raindrops of high intensity fall directly on the soil, which leads to surface run-off and occurrence of erosion in 
all trial treatments. 
 
Erosion in growing winter wheat 
 In this paper winter crops present winter wheat. This crop was grown on the experimental plots in 
1996/97. and in 2001/02.). Erosional drift in those years was determined per different stages of crop 
development and is shown in Table 2. 
 
Table 2. Erosional drift in growing winter wheat 

Cropstage Black  
fallow 

Up/down 
the slope 

No-tillage Ploughing Very deep 
ploughing 

Subsoiling 
+ploughing 

  ploughing  across of slope 
WINTER WHEAT GROWING - October 1996-August 1997. 

Seedbed - SB 12.22 0.23 0.03 0.03 0.17 0.10 
% of total drift  14.1 41.9 13.6 36.2 56.3 77.0 

Period 1 - establishment 9.11 0.21 0.06 0.002 - 0.02 
% of total drift  10.5 39.4 28.7 2.5 - 13.8 

Period 2 - development 3.95 0.02 0.02 0.01 - - 
% of total drift  4.5 4.6 10.2 11.5 - - 

Period 3 – maturing 52.54 0.07 0.08 0.03 0.10 0.01 
% of total drift  60.6 12.9 38.4 46.6 33.2 7.7 

Period 4 – residue  8.94 0.01 0.02 0.002 0.03 0.002 
% of total drift  10.3 1.2 9.1 3.2 10.5 1.5 

Total erosional drift, t ha-1 86.77 0.54 0.22 0.07 0.31 0.13 
WINTER WHEAT GROWING - October 2001-August 2002 

Period 1 - establishment 4.3 0.29 - 0.07 0.1 - 
% of total drift  7.1 58.0 - 58.3 83.0 - 

Period 2 - development 5.23 0.09 0.03 - - - 
% of total drift  8.6 18.0 100 - - - 

Period 3 – maturing 42.8 0,1 - 0.05 0.02 0.02 
% of total drift  67.2 20.0 - 41.7 17.0 100 

Period 4 – residue  10.33 0.02 - - - - 
% of total drift  17.1 4.0 - - - - 

Total erosional drift, t ha-1  62.70 0.50 0.03 0.12 0.12 0.02 
 

 Like in the growing of maize (what is expected), highest erosion was recorded in the black fallow. In 
winter wheat growing, erosion amounted to 86.77 for first year and 62.07 t ha-1, respectively, in the second year 
of growing winter wheat. Although total erosional drifts were lower than in the growing of maize, this is still 
very high erosion, which exceeds the tolerant threshold of soil loss of 10 t ha-1 y-1 for this soil type. Erosional 
drifts recorded in all other treatments were well below the tolerant soil loss. As expected, the relatively poorest 
results in the growing of winter wheat were achieved with ploughing up/down the slope. In this variant, 
erosional drift amounted to 0.54 t ha-1 and to 0.50 t ha-1. The total annual soil loss by erosion in the no-tillage 
variant amounted to 0.22 and 0.03 t ha-1 while in the variant with ploughing across the slope it was 0.07 and 0.12 
t ha-1, respectively. In the variant with very deep ploughing across the slope, erosion was 0.31 and 0.12 t ha-1, 
respectively. The smallest quantity of erosional drift and the highest efficiency of soil protection were recorded 
in the variant involving subsoiling with ploughing across the slope. The total annual erosional drift in this variant 
amounted to 0.13 and 0.02 t ha-1 of soil particles, respectively. Accordingly, regardless of the ploughing 
direction, erosional drifts in the growing of winter wheat was much lower than in the first two trial years when 
spring crop (maize) was grown. This is the reason why in controlling erosional processes we lay greater 
importance on the crop grown than on the tillage method applied.  
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 In the next few sentences, we will try to answer the question why erosional drifts were much lower in 
the growing of winter crops. Winter crops were sown towards the end of October (winter wheat, barley) and 
August (oil-seed rape). Sowing was preceded by a long and dry summer period, during which rather coarse 
structure aggregates were formed, which reduce or prevent surface run-off. Besides, there are usually no high 
intensity rains after wheat and oil-seed rape sowing, rain falls on dry soil and the soil can take up large quantities 
of water for saturation to field capacity. No surface run-off occurs in such conditions. In the winter period of the 
year when the soil is fully saturated and if it does not get frozen, erosion occurs but the drift quantity is small. In 
the growing of winter crops there are no critical periods with occurrence of large quantities of erosional drift. 
Data from Table 2 show a uniform distribution of erosion during the whole growing season of winter wheat. In 
the period of the highest erosion risk in the studied area (May-June), winter crops fully cover soil surface with a 
dense cover. This vegetation cover efficiently protects the soil from the direct impact of raindrops (which are 
often very intensive in this part of the year) and thus contributes to the reduction of the total quantity of erosional 
drift. 
 
Conclusions 
 The presented results shows that erosional processes cannot be completely stopped; however they can 
be reduced to a tolerant level by choosing an appropriate tillage method. Appreciably higher erosional drifts 
were recorded in the growing of low-density spring crops than in high-density winter crops in the same tillage 
systems. The time immediately following the sowing of spring crops (SB-seedbed) is the most critical period, 
that is, the period when highest erosional drifts occur. Spring crops, which are mainly grown at a low crop 
density, will still be dominant in the crop rotation, however, their growing on sloping terrains will require a 
balanced tillage system and an appropriate crop sequence. Efficient protection from erosion on Stagnic Luvisol 
slope can be achieved by no-tillage and all across the slope ploughing variants. Summing up all the advantages 
and drawbacks of the studied tillage methods for a wide application in crop growing on this soil type, we 
recommend no-tillage and conventional ploughing across the slope. 
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Assessment of tillage erosion rates in Tuscany (Italy) studying field features produced by 
past tillage practices 

 
de Alba, S.1 – Borselli, L. – Torri, D. – Reina, L. – Bartolini, D. 

 
 

Mechanical erosion due to the soil redistribution by tillage provokes an important landscape 
transformation, tends to erode the tops of the fields and convexities, accumulate soil at the bottom of the fields 
and fill the concavities, while high rates of soil transport with no significant changes in soil surface level take 
place on the slope sectors of rectilinear morphology. This means that the process tends to make the internal field 
morphology quite regular. On the contrary, field borders represent impassable lines and are locations of either 
erosion or accumulation. Any other obstacle to tillage, located inside the field, behaves as a double border, 
favouring accumulation on one side and erosion on the other. This gives rise to topographic anomalies around 
the obstacle producing tillage structures sculpted in the landscape. Tillage structures have different shapes 
according to the combined effect of the obstacle shape, its position in the slope and in the field, and the average 
direction of tillage with respect to the slope aspect. These structures generally present two shapes: sub-circular 
structures are common, for example, around isolated trees and electrical or telephone poles; linear structures are 
typical of field borders. Rows of trees can cause the formation of structures of intermediate characteristics.  

This communication present the results of a field survey of the topographic anomalies produced by 
tillage around electrical poles, in several fields located in the Vall d’Orcia valley in Tuscany (Italy). In Tuscany 
electrical and telephone poles show the data of placement, so the age of the topographic anomaly could be 
properly determinate. Soil transport rates derived from surveying field features give us a valuable estimation of 
the intensity of the process of soil redistribution by tillage as an average effect produced by all the management 
practices applied in a given field during the period of time from the location of the obstacle. It is not possible to 
know the details of the management history (sequence and intensity of operations, type of implements, tillage 
direction and depth, etc.) of each field and consequently it is difficult to use the field surveying data to calibrate 
soil translocation equations associated to single or combined tillage operations. On the contrary, findings showed 
that field survey data seems to be the most suitable type of data in order to assess the integrated influence of past 
soil redistribution by tillage on the landscape evolution and to calibrate simulation models to the local 
agronomical conditions.  
 
Key words: tillage erosion, soil redistribution, field evidences, field survey, slopes morphology. 

                                                           
1 UCM, F. of Geology, Dpto. of Geodinamics, Ciudad Universitaria s/n, 28040 Madrid, Spain.  
Tel.: +34-676086764; Fax: +34-913944845; E-mail: Sdealba@geo.ucm.es  

 153 

mailto:Sdealba@geo.ucm.es


Deriving threshold values for soil compaction from expert knowledge 
 

Tobias, S.1 
 
 
Introduction 

Many European countries have enacted their soil protection legislations. However, the execution of 
these legislations lacks of rules to assess soil health and to decide on sustainable management practices in many 
aspects. There is a particular lack of criteria and threshold values to assess the state and risk of soil compaction. 
In the recent past, much effort has been made in sophisticated experiments to describe the processes and effects 
of soil compaction. However, the specific results of single experiments cannot be applied to any other case in a 
general way. On the other side, different kinds of experts (scientists, officers, farmers) dispose of personal 
experience that allows them to judge soil compaction and the feasibility of the experimental data within their 
working fields. This contribution presents the first results from an elicitation of expert judgment with the Delphi 
method to derive meaningful and operable criteria and threshold values for the assessment of soil compaction. 
 
Materials and Methods 

In the years 2001 and 2002, a Delphi survey was accomplished among the members of the Swiss Soil 
Science Society. The Delphi survey consisted of three turns with 42 questionnaires returned at the first turn and 
24 at the third turn. In the first turn, the experts were asked to mention in their own words the three most 
important criteria, i.e. physical soil properties, they use to judge soil compaction and susceptibility of 
compaction. 

In the second turn, the experts were asked to group 21 data records with measurements of soil physical 
parameters from single horizons into 5 classes ranging from not compacted to highly compacted and not 
susceptible to highly susceptible to compaction, respectively. In addition, they had to mention the parameters 
that had been crucial for their decisions. The experts were asked to compare the data records in relation to one 
another. In order to simplify the judging, the data records were randomly grouped into three groups of seven data 
records each. To control a possible bias resulting from the grouping of the data records, I created two series of 
random grouping. One half of the experts received the data record combination of the first series; the other half 
received the combination of the second series. 
 
Table 1. Values of decisive parameters mentioned to judge the state and susceptibility of soil compaction  

Classes after 3rd Delphi turn Bulk density Coarse pore 
fraction 

Precompression 
stress 

state of 
compaction 

susceptibility of 
compaction 

(g/cm3) (%) (kPa) 

1 4 1.44 16.4 16.6 
1 3 1.32 10.0 72 
1 3 1.35 12.5 27.2 
1 4 1.26 17.0 13.0 
1 4 1.04 12.3 70 
2 5 0.91 6.8 40 
2 3 1.49 10.9 62 
2 3 1.56 7.2 38.5 
2 2 1.38 11.5 113 
2 4 1.13 8.7 31 
3 3 1.52 8.5 64 
3 3 1.49 6.9 59 
3 3 1.51 6.6 87 
3 2 1.57 9.7 140 
3 3 1.42 8 106 
3 3 1.55 6.4 84 
3 2 1.43 5 119 
4 3 1.50 5.4 56 
4 4 1.5 5.4 47 
5 2 1.51 4.2 166 
5 2 1.54 2.3 200 
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The third turn of the Delphi survey basically was a replication of the second turn in order to create a 
convergence in the answers. However, the data records were not grouped any more. Since there were no 
systematic differences found between the judgments of the two groups of experts, the results of the second 
Delphi-turn were put together in the same main unit and the median was calculated. For each data record, the 
experts were presented the distribution of the judgments from the second Delphi-turn as well as their own 
judgment. They were asked whether they agreed with the median of all the judgments or not. 

The soil data were restricted to eutric cambisols with agricultural land use. The experts were given the 
following parameters (see Fig. 1): depth where sample was taken, bulk density, coarse pore fraction, 
precompression stress, organic matter, soil texture, soil type, water regime, soil structure, land use. The range of 
the different soil parameters was chosen as wide as possible, whereas the range of soil type varied between 
naturally developed and artificially restored eutric cambisols, only. The data records in Tab. 1 show real 
measurements of those parameters that were mentioned to be most important for judging the state and 
susceptibility of compaction. 
 
Preliminary results 

There was a high convergence in the answers; the grouping of the data records was much sharper in the 
third turn of the survey than in the second one. There was also a convergence in the criteria the experts 
mentioned as the basis of their judgments (Fig. 1). In the first turn of the survey, the experts mentioned 
qualitative parameters (e.g. soil water regime, soil structure) as most important. However, in the second and third 
turn, most of the experts declared to have mainly used quantitative parameters (e.g. coarse pore fraction, bulk 
density) to judge the examples given. Quantitative parameters seem to be relied on more in a concrete problem 
and are possibly more useful as threshold values in soil protection legislation. 
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Figure 1. Importance of the different soil parameters to judge the state or the susceptibility of soil compaction as 
it was mentioned by the experts in the different turns of the Delphi survey 
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The decisive parameters for grouping the data records in different classes of state of compaction were 
coarse pore fraction, bulk density and precompression stress. Grouping the data records in classes of 
susceptibility to compaction, the experts mentioned precompression stress, coarse pore fraction, bulk density, 
water regime, and clay content as decisive parameters. 

A quantitative analysis of the values of the single soil parameters is shown for the state of compaction 
by the means and standard deviation for each class (Fig. 2). Contrast analysis within a one way anova did not 
show significant differences between the means of the classes 3 and 4 for any of the parameters. However, 
significant differences between the means of any other classes were given for the parameters coarse pore fraction 
and precompression stress. For bulk density, significant mean differences were only given between the first three 
classes. 
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Figure 2. Means +/-1 standard deviation in the different classes of state of compaction for the most decisive 
parameters in the 3rd turn of the Delphi survey 

 
The thresholds that were implicitly used by the experts to distinguish between compacted and 

uncompacted soil can be derived from the range of the values in the two classes 3 and 4 together. Hence, we get 
the following threshold values, while it has to be noted that coarse pore fraction was said to be the most 
important parameter for the experts’ judgments (see Fig. 1): 

 
Soil parameter Uncompacted soil Threshold value Compacted soil 
Coarse pore fraction (%) > 6.87 +/- 1.58 > 
Bulk density (g/cm3) < 1.50 +/- 0.05 < 
Precompression stress (kPa) < 84.65 +/- 31.66 < 
 
These thresholds are, however, gained from a very simple statistical analysis where, in particular, 

independence of the variables is supposed. This independence between the different soil parameters holds not 
true for the experts’ judgments. Discriminant analysis revealed more precise distinction, if the data records were 
grouped by the experts, than if they were grouped by statistical cluster analysis after the most important 
parameters. Hence, it has to be assumed that the experts account for interdependencies between the soil 
parameters and also for possible compensatory effects, if not all the decisive parameters show critical values. 

The next step in this study is a more comprehensive analysis of the experts’ judgments that may allow 
for interdependences by applying fuzzy set approaches. The purpose is to check, if the thresholds mentioned 
above have to be corrected essentially, and to derive evaluation rules that include several parameters. 
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Control of extreme moisture events and soil degradation processes as priority tasks of 
soil conservation in the Carpathian Basin 

 
Várallyay, Gy.1 

 
 

The most important element of sustainable development in the Carpathian Basin is the rational use 
and conservation of soil resources and ecosystems (the geological strata–soil–water–biota–plant–near surface 
atmosphere continuum), maintaining their favourable „quality” and their desirable multifunctionality 
(Várallyay, 2000c, 2003). This is the main goal of social and agricultural development, soil conservation, water 
management, environment protection and rural development and the joint responsibility of the state, land owners 
and land users, requiring priority attention and full support from the whole society.  

The natural conditions (climate, water, soil and biological resources) of the Carpathian Basin 
(particularly the lowlands and plains) are generally favourable for rainfed biomass production (Láng et al., 
1983). These conditions, however, show extremely high spatial and temporal variability, often extremes, and 
sensitively react to various natural or human-induced stresses. The generally favourable agro-ecological 
potential is limited by three soil factors:  
(1) Soil degradation processes;  
(2) Extreme moisture regime;  
(3) Unfavourable biogeochemical cycles of elements (plant nutrients and pollutants). 
 
Limiting factors of soil fertility and soil degradation processes 

There are large territories in the Carpathian Basin where the multifunctionality of soil is threatened and 
its fertility/productivity is limited by various soil properties and unfavourable/harmful soil degradation 
processes.  

The limiting factors of soil fertility are shown in Figure 1, their territorial data are summarized in Table 
1 (Szabolcs & Várallyay, 1978).  
In the Carpathian Basin the most important soil degradation processes are as follows (Várallyay, 1989, 2000b): 
(1) Soil erosion by water or wind. 
(2) Soil acidification. 
(3) Salinization/alkalization/sodification. 
(4) Physical soil degradation, such as structure destruction, com-paction, surface sealing, etc. 
(5) Extreme moisture regime: (sometimes) simultaneous hazard of overmoistening, waterlogging and drought-

sensitivity; 
(6) Biological degradation, such as unfavourable changes in soil biota, decrease in soil organic matter. 
(7) Unfavourable changes in the biogeochemical cycles of ele-ments, especially in the regime of plant 

nutrients, such as leaching; volatilization; biotic and abiotic immobilization. 
(8) Decrease in the buffering capacity of soil, soil pollution, environmental toxicity. 

In the last years the revolutionary development of in situ and laboratory analytics, remote sensing, 
informatics, computer technology, GIS/GPS applications, etc. give opportunity for the organization of all 
available soil information into a well-structured up-to-date soil database. On this basis the „environmental 
sensitivity/susceptibility/vulnerability” of soils against these soil degradation processes were comrpehensively 
analyzed and thematic maps were prepared expressing this character (Szabó et al., 1998; Várallyay, 1998, 
2000a,b; Várallyay et al., 1979/1980).  

 
Extreme moisture regime 

It can be forecasted with high probability that in future water will be the determining (hopefully not 
limiting) factor of food security and environmental safety in the Carpathian Basin (Somlyódy, 2000; Várallyay, 
2001). Consequently, the increase in water use efficiency will be one of the key issues of agricultural production, 
rural development and environment protection and the control of soil moisture regime will be an imperative task 
without any other alternatives.  
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Figure 1. Map of the limiting factors of soil fertility in Hungary.  
1. Extremely coarse texture. 2. Acidity. 3. Salinity and/or alkalinity. 4. Salinity and/or alkalinity in the deeper 
layers. 5. Extremely heavy texture. 6. Waterlogging. 7. Erosion. 8. Shallow depth. 
 
Table 1. Limiting factors of soil fertility and soil degradation processes in Hungary 

  
Limiting factor of soil fertility 

Area, 
1000 ha 

 
% 

  
Soil degradation processes 

1. Extremely coarse texture 746 8.0 1. Soil erosion:        - by water 
2. Soil acidity 1200 12.8          - by wind 
 - combined with erosion (348) (3.7) 2. Soil acidification 
 - combined with shallow depth (67) (0.7) 3. Salinization/alkalization 

3. Salinity/alkalinity 757 8.1 4. Physical soil degradation 
4. Salinity/alkalinity in the deeper 

layers 
245 2.6  - structure destruction 

- compaction 
5. Extremely heavy texture 630 6.8  - surface sealing 
6.  Peat formation, waterlogging 161 1.7 5. Extreme moisture regime 
7. Soil erosion 1455 15.6  - overmoistening, waterlogging 
 - combined with acidity (348) (3.7)  - drought sensitivity 

8. Shallow depth 217 2.3 6. Biological degradation 
 - combined with acidity (67) (0.7)  - decrease of organic matter 
     - deterioration of soil biota 
    7. Unfavourable changes in the nutrient regime
     - leaching 
     - biotic and abiotic immobilization 
    8. Decrease of the buffering capacity, soil  

pollution, „toxicity” 
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Figure 3. Distribution of soils according to their moisture 
regimes in Hungary.  

 
1–5 = Soils with unfavourable hydrophysical properties 

(43%): 1: due to very coarse texture (10.5%); 2: due to very 
heavy texture (11%); 3: due to strong salinity-alkalinity 

(10%); 4: due to waterlogging (3%);  5: due to shallow depth 
(8.5%);   6–8 = Soils with moderately unfavourable hydro-

physical properties (26%): 6: due to coarse texture (11%); 7: 
due to heavy texture or clay accumulation in the B-horizon 
(12%); 8: due to moderate salinity/ alkalinity in the deeper 
layers (3%);  9 = Soils with good hydrophysical properties 

(31%) 
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Water resources are limited (Somlyódy, 2000; Várallyay, 2001). The increasing water demand must 
be satisifed from these limited resources. The average 450–600 mm annual precipitation may cover the water 
requirement of the main crops even at high yield levels. But the average shows extremely high territorial and 
temporal variability – even at micro-scale. Under such conditions a considerable part of the precipitation is lost 
by surface runoff, downward filtration and evaporation. Annual precipitation will not be more in the future (on 
the contrary, it might be less according to the forecast climate change, characterized by increasing temperature 
and aridity) and its unfavourable territorial and time distribution will not turn better. On the contrary, an opposite 
tendency has been forecast: increasing risk (frequency, intensity) of extreme weather events and soil moisture 
situations. The available quantity of surface waters (rivers) will not increase, particularly in the critical low-
water periods. A considerable part of the subsurface waters (especially in the lower parts of the Basin) cannot 
be used for irrigation because of their poor quality (salinity, alkalinity, sodicity). Another part is not utilizable 
because of environment control regulations preventing the lowering of the water table and its unfavourable 
ecological consequences (e.g. the serious „desertification symptoms” in the Danube–Tisza Interfluve sand 
plateau).  

In addition to the hardly predictable atmospheric precipitation pattern, the two additional reasons of 
extreme soil moisture regime (the simultaneous hazard of waterlogging or overmoistening and drought 
sensitivity) are: 

− the heterogeneous microrelief of the „flat” lowland; 
− the highly variable, sometimes mosaic-like soil cover and the unfavourable physical and hydrophysical 

properties of some soils (mainly due to heavy texture, high clay and swelling clay content, or high 
sodium saturation: ESP).  
According to our comprehensive assessment (Várallyay, 1985; Várallyay et al., 1980) 43% of 

Hungarian soils can be characterized by unfavourable, 26% by moderately (un)favourable and 31% by 
favourable moisture regime, as illustrated by Figure 3, indicating the main reasons of various moisture 
conditions.  

The main reasons and consequences of extreme soil moisture regime are summarized in Figure 4 
(Várallyay, 2001). 

Because of these reasons sustainable land use and site-specific soil management, yield stability, risk 
reduction, soil conservation, and the prevention, elimination or moderation of extreme moisture situations have 
great significance and soil moisture control is of primary importance in the Carpathian Basin.  
The main possibilities and methods of this moisture control are summarized in Table 2. Most of these „moisture 
management actions” are – at the same time – efficient environment control measures. 
 
Table 2. Elements and methods of soil moisture control with their environmental impacts 

Elements Methods 
Environ-
mental 

impacts* 
surface runoff Increase in the duration of infiltration (moderation of slopes; terracing 

contour ploughing; establishment of permanent and dense vegetation 
cover; tillage; improvement of infiltration; soil conservation farming 
system) 

1,1a 
5a, 8 

 

evaporation Helping infiltration (tillage, deep loosening) 
Prevention of runoff and seepage, water accumulation 

2,4 

feeding of ground-
water by filtration 
losses 

Increase in the water storage capacity of soil; moderation of cracking 
(soil reclamation); surface and subsurface water regulation 

5b, 7 R
ed

uc
in

g 

rise of the water 
table 

Minimalization of filtration losses (↑);  
groundwater regulation (horizontal drainage) 

2,3 
5b,5c 

infiltration Minimalization of surface runoff (tillage practices, deep loosening) (↑) 1,4,5a, 7 In-
creas-
ing 

water storage in soil 
in available form 

Increase in the water retention of soil; adequate cropping pattern (crop 
selection) 

4,5b,7 

Irrigation Irrigation; groundwater table regulation 4,5c,7, 9,10 
Surface  

        drainage   
Subsurface  

surface 
                           moisture control (drainage) 
subsurface 

1,2,3,5c,6,7 
11 
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Favourable environmental effects  Unfavourable environmental effects 
Prevention, elimination, limitation or moderation of:  

− water erosion (1) 
− sedimentation (1a) 
− secondary salinization, alkalization (2) 
− peat formation, waterlogging, overmoistening (3) 
− drought sensitivity, cracking (4) 
− plant nutrient losses by: 
− surface runoff  (→ surface waters eutrophication) (5a) 
− leaching  (→  subsurface waters) (5b) 
− immobilization (5c) 
− formation of phytotoxic compounds (6) 
− “biological degradation” (7) 
− flood hazard (8) 

− overmoistening, waterlogging, peat and swamp 
formation, secondary salinization/ alkalization (9) 

− leaching of plant nutrients (10) 
− drought sensitivity (11) 

 
Conclusions 

Sustainable land use and rational soil management, including an up-to-date soil moisture control 
requires continuous actions. This permanent control may prevent, eliminate or at least reduce undesirable soil 
processes and their harmful economical/ecological/environmental/social consequences; utilizing the unique soil 
characteristic, resilience, may satisfy the conditions for the „quality maintenance” of this „conditionally” 
renewable natural resource.  

Control can be efficient only on the basis of comprehensive risk assessments, impact analyses and 
exact prognoses. These have to be the main research priorities! 

The realization of the sustainability concept in the rational land use and soil management gives reality 
for a better life: healthy, good quality food, clean water and pleasant environment. 
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Anthropogenic soils originated by severe disturbances due to large scale farming 
 

Dazzi, C.1 – Monteleone, S. – Scalenghe, R. 
 
 
Abstract  

Due to the anthropic pressure, many areas of the world are concerned by a process of soil 
“entisolization” that lead to the formation of “anthropogenic soils”. Obviously the problem cannot be simply 
ascribed to consumerist lifestyles but to the energetic availabilities which allow for the use of greater and greater 
land surfaces. In many cases the activities that more than others threaten pedodiversity are linked to agriculture.  
In order to investigate the main physical, chemical and morphological features of “anthropogenic soils”  in 
relation to some adjacent “natural soils”, a survey was carried out in a particularly significant area of South-
Eastern Sicily where for many years now, there have been wide areas with anthropogenic soils due to large scale 
farming. Here, in a vineyard area, an  anthropogenic soils toposequence was compared with a natural one.  

Compared with the natural soils, classified as Entic Haploxerolls and showing a well developed soil 
profile, the “anthropogenic soils” surveyed show soil profiles in which it is impossible to describe any 
predictable pattern of organic and mineral elements. Miscic Fragmexerant is a proposal for their tentative 
classification following the Soil Taxonomy philosophy. 
 
Key-words: anthropogenic soils, Anthrosols classification, Soil Taxonomy, Sicily 
 
Introduction 

Traditionally, climate, organisms, relief, parent material and time are the external factors of soil 
formation that drive the pedogenetic processes within the soil. Human action is considered a soil-forming 
processes in the sense that man can create new soils and destroy existing ones. In this sense the anthropogenic 
soil-forming processes can be define as those actions by humans that modify and control soil-forming processes 
and that can be grouped into physical alteration, hydrologic alterations and geochemical alteration (Bryant & 
Galbraith, 2003).  

From a pedogenetic point of view, the destruction and/or the construction of soil through physical 
manipulation of “earthy materials”, are catastrophic events that reduce the soils to time zero, and the area of the 
newly created soils is often as large as the area of well developed soils that have been destroyed (Fanning & 
Fanning, 1989). These are the most remarkable effects of  the construction of roads and motorways, or of the 
burial of various kinds of waste. There are, however, examples which are less striking, but just as dangerous for 
the protection of the soilscapes such as the case of soils created by large scale farming.  

Although many processes related to long-term agricultural use have deeply influenced soil properties 
over a time scale of a few thousand years, these anthropogenic processes are relatively fast-acting, compared to 
natural processes of soil formation (Bryant & Galbraith, 2003).  

The aims of this study were to i) investigate the main physical, chemical and morphological features of 
a sequence of “anthropogenic soils” in relation to a comparable sequence of “natural soils”; and ii) propose a 
tentative classification of such anthropogenic soils, following the Soil Taxonomy philosophy (Soil Survey Staff, 
1999). 
 
The study area  

The study area is located within the Mazzarrone city limits. Mazzarrone is a small town, in the South-
East of Sicily, Italy (37.0849°N, 14.5590°E), in an internal zone with an altitude ranging between 115 and 335 
meters a.s.l.. The landscape is characterized by a quite level morphology, in which it is possible to point out the 
superimposition of the anthropic effects on natural processes. Pleistocene and Holocene rocks outcropping  
(Dazzi & Monteleone, 2002), are made up of less than 10 meters of clay and sandy-clays; 20 meters of 
fossiliferous yellowish sandstones; 15 meters of fine quartzose sands with intercalations of well-cemented 
arenaceous levels; and finally 8 meters of bad cemented sands with intercalations of gravels and clays. These 
lithologies were deposited in a marine paleo-environment and covered by a continental deposit made up of 
lacustrin deposits less than 5 meters thick and fluvial deposits found along the main river beds.  

On these substrata developed soils which, on the more stable surfaces, were made up of Calcic, 
Inceptic, Mollic and Typic Haploxeralfs together with Entic Haploxerolls. The less stable surfaces on moderately 
steep slopes, showed Calcic, Humic and Typic Haploxerepts. The steeper surfaces and the slope side of the 
stream valleys, were (and in some cases still are), characterized by Typic Xerorthents. The bottom valleys were 
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characterized by Typic and Vertic Xerofluvents and by Typic Haploxererts. Nowadays most of these soils do not 
exist at all, substituted by anthropogenic soils due to farming management for vineyard cultivations (Dazzi & 
Monteleone, 2002).  

In this environment vineyards have spread copiously between 1981 and 1987, producing a large 
increase of the pro capite income. At present, most of the farms in that area, are vine growing, favored also by 
the climate that highlighting (data recorded in Vittoria, south of Mazzarrone) average monthly temperature that 
reaches a maximum of 25,5°C in August and a minimum of 10,3° in January, with average rainfalls of 452 mm, 
can be defined Mediterranean. 
 
Anthropic action in land transformation 

In the Mazzarrone area, land evolution and the elements that characterize it (particularly the soil), have 
to be considered on the basis of a comprehensive analysis of the factors that influence the environment. For this 
reason, we must consider man’s action as a pedogenetic factor that, in the social and economic context of the 
area, directly modifies and alters the landscape and the soils. 

From the data available and according to the Potential Vegetation Map of Sicily (Gentile, 1968), it can 
be reasonably supposed that a great part of the Mazzarrone area was once covered by oak and maquis 
(dominated by Ceratonia siliqua, Pistacia lentiscus, Laurus nobilis, Olea europaea, Rhamnus alaternus and 
Pistacia terebinthus). Statistical data and aerial photos show that land use in the 60’s was mainly arable land and 
olive groves. Wine growing spread rapidly during the 70’s, while the period of economic explosion was in the 
80’s, when cultivation started to be converted everywhere (Lo Verde, 1995). Arable land, almond-yards, olive 
groves and natural grazing were replaced by vineyards with a frequency not easily measurable and with a 
consistent and evident transformation of the landscape. Such large scale farming was achieved through very deep 
ploughing, excavations, land levelings and trenchings. In many cases, big amounts of “white earthy materials”, 
that allow for a qualitative improvement of the grapes, (Sottile, pers. com.) were spread over by trucks.  
 
Materials and methods 

For the purposes of this study, two fields were selected in North-East Mazzarrone. The first, 200 by 40 
meters, had been uncultivated for many decades as is testified not only by the presence of old carob and olive 
trees but also by the owners. The second, 200 by 60 meters, was converted to vineyards in the 80s. In each of 
these areas a soil sequence made up of three pedons was investigated. The soil sequences were South-East 
North-West oriented. The pedons were described to a depth of 100/140 cm and sampled according to USDA-
NRCS (2002) and to the ICOMANTH circular letter n° 4 (2003). Samples were air dried and 2 mm sieved for 
laboratory analysis.  
  
Results  
 
Main features of pedons 
In tables 1a and 1b the main morphological features of the pedons surveyed are listed. In general in the 
anthropogenic pedons the evidence of human activity is often expressed in the lack of horizonation, altered 
chemistry or difference in landform relative to surrounding parent material.  

 
Table 1a.  Main morphological features of  natural pedons 
Pedon horizon cm 1MC 2S 3C 4R 5RF 6CaCO3

7B 
A 0-20 10YR3/3 sb,fm, 4 eh-sh c, fi c, me, r 2a cl 

A&C 20-35 10YR4/2 sb, fm, 4 eh-sh c, fi c, me, r 2a cl, s 10 
C > 35 2.5Y8/2 - - - - - - 

A1 0-28 10YR3/2 sb, mc, 4 sh,  c, fi f, b, r - gr, s 
A2 28-45 7.5YR3/2 sb, mc, 4 f, sh c, fi - - cl, s 
Bw 45-58 7.5YR4/2 sb-ab, m, 4 eh f, fi - 4b cl, s 
BCk 58-68 10YR6/3 sb-ab, fm, 3 sh - - 4b cl, s 

11 

C > 68 10YR8/3 - - - - - - 
A 0-25 10YR4/2 sb, fm, 4 eh c, fi f, me, r 2a cl, s 

AC 25-40 10YR6/2 sb, fm, 3 sh c, fi f, me, r 4b ab, w 12 
C > 40 2.5Y8/2 - - - - - - 

1MC Munsell dry color; 2S structure: g=granular; sb=subangular blocky, ab=angular blocky, pr=prismatic, 
p=platy, sg=single grains; ma=massive; f=fine, m=medium, c=coarse; 2=weak; 3=moderate; 4=strong; 3C 
consistence: f= friable; sh= slightly hard, eh=extremely hard; fi=firm; vf=very firm; ef=extremely firm, 4R 

roots: a=absent; f=few; c=common; fi=fine, 5RF rock fragments: a=absent; f=few; c=common, me=medium; 
c=coarse; s=small; fl=flat, r=rounded, 6CaCO3 concretions: 1=absent, 2=few, 3=common, 4=abundant; a=fine, 

b=medium, C=coarse; 7B boundary: ab=abrupt, cl=clear, gr=gradual; s=smooth, w=wavy, ir=irregular. 
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Only some of the chemical properties (data not shown) differentiate the natural and anthropogenic soils. 
The clay, ranging from 15 to 38%, if seen as mean weighed over horizon depth, is similar in anthropogenic 
(24%) and natural (21%) soils. Soil reaction was totally unaffected: anthropogenic/natural covariance accounts 
for 0.00, in both pH (H2O and CaCl2). Human disturbances considerably affect organic carbon and carbonates: 
organic C, ranging from 0.01 to 1.87 g kg-1

, results in a mean weighed over horizon depth, respectively 0.18 g kg-

1 (anthropogenic) and  1.39 g kg-1 (natural) while total carbonates  593 g kg-1 (anthropogenic) and  377 g kg-1 
(natural). The active carbonates/total carbonates ratio which would indicate an increased Ca2+ availability, is not 
affected if considered as weighted over horizon depth. The CEC is lowered by anthropic activities from 23 to 16 
cmolc

+ kg-1 and the exchangeable Na+  ratio increases (from 0.9 to 1.3).  
 
Table 1b. Main morphological features of anthropogenic pedons 
Pedon  horizon cm 1MC 2S 3C 4R 5RF 6CaCO3

7B 
HA1 0-20 2.5Y8/2 ab, m,3 fi f, m a 4a cl, s 
HA2 20-50/70 5Y7/4 ab, m,3 fi f, m a 4b gr, ir 

2Apb1 70-100 10YR5/2 g&sb, fmc, 3 f c, fim c, s, r 2a cl, ir 
2Apb2 100-140 10YR6/4 sb, mc, 3 f c, fim c, me&c, r 2a cl, ir 

7 

2C > 140 10YR3/3 sb-ma, mc, 2 f - a 4c cl, s 
HA1 0-20 2.5Y7/4 ab-sb, mc, 3 sh.eh f,fi a 4c cl, s 
HA2 20-45 2.5Y7/2 p,fm,2 f f,fi a 4c ab,ir 
HA3 45-70 2.5Y7/2 ab, fm, 2 f f,fi a 4c ab,s 
2HA 70-90 10YR5/4 ab, m,4 eh c, fim a 4c ab,ir 
3HA 90-130 2.5Y7/4 ab, f, 2/3 f, sh f, fi f,me,r 4c ab, ir 

8 

C > 130 - - - - - 4c - 
HA1 0-27 2.5Y7/2 ab, mc, 3 ch a c, me 3 ab, m 
HA2 27-45 2.5Y8/2 sg, f, 2 f a c, me 3 ab,s 
2HA1 45-90 10YR4/2 ab, fm, 2 f fi c, me 4b gr, s 
2HA2 90-130 10YR5/3 ab, fm, 2 f fi c, me 4b gr, s 

9 

3Bk > 130 10YR5/3 ab, fm, 3 fi fi c, cm 4b - 
1MC Munsell dry color; 2S structure: g=granular; sb=subangular blocky, ab=angular blocky, pr=prismatic, 
p=platy, sg=single grains; ma=massive; f=fine, m=medium, c=coarse; 2=weak; 3=moderate; 4=strong; 3C 
consistence: f= friable; sh= slightly hard, eh=extremely hard; fi=firm; vf=very firm; ef=extremely firm, 4R 

roots: a=absent; f=few; c=common; fi=fine, 5RF rock fragments: a=absent; f=few; c=common, me=medium; 
c=coarse; s=small; fl=flat, r=rounded, 6CaCO3 concretions: 1=absent, 2=few, 3=common, 4=abundant; a=fine, 

b=medium, C=coarse; 7B boundary: ab=abrupt, cl=clear, gr=gradual; s=smooth, w=wavy, ir=irregular. 
 
Taxonomic aspects 

Following Soil Taxonomy (Soil Survey Staff, 1999), the “natural soils” we studied, can be classified as  
Entic Haploxerolls. Really, all the pedons that form the sequence of the natural soils, which evolve in a xeric 
environment, show a surface horizon that meet all the requirements of a mollic epipedon. Moreover (Soil Survey 
Staff, 1999) they are characterized by little development in the subsoil, lie on late-Pleistocene deposits and have 
free carbonates throughout the cambic horizon (as in pedon 11) or in all parts of the mollic epipedon below a 
depth of 25 cm from the mineral surface (as in pedons 10 and 12).  

The question that arose when considering the anthropogenic soils was: “are these soils to be regarded as 
Anthrosols or should they be considered as Entisols”?  

According to the sixth attribute of Soil Taxonomy (Soil Survey Staff, 1999, pag. 16b), “significant 
changes in the nature of the soil by humans cannot be ignored”. This is particularly true in our case where the 
soils prepared for the vineyard cultivation were so deeply disturbed not only putting a stratum (30-50 cm) of 
marly limestone on a pre-existing deeply ploughed anthropogenic soil but, also, mixing again with the aid of 
heavy machinery the so-constructed soil to a depth of 110/120 centimeters. 
This way of soil-building excludes the possibility of classifying such soils as Arents. Soil Taxonomy states that 
Arents are soils which have fragments (3 percent or more) of diagnostic horizons that are not arranged in any 
discernible order and in our case this requirement is not met. 

As a consequence and following the criteria of Soil Taxonomy, the anthropogenic soils we surveyed, 
should be classified in a new soil order (Table 2). We propose they be called Anthrosols, as in another well 
known soil classification system (FAO/ISRIC/ISSS, 1998).  

If we consider “ant” as the “formative element” in the name of this new soil order (ant, from Greek 
anthropos=man) and bearing in mind that the pedoclimatic features of our study area are of Mediterranean type, 
at suborder level we can classify our soils as Xerants.  

Moreover, considering that such soils are made up of a mixture of inorganic materials (mainly marly 
limestone) transported and deposited through earth excavations which cover a pre-existing very deeply 
anthropoturbated material, Fragmexerant could be the most suitable name at Great Group level (from Latin  
fragmenta=spoils). Finally, considering that, before the vineyard plantation, the soils are mixing to a depth of 
110-120 cm with the aid of heavy machinery, at Sub-Group level they can be regarded as Miscic Fragmexerant 
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(from Latin miscere=to mix) meaning that such anthropogenic soils are characterized by anthropoturbated 
materials in the whole profile (ICOMANTH circular letter n° 2, 1997). 
 
Table 2. Proposed nomenclature with formative elements for the anthropogenic soils surveyed. 

Category Name Formative element Connotation 

Order 
ANTHROSOLS 

(from Gr. anthropos, 
meaning man)                  

Ant Soils built or strongly influenced by human activity 

Suborder XER-ANT 
Xer 

(from Gr. xeros, 
meaning dry)         

Anthrosols with a xeric moisture regime 

Great 
Group FRAGME-XERANT 

Fragme 
(from L. fragmenta, 

meaning spoils) 

Anthrosols formed on or with mineral materials that have 
been moved by earthmoving equipment. Landscapes are 
human formed.   

Subgroup 

 
MISCIC 

FRAGMEXERANT 
 

Miscic 
(from L. miscere, 
meaning to mix) 

Anthrosols formed on or with mineral materials that have 
been moved by earthmoving equipment and that have 
been deeply mixed with heavy machinery for farming 
purposes.  

 
Conclusion 

Due to the anthropic pressure, many areas of the world are affected by a process of soil “entisolization” 
that leads to the formation of “anthropogenic soils”. In many areas of the Southern Mediterranean basin such a 
process is linked to large scale farming for vineyard cultivation. In central and South-East Sicily, in particular, 
the farmers create anthropogenic soils by radically reshaping the landscape in order to obtain new areas for  
vineyard cultivation. 

According to the ICOMANTH circular letter n° 1 (1995), the processes that influence the anthropogenic 
soils we surveyed could be seen as “anthropogeomorphic processes” because the human activity on the soils is 
constructive in that pre-existing anthropogenic soils set aside for vineyards, are first covered with a 30-50 cm 
stratum of white marly limestone and then deeply ploughed to a depth of 110-120 cm. For these reasons it is 
impossible to describe any logical pattern of organic and mineral elements along the profile and their chemical-
physical features are very variable. 

Following the rules of Soil Taxonomy they can be tentatively classified as Miscic Fragmexerants 
meaning that such soils are Anthrosols, in a xeric environment, formed on or with mineral materials that have 
been moved by earthmoving equipment and that have been deeply mixed with heavy machinery for farming 
purposes. 
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Soil inorganic carbon in benchmark forest soils of Mediterranean environment:  
a case study from Sicily 

 
Laudicina, V.A.1 – Pisciotta, A. – Territo, C. 

 
 
Abstract 

Authors report on soil carbon distribution and pools of inorganic carbon in benchmark forest soils of a 
Mediterranean environment. The study was carried out in a representative forest ecosystem of internal hilly 
clayey area of central Sicily. Along a slope 100 minipit were described, sampled and analyzed to surveyed 
inorganic and organic carbon. Moreover, for three selected soil profiles, isotopic analysis were carried out to 
differentiate pedogenic and lithogenic inorganic carbon. Results show a great variability along the slope of 
inorganic and organic carbon. Soil inorganic carbon concentrations are higher in the central part of the slope 
where clays and marly clays constitute the parent materials, while soil organic carbon concentration, that is 
higher at the top and at the bottom of the slope, may be correlated to vegetation type. Moreover, results from 
isotopic analysis show that the amount of pedogenic and lithogenic inorganic carbon is different among surveyed 
pedons, reasonably due to different parent materials and landforms. 
 
Keywords: pedogenic and lithogenic soil carbon, stable C isotope, Mediterranean environment, Sicily. 
 
Introduction 

Soil carbon has been traditionally studied due to its role in functioning of soils. Recently such studies 
have been complemented by others related to biogeochemical processes affecting carbon fluxes (Schlesinger, 
1997). 

Soil carbon is the greatest reserve of carbon in the terrestrial ecosystem. There are two types of soil 
carbon pools: soil organic carbon (SOC) and soil inorganic carbon (SIC). The SOC is the predominant pool in 
soils of humid regions, whereas SIC is the most common form of C in arid and semi-arid climates. Many studies 
suggest that SIC exceeds organic carbon by a factor of >10 in arid regions and of >2-5 in semiarid regions (Lal 
et al., 2000). While the importance of SOC in global carbon cycling and the dynamics with the changing 
environment have been recognized (Bajracharya et al., 1996), few studies have been performed on SIC. SIC 
significance in terrestrial carbon transfer and its role in soil carbon sequestration has been poorly understood 
(Pan and Guo, 2000). This is due not only to the lack of data but also to the inability to differentiate (mainly in 
calcareous soils)  between the presence of primary and secondary origin of carbonate, i.e. lithogenic and 
pedogenic carbon respectively. The aims of this work were (i) to estimate the SIC amount and its distribution in 
benchmark forest soils and (ii) to differentiate lithogenic and pedogenic SIC. 
 
Materials and methods 
 
Study area 

The survey was carried out in a representative forest ecosystems of an internal hilly clayey area of 
central Sicily. Within it was choosen a hillslope of about 200 hectares and  facing S.E. (fig. 1), showing an 
average gradient of about 10 % and rising from 250 m to 485 m a.s.l.. Its land use is represented by woodland, 
mainly with Eucalyptus camaldulensis but also with Eucalyptus occidentalis, Pinus halepensis, Pinus pinea and 
Cupressus sempervirens. The climate is characterized as Mediterranean with cool to cold, wet winters and warm 
to hot, dry summers. Climatic data from 1985 to 2003 (climatic records in the area started in 1985), show a mean 
annual air temperature of 17.3 °C and a mean annual rainfall of 460 mm. Considering the “normal year” as 
defined in Soil Taxonomy (Soil Survey Staff, 1999), only for the eighteen years of climatic records which are 
available for the area, the soil udometric regime is “xeric” and the thermometric regime is “thermic”. 

In this area, deposits from Tortonian to Holocene in age outcrop. The oldest are sand-clays and marl-
clays from Tortonian “Terravecchia” Fm. To these follow selenitic gypsum and laminitic gypsum gradually 
passing to gypsarenites of the Messinian “Gessoso-Solfifera” Fm.. The youngest deposits (Holocene in age) 
outcrop at the top of the slope and are colluvial deposits made up by clays, marly-clays and silts, accumulated on 
gypsum in a continental environment (Dazzi and Monteleone, 2001).  
 
b. Laboratory methods 

On the basis of a technique of optimizated sampling, called "annealing sampling strategy" (Ferreyra et al., 
2002), along the slope, 100 mini-pit have been selected. This technique allows to optimize the sampling using 
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punctual information, already available, for the study area. In particular chemical and physical results from a 
preview survey (Fierotti et al., 1995) have been used.  
 

Figure 1. Study area and location of soils profiles along the slope. 
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Soil samples were analyzed to investigate inorganic and organic (only for the topsoils) carbon. 

Inorganic carbon was calculated on the basis of total calcium carbonate measured by gas-volumetric method. 
Organic carbon was calculated as the difference in total carbon determined by dry combustion and inorganic 
carbon. SIC and SOC contour maps of estimated kriging data were obtained using the software SURFER 7.0 
(Golden Software, 1999). This procedure has allowed to estimate the value of the regionalized variable at points 
that have not been sampled to estimate the trend of SIC along the surveyed hillslope. Moreover, for pedons 3, 22 
and 64, (for which in table 1 are reported the selected soil forming factors and soil classification) each genetic 
horizon have been investigated to differentiate lithogenic and pedogenic carbonates by stable carbon isotopes.  
 
Table 1. Soils and selected soil forming factors. 

Pedon Parent  
material 

Altitude  
(m a.s.l.) 

Slope  
(%) Vegetation at sampling site Classification (Soil 

Survey Staff, 1999) 

Classification 

(WRB, 1998) 

3 Colluvial 
deposits 475 4 

Eucalyptus camaldulensis, 
Pinus halepensis,  

Cupressus sempervirens 
Typic Calcixerert Calcic Vertisol 

22 Clays and 
marly clays 390 15 Eucalyptus occidentalis Gypsic Calcic Vertic 

Haploxerept 
Vertic Gypsic 

Calcisol 

64 Sandy clays 330 6 Eucalyptus camaldulensis Gypsic Vertic 
Haploxerept Vertic Gypsisol 

 
To determine the isotopic composition of inorganic carbon, soils were roasted at 380°C under vacuum 

and treated with 100% H3PO4 in an evacuated reaction vessel. The isotopic composition of the CO2 was 
determined by mass spectrometry. To determine the isotopic composition of soil organic carbon, an aliquot of 
each soil was treated with 1 N HCl to remove carbonates and combusted at 850°C in sealed quartz tubes 
(Boutton, 1991). Isotopic measurements were made on a mass spectrometer FINIGANN-MAT DELTA S and 
expressed as δ13C (‰) values relative to the international PDB standard (Craig, 1957). Precision was 0.1‰ for 
both inorganic and organic carbon measurements. The amount of pedogenic carbonate (PC) is calculated using 
the isotopic mass balance equation of Salomons and Mook (1976): 

 
                   PC (%) = (δ13Cbulk - δ13C parent material / δ13C pedogenic - δ13C parent material) x 100               (1) 

 
where δ13Cbulk is measured on each soil horizon, which normally contains a mixture of lithogenic and pedogenic 
carbonate; δ13C parent material is measured on an assumed parent material and δ13Cpedogenic is calculated according to 
diffusional model of Cerling (1984) and Quade et al. (1989):  
 

                              δ13Cpedogenic = δ13Corganic carbon + ∆CO2 diffusion + ∆CO2-CaCO3                          (2) 
 

in (2) δ13Corganic carbon is measured on soil organic matter; ∆CO2 diffusion is the δ13C difference between soil CO2 and 
soil-respired CO2 and ∆CO2-CaCO3 is the δ13C difference between C in carbonate and CO2 occurring during 
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equilibria reactions. Pedogenic carbon was calculated as the 12% of pedogenic carbonates. Statistical analysis 
was performed using the “Statistica 5.0” software (Statsoft Inc., USA, 1997). 
 
Results and conclusions 

Results show a great variability of inorganic and organic carbon concentrations along the slope. In 
figure 1, SIC and SOC distribution, along the slope, are showed.  

 

 
(a) 

 
(b) 

Figure 1. SIC (a) and SOC (b) distribution in the topsoil along the slope. 
 

SIC concentrations are higher (ranging from 10.8 to 62.4 gxkg-1) in the central part of the slope where 
clays and marly clays costitute the parent materials and lower (ranging from 1.9 to 7.1 gxkg-1) near the bottom of 
the slope where parent material is made up by sandy clays. In the subsoils SIC show a similar trend. SIC 
concentrations did not show any association level with elevation (r = 0.03) and, from field observations, no 
strong correlation appear with relief or other state factor of pedogenesis. SOC concentrations are higher near to 
the top (ranging from 8.6 to 70.5 gxkg-1) in soils developed on gypsum and gypsarenites and at the bottom of the 
slope (ranging from 10.2 to 40.7 gxkg-1) in soils developed on marly clays. In the central part of the slope, where 
soils developed on clays and marly clays, SOC show a lower concentration. Such SOC distribution, reasonably, 
depends on vegetation type (Pinus halepensis instead of Eucalyptus camaldulensis) and landform.  

 
Table 2. Total, pedogenic and lithogenic inorganic carbon in pedon 3, 22 and 64. 

Depth Total inorganic C Pedogenic inorganic C Lithogenic inorganic C Pedon Horizons cm gkg-1 
Ap 0-12 13.4 13.4 0 
ABss 12-50 14.9 14.9 0 
Bkss1 50-90 19.4 17.3 2.2 3 

Bkss2 >90 21.4 19.3 2.0 
A 0-7 22.7 3.4 1.3 
Bk 7-45 19.9 2.5 1.4 
Byss 45-75 21.8 0.6 2.2 
BCy 75-115 11.2 0.4 1.8 

22 

C >115 18.6 0.0 1.6 
A 0-10 1.8 1.7 0.1 
AB 10-20 5.2 4.9 0.2 
Bwss 20-50 6.5 6.2 0.2 
Byss 50-80 4.6 3.7 0.8 
BCy 80-105 6.5 3.2 3.2 

64 

C >105 5.3 0.8 4.4 
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Also SOC concentrations did not show any association level with elevation (r = 0.12). As regards SIC 
concentration in the three surveyed pedons (table 2), it is higher in pedons 3 and 22 (that develop on colluvial 
deposits and clays and marly clays, rispectively), than in pedon 64 (that develops on sandy clays). In particular, 
pedon 3 and 22 show similar SIC concentrations along the profile being in average 17.3 ± 3.7 and 18.8 ± 4.6 
gxkg-1, respectively, while pedon 64 has a much lower concentration of SIC (5.0 ± 1.7 gxkg-1). Even if pedon 3 
and 22 show similar concentrations of total inorganic carbon, results of isotopic analysis show that the amount of 
pedogenic and lithogenic inorganic carbon between pedon 3 and pedon 22 is different.  

In pedon 3, pedogenic carbon is the most abundant form of inorganic carbon, while in pedon 22 
lithogenic carbon is the predominant form of inorganic carbon. In pedon 64, the two forms of inorganic carbon 
show a trend linked to depth and consequently to pedogenesis (Laudicina, 2003). In the upper horizons are 
present more pedogenic than lithogenic carbon, while in the deeper horizons the trend is inverted. 
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Heavy metal contamination of urban soils: a case study (Nuoro/Sardinia, Italy) 
 

Vacca, S. 1 – Capra, G.F. – Muntau, H.W. – Loi, A. – Biagioli, M. 
 
 
Background 

Systematic soil quality monitoring has been performed in Italy since only a few years. The National 
Environmental Protection Agency and the National Thematic Committee “Soil and Contaminated Sites”, in 
particular, published quite recently an information dossier on the soil contamination in some provinces 
[Buondonno et al. 1996], clearly demonstrating that the Italian soils fit largely in the general variability observed 
in other European countries. With regard to contaminated sites, however, we have to admit that, according to the 
last census in the year 2000, more then 10500 contaminated sites have been recorded, Sardinia occupying the 
seventh position in the national ranking with 410 sites., according to the 2000 census is known. 
 
Objectives of the study 

The present study wants to offer the first contribution to the knowledge on urban soils in Sardinia and 
more specifically on heavy metal contamination of the urban soils of Nuoro. The tree-lined alleys of the city, 
exposed to heavy traffic, have been selected for soil sampling and the spatial distribution of the elements lead, 
nickel, copper, zinc and cadmium has been investigated and compared to the threshold values given by the 
Italian law (DM 25 of October 1999, No. 471). Further element of decision in the process of establishing the 
sampling station network were the data obtained from analysis of  traffic flow and density [General Survey on 
Urban Traffic, 2001]. 

The distribution of the mentioned metals shall be analyzed using Geographic Information System 
techniques with the major aim to characterize particularly polluted areas inside the city perimeter.  
 
Materials and Methods 

The sampling station network comprised both the areas of maximum traffic and the “green lungs” of the 
city. Surface core samples of maximum depth of 10 cm were taken by using an Edelman corer. Altogether 52 
samples have been collected. 

Following to drying, sieving (2 mm) and homogenization, subsamples of 1 g were mineralized 
following the AQUA REGIA procedure [DM 471/99] and analyzed by Electrothermal Atomic Absorption 
Spectrometry. 
 
Results and Discussion 

The obtained metal concentrations correlate positively with traffic densities (table 2). The mean metal 
concentrations encountered, and lead and Zinc in particular exceed largely the Italian norm as laid down in DM 
of 25 October 1999 (table 1, figure 1). The concentrations in the most heavily polluted city areas reach values as 
high as 810 and 570 mg/kg of lead and zinc, respectively. Cadmium exceeds the assumed geochemical 
backgound values of the Nuoro geological setting of  0.2 mg/kg [Bowen, 1966] for a factor 250. 

The spatial distribution of lead throughout the city  (Figure 2-3), evaluated on the basis of the 
Geographical Information System (GIS) highlights the high risk areas and indicates possible ways of 
intervention 

Element correlation analysis (Pearson) does not offer too much insight in the mechanisms, which led to 
the observed metal accumulation. While lead-zinc (r=0.75) might be traffic-induced (lead from gasoline and zinc 
from tyres), lead-copper (r=0.75), as well as copper-cadmium (r=0.70) do not find an easy explanation. On the 
other hand, the classical zinc-cadmium correlation, arising from the corrosion of zinc-protected steel and iron 
construction elements, appears unusually weak (r=0.44). All that could be due to the fact that urban soil 
composition reflects in a much lesser way the geological and geochemical aspects of their genesis, but the 
history of city development and related material displacements. 

The here presented study is but a first step towards a systematic mapping of environmental 
contaminants in urban soil. The authors are aware of the needs to add additional elements and compounds to the 
research set-up, but also to develop sampling strategies which take into account the basic differences between 
geochemically governed environments and urban environments and the manifold civilizational influences acting 
on them – in the past and in the presence. 
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Table 1. Limit values given by Italian norm (DM 471/99, expressed in mg/Kg) 

 
Metallo Valore soglia (mg/Kg) 

cadmio 2 
rame 120 
nichel 120 

piombo 100 
zinco 150 

 
 
 
 
 
 
 

 
Table 2. Index of correlation of Pearson applied to analysis on the heavy metals (in bold the values for r>0,7) 

 
 Cadmio Rame Nichel Piombo Zinco
Cadmio  0,70 0,47 0,38 0,44 
Rame   0,73 0,75 0,81 
Nichel    0,63 0,66 
Piombo     0,75 
Zinco      

 
 
 
 
 
 
 

 

 
Figure 1. Average values of heavy metals concentrations (grey area represented the limit values given by Italian 
norm, DM 471/99) 
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Figure 2. Spatial elaboration by softweare G.I.S. with the interpolation of the single values (a-lead; b-cadmium). 
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Figure 3. Spatial elaboration by softweare G.I.S. with the interpolation of the single values (c-nickel; d-copper; e-zinc). 
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Factors influencing the properties and productivity of acid arable soils in the Tirnavos 
area, Central Greece 

 
Karyotis, Th.1 – Argyropoulos, G. – Toulios, M. – Haroulis, A. – Mitsimponas, Th. – Katsilouli, E. – 

Georgiou, Th. 
 
 
Abstract 

Soil survey was conducted in the area of Tyrnavos (about 26.000 ha) in Central Greece, within the 
framework of the National Project for Soil Mapping. According to Soil Taxonomy (1999) the soils of the present 
study have been classified as Alfisols, they belong to the suborder of Xeralfs, and more precisely to the great 
groups of Haploxeralfs and Palexeralfs.Soil and thematic maps concerning the distribution of soil properties 
were compiled by using a Geographical Information System. Acording to data provided by the National 
Meteorological Service in Larissa, mean annual rainfall ranges between 450 and 550 mm/year. The main crops 
of the studied area are winter wheat, cotton, vineyard and peach trees. Thirty-three surface samples from the 
examined Alfisols were collected and the fine earth fraction (<2 mm) was used for laboratory determinations. 
Soils varied significantly in texture, soil acidity, cation exchange capacity (CEC), organic carbon content, plant 
available phosphorous (P), micronutrients, drainage conditions, thickness and depth of argillic horizons. Organic 
matter ranged between 1.0 and 31.0 mg/kg, CEC varied from 7.8 to 50.2 cmol/kg, and available P was between 
6.0 and 67.0 mg/kg. Moreover, the status of micronutrients at certain samples was found at deficiency level. 
Deep plowing, monocultivation, excessive use of fertilizers, soil levelling and artificial drainage had affected soil 
properties. Regardless of the different degree of soil development, the similarities among the studied soils, were: 
formation of argillic and/or calcic horizons, organic matter translocation to deeper horizons and low pH in the 
subsurface horizons. Soil management and productivity may be controlled by practices that decrease the negative 
impact of problems relevant to: crusting of Ap horizons, hardness of argillic horizons, inadequate or excess 
infiltration and secondary salinization of Ap horizons. It should be taken into account that low organic matter, 
man induced nutrients disorders and climate factors have seriously affected soil properties. It is expected that 
deep plowing, application of proper irrigation schemes, liming and selection of suitable fertilizers may enhance 
soil fertility.    
 
Materials and methods 

Surface soil samples were collected from thirty-three representative Alfisols of the studied district. Soil 
Survey Manual and Soil Taxonomy were used for description and classification, while thematic map concerning 
the soil units distribution of the acid soils was compiled by using a Geographical Information System. The 
examined samples were air–dried, ground and sieved (<2 mm). Particle size distribution was determined by the 
Bouyoucos hydrometer method (Gee and Bauder, 1986). The pH values were measured in a 1:1 soil–H2O 
suspension (McLean, 1982) and the ammonium acetate (1 N at pH=7) method was used for measuring the 
exchangeable cations (Thomas, 1982). The exchangeable K+ and Na+ were determined using a flame 
photometer, and both Ca++ and Mg++ were measured with an atomic absorption spectrophotometer. Soil 
carbonates were determined by the volumetric calcimeter method (Allison, 1965). Available phosphorous was 
extracted from acid soils by a Bray method (Kuo, 1996) and from alkaline soils by the Olsen method (Olsen and 
Sommers, 1982). A modified wet digestion, Walkley and Black method (Allison, 1965), was used for the 
organic matter determination. The plant-available Fe, Cu, Zn and Mn were extracted in soil samples with 0.005 
M (Lindsay and Norvell, 1978). The contents were determined by atomic absorption spectro–photometry.  
 
Results and discussion 

The studied soils are located on alluvial terraces and/or fans in the district of Tyrnavos, Central Greece 
(Fig. 1 and Fig. 2) and have been classified as Alfisols. A number of the Ap horizon commonly has resulted from 
the mixing of eluvial horizons and of the upper part of the argillic horizon. The organic matter was low, varied 
greatly amongst the examined samples and ranged between 1.0 and 31.0 mg/kg. Parent material, topography, 
hydrology aand human activities have influenced soil properties (Table 1). Cation exchange capacity ranged 
between 3.4 and 50.2 cmol/kg and was linearly related to clay content by the following relationship: 
YCEC = 8.54 + 0.38Xclay (r = 0.34, P<0.5) 

Concerning the exchangeable cations, the following order (Table 1) was observed: Ca>Mg>K>Na and 
in certain sites, only potassium seems to be at deficient level (Table 1). The slightly alkaline surface layers 
contain CaCO3 from secondary enrichment. The pH values ranged between 4.7 and 8.1 and 25 out of 33 surface 
soil samples were acid. In eight surface horizons the pH value was higher than 7.0 and can be attributed to 
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secondary enrichement by CaCO3. The distribution of trace elements greatly varied and a wide range of the 
elements extracted by DTPA was as follows: Fe 3.4–162 (mean 31.5) mg kg  – 1, Mn 11.-201.1 (mean 37.1), Cu 
1.4 –16.8 (mean 5.5) mg kg  – 1, and Zn 0.5 – 19.7 (mean 3.3) mg kg  – 1 (Table 1).  
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Figure 1. Simplified map of the studied area in Thessaly, C. Greece 
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ration, the following decreasing order was found: Mn>Fe>Cu>Zn. These 
nutrients, may be attributed to parent material heredity and man activities by 
 tillage practices. Iron deficiency symptoms observed in peach trees, these 
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are restricted in some limited areas and can be ascribed either to the parent material heredity or to the presence of 
calcium carbonate, which decreases the plant availability. Manganese deficiency was limited and its mobility 
may be due to the oxidation of this element during the dry and warm growing period. Only one sample was very 
rich in Mn (>200 mg/kg) and the risk of toxicity is high. The increased mean Cu content may be related to parent 
material and to application of fungicides by the farmers. Zinc was low in several soils and visual deficiency 
symptoms are frequently observed in arable crops. The available phosphorus content ranged between 6.0 and 
67.0 mg kg – 1 (mean 25.0 mg kg – 1), although in some locations the P level was low. It can be argued that these 
soils are vulnerable to management, which strongly affects their properties. Rational water management and 
proper fertilization could contribute to the soil quality, without any yield reduction. Potassium exhibits 
deficiency levels at specific locations, mainly due to empirical application of fertilizers. Soil organic matter 
content was low, as a result of the dry soil conditions and tillage practices. Over-liming of acid soils may be 
avoided in order to reduce binding of micronutrients that lead to deficiency symptoms.  
 
Table 1.   Descriptive statistics of the selected soil properties (n=33) 

                   
  S Si C CaCO3 OM  pH P CEC Na Ca Mg K Fe Cu Zn Mn 
        1:1           
            
    (%)  g/kg   mg/kg   cmol/kg    mg/kg  
                   
Mean  41 29 30 1.1 1.0  6.3 25.0 20.1 0.5 13.9 5.9 0.7 31.5 5.5 3.3 37.1 
                   
STD  8.1 6.8 9.7 3.0 0.5  0.9 15.5 10.8 1.6 10.3 4.1 0.3 31.1 3.7 4.1 38.2 
                   
Min  28 13 16 0.0 0.1  4.7 6.0 7.8 0.05 3.4 1.4 0.0 3.4 1.4 0.5 1.1 
                   
Max.  61 41 53 15.4 3.1  8.1 67.0 50.2 9.1 50.7 19.2 1.6 162 16.8 19.7 201.1 
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Reforestation of degraded shrublands for combating desertification in SE Spain: effects 
on soil properties 

 
Castillo, V.M.1 – Barberá, G.G. – Navarro, J.A. – Mosch,  W. – Martínez-Mena M. – Albaladejo, J.  

 
 

Reforestation has been advocated as an important tool to reduce erosion, to control runoff and to 
improve soils, and, especially in the Mediterranean areas, to combat desertification. The extended use of 
terracing in the 60s and 70s with the purpose of improving water supply has been severely criticized because of 
promoting erosion, reducing soil quality and disrupting natural landscapes. This paper describes results from a 
study of the effects of reforestation works on major physical (texture, bulk density, soil water retention 
characteristics, hydraulic conductivity) and chemical (total organic carbon, nitrogen, phosphorus and potassium 
content, pH and electrical conductivity) soil properties.  50 sampling plots were selected to compared soil 
properties under reforested stands with Aleppo pine (P. halepensis Mill) with those on adjacent degraded 
shrublands at two watersheds in which several forest restoration projects have been carried out since 1970.  

After 30 years of the plantation, results showed that concentration of organic carbon under trees were 
similar compared with contiguous areas covered by shrubs. On the other hand, concentrations of nitrogen, 
phosphorus and potassium were significantly lower in forested stands than in shrublands.  No significant 
differences were found in physical soil properties. Only bulk density and hydraulic conductivity were slightly 
improved by site preparation 

These findings confirmed the initial negative effect of terracing on  soil fertility has not been recovered 
by tree growth, except for carbon content. These negative effects are only partially counteracted  by the 
improvement of soil hydraulic properties which lead to a greater water availability. 

                                                           
1 Department of Soil and Water Conservation, CEBAS-CSIC. Murcia (Spain). Tel.: 34-968396349 ;  
Fax: 34-968396213; E-mail: victor@cebas.csic.es 
 

177 

mailto:victor@cebas.csic.es


GIS evaluation of a long-term experiment on salinization processing 
 

Blaskó, L.1 
 
 
Introduction 

The leaching and accumulation of sodium are strongly related to the soil water regime and to the micro 
morphological features of the of the soil surface (groundwater level, infiltration of rainfall, evaporation, micro-
sins with/without outlet etc.). 

According to Bíró and Thyll (1999) by re-classification of digital maps describing the spatially 
relatively stable characteristics contributing to water inundations (hydraulic conductivity and maximum water 
holding capacity of the topsoil, convexity of the soil surface, size of micro-watersheds, critical groundwater 
level, land use) category maps can be created. Using the serial overlaps of them maps can be drawn indicating 
the threat of water inundations. 

On a certain soil spot many combinations of factors causing Na-accumulation or leaching can occur. 
The great variety of the affecting factors is manifested by the extreme spatial and temporal heterogenety of soil 
features. Beyond the different forms of Na-accumulation, the spatial pattern (mosaic-like characteristic) is also 
an inseparable feature of salt affected soils. This great spatial and temporal heterogenety rises special 
methodological problems in case of plot experiments (Colibaş, 1978). 
Theoretically the disadvantages of heterogenety could be moderated by the increase of the number of the 
replication, but this method is practically not applicable in the case of soil reclamation or amelioration 
experiments due to the limited capacities. 

To improve the assessment technique we used a specific methodology for unfavourably heterogeneous 
soils. The amelioration experiment is set without real plot replications and within the plots the soil samples are 
taken at surveyed points. These points are the bases of a soil property monitoring. Hence the soil reclamation 
treatments are not compared to a control, but to the state of the certain point before the reclamation. 
The up-to –date GIS methods ensure the joint evaluation of the reliability and the uncertainly of a state survey 
(Kertész, 1997). The conventional statistical methods do not take the positions of the sampling points related to 
one another and spatial link system of the measured values into account. By means of geo-statistical methods 
linked to GIS point-like sampling data can be evaluated. In this paper the GIS methods of the system setup and 
the evaluation of a long-term experiment are presented. 
 
Material and method 

The investigated complex amelioration model site at Karcagpuszta was set up by László Nyíri in 1977. 
The detailed introduction of the experiment carried out at that model site was published by Nyiri and Fehér, 
1977. The pedological and plant production results – evaluated with conventional methods – can be found in the 
publications of Nyiri and Fehér (1981), Nyiri (1988) and Blaskó (2001). The soil type of the experimental site is 
a meadow Solonetz with structural B-horizon, the parent material has clay-clay loam texture. The characteristic 
groundwater depth varies between 1,5 and 2 meters. 

Juhász et al. (1997) also emphasized the advantage of GIS as it connects the digital and topological 
graphic models to the data base systems, hence the actual analysis techniques can be completed with spatial geo-
statistical analyses. In accordance with this during data collection we gave preference on secondary data gain, 
partly because of its lower costs, partly because of our limited hardware- and software capacities. Although 
primary data gain provides better quality, but it is more time- and cost consuming. Nevertheless the data gain 
quality must be examined and certified at the design of data gain and also at the control of the created data base 
(Detrekői et al., 2000). 

My logical GIS model was originally published by Tamas and also used his recommendations to 
integrate the field GIS (ArcPAD) data sources with web mapping technology and prepare precision agriculture in 
this fields. Tamas earlier published his large scale digital elevation modelling results also about salt affected 
water accumulation processes and emphasised the importance of micro relief. He applied a special TIN 
algorithm to treat the local depressions and sinks in digital model which is need to reduce local error. 
During data collection we applied the analogue cadastre and topographical maps of 1:4000 and 1:10 000 scale 
got from the regional Land Office at Törökszentmiklós. The digitalisation, the insertion into EOV system, the 
cut of frames and the rotation of the analogue cadastre map sections were done by means of „Erdas Imagine 8.4” 
and „ArcView 8.1” Software (Table 1.). The location of the experimental site mentioned above is shown  
in Fig. 3. 
 

                                                           
1 Debrecen University CAS Karcag Research Institute, H-5301 Karcag, P.O.Box 11. Hungary. Tel.: 36-59 311-
255; Fax: 36-59 311-036; E-mail: blasko@dateki.hu  
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Table 1. Basic data of the used maps 

Basic maps Format Scale 
Number of 

map 
section 

No. of map 
section 

Cadastral map .tif, .geotif 1: 4000 1 58-141-4 
Topographical map .sid 1: 10 000 1 58-141b 

 
The scan of the basic maps was done at 300 dpi resolution that amounts to 3 m reference value. During 

the rectification linear affin transformation was done, where the final horizontal accuracy was +-0,65 m. the 
vertical accuracy of basic point levelling was +-0,02 cm. The transformation of the relative altitudes into 
elevation above Baltic see level is ensured. During data processing the raster data served as the basis for the 
vectorize of the examined objects. The object- and layer distribution determined in the logical model was the 
basis of the digital graphic model, for which the attributive data (the data base of the investigated four years) 
were needed to be ranged by means of the primary and secondary identification keys. 

To determine the change of the soil properties2 samples were taken from 112 surveyed points of 16 
plots in 1977, 1981, 1989 and 1995. The soil was sampled to the depth of 110 cm by each 20 cm deep layer. 
Beyond the sampling points 224 elevation reference points were also surveyed, hence the „z” co-ordinates 
provide the possibility of 3-D modelling (DTM). 

The climatic conditions, the salt balances and the plant production possibilities related to the experiment 
has been carried out since 1977 are described in the study of Karuczka (2001).  
 
Results 

On the base of the logical- and physical models of the investigation (Fig. 1-2.) the data bases were made 
in convertable forms by dBase and Excel.  

The logical model includes the future steps to create the decision making system as well. On the base of 
the data of the physical model the necessary data bases could be created and the implementation of analysis 
could be initiated (Fig. 2.). 
 
Figure 1. 

 
 
 

2 The examined soil properties: pH (H2O), pH (KCL), Y1, CaCO3, Na2CO3, KA, exchangeable Ca-, Mg-, K-, and 
Na, salt (%). 
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The geostatistical analyses were made by means of „Genstat 6.0” and „Surfer 8.0” software. The symmetrical 
quadratic grid was created. The grid points values change in the function of the interpolation technique and 
sample spatial density and their values but grid size results was geostatistically optimized by Tamas (1999, 
2004) large scale DTM methodology. If this method is used the model parameters must be treated very 
accurately and proper variogram models must be chosen and interactively up scaling the meshes of grids sizes. 
During the DTM optimization analysis approximate (with low nugget value) kriging was used to create surface 
of the investigated area. Based on Tamas (2001), the acceptable optimal nugget value was below 20% of the 
total sill value. 
 
Figure 2. 

 
 

For the GIS analyses „ArcView 3.2-8.2” versions were used. Using the cadaster and topographical map 
sections we generated different ovelapping shapes (Fig. 3.) for that the soil properties were linked as attributive 
data. The sampling points involve the main information in the structure of the data base. For this we created a 
coding system. On the base of this system each investigated parameter and its change can be reproduced and 
analysed for each year and sampling point. Furthermore coding precludes the possibility of data redundancy and 
errors. By using the logical shapes shown in Fig. 2. 
 
Figure 3. The new  „shape” files of the long-term experiment created with „ArcView” 

 
 

The 3-D surface of the investigated area could be displayed (Fig. 4-5.). The aim of modelling is to aid 
decission making processes. After the DTM delineation can be spatially isolate the salt accumulated places and 
analyse the correlation with elevation model and land use and cultivation practice. Beyond the models created on 
the base of the elevation points, the analysis and spatial display of the temporal dynamics of the soil properties 
are of great importance. For the introduction of precision agricultural management on this area the preconditions 
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(thorough survey, correction and update of co-ordinates, more elevation points) are already given. This will 
ensure the compatibility of the up-to-date machinary park, wich is already at our disposal, with the „AgGPS” 
computing system. 
 
Figure 4-5. The surface-analized maps from the long-term exeriment created with „Surfer 8.0” 

 

 

 
 

For the publication of the research achievements we used the web-based „ArcCatalog”, „ArcIMS” 
systems (Fig. 6.). The map- and attributive data are accessable through special mapping webservers3 as meta-
data by anybody who is searching for literature or data bases by means of the given keywords (soil, sodic soil, 
GIS, long-term experiment etc). WEB mapping also effective tools to remote analysis of salt risk. Tamas (1995) 
Tamás et al. (1998) published powerful combined GIS based Fuzzy and Boolean risk management methods to 
evaluate Environmental Buffering Capacity which methods can be used after modification on the web to treat 
salt affected risk. 
 
 
 
 
 
3 FGDC = Federal Geographic Data Committee meta data base – URL: http://www.fgdc.gov 
/metadata/metadata.html – 
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Figure 6. The „ArcCatalog” software by ESRI 
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Conceptual and methodical bases of preservation physically soil degradation 
 

Jigeu, G.1 – Konishesku, A. – Jolondkovski, A. 
 
 

Processes of modern evolution of a soil cover put forward on the first place alongside with erosion   the 
problems of physical degradation of soil. The reasons of this phenomenon are discovered in the process of 
replacement biosenozes by agrosenozes. Last assumes carrying out of processing's with a view of creation of 
favorable conditions for an input and growth of plants. Thus this process proceeded during all historical times 
and in connection with intensification influences of the man on land resources constantly amplified, and the last 
40 – 45 years from a local problem has turned in global which studying borrows scientists of all world. 

In Europe the first data concerning physical degradation of soil have appeared in beginning XX of 
century but appropriate attention began to give by these processes only in the beginning of the seventieth years 
of the last century when began to be shown as limiting factors. Now in this or other form (over ramming of soil, 
destruction of soil, crusty, slitization, colmatage and etc.) physical degradation proceeds in all regions of Europe. 
It is caused by interaction and interrinfluence of natural and anthropogenous factors and leads to  reduction or 
destruction of efficiency eko – and agroekosistem, to easing their biological features and obstructs economic 
activities of the man. It strengthens necessity of research of the phenomenon for which studying combined 
efforts scientific of different regions and the countries are necessary, called to elaborate measures for prevention 
or reduction of negative consequences. Simultaneously we mark that by present time in Europe the rich 
experimental material concerning factors and mechanisms of physical degradation of soil is accumulated. At the 
same time in a number of the countries of region (Germany, Hungary, Netherlands, England, Russia, Romania, 
Moldova, Ukraine, etc.) were formed a number of  science centers of the processes of physical degradation 
borrowed with researches of soil and possessing by an infrastructure necessary for these researches as scientific 
bases and permanent experiments. The first stage of studying of processes of physical degradation of soil in 
various has in our opinion ended with it is soil – climatic conditions and conditions for development of the all-
European uniform strategy of  soil preservation  and prevention or decrease to a minimum of consequences of 
physical degradation are created. In this context the maintenance of the term preservation of soil is reduced to 
one thesis: the general influence on a soil cover should not exceed limits behind which its destabilization begins, 
transition in a unstable condition, and then follows also irreversible processes of transition to a new stationary 
condition. In such definition development of uniform all-European strategy of preservation of soil assumes 
creation uniform networks of monitoring capable to provide an estimation of a modern condition and 
monitorizaion the basic processes and mechanisms of evolution of a soil cover and potential productivity of soil. 

Experience of teamwork with colleagues from Romania, Ukraine, Belgium, etc. the European countries 
shows, that the main obstacle in a way of the decision of problems of physical  soil degradation are unequal 
methods of identification and an estimation of processes of physical degradation. Unequal methods of research 
and estimation of processes of physical degradation interferes with creation of models of steady use of soil and 
the forecast of evolution of processes of pedogenesis and functioning of a soil cover and also to carry and 
introduction new soil – and energosaving technologies.  In this connection unification of methods of 
identification and an estimation of processes of physical degradation are paramount condition for recessing 
integration in present district 

Other important condition inextricably related with the first is unification of a theoretical basis of a 
regional network monitorization a physical  soil condition . 

In this context in view of modern achievements of various soil schools of the European countries we 
consider, that the most comprehensible is the principle of the system approach to concept about soil as about 
very complex system with indefinitely big variety of the internal and external functional communications having 
very complex multilevel structural organization. From these positions at research of soil as natural solid it is 
necessary to distinguish a hierarchical series of consecutive levels of its structural organization, each of which 
demands specific methods and approaches of research, the control and management. 

All structural levels of the organization of soil are in constant development and close genetic, and 
consequently also a causal relationship as among themselves, and with factors of pedogenesis as test for itself 
influence of features of pedogenesis. The concept of hierarchy of levels of the structural organization of soil has 
not only the important methodological value, confirming independence of soil as natural solid, but also plays the 
big role both at studying of soil, and at their practical use. She indicates that for knowledge of properties and 
functions of soil as a whole and managements of not enough what studying of them or one level, and is 
necessary research of interaction of all levels of the  soil organization. This concept allows to choose correctly 
objects and to establish ways and methods of research, and also the directed change of  soil properties and 
processes proceeding in them.  

                                                           
1 Research and Production Centre of Agricultural Chemistry Service, Republic of Moldova 
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Soil disturbance surveys in pine tree plantations of the Basque Country 
 

González-Arias, A.1 – Martínez de Arano, I. – Gartzia, N. – Aizpurua, A. 
 
 

Forests are known to be the ecosystems that best protect soils and watercourses (Horswell & Quinn 
2003). Nevertheless, in commercially managed forests where stands are clear-cut and heavy machinery is used 
for harvesting and site preparation, the maintenance of forest soils sustainability is greatly questioned because 
plant cover is disturbed and the risk of erosion intensifies. Nevertheless, forestry areas are exposed to 
disturbance at lower frequency than traditional agriculture, although the disturbance is more severe. Inter-
rotation period is defined as the period between clear felling of a mature plantation and the complete re-
establishment of the next rotation (Constantini et al. 1997).  

Pinus radiata plantations that are harvested every 30-40 years account for 60% of the forest surface in 
the Basque Country. Besides, the steep and mountainous terrain which is characteristic of the Atlantic part of the 
Basque Country along with the high precipitation that is distributed all year round (1500-2000 mm year-1) makes 
erosion hazard to be very high in this region, mostly during inter-rotation period. The forestry practices that are 
used more in this region are: i) clear-cut with chain saws; ii) harvesting using skidders and iii) site preparation 
using the following techniques: a) clearing harvest residues and understorey vegetation with the front blade of a 
bulldozer followed by b) ripping in order to facilitate plantation and to improve the physical structure of the soil. 
If the slopes are steeper (>30%) site preparation is usually fulfilled without machinery and residues are pushed 
into windrows manually. There are neither reliable statistics about the practices involved in forestry operations 
nor about the surface treated with these practices. Nevertheless, almost all the harvesting and over 50% of site 
preparation involve the use of heavy machinery (foresters Confederation, personal communication). The 
socioeconomic structure of the forest sector and the increasing demand for wood and paper products have led to 
increased mechanisation and use of heavy machinery in forest operations in the Basque Country, and this fact is 
going to increase in the following decades. 

During the inter-rotation period the plant cover disappears leaving the mineral soil exposed to rainfall 
for periods of time with different lengths depending on site characteristics and on the forest practices used 
(Olarieta et al. 1997). In the Basque Country the effect of mechanisation during the first year may lead erosion to 
change from 8 tn/ha when site preparation is done manually to 60 tn/ha when machinery is used for this purpose 
(Olarieta et al. 1999). The effect of machinery can also be seen in terms of a 50% reduction of organic matter in 
forest soils and significant reductions of other essential nutrients (Merino et al 1998; Merino & Edeso, 1999; 
Olarieta et al. 1999).  

Thus, it is important to develop a quick and easy procedure to measure the disturbance of the soil 
caused by forest practices during harvesting and site preparation in the Basque Country in order to asses the 
effects of the use of heavy machinery and to evaluate forest practices themselves. This is the main aim of the 
present study. 

 
Soil Disturbance Evaluation Procedure 

A soil survey recording form (an electronic counterpart has also been developed using FileMaker Pro 
6.0 database) has been designed in order to standardise data recording and processing. In the front cover of it 
some general data about the stand (Owner, surface, mean slope, prescription…) have to be recorded. It has to be 
also recorded, if possible, some parameters about previous harvesting such as harvested species, mean height of 
harvested trees, dominant height, mean diameter, total harvested volume, tree density when harvested. 
Afterwards, data about the practices involved must be recorded; practices done by, machinery used, date when 
forest practices are done and if possible, soil moisture status when practices are done. Another set of data that 
has to be reported is the one that has to deal with harvest residues and protection of watercourses. This set of 
data includes the following items: Kind of riparian buffer zone (natural riparian forest, planted riparian forest, 
shrub-land area, grass-land area, no buffer area, not relevant), number of crosses between roads and 
watercourses, minimum distance to a riparian buffer zone/river from a road, length of a road that lies parallel to a 
water course and maximum slope to it. The harvesting residues are recorded as chopped (chopped and evenly 
spread through the entire surface of the planted area), piled, burnt, windrows and removed (removed from the 
planted area of the stand). Windrows are recorded in a different way. If distance from windrow to windrow is 
just enough to plant 3 rows of trees (around 10 m with the nowadays forest management for radiata pine in the 
Basque Country), and thus, erosion prevention is maximised these windrows are recorded as windrows/erosion; 

                                                           
1 Forestry Unit. Neiker: Basque Institute for Agricultural Research and Development. Derio Centre. Zamudio 
Technology Park, Plot 812. Berreaga, 1 Derio 48160 (Bizkaia); Tel.: +34-94-4034328; Fax: +34-94-4034310; 
E-mail: agonzalez@neiker.net 
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if the distance between them is larger or if they are just pushed perpendicular to the slope they are recorded as 
windrows. 
 
Soil Disturbance Categories Definition 

The procedure developed in this study is based on the Soil Conservation Surveys Guidebook published 
by the British Columbia Ministry of Forests (2001). This survey method takes the stand as the unity for carrying 
out the procedure because forests operations are mainly done at this landscape level, and because of operational 
feasibility. In the procedure proposed in this study, stand level surveys will also be done. 

In the first place, the soil disturbance categories defined by BC Ministry of forests (2001) were revised 
and modified in order to be useful for the particular case of the Basque Country. 

The first soil disturbance category to take into account is the one called “Unplanted Structures”. This 
category involves structures in the stand that will be left unplanted in the future. There are two subset of 
structures counting for this category: 1) lineal structures as access structures (roads), fire-brakes, electrical 
laying, gas pipelines… and 2) non lineal structures as landing areas, backspar trails… These unplanted structures 
must be built or considered under prescription. This category will be used to estimate the stand surface occupied 
by this kind of structures and thus, the surface that is going to be left unplanted in order to evaluate the correct 
technical prescription and to estimate the losses of productive surface. For structures (roads, paths…) 
constructed for machinery travelling or left unplanted crossing a watercourse it will be noted in the front cover. 
If the structure runs parallel to a watercourse the minimum distance to it or to the buffer riparian forest (if it is 
smaller than 50 m), the length of the structure that is parallel to the river and the slope to it will be measured. 

The following disturbance categories are the ones evaluated in the area to be reforested. These 
disturbance categories are mainly due to i) the incorrect use of the machinery during forest operations e.g. 
travelling around the whole area, passing by many times on the same place, pushing the shovel into the mineral 
soil forming gouges… ii) because machinery is used under improper moisture contents of the soil. These 
categories are grouped from severe disturbance to no disturbance at all the following way: Gouges/dislodged 
soil; compacted areas; wheel or track ruts; scalps and not disturbed. 
 
Gouges/dislodged soil 

These disturbance categories are those that deal with improper use of the machinery. The front blade of 
bulldozers and skidders have to be operated some centimetres above forest soil to encompass clearing of 
harvesting residues but sometimes these blades are pushed into the mineral soil for several meters removing the 
upper part of mineral soil. 

a) Deep gouges (D). Excavations into mineral soil deeper than 30 cm measured from undisturbed 
mineral soil or to bedrock at the survey point. 

b) Wide gouges (W): Excavations into mineral soil that are i) deeper than 5 cm measured from 
undisturbed mineral soil at the survey point and ii) deeper than 5 cm or to bedrock, on at least 80% 
of an area of 3 m2. 

c) Long gouges (L): Excavations into mineral soil that are i) deeper than 5 cm measured from 
undisturbed mineral soil at the survey point and ii) deeper than 5 cm or to bedrock on at least 80% 
of an area 1 x 3 m. 

d) Ripping furrows (S): Furrow generated during site preparation using a ripper or similar equipment 
at the survey point. The angle deviation from the horizontal line is also measured at the bottom of 
the trench. If ripping is a prescribed operation, the category where the furrow trench at the survey 
point lies is also recorded. 

e) Ripping mounds (rest-balk) (N). Rest-balk generated during site preparation using a ripper or 
similar equipment at the survey point. If ripping is a prescribed operation the category where the 
mound lies at the survey point is also noted. 

f) Dislodged soil (E). Accumulations of dislodged mineral soil (mounds) with or without harvest 
residues that are i) higher than 5 cm at the survey point and ii) higher than 5 cm on at least 80% of 
an area of 3m2. 

g) Removed stumps (T): Stumps that have been pushed out from the soil by the machinery. It may be 
the stump itself or the hole left when the stump was removed. 

 
Compacted areas 

Due to repeated machine traffic, or because logging areas are not properly designed and the area to be 
reforested is used for this purpose, some areas of the area to be reforested may get compacted. Prior fulfilling the 
survey, a quick determination is done in an adjacent and mature forest in order to have forest floor depth and 
compaction reference values for the evaluation. Compaction is assessed with a hand penetrometre easily. This is 
achieved selecting two points in the middle of the mature stand, 100 m away from access structures. From these 
points 15 points are randomly selected using 2 different randomly generated number lists: one (from 0 to 360) 
for compass bearing and the other one (from 0 to 25) for distance from the centre point. In each of these 30 
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points forest floor depth to mineral soil is measured and soil strength (as resistance to penetration) are measured. 
Compaction is assessed relative to the 90th percentile of the values estimated this way. When resistance to 
penetration in the survey point and the area surrounding is bigger or equal this figure, then the soil is considered 
as compacted. 

a) Big Compacted Areas (A): Compaction estimated as explained before i) at the survey point and ii) 
compaction on 100% of an area of 100m2. 

b) Small Compacted Areas (C): Compaction estimated as explained before i) at the survey point and 
ii) compaction on at least 80% of an area of 3 m2. 

 
Wheel or track ruts 

Wheel or track ruts are impressions or ruts in the soil caused by heavy equipment traffic. They are 
mainly done when the soil is wet (close to field capacity). This category does not require the survey point to be 
assessed for evidence of compaction. 

a) Deep Ruts (H): Impressions in the soil with a width of 30 cm and a minimum depth of 15 cm from 
the forest floor or 5 cm from the mineral soil at the deepest point in the perpendicular cross-section, 
over the entire length of 2 m. Depth is measured from the surface of the undisturbed forest floor or 
from the mineral soil to either the forest floor surface in the bottom of the rut or the mineral soil 
surface in the bottom of the rut if a forest floor is not present. 

b) Superficial Ruts (G): Impressions in the soil with a width of 20 cm and a minimum depth of 5 cm 
measured from the mineral soil at the deepest point in the perpendicular cross-section, on at least 
50% of a length of 2 m. Depth is measured from the surface of the undisturbed forest floor or from 
the mineral soil to either the forest floor surface in the bottom of the rut or the mineral soil surface 
in the bottom of the rut if a forest floor is not present. 

 
Scalps 
Scalps are areas where the forest floor has been removed either by the improper use of the front blade or by the 
pushed trunks when logging is done. 
Forest floor is considered removed when the underlying mineral soil is exposed or it is covered by: 

1) Fine woody slash, undecomposed needles, or dislodged rotten wood. 
2) Dislodged forest floor that is less than half the depth of the undisturbed forest floor (reference  
              value estimated as commented above). 

Forest floor is not considered as removed when it is: 
1) Intact forest floor of any depth, typically showing roots growing into the mineral soil. 
2) Exposed mineral soil covered by dislodged forest floor that is at least half the depth of the 
undisturbed forest floor (dislodged forest floor must be similar to the adjacent undisturbed forest floor 
to be acceptable). 
a) Very Wide Scalps (B): Areas where the forest floor has been removed i) at the survey point and ii) 

forest floor removed at least 80% on an area 9 m2. 
b) Wide Scalps (M): Areas where the forest floor has been removed i) at the survey point and ii) forest 

floor removed at least 80% on an area 3 m2. This category is not considered when the prescription 
allows the use of machinery. 

Harvest Residues 
Harvest residues with neither mineral soil nor forest floor that have been piled in the area to be 

reforested either to minimise the erosion hazard or to facilitate planting operations. They will not be counted as 
disturbance category as it will be impossible to assess for soil condition underneath them unless they are burnt. 
It will be positively taken into account and it will be noted as such in the front cover if: 

1) Residues are pushed into windrows following the contour of the land and allowing 3 rows of trees to 
be planted (around 10 m for radiata pine) to minimise erosion risk. 
2) Residues are chopped and spread uniformly all over the stand to minimise raindrop impact and to 
provide for organic matter and nutrients for the next rotation. 
It will be negatively taken into account and it will be noted in the front cover if: 
1) Residues are burnt although the soil has no visible damage as defined in the category “Burnt Harvest 
Residues” 
2) Harvest Residues are removed from the area to be reforested even if they are pushed to the bottom 
of the stand or to an Unplanted Structure. 
a) Wide Harvest Residues (R): Piles of harvest residues higher than 30 cm i) at the survey point and 

ii) piles occupying at least 80% of an area of 9 m2. 
b) Harvest Residues. Windrows (K): Harvest residues piled on strips i) at the survey point and ii) 

residues on at least 80% of an area of 4 x 0.5 m. 
c) Burnt Harvest Residues (I): Piles of burnt harvest residues i) at the survey point and ii) burnt 

residues occupying an area of 3 m2. Burnt residues will be considered if the underlying soil shows a 
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massive and oxidised structure different from undisturbed soil. If residues are burnt but no clear 
affection to soil is recorded, it will be noted in front cover but these areas will be considered as 
scalps. 

Not evaluated 
Not Evaluated (X): The survey point falls on a stone, a stump, or other element that cannot be evaluated. 
Not disturbed 
Not disturbed (): The survey point falls on not disturbed soil or on a disturbance category smaller than the 
ones mentioned above. 
Forest Floor Absence 
Forest floor absence (O): The survey point falls on whichever category defined above (with the exception of X) 
but the forest floor is not present. The category is reported as the symbol that represents it and it will be 
encircled. 
 
Survey Methods 
Estimation of the riparian buffer system 

If the stand is close to a watercourse the type of riparian buffer system (e.g. riparian forest, shrubs, 
grassland, not present…) must be recorded in the front cover. To estimate the area occupied by it or the mean 
width that it has, the lineal structure surveying is carried out (see below). The width and its slope are also 
measured at ten intervals. The width is considered as the distance from the top part of the riverbank to the 
imaginary line that connects the trunks of the outer trees or to the end of the vegetation. Calculations are also 
done as in the “Lineal Structure Surveying”. 
 
Lineal Structure Surveying 

A different survey for different lineal structures must be made; for example roads, fire-brakes or 
electrical lines. If different roads differ in width more than 2 m they are also be considered as different 
structures, and as such they are surveyed. For each structure the whole horizontal length and at least ten 
horizontal widths will be measured to estimate the area occupied by it. A visual estimation of the length of the 
structure to be surveyed is done and this is divided into at least ten intervals in order to estimate the length at 
which the width is going to be measured. The width is measured as the distance from the outer points of it 
considering as part of the structure the upper part of the cut and the end of the horizontal plane unless if there is a 
the fill that is 2 m wide. If this happens, and if the fill is left unplanted the fill is also considered as part of the 
structure. The length of this interval and its slope is then recorded along with the width of the structure at that 
point and its slope. The first width to be measured is set up at half of this interval and afterwards the measures 
are done on the interval basis. The slopes are recorded in order to estimate the horizontal area of the structure 
and to be able to estimate the percentage of the stand’s surface that is covered by such structures. When the 
interval for width measurement falls in a landing area it is not recorded and the length that falls in the landing 
area is not considered for lineal structure calculation. If it falls on a junction of structures the point for width 
measure is moved until the junction finishes and the width is measured there. The next width is the measure at 
the point where the interval falls. When the structure is close to a watercourse (less than 50m) it is also recorded 
with a “V”. With the width values measured this way and the t table (one sided, 90% or 95%, depending on the 
accuracy needed for the survey) the width confidence interval can be calculated and thus the area error for the 
surface that each structure occupies. Besides, the proportion of structures that are close to watercourses can be 
assessed. Roads are supposed to be one of the most important elements for erosion and for sediment delivery to 
rivers.  
 
Non-Lineal structures 

Non-lineal structures are landing areas, logging areas… that are left unplanted. To estimate the area 
occupied by these structures, four measures are taken in each of them. The length of the structure is divided into 
quarters and the width at the first and third quarter along with their slopes are measured. The width of the area is 
also divided into quarters and the length of the area and their respective slopes at the first and the third quarter 
are measured. The mean of the horizontal lengths and of the horizontal widths are calculated and the area is 
estimated as the product of these figures for each of them, that can afterwards be added up to estimate the 
percentage area occupied by these structures. 

The percentage of the occupied by unplanted structures is calculated as the horizontal surface of roads 
and landing areas to the total area of the stand and the area to be reforested is considered as the subtraction of the 
stand area from the sum of the areas of roads and landing areas and the percentage for the rest of lineal structures 
are referred to this area to be reforested. 
 
Transect surveys for disturbances categories in the area to be reforested 

A regular grid of points to be surveyed are laid out in the area to be reforested using parallel transect 
lines. They are laid out perpendicular to the maximum disturbance assessed visually. Normally, and taking into 
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account the practices used for forest operations in the Basque Country, this maximum disturbance coincides with 
the slope. Distance between transects and between the points that are going to be surveyed are calculated 
depending upon the surface of the area to be reforested. If the surface is smaller than 1.0 ha distance from point 
to point in each transect is 4 m and distance form transect to transect will be calculated to survey 100 points 
regularly. From 1 ha onwards the distance between points will be 5 metres and the distance between transects 
will be calculated to be 200 points to 2 ha, 300 points to 5 ha and 500 to areas to be reforested bigger than 5 ha. 
The first transect is laid out using a randomly generated number list from 0 to 100, and this figure will be used as 
the percentage of the distance between transects calculated before. Once the grid of points is laid out in field the 
survey is done recording a disturbance category as defined before to each point following the guide presented 
below. In order to evaluate each point the maximum disturbed surface around the point will be considered. With 
these figures and with the Remig tables for probabilities (90 or 95 % depending on the accuracy needed for the 
estimation) for the binomial distribution the percentage of the surface of the area to be reforested and its 
confidence limits can be assessed.  
 
Guide for assessing disturbance categories. 
The following dichotomous guide (fig 1) is used to assign a disturbance category to each surveyed point. 
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Results 
Fifteen different stands were surveyed last year. All the stands are located in the Basque province of 

Bizkaia. The maximum distance between stands is around 40 km. Harvesting, logging and site preparation had 
been done the same year. None of the stands were harvested by hand and skidder was always used for this 
operation. Site preparation was done by machinery in 40% of the sites, whereas in the rest of the stands 
plantation was achieved manually. Harvesting and site preparation was done in the end of 2002 or the beginning 
of 2003 and soil moisture was high when these operations were carried out. The results from these surveys are 
presented in table 1. 
 
Table 1. Results from forest soil disturbance surveys carried out during 2003 in 15 stands in the Basque Country. 
Stands are divided by site preparation practice. All of them were harvested with skidder. The name of the 
locality served as code for each stand. “Unplanted structures” is the percentage of the area occupied by these 
structures referred to the whole stand minus the confidence interval for the one sided t distribution at 90% 
probability in brackets). “Disturbed area” and “forest floor removal” are the percentage of the area occupied by 
these categories referred to the planted area (stand surface minus unplanted area). Confidence interval for the 
binomial distribution at the 90% probability is shown in brackets. Ripping furrows is the percentage of furrows 
in slopes >30% referred to the total number of furrows surveyed. Mean slope of these furrows in brackets. 
 Surface 

(ha) 
Mean 
slope 
(%) 

Harvest 
residues 

Unplanted 
Area 
(%) 

Disturbed 
Area 
(%) 

Forest 
floor 

Removal 
(%) 

Ripping 
furrows in 

slopes > 
30% 

Manual site 
preparation 

       

Aretxabalagane 0.5 15 Windrows 7.51–0.32 59–5.5 47–5.6 NR* 
Autzagane 1.5 14 Removed 2.29–0.14 47–6.9 57–3.8 NR* 
Astei 1.5 39 Removed 9.53–0.63 74–6.1 70–5.7 NR* 
Egia 1.5 25 Removed 3.13–0.21 21–5.7 22–5.8 NR* 
Etxaso 1 0.25 10 Windrows 7.5–0.46 75–6.1 73–5.9 NR* 
Santa Lucia 1 1.5 30 Burnt 20.66–1.1 83–4.3 77–5.0 NR* 
Sarasolalde 2.5 10 Removed 1.56–0.09 55–4.8 49–4.8 NR* 
Xaibiko Landa 1 0.6 20 Removed 9.50–0.75 41–6.8 40–6.8 NR* 
Xaibiko Landa 2 0.5 10 Removed 9.20–0.66 38–6.8 31–6.5 NR* 
Mean (sd.) 1.2 (0.7) 19.2 (10.2)  7.8 (5.7) 55 (20.2) 52 (19.1)  
Mechanical site 
preparation  

       

Baluga 5.0 25 Piled 22.43–2.11 87–2.9 91–4.2 21.7 [38.33] 
Etxaso 2 0.75 10 Windrows 1.73–0.11 40–6.8 44–6.9 0 [0] 
Maiaga 0.4 14 Removed 5.64–0.33 62–6.8 64–5.0 0 [0] 
Santa Lucia 2 0.8 46 Removed 6.63–0.48 97–2.7 97–6.9 66.7 [52.36] 
Txareta 0.7 31.5 Removed 10.14–0.78 81–4.5 85–5.3 27.8 [42.71] 
Txorierrota 1.5 12 Removed 8.37–0.42 74–6.1 75–6.1 5.9 [32.49] 
Mean (sd.) 1.5 (1.7) 23.1 (14.0)  9.2 (7.1) 73 (20.2) 76 (19.6) 20.4 (25.5) 

*NR: Not relevant 
 
Stands were relatively small, but private owners mainly own forest plantations in the Basque Country, 

and most of the properties are around 1 ha in surface. Nevertheless, it is striking that the mean slope of the 
surveyed stands with manual site preparation is smaller than the ones that preparation is achieved mechanically. 
None of the surveyed practices were achieved bearing in mind possible erosion hazards and the ones with 
steepest slopes had harvest residues removed. In none of them these residues were chopped (a very rare practice 
in the Basque country). Some years ago, piling and burning harvest residues were a regular practice. Nowadays 
it seems that burning is not so usual and this practice was just recorded in one stand. 

The unplanted area ranges from 1.6% to 22.4% of the surface of the whole stand. But in absolute figures 
the maximum surface occupied by unplanted structures was around 1 ha. Road density in this stand is so high 
that future production is lessened by improper technical prescription. 

The use of machinery during harvesting, logging and/or site preparation causes high impacts on the 
planted area. Validation of this visual characterisation is reported elsewhere. The smallest percentage of soil 
disturbance was found in “Egia” stand, but 80% of them had more than 50% of the surface disturbed, and just 
one of the stands where mechanical site preparation was done had less than 50% of its surface disturbed. The 
practices involved in forest operations also reduce the organic matter content during the inter rotation period. 
This fact may have a great impact in future forest nutrition and in the maintenance of a proper soil structure for 
plant production. When ripping is used as site preparation technique a significant number of the furrows are done 
on slopes considered as to high for this operation. It is striking the case of “Santa Lucia 2” That has a mean slope 
of 46% and ripping was used for site preparation. 
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When the disturbance categories are kept in mind, future production could be threatened in these stands, 
and it seems that practices must be corrected to improve forest management in The Basque Country. The soil 
disturbance survey tool developed in this study has been shown as very useful one. It is easy to perform and once 
disturbance categories are redefined for each particular forest management system ad when the electronic 
records are developed it is a very quick evaluation procedure that could be implemented as a feedback tool 
towards Sustainable Forest Management. 
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Effects of land use change on the production of sediments at the subcatchment scale in a 
Mediterranean landscape 

 
Boix Fayos, C.1 – González Barberá, G. – Martínez Mena, M. – Castillo, V. – Albaladejo, J. 

 
 

Mediterranean mountainous landscapes have experienced a considerable change of land uses in the last 
fifty years, which is expected to be reflected in the dynamics of geomorphological processes, and the degree of 
soil loss within the landscape. The objective of this study is to assess the actual effect of land use changes on 
geomorphological processes and on sediment production at the sub-catchment scale. Therefore, sediment 
volumes trapped behind check-dams in a study area in the region of Murcia (SE Spain), were used as an 
indicator of sediment movement within a catchment during a certain period. The check-dams were built in the 
seventies as a part of a program for sediment and flood control together with afforestation works. 

The land use changes within the catchment over a period of 40 years are investigated. In addition, basic 
geomorphological characteristics of the drainage area of the check-dams including factors such as slope 
steepness, slope morphology, lithology, and morphometrical parameters are analyzed. The relations between 
land use change in combination with the geomorphological parameters analyzed and the level of siltation of the 
check-dams were explored. This analysis provided insight in the most important factors related to sediment 
production and sediment transport at the sub-catchment scale.  
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A method for the evaluation of soils for olive cultivation using a G.I.S. 
 

Sierra, C.1 – Martínez, F.J. – Roca, A. – Sierra, M. 
 
 
Abstract 

We designed a specific method for soil fertility evaluation adapted to olive cultivation in Andalucia 
(Spain), and which could be adapted to other olive-producing areas, in order to plan the correct use and 
management of the medium..This is especially important since these are soils with a high risk of hydric erosion 
(Mamani et al. 2000) and the olive is of great socioeconomic importance, regulated by the E.E.C. The method is 
based on the philosophical principles of the F.C.C. systems Sánchez et al. (1982), Aguilar et al.(1995a y b), 
Martínez (1990), Sys et al. (1985),adapted using specific trials. It may be defined as an expert method of soil 
fertility evaluation assisted by IDRISI (SIG). 
 
Materials and methods 

Sampling followed the random stratified method of Bridges et al. (1982). Samples were taken from 
between the rows of olive trees every four trees at depths of between 30 and 60cm. Laboratory analysis was 
carried out according to Ministerio de Agricultura (1982). The GIS employed was IDRISI for Windows. 
 
Experimental part 

The structure of the proposed method was as follows: 
1. Matrices and elementary maps: These group the selected characteristics according to the 

limiting factor for the olive in three levels: LEVEL 1. Major limiting factor which can only be improved at great 
cost: slope. LEVEL 2. Major limiting factors which can only be improved at great cost: soil depth, EC2.5, CO3

2-, 
texture, CEC, OC. LEVEL 3. Minor limiting factors which can be improved at low cost: pH, macronutrients (N, 
P2O5 and K2O), micronutrients (Fe, Cu, Zn, Mn, and B). 

2. Matrices and multiple maps: Map I: Texture + CEC + O.C.; Map II: map I + slope; Map 
III: map II + CO3

2-; Map IV: N + P2O5 + K2O; Map V: map III + map IV. 
The evaluation of the fertility of soils under olive cultivation is explained in the following 

methodological scheme: the process begins with the creation of a database based on the analytical results which 
define the characteristics of the superficial and subsuperficial samples and their UTM coordinates. According to 
FAO (1999), the term “characteristic” designates properties of the soil which can be measured or estimated and 
delimits soil units. 

To obtain the elementary maps we created two vectorial files of each characteristic for both the levels 
sampled, thus generating maps of points which identify the samples and can be overlayed on the digital land 
model or on any of the partial maps generated. The vectorial files are treated with the INTERPOL module, 
giving rise to a superficial image through interpolation of specific data, following the criteria of Del Moral 
(2000), with a weighting index of 2, that is, the square of the inverse of the distance, limiting the process to a 
search radius of 6 points around each point to be intercalated. This method tends to generate “bullseyes” around 
the sampling points when they are irregularly distributed. This defect can be corrected by increasing sampling in 
these areas. 

The raster maps obtained (superficial and subsuperficial) are reclassified using the RECLASS module, 
creating new categories according to margins preestablished by the evaluator. In our case we used limits already 
proposed by other authors for each characteristic and other new limits defined following interviews with farmers 
and experts in olives. These images are then overlayed using the CROSSTAB module, which permits multiple 
overlaying. This shows, in a new raster image, all the combinations of the original categories. Next, an expert 
reclassification of these combinations is carried out. This consists of jointly evaluating each characteristic within 
the 60cm of the solum. 

In a complete study all current land uses would be included, and, in this case, olive cultivation would be 
separated from the others. To achieve this, a vegetation map is drawn, followed by multiple overlaying of each 
characteristic of the solum. This results in a series of maps (characteristic/vegetation) which is reclassified by 
excluding the areas without olive trees, giving rise to a new map with black zones representing the “no olive 
tree” areas. This map is then treated statistically and histograms are drawn. These allow us to calculate the 
percentages of the categories established for each characteristic in the area occupied by olive trees. This is the 
elementary map, in which the numerical intervals are expressed as absolute values, and may be definitive in the 
evaluation process. In other cases relative maps may be useful. Maps of each characteristic are related according 
to other characteristics, for example, macro or micronutrients with texture, pH. Finally, partial maps of soil 
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METHODOLOGICAL SCHEME
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fertility evaluation can be drawn by the successive overlaying of maps of properties (multiple maps). In the 
IDRISI we alternate multiple overlaying (CROSSTAB) with reclassifications (RECLASS) to create the final 
fertility map for the soils under olive cultivation and the histogram. 

This method was applied to the topographical map 1:50,000 of Alcalá la Real and the final fertility map 
for the olive grove is obtained. This has 75 units (map1) which can be interpreted automatically by “clicking” on 
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the required point of the map generated by IDRISI. For example, if we “click” on a point theoretically belonging 
to class 4 (the largest) we obtain the following information, in agreement with the matrices given by Mamani et 
al. (2000): soil unit of 2593.47 ha, clayey texture, sloping, no risk of puddle formation and surface drainage 
favoured by the slope, low in organic material but with high cationic exchange capacity and carbonate levels 
from 25-50%. It has a low nitrogen content, optimum phosphorus and low potassium, and thus, we recommend 
organic fertilizer and vegetation cover to minimize the risk of erosion. 
 
Conclusion 

The method proposed is for the specific evaluation of soil fertility adapted to olive cultivation and can 
be defined as expert, aided by IDRISIS (SIG). It is structured in three levels grouping physical and chemical 
characteristics of the soil which indicate its potential fertility, the direct or indirect effect on the nutritional state 
of the olive tree and its development. The system of interpolation of the data is according to the square of the 
inverse of the distance and requires the correcting of sampling near the areas known as “bullseyes”. The system 
can be improved when the program increases the possibility of combinations and reclassifications and its total 
automatism is achieved. 

s

Grid North 
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Map 1. Soil fertility map for the
olive grove 
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Influence of age of abandonment on soil fertility in a bioclimatic sequence of abandoned 
fields on Tenerife Island (Canary Is., Spain) 

 
Rodríguez Rodríguez, A. – Arbelo, C.D. – Guerra, J.A. – Mora, J.L. – Fuentes, F. – Armas, C.M.1 

 
 

Abandonment of agricultural land is one of the main causes of desertification owing to important 
negative repercussions both social and on the landscape and environment. These latter influences include 
intensification of soil degradation processes especially: erosion, compaction, salinization, acidification, etc. 

Changes in fertility and in soil quality of abandoned fields has been subject to controversy and the 
direction of the changes occurring depend on climatic conditions, soil type and other factors. 

The main aim of this work is, therefore, to establish the type of change in soil fertility occurring in soils 
in an altitudinal bioclimatic sequence of crop-lands abandoned at different times, in the semiarid region of 
Tenerife Island (Canary Is.). 

The soils from a total of 68 plots representative of the main abandoned cultivated areas in the 
southeastern province of Tenerife Island were studied. This area is characterized by a climate that varies with 
altitude from arid with mean annual rainfall of 130 mm (0-400 m a.s.l.), to semiarid (400-800 m a.s.l.) (350 mm 
of mean interannual rainfall) and finally to dry subhumid climate (800-2000 m a.s.l.) with an interannual average 
rainfall of 500 mm. Dominant soils in these regions are Calcisols, Cambisols and Luvisols (Calcids, Cambids 
and Argids) in the lowest regions, Regosols and Leptosols (Arents and Orthents) in the intermediate region and 
Cambisols and Leptosols (Ustepts and Orthents) in the wetter higher regions. 

For each plot, the morphological, surface and soil profile characteristics and the physical and chemical 
properties of the soil were studied, analyzing the evolution of these parameters with time of abandonment, 
according to their position in the bioclimatic sequence. To integrate the heterogeneity into a value that enabled 
us to quantify the state of fertility of the plots, a numerical index of soil fertility was outlined on the basis of 
scoring functions and weighting factors. We use to this index to assess the chemical fertility of soils and their 
spatial and temporal variability. 

According to these indices, lowest levels of fertility appear in the most arid coastal region, with 
problems of alkalinization, salinization and sodification, especially in the lands abandoned the longest time ago.  

In semiarid areas of intermediate altitude, chemical soil fertility was more favorable than in the coastal 
region, with a lower incidence of salinization and sodification processes and a larger contents of organic matter 
and nutrients, especially in the most recently abandoned fields. In the fields abandoned longest ago, processes of 
laminar erosion and soil skeletization are beginning to appear. 

The highest indices of chemical fertility are obtained in soils from plots in the highest zone of the 
sequence (subhumid) with intermediate ages of abandonment that present optimum pH, loam texture and an 
appropriate proportion of nutrients and organic matter. 

In general, the chemical fertility indices show no differences with age of abandonment of plots, 
although there is some tendency for fertility levels to decrease with time in each altitudinal zone. It can also be 
observed that higher zones, with larger chemical fertility indices present worse conditions of accessibility and 
conservation of field-structures, while the opposite occurs in lower soils abandoned more recently.  

The middle zones, therefore, appear to be the ones with the best physical and chemical conditions, 
accessibility and conservation and the most suited to the implementation of management measures in these 
abandoned lands, both from a productive perspective and also regarding the establishment of vegetation and 
other agroenvironmental measures for conservation of the soils and landscape.  
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Non arable soils in the highlands of Central Greece: nature, properties and vegetation 
 

Mitsimponas, Th.1 – Karyotis, Th. – Noulas, Ch. – Tziouvalekas, M. 
 
 
Abstract 

Soil samples were collected from the highlands of Central Greece in the prefecture of Trikala (district 
Pertouli) to assess certain factors, which affect the degree of land degradation. Attempts were made in order to 
assess soil fertility and the ability of the native vegetation to uptake nutrients. Thirteen sites (S1-S13) were 
selected from various landscape positions originated from different parent material. It was found that soil texture 
varied from sandy loam (SL) to clay loam (CL). The pH ranged between 5.5 to 7.2, CaCO3 was detected in two 
sites, and base saturation ranged from 66.7 to 100.0 % depending on the presence of exchangeable cations, 
especially calcium (Ca++) and magnesium (Mg++). Cation exchange capacity ranged between 12.0 and 40.5 
cmol/kg, whilst the decreasing order of exchangeable cations was as follows: Ca++>Mg++>K+>Na+. Organic 
carbon greatly varied and ranged from 11.9 to 52.9 g/kg and soil available phosphorus (P) was very low (except 
S1) indicating conditions of low soil fertility. Total content of soil nitrogen (N) was 0.9 to 4.0 g/kg. Crop species 
like turf grasses and shrubs self-sown or cultivated for animal feed were generally deficient in P, K, and Cu 
indicating the impact of leaching within soil horizons. Nitrogen content in plants ranged between 10.0 and 36.0 
g/kg, while other nutrients were found in the order: K>Ca>Mg>P. Moreover run off that occurs in slopes during 
the winter period or the binding of micronutrients with organic matter may affect the level of the available form. 
Erosion may also have affected on soil physical and chemical properties. However, some of the selected plant 
species should be capable of growing under the local ecological conditions, be suitable for the soil type and 
climate and therefore, have a successful history of local propagation and growth. 
 
Materials and methods 
 Thirteen surface soil samples (S1 - S3) were collected from representative sites and most of them 
formed through the weathering of gneiss, schists, hard limestones or ophiolites. The examined samples were air–
dried, ground and sieved (<2 mm). Particle size distribution was determined by the Bouyoucos hydrometer 
method (Gee and Bauder, 1986). The pH values were measured in a 1:1 soil–H2O suspension (McLean, 1982) 
and the ammonium acetate (1 N at pH=7) method was used for the exchangeable cations (Thomas, 1982). The 
exchangeable K+ and Na+ were determined with a flame photometer. Both Ca++ and Mg++ were measured with 
an atomic absorption spectrophotometer. Soil carbonates were determined by the volumetric calcimeter method 
(Allison, 1965). Available phosphorous was extracted from acid soils by a Bray method (Kuo, 1996) and Olsen 
method was used in the slightly alkaline samples (Sommers, 1982). Total soil carbon was determined in the fine 
ground (<80 mesh) soil samples by a LECO Elemental Analyzer. Organic carbon content was estimated as the 
difference between the total and inorganic form. LECO CNS–2000 analyzer was used for total soil nitrogen 
determination. The available Fe, Cu, Zn and Mn in the soil samples were extracted in soil samples with 0.005 M 
DTPA (Lindsay and Norvell, 1978), whilst the azomethine-hydrogen method (Keren, 1996) was used for 
determination of the plant available boron. Plant materials were collected, air-dried for at least 48 h at 65 ºC, and 
prepared for micro-nutrients determination (Isaak and Kerber 1971) by atomic absorption. 
 
Results and Discussion 
 
The studied soils are located on the highlands of Pertouli (1.000 –1.300 m.a.s.l.) in the district of Trikala, Central 
Greece (Fig. 1) and are used for grazing, recreation purposes or as forest land. Fir trees, fern, turf, broad-leafed 
grasses, wild chicory, camomile, vetch, red clover, white clover and rush are among the main plant species in the 
studied area. Plant analyses have shown that total nitrogen varied between 10.0 and 36.0 mg/g dry matter. Vetch 
and clovers were the richest in N content, while the lowest values were observed in rush and turf.  
The surface horizon commonly has been undisturbed for many decades. The organic matter varied greatly 
amongst the examined samples (Table 2) depending on biomass production, its degree of decomposition and 
erosion risk, as well. In practice, the decomposition of organic matter in these highlands is restricted due to 
reduced temperatures. In the prairie, soil organic matter is more deeply distributed because grasses produce finer 
and deeper roots and the soil fauna is more abundant. Parent material, slope, overgrazing and erosion are among 
the main activities, which have influenced soil properties (Table 1, Table 2). The following close    
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Table 1. Chemical properties of the studied soils 

Sites Sand Clay Silt pH Exchangeable cations 
cmol/kg 

CEC 
cmol/kg 

P 
mg/kg 

  %  (1:1) K+ Na+ Ca++ Mg++   
S1 56 14 30 5.7 0.3 0.1 13.8 8.8 24.8 39 

S2 54 10 36 5.5 0.9 0.2 17.4 5.6 33.5 4 

S3 66 10 24 5.8 0.6 0.1 16.2 6.6 25.7 5 

S4 50 16 34 5.6 0.8 0.1 13.3 6.4 26.9 4 

S5 70 8 22 6.9 0.2 0.1 26.4 3.3 40.5 4 

S6 58 14 28 5.9 0.7 0.2 9.4 3.9 20.0 3 

S7 58 10 32 5.9 2.1 0.1 15.8 5.6 35.4 4 

S8 64 8 28 6.0 0.8 0.1 9.7 4.9 18.1 2 

S9 42 18 40 6.1 0.4 0.3 24.0 8.4 36.6 4 

S10 74 6 20 7.2 0.3 0.1 11.3 1.2 12.0 7 

S11 56 16 28 6.2 0.5 0.1 21.5 6.8 31.7 10 

S12 42 30 28 6.3 0.6 0.1 29.5 4.1 39.9 5 

S13 70 18 12 7.1 0.2 0.1 19.8 1.9 21.8 3 
 
Table 2. Micronutrients, organic matter and total nitrogen of the studied soils 

                            DTPA (mg/kg) 
Sites Fe  Cu  Mn  Zn  B O.C. N 

          g/kg g/kg 
S1 78.9  2.4  12.8  4.0  0.4 24.8 1.9 

S2 122.0  0.6  52.9  4.1  0.7 50.3 3.3 

S3 74.9  1.2  13.6  10.2  0.8 23.6 1.8 

S4 131.8  1.2  35.8  3.4  1.0 32.8 2.8 

S5 40.1  2.0  34.1  1.8  0.8 22.1 1.7 

S6 59.6  0.6  7.9  2.7  0.5 27.1 1.9 

S7 88.1  0.3  18.4  2.8  1.6 52.9 4.0 

S8 52.7  0.5  14.3  8.8  0.8 26.1 1.8 

S9 185.7  2.8  71.3  3.5  1.2 38.0 3.3 

S10 18.4  0.4  18.0  7.2  0.6 11.9 0.9 

S11 63.8  0.9  21.3  2.1  1.0 27.7 1.7 

S12 40.0  3.6  183.4  2.8  0.9 45.8 3.7 

S13 56.3  2.1  29.5  2.1  1.0 21.1 1.9 
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Figure 1. Simplified map of Greece illustrating the studied area of Pertouli  
 
 
relation was found between total soil N and soil organic carbon: YNtot = 0.15 + 0.072Xorg.carb (n=13, R2 = 
91.1***). The exchangeable cations were found to the following decreasing order (Table 1): Ca>Mg>K>Na. In 
most cases, potassium exhibits deficiency levels (Table 1) due to the kind of parent material. The application of 
K fertilizers is rare and K losses can be enhanced by run-off during the winter. The pH values ranged between 
5.5 and 7.2.The samples collected from the sites S10 and S13 have a pH higher than 7 and contain CaCO3 from 
secondary enrichment by the adjacent calcareous deposits. Clay content ranged between 6 and 18 % and 
indicates restricted chemical weathering. High sand and silt percentage can be attributed to freeze-thaw 
weathering. Cation Exchange Capacity varied greatly and ranged from 12.0 to 40.5. It can be stressed that certain 
rather high values may be due to soil organic matter, type of inorganic material and kind of clay minerals. The 
distribution of trace elements greatly varied and a wide range of the elements extracted by DTPA was observed 
(Table 2). In general, Fe, Mn, Zn and B were found at sufficient levels, whilst the content of Cu in certain of the 
studied soils was rather low. The available phosphorus content was very low, and only sample S1 was at normal 
levels (Table 1). It can be underlined that these soils are vulnerable to degradation and the application of 
protective management and/or proper measures should be taken, such as: banning of overgrazing, limitation of 
the number of grazing animals within the carrying capacity of the degraded pasturelands, incentives for artificial 
reforestation, erosion control measures in sloping lands, restoration of the terraces, wherever this is economically 
feasible and conservation of wild life.  
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Land transformation, land use changes and soil erosion in vineyard areas of NE Spain 
 

Jiménez-Delgado, M. – Martínez-Casasnovas, J.A.1 – Ramos, M.C. 
 
 
Abstract 

In the NE Spain, one of the agricultural systems that have been suffering more substantial 
transformation in the last decades is vineyards. Some research works conducted in the Penedès vineyard area 
(Catalonia, Spain) have shown evidences which presuppose that intensification of agriculture from the 1950’s 
has led to changes on land topography and land use and conservation practices that produced an increase of soil 
loss. The present research addresses the assessment at detailed scale (1:1000) of typical changes produced in 
those areas (land levelling, land use and conservation practices) and their repercussion on soil erosion. A 
representative sample catchment of 0.63 km2 was selected as case study area. This is part of the Penedès Tertiary 
Depression, where calcilutites (marls) outcrop. The annual average rainfall erosivity factor (R) ranges between 
1049 – 1200 MJ mm ha-1 h-1 yr-1. Two time periods were considered in the present research: one (1975) that 
represents the situation before the large transformations and land use changes were carried out and another 
(2002), which represents the situation afterwards. Stereoscopic pairs of detailed aerial photos, acquired in August 
1975 and January 2002 (approximate scale 1:5000) were used to characterize those situations. Land use and 
conservation practices maps were produced by means of aerial photo-interpretation, as well as 1 m resolution 
digital elevation models (DEMs). Soil loss was estimated by means of RUSLE. The results show that 
agricultural land was heavily transformed, not only on the field structure, from 68 fields in 1975 to 26 in 2001, 
but on the slope degree: from an average degree of 11.9% in 1975 to 11.4% in 2002. The main land use changes 
were the substitution of traditional vineyards and winter cereals by mechanized vineyard plantations. Those 
changes, and the removing of traditional conservation practices, have a negative influence on soil erosion, 
increasing the annual soil loss by 26.5%, as average. This indicates that, in general, field’s slope lowering did not 
conduce to decrease soil loss and that conservation practices should be maintained. 
 
Introduction 

From around the middle of the 20th century, and in particular from the 1980’s, a new agriculture 
characterized by heavy mechanization of land transformation (levelling and field’s concentration) and intensive 
land cropping has emerged as consequence of the intensification of the agriculture in the Mediterranean Europe, 
as well as in other parts of the world. One of the main objectives of this new agriculture is to make a profit in the 
short term, being the conservation of natural resources and/or the environmental impacts involved in land 
transformations and/or land use changes involved no so important. For this new agriculture, terracing and/or land 
levelling have been subsidized adducing improvements on soil and water conservation. However, these 
operations affect the upper part of the field, that is excavated and the depressions filled in. They determine the 
loss of the pedological structure, produce changes in the physical and chemical properties of the material 
exposed and influence the increase of soil erosion in intense rainfall events (Borselli et al., 2002; Borselli et al., 
2003a; Lundekvam et al., 2003).  

In the Mediterranean region, one of the agricultural systems that have been suffering more substantial 
transformation in the last decades and that incur the highest soil losses is vineyards (Martínez-Casasnovas and 
Sánchez-Bosch, 2000; Borselli et al., 2002; Martínez-Casasnovas et al., 2002). In the Tuscany region (Italy), 
where vineyard plantations increased by 90000 ha in the period 1968 – 1975, soil movement due to land 
levelling was estimated at a rate of 300 Mg ha-1 year-1 (Borselli et al., 2002). In the Penedès vineyard region (NE 
Spain), some research works have also shown evidences in the same way, which presuppose that intensification 
of agriculture from the 1950’s has led to changes on land topography, with fields’ re-design and removing of soil 
conservation practices, which has negatively affected the soil erosion balance (Martínez-Casasnovas, 1998; 
Martínez-Casasnovas and Sánchez-Bosch, 2000). In this respect, landscape changes produced by terracing and 
levelling, expressed in terms of denudation rate, has been estimated in two or three times the one produced by 
water erosion (Borselli et al., 2002). Those operations also influence the increase of soil losses in extreme 
rainfall events, as the measured in vineyard fields of the Penedès vineyard region: 207 Mg ha-1 (ephemeral gully 
erosion included) Martínez-Casasnovas et al. (2002). 

Despite land transformation (mainly land levelling and fields’ re-design for fields’concentration) is an 
extended practice in Europe favoured by European Union subsidies (Lundekvam et al., 2003), few research 
works have been addressed to study its impacts on soil erosion (Borselli et al., 2003b). In this research line, the 
aim of the present work is to make progress in the knowledge of the impacts of land transformation on soils at 
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detailed scale (1:1000). The research is carried out in a representative sample catchment of 0.63 km2 located in 
the Penedès vineyard region (NE Spain), for which to time periods were considered: 1975, before main land 
transformations took place, and 2002.  
 
Study area 

The study area is located in the municipality of Masquefa (Barcelona, Spain). It is a catchment area of 
64 ha, 14.5% of which is covered by large gullies. The rest is mainly dedicated to agricultural uses. The average 
slope of the agricultural fields ranges between 5 – 9%. This area is part of the Penedès Tertiary Depression, 
where calcilutites (calcareous marls), sandstones and conglomerates are the main lithological materials 
(Martínez-Casasnovas, 1998). The climate is Mediterranean, with an average annual rainfall of about 550 mm 
(Ramos and Porta, 1994). The rainfall erosivity factor R ranges between 1049 – 1200 MJ mm ha-1 h-1 year-1. 
High intensity rainfalls are frequent. On 10th June 2000, an extreme event was registered: 215 mm in total, of 
which 205 mm fell in 2 h 15 min. The R factor reached 11756 MJ mm ha-1 h-1, 10 times greater than the average 
annual value for the area (Martínez-Casasnovas et al., 2002). 
 
Material and methods 

The assessment of the impacts of land transformation and land use change on soil erosion was based on 
the multitemporal analysis of detailed aerial photos from 1975 (1:7000) and 2002 (1:5000) and the estimation of 
soil losses by means of the Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1991). Aerial 
photographs were used to derive the necessary topographic information to construct digital elevation models 
(DEM) of both dates. These data consisted of 1-m interval contours, spot heights and breaklines, from which 1-
m resolution in XY and 0.01-m in Z were derived. The DEM and the scanned aerial photographs were used to 
produce both orthophotos, by means of the software MiraMon v.4.0 (CREAF). The orthophotos were used to 
georeference field boundaries, land uses and the existence of conservation practices for both dates (1975 and 
2002).  

The land use classes mapped were: traditional vineyard plantations, mechanized vineyard plantations, 
cereals, fruit trees, unproductive, forest, shurbland, urban areas, gully area, buffer of the gully (buffer area 
around the gully boundary mainly occupied by shrubs) and roads. The conservation practices types that were 
identified are: terraces, vine rows perpendicular to the maximum slope degree, vine rows oblique to the 
maximum slope degree. There are also vineyard fields with rows oriented to the maximum slope degree and 
fields without terraces. Terraces are mainly of the type hillside ditch or broadbase, which main objective is 
intercept surface runoff and convey it out of the field. 
The RUSLE was applied to estimate soil losses at field level. For the R factor, the average value for the study 
area was considered for both dates: 1120 MJ mm ha-1 h-1 year-1 (Martínez-Casasnovas et al., 2002). The K value 
(soil factor) for 1975 was computed from soil data collected by Boixadera (1983) in fields of the study area. 
Those values range between 0.06 and 0.07. For the year 2002, after main land transformation had taken place, K 
values were computed from soil samples collected in transformed fields of the study area. Those values range 
between 0.075 (low levelled fields) to 0.077 (high levelled fields). The topographic factor (LS) was derived for 
each date from the DEMs by using the software USLE2d (KU Leuven) (Van Oost and Govers, 2000). This 
program allows multiple flow routing, which provides a more realistic result of flow movement on the fields. 
The cropping factor (C), was determined for each land use having into account their different vegetative stages: 
traditional vineyard plantation 0.697, mechanized vineyard plantation 0.743, cereals 0.580, fruit trees 0.736, 
unproductive 0.310, forest 0.117 and shurbland 0.117. Finally, the conservation practices factor (P) was assigned 
according to the criteria proposed by Wischmeier and Smith (1978).  
 
Results and discussion 

The results of the land use change analysis indicate that, although the surface dedicated to agricultural 
did not change in the considered period (61,8% of the total area in 1975 and 61,6% in 2002), there were 
significant land use changes that affected 70% of the area and that would determine changes in the soil loss 
balance. For example, traditional vineyard plantations, which supposed 29% of the total area in 1975, disappear 
as land use class in 2002. In the same way, cereals, that occupied 26.6% of the area in 1975, only represented 4% 
of the area in 2002. Along this period, a new land use class appeared: mechanized vineyard plantations, which in 
2002 occupied 31.8% of the total area. This class mainly substitutes cereals and traditional vineyard plantations, 
the last in the fields with higher degrees of levelling. 

Regarding the impact of land transformation and land use change in soil losses in the period 1975 - 
2002, Table 1 summarizes the change analysis based on the estimated soil losses in representative fields of the 
study area. From these data, it can be deduced that soil loss is about 26.5% higher in 2002 with respect 1975. 
This indicates that the soil movements involved in the land transformation carried out in the area to enlarge the 
fields and to reduce the slope degree did not serve to reduce soil loss. Then, the increase of soil loss has to be 
attributed to changes on land uses and conservation practices. We can stand out some examples. In the field with 
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ID 5 in 2002, although the slope degree did not substantially change, the soil loss increased from 11.5 to 38.4 
Mg ha-1 year-1 due to the removing of terraces. In the case of fields with ID 6 and 33 in 2002, where the slope 
degree either was maintained or reduced from the 1975 situation, the increase of soil loss has to be attributed to 
the change on land use, from cereals in 1975 to mechanized vineyard in 2002. The change of traditional vineyard 
to mechanized vineyard also produced increase of soil loss due to the removing of conservation practices. This is 
the case of field 38 in 2002, which comes from the transformation of fields 10 and 11 in 1975. In this case, soil 
loss increased from 55.4 – 67.2 to 124.6 Mg ha-1 year-1, although the slope degree is reduced from 6.3 – 7.0% to 
6.1%, on average. In the fields that suffer higher degrees of transformation (levelling), fields 5, 7 and 9 in 1975, 
a decrease of the soil loss rates can be observed (Table 1). This is due to the decrease of the average slope degree 
after the levelling, from 6.6 – 7.7% to 6.6%. In this case, the decrease of the average slope degree and the change 
of conservation practices to a better protection compensate the increase of soil loss that would be produced by 
the change in the land use to mechanized vineyards. 
 
Table 1. Change analysis of the estimated soil loss in representative transformed fields of the Penedès region. 

Field characteristics – year 2002 Field characteristics – year 1975 

ID 
Field 

Land 
use 

Slope 
(º) 

Conservation 
practices 

Soil loss 
(Mg  ha-1 year-1)

ID 
Field

Land 
use 

Slope 
(º) 

Conservation 
practices 

Soil loss 
(Mg ha-1 year-1)

5 C 4.7 Contour ⊥max S 38.4 74 TV 4.9 Terraces ⊥max 
S 11.5 

6 MV 6.6 Contour ⊥max S 109.5 
33 MV 5.6 Contour /max S 108.0 21 C 6.5 Contour ⊥max S 61.0 

27 U 8.4 - 44.6 30 U 6.4 - 46.3 

29 MV 4.4 Contour ⊥max S 45.9 4 TV 3.3 Contour =max S 38.6 

30 U 9.6 Contour ⊥max S 91.6 1 C 9.5 Contour ⊥max S 100.7 

10 
 TV 6.3 Contour ⊥max S 55.4 

38 MV 6.1 Contour =max S 124.6 11 
 TV 7.0 Contour ⊥max S 67.2 

40 MV 6.1 Contour ⊥max S 87.0 3 C 6.0 Contour /max S 67.9 

5 
 C 7.5 Contour /max S 85.1 

7 
 TV 7.3 Contour /max S 116.3 97 MV 6.6 Contour ⊥max S 81.4 

9 
 TV 6.6 Contour ⊥max S 117.2 

41 C 5.2 Contour /max S 48.8 

18 F 5.1 Contour =max S 91.1 

56 U 6.5 - 25.4 
87 U 6.9 - 75.9 

69 TV 6.2 Contour ⊥max S 24.9 

Legend: C (cereal), MV (mechanized vineyard), TV (traditional vineyard), F (fruit trees), U (unproductive); max 
S (maximum slope degree), ⊥ (perpendicular), / (oblique), = (parallel) 
 
Conclusions 

Land transformation and land use changes in fields of the Penedès vineyard region, carried out in the 
last three decades to favour the establishment of new mechanized vineyards, had negative repercussions on the 
soil loss balance. Soil loss increased by 26.5% on average from 1975 to 2002. This indicates that the soil 
movements involved in the land transformations carried out in the area to enlarge the fields and to reduce the 
slope degree did not serve to reduce soil loss. Then, the increase of soil loss has to be attributed to the changes 
on land uses and conservation practices. 
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Impacts of land transformations on soil physical properties in the Priorat vineyard 
region (NE Spain) 
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Abstract 

The Priorat region, where the main land use had been vineyard for several centuries, reached its 
maximum extension during the 19th century. Due to the phyloxera and the crisis of wine-producers at the 
beginning of the 20th century this land use was near completely abandoned. However, during the last two 
decades, the region has suffered important changes, transforming the abandoned areas, covered by natural 
vegetation, into new vineyards, with the construction of terraces in hillslopes. In most of cases, those terraces 
have walls more than 2-m high and with the soil surface structure completely changed.  

The objective of this work is to analyse the impacts of these land transformation on soil physical 
properties, such as texture and water infiltration capacity in Porrera (Priorat region, NE Spain). Soils are 
classified as Lithic Xerorthents and are locally called “licorell”. For this study two different situations were 
selected in a hillslope 100-m long: the first one in an undisturbed position, with natural vegetation; the second 
one and in a new vineyard, planted in terraces after important transformations two years ago. Soil surface 
samples, 0-20 cm, were collected at several points along the slope for analysis of texture, organic matter, and 
aggregate stability against different desaggregation forces. At the same sampling locations, hydraulic 
conductivity (saturated and unsaturated) was measured using a disk permeametre. 

This preliminary study shows  that in these soils with high percentage of coarse elements (> 60%), 
works carried out during land transformations produced changes in  particle size distribution of the fine fraction, 
increasing the fine sand fraction. In addition, levelling eliminate or incorporated most of the organic matter 
exisiting on natural vegetation or in the older tradicional vineyard plots. These facts affect hydraulic conductivity 
and water retention capacity, decreasing by 45%. The differences observed with the landscape position in the 
undisturbed plots disappear in the transformed plot.  No clear differences are observe on aggregate stability. 
 
Introduction 

The intensification of the agriculture in the Mediterranean Europe, as well as in other parts of the world, 
has emerged as consequence of social and economical constrains being necessary the adaptation of fields to new 
situations. Social and economical impacts often determine the types of land use within a region and they affect 
environmental aspects (Mander and Palang, 1994). In that sense, areas previously abandoned has been 
recuperated and changes in the management practices have been implemented. This is the case of the Priorat 
region located in Tarragona province, NE Spain. The main crop for centuries in that area has been vineyard, 
which reached its maximum extension during the 19th century. But, due to the phyloxera and the crisis of wine-
producers at the beginning of the 20th century this land use was near completely abandoned. However, from the 
1990’s this area has suffered an important economical revalorization, increasing by more than 100% the 
vineyard cultivated surface. This expansion involve important land transformations, transforming abandoned 
areas, covered by natural vegetation, into new vineyards with the construction of terraces in levelled fields and 
heavy mechanization of land transformation. Those levelling works modify the soil surface characteristics, 
which influence the infiltration properties at the soil surface (Poesen et al., 1990; Leonard and Andrieux, 1998; 
Malet et al., 2003). In addition the spatial variability lead to heterogeneous infiltration and runoff responses on 
hillslopes affects soil hydrological properties. 

The objective of this work is to analyse the impacts of these land transformations on soil physical 
properties, such water infiltration and water retention capacity in Porrera (Priorat region, NE Spain). Soils are 
classified as Lithic Xerorthents and are locally called “licorell”. 
 
Study area 

The study is carried out in the Priorat region (Tarragona, Spain), located in the central part of Tarragona 
province, in a depression formed in the split of the southern part of Montsant mountain chain.  Soils are 
classified as Lithic Xerorthents, developed on schist, locally called “licorell”. The average slope of the 
agricultural fields is higher than 25%. Climate is classified as Mediterranean temperate with trend to continental, 
characterised by dry winds mainly from the NE, and an average annual temperature of 15ºC (ranging from 6ºC 
to 23ºC). Average rainfall ranges from 450 to 650mm, mainly distributed in spring and autumn. 

At present, the vineyard surface is about 1600 ha and wine production has increased during the last 
years from 13000 HL in 2000 to 19000 HL in 2003. 
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Materials and methods 
The assessment of the impacts of land transformation on soil hydrological properties was carried out in 

three plots with convex-concave slope, in the municipality of Porrera (41º 11’ N, 0º51’ W), one of them 
transformed with the construction of terraces. The other two plots were undisturbed with the original level.  The 
average slope of each plot is about 45%. The undisturbed plots are planted with old hazel nut trees and vine and 
the disturbed plot consisted of a new vineyard, planted after land transformation with the construction of 
terraces. In each of them, several points were considered along the slope (6 points in the plots with terraces-plot 
DP; 4 points in the plot with hazel-nut trees plot-plot UHN, and 3 points in the old vineyard- plot UV 
respectively in the old plots-plots). The location of points at each plot is shown in Table 1. 

At each position, surface soil samples were taken for laboratory analysis. All samples were air dry and 
crushed using a 2-mm mesh. Texture (USDA) and coarse elements and organic matter were analysed following 
the methods described in Porta et al. (1986). Aggregate stability against different desaggregation forces (Kemper 
and Rosenau, 1986; Amezketa et al., 1996) were evaluated at each sample. In addition, water retention capacity 
at 33 and 1500 kPa were evaluated using Richard plates.  In the field, bulk density and saturated hydraulic 
conductivity was evaluated. Bulk density was measured making a hole in the soil and by measuring soil mass 
and volume (Blake and Hartge, 1986). Hydraulic conductivity was evaluated with a CSIRO disc tension 
infiltrometer 25cm-diameter base, controlling tension at the soil surface (Perroux and White, 1998). 
Measurements were carried out at the end of 2003. 
 
Results and discussion 

The most remarkable characteristic of the analysed soils is its high percentage of coarse elements, 
ranging from 46 to 77%, in both disturbed and non disturbed plots. No significant differences were observed on 
average (65%- 67%, respectively), but in the terraced plot the percentage of coarse elements is higher at the 
bottom of the plot (Table 1). However, the facts show differences in the distribution size of coarse elements 
between two managements studied: in the non disturbed plots there is an homogeneous distribution of the size 
elements whereas in disturbed soils exits a high percentage of the > 8mm coarse elements. Only in the non 
disturbed plot we observed changes from top to bottom, decreasing the percent of higher coarse elements at the 
bottom and increasing the fine fraction at the top. No differences were observed in the disturbed plots.  

The fine fraction (fine silt + clay) is similar in disturbed and nondisturebd, but while clay content is 
higher in the  non-disturbed plot, the fine silt fraction is higher in the disturbed plot. In the old plantation we can 
observe differences with the landscape position in the fine silt fraction but not in the clay fraction. This result has 
been point out by other authors, attributed to soil erosion processes (Ampontuah et at., 2003).  No significant 
differences were found in the sand fraction among plots, but fine sand fraction is higher in the upper slope while 
the coarse fraction in lower in those positions. The most significant change is the organic matter content, which 
in the new plantation is 0.64%, while in the non disturbed is about twice (1.2% on average).  

Other soil properties evaluated in both situations are presented in Table 2. Bulk density was 1690 kg m-3 
on average, although with slightly higher values in the old planted plot that in the new plantation by effect of 
works levelling. The mechanical alterations of soil surface produced with the terraces construction affect some 
hydrological properties. In that sense, we can observe a significant reduction on hydraulic conductivity (Ko) in 
the land levelled plot in relation to the old plantation systems (175mm in the plot with terraces vs. 230 and 
246mm in the old plantations). Water retention capacity (WRC) is also significantly reduced (17.9mm in 
terraced pot vs. 29.3 and 37 mm in the old plots). These values are very low (< 64mm) according to the critical 
values established for soils with xeric regime (Porta et al., 1999).  An analysis of ANOVA performed with these 
data confirmed the significant differences at 5% level. The observed changes in hydraulic conductivity and water 
retention capacity can not be only explained by the observed changes in texture and organic matter. Although the 
increase in the fine silt fraction could contribute to seal the soils, the interpretation should include additional 
information about the changes in the pore redistribution and the break of the natural water circulation channels in 
the soil profile.  

The applied tests for aggregate stability showed slightly higher values in the non-disturbed plots but the 
differences were no significant. The higher differences were observed when the standard method (Kemper and 
Rosenau, 1986), was applied.  In addition, there were not differences between aggregate stability against the 
different desaggregation forces, represented by the different treatments applied with method proposed by 
Amezqueta et al. (1996). 
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Table 1. Soil characteristics at each position along the slope in transformed and non transformed plots. 
Location 

(UTM31N) 
Texture (USDA) Elem.> 2mm 

(%) 
silt 
(%) 

sand 
(%) 

Samp. 
point 

X Y Z 

o.m 
 

(%) clay 
(%) 

F C F C 

2-8 
mm 

>8 
mm 

> 
2mm 

DP1 
DP2 
DP3 
DP4 
DP5 
DP6 

318933 
318999 
318773 
318709 
318678 
318628 

4563086 
4563143 
4563343 
4563258 
4563384 
4563403 

338 
313 
385 
417
439 
463 

0.4 
0.8 
0.4 
1.0 
0.6 
0.5 

6.1 
9.2 
7.1 
7.2 
5.3 
5.2 

9.5 
12.6 
13.5 
15.1 
13.2 
10.3 

3.8 
5.9 
8.2 
5.6 
7.3 
5.5 

35.2 
34.6 
36.4 
28.6 
46.2 
48.1 

44.6 
36.4 
34.8 
43.4 
28.0 
30.9 

26.6 
20.2 
25.3 
29.7 
20.8 
20.9 

59.0 
57.1 
47.9 
47.9 
31.8 
33.8 

85.7 
77.3 
73.2 
77.6 
52.6 
54.6 

 
UV1 
UV2 
UV3 

318984
318982 
318860 

 

4563254 
4563517 
4563547 

 

289
301 
358 

 

1.2 
1.6 
0.7 

 

7.2 
6.1 
7.5 

 

8.1 
11.8 
10.6 

 

7.0 
7.0 
9.4 

 

36.8 
34.9 
45.6 

 

39.7 
40.2 
27.0 

 

28.9 
32.6 
30.4 

39.2 
31.7 
30.8 

 

68.1 
64.3 
61.2 

 
UHN1 
UHN2
UHN3 
UHN4 

 

323129 
323027 
322994 
322981 

4563169 
4563564 
4563435 
4563098 

407 
441 
461 
484 

2.0 
0.7 
1.4 
0.6 

7.8 
5.7 
6.1 
7.4 

14.5 
16.7 
17.1 
7.7 

4.2 
8.1 
6.9 
5.0 

23.4 
36.3 
31.0 
27.0 

50.1 
33.2 
38.9 
52.9 

29.3 
33.2 
36.7 
35.4 

 

43.6 
28.7 
30.8 
30.0 

72.9 
61.9 
67.5 
65.4 

 
 
Table 2. Soil physical and hydrological properties on the disturbed and non disturbed plot: bulk density, 
hydraulic conductivity (Ko), CRAD, aggregate stability (against different desaggregation forces) 

Aggregate stability Sampling 
poing 

Bulk 
density 
kg m-3 

Ko 
(mmh-1) 

CRAD 
(mm ) Standard 

(%) 
WMDStw 

(m) 
WMDslw 

(m) 
WMDfw 

(m) 
Transformed plot 

DP1 
DP2 
DP3 
DP4 
DP5 
DP6 

1462 
1436 
1656 
1653 
1530 
1282 

261.4 
105.8 
172.1 
148.7 
191.4 
169.8 

18.3 
13.0 
20.3 
24.3 
17.3 
16.6 

82.8 
63.4 
64.5 
83.2 
69.4 
83.7 

1.23 
1.20 
1.27 
1.10 
0.94 
1.16 

1.30 
1.23 
1.32 
1.21 
0.95 
1.12 

1.20 
1.22 
1.25 
1.10 
0.96 
1.10 

Untransformed plots 
UV1 
UV2 
UV3 

1668 
1659 
1703 

 

171.9 
257.3 
262.2 

 

16.6 
30.7 
39.0 

 

75.5 
89.9 
87.2 

 

1.21 
1.27 
1.27 

 

1.30 
1.27 
1.27 

 

1.20 
1.30 
1.25 

 
UHN1 
UHN2 
UHN3 
UHN4 

 

2129 
1889 
1948 
1233 

380.9 
319.3 
430.9 
548.5 

49.3 
48.0 
52.3 
27.9 

68.0 
73.0 
58.2 
65.8 

1.16 
1.20 
1.14 
1.19 

1.02 
1.17 
1.11 
1.14 

1.06 
1.14 
1.11 
1.11 

 
Conclusions 

Land transformations carried out in the Priorat area during the last decades, with land transformations of 
abandoned areas are modifying not only the landscape but soil physical and hydrological properties having 
negative repercussion on water available for plants and increasing water losses by runoff. An significant 
reduction on the hydraulic conductivity and water retention capacity is produced, being up to 45% lesser in the 
transformed plots.  
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Historical land-use changes of wine growing areas developed on volcanic soils in 
Hungary 

 
Fehér, O.1 – Madarász, B.2 

 
 

The most famous Hungarian wine-growing districts are in volcanic areas. The present paper tries to 
answer the following questions: (1) How has land-use been evolving in these areas in the 19th and 20th centuries? 
How have the social and economical changes affected the distribution of the different land use types?  
For the better understanding of these processes several historical map “generations” and written records were 
analysed (BÉL 1942, 1984, ÁGOSTON 1820, FÉNYES 1842).  

There were two main Neogene volcanic phases in the Carpathian Basin. The first phase was the calc-
alcaline volcanism during the early and middle Miocene. The volcanic activity started with silicic volcanism, 
with a huge amounts of pumiceous pyrclastic flow deposits (ignimbrites). In the middle Miocene andesitic-
dacitic intermediate volcanism started. During this phase large stratovolcanoes developed in the northern part of 
the country as part of the Inner Carpathian Volcanic Chain.  

The second phase was the alcaline basalt volcanism. The main peroid of this activity was the Pliocene, 
however it started at the end of the Miocene, and lasted at some places until the second half of the Pleistocene. In 
this phase basalt plateaus, tuff rings and maars were formed.  

The first step of our investigation was the selection of study areas representative for the land-use of 
volcanic territories. Six sample areas, alltogether with an area of 100 km2, were chosen in different Hungarian 
volcanic areas (Figure 1.). Our study focused on the so called wine-hills. These are volcanic hills of ~3-400 m 
asl. elevation with special topographic, pedologic and climatic properies. 

 

 
 
Figure 1. Sample areas 
 

For the areal comparison of the described land use changes, military maps of the Habsburg Empire were 
used. The so called 1st and 2nd surveys (1764-1785, 1819-1866) were performed at a scale of 1:28000. The 3rd 
military survey (1869-1880) and the maps from the 1950’s used already 1:25000 scale. The maps from the 
1950’s were updated in the 1990’s by the Hungarian Military Mapping Institute. For the detection of the latest 
changes in land use the 1:50000 CORINE Land Cover (FÖMI, 2003) database from the 1998-99 survey was 
used. These maps were derived from the interpretetion of space images. Transformation of the maps and 
interpretation of the different types of land-use (LUT) were carried out by the MicroStation and ArcView 
softwares. 

Wine production in the Carpathian Basin was already important at the time of the Roman Empire. All of 
our study areas were significant wine-producing areas at least since the Middle Ages. Generally we can say that 
vine production started on the wine-hills in the 14th century (LICHTNECKERT, 1990, FEHÉR, 1999). 

The golden-age of the vine–hills dates back to 17th-19th century, as it is clearly visible on the maps of 
the 1st and 2nd military surveys. In this period the percentage of vineyards is the highest. There is an interesting 
correlation between woodlands and vine growing areas on the upper slopes of the vine-hills. During the early 
19th century, parallel with the relative expansion of vineyards there is a considerable decrease of forested areas.  

On the foothills there is a striking correlation between the territorial extent of meadow and pasture 
versus arable lands. In the Tapolca Basin, as often mentioned in the documents of the 18th century, wetlands 
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were drained and used as meadows. Later, at the end of the 19th century, there was a significant increase of 
arable lands on the territories of former meadows. This happened at the time of the liberation of serfs. 

Certain declines of the wine production in these territories are related to wars, loss of foreign markets, 
damage from frost or drought. However, after the periods of decadence these regions were always able to renew. 
There was only one wine-desease, the vine-pest (phylloxera) which transformed dramatically not only the land-
use structure of the slopes, but also tradition and culture of the production of high quality wine. This had a major 
afect on land use at the end of the 19th century. The analyses of the cartopgrapic data brought surprising results: 
there was no dramatic damage caused by the vine-pest. Two possibilities can account for this observation: (1) 
The studied territories are the most valuable wine-growing areas in Hungary, thus their protection and 
reclamation was among the first tasks during and after the disease. (2) The time elapsed between the two military 
surveys is too long to register the changes caused by the wine-pest. (3) Since our base maps were military 
surveys, the detailed registration of vineyards, like old, dead or new plantations, was of no interest for the 
cartographers. 

Between the two World Wars wine producers were hit by the economic crisis and by the collapse of the 
Austro-Hungarian Monarchy, therefore additional reduction of wine growing areas was took place. 

In the early 1960’s large-scale wine-growing played a major role in the organization of collective farms. 
At this time there was a tendency of forest expansion, which was related to the afforestation program of steep 
slopes. This caused a relative decrease of vineyards on steep-slopes like e.g. in Kopaszhegy, one of our study 
areas. In certain cases fruit tree plantations were established on the steep slopes of the former vineyards 
(Andornaktálya, Erdőbénye). At the same time there was an increase of vineyards on the foothill areas 
characterised by gentle slopes. The reason for his process was the mechanization of the vine cultivation, which 
requires large parcels and gentle slopes (Figure 2.). 

According to our investigations the present day land-use structure is the result of an evolution of several 
centuries. Detailed examination of topographic maps and historical records allowed us to follow the changes in 
the land cover, and connect them to the social and economic processes. The fertile soil developed on volcanic 
material and the favourable microclimate made the area attractive for agriculture. The unique conditions of the 
wine-hills made the vini growing wide-spread in the area. Land-use structure always had to be adjusted to soil 
and microclimate conditions and it also depended on the state of development of agriculture and society. The 
recognition of processes in the past helps to understand present landscape and land-use pattern better. 

 
 
 
 

 
 

Figure 2. Changes of land-use on the wine-hill of Badacsony between 1860 and 1998. 
(1. Lake Balaton, 2. vineyard, 3. pasture, meadow, 4. arable land, 5. settlement, 6. forest, 7. mine 
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SoilCap.html 
Soil capability programme using Land-capability-classification system of the USDA 

 
Dorronsoro, B.1 – García, I. – Dorronsoro-Diaz, C. – Diez, M. – Santos, F. – Dorronsoro-Fdez, C. 

 
 
Introduction 

As it is well known, soil is a component of the natural medium that acquires its morphology and 
properties after a long and slow evolution and after reaching equilibrium with environmental conditions. It is, 
then, a natural entity, which does not anticipate human use in its evolution. Nevertheless, ever since humans 
during the Neolithic shifted from hunting and gathering to farming and herding, the soil has undergone intensive 
exploitation. Some 10,000 years of irrational soil use by humans has transpired, with no objective beyond 
seeking maximum yield from every kind of soil use. As a result, the soil has reached the present day intensely 
degraded to the point that a great part of arable land, especially in arid and semiarid regions, is in a situation of 
irreversible deterioration. To stop this dramatic trend, the only solution is to institute rational soil use—that is, to 
use each soil in a way that best suits its characteristics and to programme its management for minimal 
degradation. This is precisely the final aim of land evaluation. 

Land evaluation is an applied classification system that assesses the capacity of the soil for its optimal 
use—that is, to derive maximum benefits with minimum degradation. This can be defined, according to van 
Diepen et al. (1991), as “any method to explain or predict the use potential of land”. 

Different types of soils present widely different properties, and therefore the response to each use 
differs. Land evolution is based on the idea that this response is a function of these properties, and, hence, 
knowing these, we can predict the behaviour of the soil under a given use. From the study of such properties, 
different degrees of suitability of the soil can be inferred for each end proposed.  

As land evaluation is intended to offer practical results that can be plotted on territorial maps, such 
endeavours cannot be limited to the analysis of the physical medium of the earth, but rather must be 
complemented by the corresponding socio-economic studies that enable cost-benefit analyses of the profitability 
of the land used. Thus, land evaluation enables predictions on the biophysical and economic behaviour of land 
for current and potential uses. 
 
The application 

This computer program shows how to evaluate soils for Land Capability according to the Land-
capability-classification system of the USDA (Montgomery and Kieberg, 1965), but as politico-socio-economic 
criteria are not employed, the Soil Evaluation term proposed by Dorronsoro (2002) instead of Land Evaluation 
have been used. Soil evaluation represents the first step for land evaluation; soil evaluation would be similar to 
land evaluation, but excluding all social, economic and political characteristics. 

It is a application with educational purposes to introduce the students in the soil evaluation techniques. 
Each area to evaluate is represented in a diagram block. The program is organized in three stages. In the 

first stage three questions about the soils are established, their location and forming factors. In this previous stage 
bonus can be obtained to compensate for the possible mistakes in the final stage of the soil evaluation. In the 
second stage, for each soil, data are provided in relation to the general characteristics of the zone where the soil 
is located (climate and morphological as well as physico-chemical data) together with a photograph of the profile 
and landscape in question. 
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Figure 1. Show page of the 1st question. 
 

For the soil evaluation, a series of questions are posed concerning:  1) slope of the terrain; 2) soil depth; 
3) rock content; 4) rock and gravel content; 5) drainage; 6) flood risk; 7) texture; 8) pH; 9) degree of base 
saturation; 10) carbonate content; 11) salt content; 12) climatic aridity; 13) frost risk; 14) degree of erosion 
(Figure 2). 
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Figure 2. Show page of the stage 2. Soil evaluation. 
 

To define the use capacity degrees for the several evaluator parameters data of Dorronsoro (2002) have 
been used. In the third stage prescription-of-use map of the evaluated soils is made.  

The program allows both the self-learning of the students as their self-evaluation.  The highest score is 
10 points, each wrong answer being penalized  two points (Table 1). 
 

RESULTS  
FACTORS Yours 

answers 
Correct 
answers 

Where to look for Mark 

FACTOR 1 Slope IIt IIt Analytical: slope 6% 10 
FACTOR 2 Depth I I Morphology: rocks to 270 cm 10 
FACTOR 3 Rocks I I Environment: rocks 0% 10 
FACTOR 4 Stones I I Environment: stones 3% 10 
FACTOR 5 Drainage IIId IId Environment: drainage moderate 8 
FACTOR 6 Texture I I Morphology: loam 8 
FACTOR 7 pH I IIa Analytical: pH 5,9 6 
FACTOR 8 Base saturation  I I Analytical: V 100% 6 
FACTOR 9 Carbonates I I Analytical: CaCO3 0.2% 6 
FACTOR 10 Salts I I Analytical: C.F. 1.15 6 
FACTOR 11 Sodium I I Analytical: PSI 0,9% 6 
FACTOR 12 Aridity IIIc IIIc Climate dry months 4 6 
FACTOR 13 Frost I I Climate frost months 2 6 
FACTOR 14 Erosion I I Erosion table 6 
 CLASS IItdac IItdac  6 
Table 1. Example of  “results alert” for one exercise. 
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The structure of this program is multi-platform (PC, Mac, Linus, etc.); it is written in html/JavaScript. A specific 
high-security navigator (Soile) has been developed to examine students (Figure 3), by cancelling some non-
desired options of the usual navigators (navigator menu, refresh of the page, access to the source, access of the 
historical, etc) and providing automatic recording of the results. 
 The application is available at: http:/edafologia.ugr.es/index.htm 
 

 
Figure 3. Configuration options for teachers (left side) and students (right side). 
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SoilUseChange.html 
 

Dorronsoro-Diaz, C. 1 – Martinez, F.J. – Martin, F. – Dorronsoro, B. – Simon, M. – Fernandez, E. – 
Dorronsoro-Fernandez, C. 

 
 
Introduction 

The globalization of the world makes the demands of the society modify quickly and the agricultural 
productions were involved in few predictable changes. Very cost-effective crops today will give up in short-
term. The changes in soil use produces uncertainty in the farmer because he knows the behaviour of his soils to 
the crops used, but ignore their capacity for new crops. In these cases, land evaluation represent an efficient help, 
advising and avoiding serious losses by the selection of mistaken uses. 

Different types of soils present widely different properties, and therefore the response to each use 
differs. Land evolution is based on the idea that this response is a function of these properties, and, hence, 
knowing these, we can predict the behaviour of the soil under a given use. From the study of such properties, 
different degrees of suitability of the soil can be inferred for each end proposed. 
  As land evaluation is intended to offer practical results that can be plotted on territorial maps, such 
endeavours cannot be limited to the analysis of the physical medium of the earth, but rather must be 
complemented by the corresponding socio-economic studies that enable cost-benefit analyses of the profitability 
of the land used. Thus, land evaluation enables predictions on the biophysical and economic behaviour of land 
for current and potential uses.  
 
Study area 

As is well known, the olive orchard is an erosive crop in which the economic profitability depends on 
subsidies from the EU.  The soil of a large part of Andalusia (southern Spain) are completely eroded due to the 
extensive cultivation of the olive.  Therefore, it would be desirable to change some this land to another type of 
use that would be less erosive and more profitable. 

The study area is the region of La Loma (Jaén); particularly the sector between Linares and Baeza, in 
the southern side of the Guadalimar river. It is located in the Guadalquivir river basin, inside the Betic Chain. 
The litology is dominated by carbonate materials, mainly marls, marly limestones, calcaric sandstones and 
limestones. The relief is hilly with smooth and moderate slopes. Guadalimar river has a sequence in bad 
preserved steppy terraces (Delgado, 1983; Marañés, 1997; Simón, 1997). 
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Figure 1. Cartographic map of the zone. 
 
The application 

This communication concerns the trails of use change in an olive-growing zone to other crops by means 
of the system “A framework for land evaluation (FAO, 1976)”. The tested crops are: almond tree, pistachio, 
cherry tree, vineyard, chickpea, sunflower, wheat, potato and aromatic plants (Satureja cuneifolia, Acinus 
alpinus, Lavandula latifolia, Lavandula lanata, Sideritis funkiana, Sideritis hirsuta, Thymus zygis y Salvia 
lavandulifolia). 

Soil evaluation is presented in an interactive way by a computer program in such a way that it can be 
used as a learning tool by students in classes on Land Evaluation.  

For each soil, data are provided in relation to the general characteristics of the zone where the soil is 
located (climate and morphological as well as physico-chemical data) together with a photograph of the profile 
and landscape in question, represented on a map of the corresponding cartographic unit.  
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The soil evaluation is made after answering a total of 20 questions on soil characteristics:  1) slope of 
the terrain; 2) soil depth; 3) rock content; 4) rock content; 5) gravel content; 6) drainage; 7) Organic carbon; 8) 
texture of the surface horizon; 9) texture of the subsurface horizon; 10) pH of the surface horizon ; 11) pH of the 
subsurface horizon; 12) degree of base saturation of the subsurface horizon; 13) base saturation degree of the 
subsurface horizon; 14) carbonate content of the surface horizon; 15) carbonate content of the subsurface 
horizon; 16) salt content  of the surface horizon; 17) salt content of the subsurface horizon; 18) sodium content 
of the surface horizon; 19) sodium content of the subsurface horizon; 20) degree of erosion. 
The correlation matrix necessary to calculate the aptitude degrees of the several crops have been defined using 
data of Martínez (1990), Sys et al. (1993) y Marañes (1997). 
 

 
Figure 2. Show page of soil evaluation. 
 

As politico-socio-economic criteria  are not employed, the Soil Evaluation term proposed by 
Dorronsoro (2002) instead of Land Evaluation have been used. Soil evaluation represents the first step for land 
evaluation, soil evaluation would be similar to land evaluation, but excluding all social, economic and political 
characteristics. 

The application allows both the self-learning of the students as their self-evaluation. The highest score 
is 10 points, each wrong answer being penalized  two points. 

The structure of this application is multi-platform (PC, Mac, Linus, etc.); it is written in 
html/JavaScript. A specific high-security navigator (GsuelosExplorer) has been developed to examine students, 
by cancelling some non-desired options of the usual navigators (navigator menu, refresh of the page, access to 
the source, access of the historical, etc) and providing automatic recording of the results.   
The application is available at: http:/edafologia.ugr.es/index.htm 
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Figure 3. Configuration options for teachers (left side) and students (right side). 
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Erosion control throught the establishment of a shrub with economical use in the 
Mediterranean conditions 

 
Martínez-Raya, A1.- Francia, J.R.- Cárceles, B.- Ruiz-Gutiérrez, S. - Martínez Vilela, A. 

 
 
Abstract 

The behaviour of one shrub specie in southern Spain has been studied with respect to soil protection 
against erosion. The specie selected were Thymus baeticus Boiss. ex Lacaita, adapted to the soil and climate of 
the area. This plant is used in the region for seasoning as well as for its aromatic and medicinal properties.  
The research plots are placed in the Protected Natural Area of Sierra Nevada, in the province of Granada, 
Southeast of Spain. Sustainable alternatives are sought to replace traditional systems for harvesting the plants, 
which are frequently uprooted, implying a loss of soil protection and consequently serious erosion. The use 
capacity of different soils of the study area has been analysed with the aim of regenerating these soils (Martínez-
Raya & cols., 1993). 

The methodology was based on the use of closed plots of 100 m2, with allows a permanent evaluation 
of the runoff and the transport of solids and their relationship with the rainfall intensity of each single event. 

The protection of the soil is also studied for different harvesting intensities of the plant. These results 
are very important, from the socioeconomic point of view, for the elaboration of use plans in natural protected 
areas. Different rainfall episodes have been studied for three years, with results showing that a harvesting of 50% 
of the biomass presents the best results and can be considered the most appropriate both for sustainable 
vegetation as well as for effective soil protection against erosion.  
Keywords: Soil erosion; Runoff; Mediterranean shrubland; Sustainable use. 
 
Introduction 

The objective of this work is to study the soil protection provided by a shrub species with habitat in the 
southeast of Spain. The selected plant has been Thymus baeticus L. The fact that it is a plant already present in 
the region guarantees its accommodation to the climatological and soil conditions of the area, limiting the 
possible failure in its development to the management system used, once discarded the natural conditions. 
Another reason to select this species has been its economic interest, since it is known its use to get different 
essences (Muñoz, F., 1987), its medicinal employment (traditionally it has been used to combat colds), 
melliferous (Socorro, O. & cols., 1987) and for seasoning (it is used to season hunt meat), (Valle, F. & cols 
2001). 

The soils of our region are subjected to serious erosive problems (ICONA, 1982), due fundamentally to 
the combination of two factors: the characteristics of the Mediterranean climate, with torrential precipitations 
and the scarce vegetable cover of the soils. 

The products from essential oils have been used traditionally in the region, normally representing this 
use the harvesting of a small percentage of the plants. However, in the last years, the pressure on wild 
populations is getting bigger (Estategia Forestal Española, 2000) due to the increase in the demand of the 
products obtained from these plants for its use in different sectors (cosmetic, liquor store, perfumery, 
aromatherapy, etc.). This growth, together with the inadequate of the traditional systems of harvesting that in 
many cases imply that the plant is completely pulled up, make their cultivation a necessary option for the 
protection of the environment, as well as a development possibility for these marginal rural areas.  

In our region the most serious problems of erosion appear frequently in abandoned lands by the 
establishment of crops in soils with null or scarce agricultural aptitude. In these soils subjected to serious 
degradation processes, the failures in the regeneration plans that are normally used these days could be solved in 
many cases through the establishment, in a first phase, of a vegetable cover with this kind of shrub that protects 
the soil against erosion and help to its regeneration for the establishment, in successive stages, of more 
demanding plants.  

This way, the introduction of improved varieties and the crop growing of these species together with the 
use of soil management techniques that allow a more effective use of the rain water and the protection against 
erosion; can constitute a real alternative for the improvement of the agrarian profitability of these areas, as well 
as to contribute to population fixation and the conservation of the environment.   
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Materials and methods 
 
Description of the study site 

The research parcels are placed in Sierra Nevada Natural Park (36º56'38"N, 03º29'42"E, 1350m), in the 
municipal term of Lanjarón (Spain). 

The average annual rainfall is 698.7 mm and the average annual temperature is 12.4 ºC. The main bio 
climatic feature of the area is the important water deficit in summer, constituting doubtlessly a limitation when 
determining the specie that can be grown. 

The soils of the study area have been classified by Sánchez Gómez (1990) as Typic Xerorthens (USDA, 
1998). 

For this study we have used closed parcels (Hayward, 1969; Kinnel, 1982; Riley, 1982) made of 
galvanized foil, with collectors and sedimentation tanks that allow us to exactly quantify the soil sediments as 
well as the runoff volumes, facilitating the study of the movements of nutrients and chemical compounds. 

We have settled 4 parcels, with a surface of 96 m2 each one, placed in a slope of 17.5%. To obtain the 
vegetable material micropropagation techniques through cultivation in vitro have been used and once obtained 
the plants in nursery, they have been transplanted to the parcels for the study. 

We have studied the protection of the soil provided by the species with two different harvesting 
intensities: 50 and 100%. For this, different rain events have been evaluated along the 4 years of study, 
measuring for each erosive event the runoff and the transportation of solids. For the control of the rain events a 
monthly rainfall recorder Hellman-type has been installed at the edge of the parcel. 

The sampling of the runoff water, as well as of the transported solids was carried out at the end of each 
erosive event. The sediments are calculated adding those that are picked up in the final collector to those that are 
in suspension in the water accumulated in the sedimentation tanks. The soil losses, expressed in kg*ha-1, refer to 
dry weight to 105 ºC. 

The biomass produced has been measured in each parcel. The vegetable material was harvested at the 
end of Julio or beginnings of August. 

We have carried out measures of the content of humidity of the soil, between 0 and 50 cm of depth, 
with the equipment Diviner 2000 available in Sentek Pty Ltd, 77 Magill Road, Stepney, South Australia 5069. 

The infiltration rate has been determined in the study parcels by means of an infiltrometer of simple 
ring. 

Results and Discussion  

Figure 1. Soil loss / Runoff coeficient
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The results obtained refer to the 
period 2000-2003. We have controlled a total 
of 28 erosive events, calculating for each one 
the rainfall, the energy, and maximum 
intensity of rain in 30 minutes (I30) and the 
EI30 factor of the USLE (Wischmeier, W.H., 
1978). 

We have analyzed statistically 
(Statgraphics Plus 4.1) the precipitation data 
obtained for each erosive event together with 
the runoff coefficient and the soil loss caused 
by them, finding that the factor EI30 gives 
the biggest correlation (approximately 0.93 
for the two treatments) between the soil loss 
and the characteristics of the precipitation, 
being the lineal model the one that better 
adjusts this correlation by means of a simple 
analysis. As for the runoff volume, the factor 

EI30 also presents the biggest correlation, although it is not very significant. 
The distribution of the erosive events as function of the precipitation was the following: 

 
 

Rainfall intervals (mm) Nº of events 

R ≤ 25 5 

25 < R ≤ 50 10 

50 < R ≤ 80 10 

R > 80 3 
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Figure 1 shows the average 
annual evolution of soil loss and the 
average runoff coefficient for the two 
different harvesting intensities. Data for 
the year 2000 have not been included 
since they are not representative since 
establishment of the plants in the 
parcels is very recent 
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Fig 2 - Soil moisture 10 cmFigure 2. Soil moisture 10 cm 

As we can see in the graph, 
with the establishment of the vegetable 
cover we get a progressive decrease of 
the soil loss as well as the runoff 
coefficient. We can also appreciate that 
50% harvesting provides a better 
protective effect of the soil, since the 
covering grade by vegetation is biggest. 

The humidity content of the 
soil was measured from the year 2001 
up to the 2003 with the equipment 
Diviner 2000 (Sentek®), with a 
distribution in time of the measures so 
that they reflect the seasonal variations.  

The graph (Fig. 2) represents the variation of the humidity content of the soil in its first 10 cm of depth 
(this depth has been chosen since it is the one affected by the erosive phenomena, and since it is quite significant 
of the depth roots of the plant) as function of the precipitation along the time for the two studied harvesting 
intensities. It can be observed that the maximum humidity content in the soil is reached after the spring rains and 
that there is an important decrease on the humidity content during the summer. We can also appreciate that 
during this period the consumption of soil water is bigger for the 50% harvesting intensity due to the biggest 
demand of the vegetation. It can also be observed that there is a bigger increment of the humidity after the rain 
for the 50 % harvesting intensity due to the increment of useful water that this treatment produces. 

The infiltration was measured with a simple infiltrometer, taking in each parcel 3 measures distributed 
at random to try to reflect the possible zone variations and doing an average estimation.  

The results present a good adjustment to the curve of Kostiakov (Zapata A. & cols, 2000) As we can 
observe in the graph (Fig. 3) even when the infiltration rate is bigger in a first moment for the soil with a 100% 

harvesting intensity, the equilibrium speed is 
bigger for a 50% intensity, as we can expect 
from a soil with smaller erosion. 

Figure 3. Infiltration 
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The biomass production has been 
measured for the two treatments. The results 
are shown in table 1. We can see that the 
50% harvesting intensity treatment presents 
better results as for a sustainable production 
in time, staying this practically constant 
along the years of the study. On the other 
hand, the production of vegetable material for 
the 100% harvesting intensity diminishes 
vastly along the time. This decrease can be 
attributed to a reduced soil conservation with 
this treatment, as well as to the sprout 
difficulties that the Thymus baeticus 
experiences when it is harvested at the soil 
level. 

Table 1. Biomass production 
 

 
 
 
 
 
 

 Dry weight (kg ha-1) 
 100% 50% 

Year 1 615 417 
Year 2 262 420 
Year 3 82 406 
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Conclusions 
The results of this study show that the use of a vegetable cover constituted by a shrub is an effective 

tool to fight against soil erosion in areas subjected to serious degradation processes. The main benefit obtained is 
the increase in the effective precipitation, factor of considerable importance under the Mediterranean conditions.   
The use of a species with possible economic use allows besides protecting the floor, to increase the agrarian 
profitability of marginal lands.   

The study reflects the importance of the sustainable use of these vegetable resources in order to 
guarantee a production sustained in time, as it is confirmed with the best results obtained with the 50% 
harvesting intensity treatment in front of the 100% harvesting treatment that implies an exhaustion of the 
resource in the medium to long term.  
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Response of soil with endemic shrubs from Canary Islands to simulated rainfall  
 

Chinea, E. – Rodríguez Rodríguez, A. – Mora, J.L.1 
 
 

Water erosion is one of the main degradation processes that affect the soils of the Canary Islands. 
Establishment of plant cover on the soils is one of the most effective ways to prevent and control this 

process, and also to recover degraded soils. 
In arid and semiarid environments such as the Canary Islands, with soils affected by intensive erosive 

processes it is difficult to establish plant cover owing to the poor quality of the soils and the shortage of water. 
For this reason, the possibility of using plant covers with high rusticity leguminous shrubs is studied which have 
important advantages compared to P-N-nutrition and also have an important forage value for cattle.   

In order to establish the hydrological-erosive response of soils under plant cover of different 
leguminous shrub species endemic to the Canary Islands, several experiments were carried out with a portable 
rain simulator.  

Soil used for the experiment was Haplic luvisol (Haplustalf), with 430 g kg-1 of clay in the first 50 cm, 
52 g kg-1 of organic matter and a coarse crumble structure. The studied species are 24 month-old plants of 
Chamaecytisus palmensis, Teline canariensis, Teline osyrioides sericea and Teline osyrioides osyrioides and the 
water used in the simulation was sodium- bicarbonated  (EC = 0.43 dS m-1, pH = 8.39). 

Four experiments were carried out (rain intensity 64 mm h-1 for 30 minutes) for each of the four shrub 
species, cut and uncut, and the time taken for surface ponding to occur and runoff, and the depth of infiltration of 
the rainwater were recorded. 

First, the basic infiltration rate and the initial infiltration rate were determined by a double-ring 
infiltrometer in the soils with different cover and agricultural treatment (cut and uncut). 

The initial infiltration rate and the basic infiltration rate are significantly higher in uncut than in cut 
plant covers (i.r: 200 mmh-1 vs. 60 mmh-1; b.i.r.: 24 mmh-1 vs. 15 mmh-1). Moreover, the mean depth of the water 
front was 30 cm in uncut plants and 20 cm in cut plants. 

Regarding the response to simulated rainfall, all cut shrubs presented a similar behaviour reaching 
surface ponding and runoff in short time periods (8.8 and 15.5 minutes, respectively), although the start of runoff 
is later in soils with Chamaecytisus palmensis. 

In uncut shrubs, the start of surface ponding and runoff occurs in double the time as in cut shrubs (17.0 
and 24.2 minutes, respectively) and the cover of Chamaecytisus palmensis presented significantly longer times 
than the other plant cover. 

Hence, uncut shrubs of Chamaecytisus palmensis present the best hydrological-erosive response and the 
best efficiency at improving infiltration and reducing runoff, while shrubs of the genus Teline, owing to their 
scopary biotype are the least effective, especially when cut.  
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Mineralogical transformations in carbonate soils affected by a spill of pyrite tailings 
 

García, I.1 – Martín, F. – Dorronsoro, C. – Simón, M. – Diez, M. – Bouza, P. – Aguilar, J.  
 
 
Introduction  

When the tailings from a pyrite mine are exposed to oxygen and water, sulphides oxidise to sulphates, 
the pH falls markedly due to the formation of sulphuric acid, and the pollutants solubilize (Förstner & Wittmann, 
1983). In the case of pyrite, the most abundant sulphide in these tailings, the oxidation can be represented by the 
following reactions: 
 2FeS2(s) + 7O2(g) + 2H2O                  2Fe2+(aq) + 4SO4

2-(aq) + 4H+(aq) (1) 
 4Fe2+(aq) + O2(g) + 4H+(aq)                  Fe3+(aq) + 2H2O (2) 

The Fe3+ released in Reaction (2) may hydrolyze to form ferric hydroxide: 
Fe3+(aq) + 3H2O                 Fe(OH)3 + 3H+(aq) (3)  

or may oxidize additional pyrite by the reaction:  
FeS2(s) + 14Fe3+(aq) + 8H2O                  15Fe2+(aq) + 2SO4

2-(aq) + 16H+(aq) (4) 
Reaction (2) is very slow at pH<4.0 and has been described as the rate-determining step in pyrite 

oxidation; nevertheless, Fe-oxidizing bacteria (e.g. Thiobacillus ferrooxidans, Thiobacillus thiooxidans) 
increased the oxidation rate of Fe2+ by 105 (Singer & Stumn, 1970) and thus, oxidation rates for pyrite are 10- to 
20-fold higher than those resulting from purely chemical oxidation (Battaglia et al., 1998; Boon & Heijnen, 
1998). 

When CaCO3 is present in the soils, the acidity is neutralised, the oxidation of Fe2+ to Fe3+ proceeds 
rapidly (Singer & Stumm, 1968), iron precipitates and the calcium and sulphate ions form gypsum (Ritsema & 
Groenenberg, 1993; Kashir & Yanful, 2000): 

Fe3+(aq) + 2SO4
2-(aq) + H+(aq)+ 2CaCO3(s) + 5H2O Fe(OH)3(s) + 2CaSO4.2H2O(s) + 2CO (g) (5) 

On 25 April 1998 the retention walls in a pond containing the residues from the pyrite mine of 
Aznalcóllar (southern Spain) broke open, and approximately 4x106 m3 of polluted water (solution phase) and 
2x106 m3 of toxic tailings (solid phase) were spilled into the Agrio and Guadiamar River Basin, affecting some 
55 km2 (Grimalt et al., 1999). The solid phase consisted of different sulphides such as pyrite (75-80%), sphalerite 
and galene (5%), chalcopyrite (1.5%), arsenopyrite (1%), as well as minor amounts of bournonite, boulangerite, 
nuffieldite jaskolkiite and numerous trace metals (Almodóvar et al., 1998; López-Pamo et al., 1999). The 
principal pollutants were: Zn, Pb, Cu, As, Sb, Bi, Cd and Tl (Cabrera et al.., 1999; Vidal et al., 1999; Simón et 
al., 1999).  

From the spill, the soils were covered by a layer of tailings of variable  thickness averaging 7 cm 
(López-Pamo et al., 1999). When the tailings from a pyrite mine are exposed to oxygen and water, sulphides 
oxidise to sulphates, the pH falls markedly due to the formation of sulphuric acid, and the pollutants solubilize 
(Nordstrom, 1982; Förstner & Wittmann, 1983, Nordstrom et Alpers, 1999; Alastuey et al., 1999). 
 The aim of this work is to analyze the effect of the pyrite tailing oxidation, over time, on soil 
mineralogy. 
 
Material and Methods 

In some places in these soils, two months after the spill, a thin layer of reddish-yellow soil (7.5YR 6/8) 
a 4 mm thick developed immediately underneath the tailings. This layer appeared a few weeks after the spill, the 
colour being owed to abundance of Fe in the tailings (Simón et al., 1999). At 15 months the layer became 15 mm 
thick and at 4 years, 60 mm, with the uppermost 5 mm clearly discoloured (2.5Y 7/4). In each date, the layers 
were sampled each millimetre and, below the reddish-layer, each 5 cm up to reach the unaffected soil. All 
samples were sieved to 2 mm.   

In each sample, the particle-size distribution was determined by the pipette method after elimination of 
organic matter with H2O2 and dispersion with sodium hexametaphosphate (Loveland and Whalley, 1991). The 
pH was measured potentiometrically in a 1:2.5 soil-water suspension. The CaCO3 equivalent was determined by 
a manometric method (Williams, 1948). The cation-exchange capacity (CEC) was determined with 1N Na-
acetate at pH 8.2. Pills of soil and lithium tetraborate (0.6:5.5) were prepared and the total content in Fe was 
measured by X-ray fluorescence using a Philips PW-1404 instrument. A Zeiss-950 scanning electron microscope 
with a Tracor Northern 523 X-ray energy-scattering microanalyser (SEM-EDS) was used to examine the 
morphology and analyse the composition of certain minerals present in the first 6 mm of the soil. For X-ray 
diffraction, a Philips PW-1710 instrument with CuKa radiation was used. The climate of the study area is 
typically Mediterranean (hot, dry summers; cold, wet winters; temperate autumns; and springs with variable 
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rainfall). The average annual rainfall is 630 mm, the average temperature 17.9 °C and the potential 
evapotranspiration 975 mm. 

 
Results and discussion 
 The soils in which the reddish-yellow layers (RYL) develop are carbonated (8%) and sandy (46%) soils, 
with low organic matter content (1.7%), alkaline pH (8.0) and slightly developed profile (Xerorthent and 
Xerofluvent (Soil Survey Staff, 1999)). 

Over time, the pH decrease with the progress of the contamination (table 1), reaching the value of 2.5 at 
five years from the staying of the tailings in soil, causing the decrease and even the dissolution of the carbonates; 
in this sense, two month after the spill carbonate content is reduced up to 58%, the samples from 15 months and 
5 years are completely decarbonated, having a strong fall in the cation exchange capacity values. The iron within 
this layer strongly increased, indicating a high degree of pollution. Also, from this Fe distribution, we deduce 
that this metal was responsible for the reddish-yellow coloration.  

 
Table 1. Mean values of some characteristics of uncontaminated soils (UCS) and mean values of the central 
samples in the RYL taken at two months, fifteen months and five years from the spill. 

 UCS at 2 months at 15 months at 5 years 
pH 7.9 5.6 3.5 2.5 
CaCO3 (%) 7.8 3.3 0.0 0.0 
CEC(cmolckg-1) 15.3 nd nd 9.2 
Fe (%) 2.50 4.67 5.46 9.80 

 
 Mineralogy of uncontaminated soil was dominated by quartz, feldspars, calcite and dolomite (figure 1), 
and the infiltration of the acidic solution produced and intense weathering of the calcite, totally disappearing in 
soil at 15 months from the pollution. The other constituents have less substantial variations. In this sense, 
feldspars and phyllosilicates are reduced approximately to half at five years from the spill. On the other hand, the 
peaks in the X-ray diffractograms of the resistant-to-hydrolysis minerals, like quartz, increase its intensity. 
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Figure 1. X-Ray diffractograms before (UCS), 2 months, 15 months and 5 years after the
spill. (C: calcite, Q: quartz, Fd: feldspars, Ph: phylosilicates, G: gypsum, J: jarosite) 
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Table 2. Mean values of the soil mineralogy (%) before (UCS) and at two months, fifteen months and five years 
from the spill 

 UCS at 2 months at 15 months at 5 years 
Quartz 45 45 45 50 
Feldspars 20 20 15 10 
Phyllosilicates 20 20 20 10 
Carbonates 15 5 0 0 
Gypsum 0 5 15 15 
Jarosite/Plumbojarosite 0 0 5 15 

 
 Very important are the neoformations produced by the high quantity of iron and sulphates dissolved in 
the contaminant solution (table 2). In this way, the calcium released in the weathering of the calcite reacts with 
the sulphates to form gypsum (Ritsema and Groenenberg, 1993) which increases gradually until reach the 15% 
of the total soil; meanwhile the sulphate, iron and potassium form jarosite which, as the contamination 
progressing, trend to change to plumbojarosite. So the plumbojarosite is relatively abundant in the decoloured 
zone of the layer formed at 5 years. The electron microscopy (SEM_EDS) reveals, both crystals of gypsum and 
jarosite, as other neoformations like the needled crystals of S and Fe (melanterite ¿?) or the plated-habit crystals 
of S and Al (alunite ¿?) figure 2. 

According to the clay mineralogy, the oriented aggregates of the clay fraction in the samples from the 
soil underlying the reddish-yellow layer gave diffractograms showing illite, kaolinite, smectite, interstratified 
complexes of chlorite/smectite, calcite and feldspars. In the samples of the reddish-yellow layer, the peaks 
become broader and lower, indicating a generalized breakdown of minerals, both phyllosilicates as well as 
feldspars. The presence and alteration of the components in the soil (mainly, feldspars, micas and clays) boosted 
the capacity of acid neutralization and retention of released metals. Identification of such mineral alteration is not 
easy, the phyllosilicates and particularly smectites apparently being the most active in neutralizing the acidity 
(Pons et al, 1982; van Breemen, 1980). 
 
 

 
Figure 2. Microphotography by SEM of soils in the interior of the reddish-yellow layer. Photo 2.1, tabular 
crystals of gypsum (G) in a mass of Fe oxyhydroxides (O). Photo 2.2, acicular crystals of Al sulphate (A) in a 
mass of sulphates of Fe, Al, Zn and Ca (S). 
 
Conclusions 
 The infiltration in soil of the solution coming from the pyrite tailing oxidation hydrolyze the silicates, 
weather the carbonates, acidify the soil and neoform minerals, mainly gypsum and other minerals of the jarosite 
group, melanterite and alunite. 
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The temporal and spatial changes of the soil’s macro- and micro element content as an 
indicator of soil erosion 

 
Farsang, A.1 – Rácz, P. – Barta, K. 

 
 
Introduction 

The hypothesis according to which the “fate of a lacustrine system is in the hands of its catchment area” 
is especially true for Lake Velence. Agricultural production on the catchment area along with the intensity of 
fertilization as well as the implementation of water and soil friendly approaches in the agricultural production 
and fertilization play a crucial role in the deceleration of eutrophization and the improvement of water qualities 
within a lake system used mainly for recreation as Lake Velence.  The catchment area of the lake covering 
approximately 602.4 km2 is about 23 times of the water surface. The lack of any natural obstacles on the 
catchment area enables the practically undisturbed transportation of the sprinkled nutrients onto the base of 
erosion via the flows carrying water and sediment into the creeks, as the wet meadows lying adjacently to the 
creeks were put under agricultural production in the 1970s.  These 50-70 m wide wet habitats served as some 
sort of physical and chemical traps for the eroded nutrients. In order to create larger plots, suitable for production 
via the application of high-capacity machines (Bódis K., Dormány G. 2000), shelter belts were eradicated. These 
also must have served as an erosion trap for the eroded soil particles in case of sloping plots, thus enabling the 
preservation of water quality in Lake Velence besides soil protection. 

The present study involved the analysis and discussion of several aspects in relation to the catchment 
area of the Cibulka creek (Fig. 1.), covering an area of approximately 14 km2. This is a subregion of the 
catchment of the Vereb-Pázmánd waterflow, which is largely responsible for the contamination of Lake Velence. 
The following aspects were considered: 

• to shed light onto the spatial and temporal variations of the nutrition cycle of soils in the area  
• to investigate how the morphology, the organic content as well as the cohesion of the soils influence the 

spatial variance 
• to decide which micro- or macroelements can be considered as indicators of soil erosion  
• to determine those slope segments, which are most exposed to soil erosion, nutrition leaching, and 

accumulation in the pilot area, running parallel with the slopes and utilized for vine growing and acting 
as a major source of nutrition contamination to the lake   

• to correlate the erosion and accumulation slope segments, received as an output from the modeling 
software Erosion 2D, with the variations of  the metal content along the slope  

 
The study site 

The whole watershed is highly diversified petrographically, pedologically and in terms of land use. On 
the loess-covered surfaces mid-eroded chernozem brown forest soils and chernozems can be found. The topsoil 
reaction is neutral with pH 7.21–8.50.The granite and andesite bedrock areas are covered by shelter forests with 
Quercus cerris, Quercus pubescens and Carpinus betulus, and sporadically by Robinia pseudoacacia and Pinus 
nigra. Poor grazing lands are also present. The chernozem soils are cultivated as arable lands with wheat, corn 
and sunflower and as vineyards or orchards; meadow chernozems and slope sediment soils exist only in small 
patches. The climate of the study site is moderately cool and dry, the annual average temperature is 9.5–9.8 oC, 
the amount of precipitation is 550–600 mm with half of it in summer (in: Marosi, Somogyi 1990) often in wild 
tempests. 

Among the changes of landscape utilization on the catchment of Cibulka creek during the past 20 years 
the transformation of the arables into wine-growing areas was of primary importance. The Hungarovin 
viniculture (Pázmánd) purchased arable lands in several steps from the Agromark Producer’s Cooperative at the 
end of the 1980s, beginning of the 1990s planting vine-stocks into the newly gained areas and introducing large-
scale intensive production.   

A 150 x 300 m plot was chosen as the site of a detailed, high resolution analysis on the catchment of 
Cibulka creek. The aspect of the plot was north-eastern, with an average angle of 4o, 1o and 6o. The average 
annual precipitation at the site is between 550-600 mm, 50-55 % of which comes during the summer (Marosi, 
Somogyi, 1990), very often as heavy showers.  
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Figure 1. The location and relief conditions of the analyzed catchment area and the Velence Mts. 
 

The thickness of the productive topsoil exceeds 150 cms.  The pH of the topsoil is slightly alkaline with 
values ranging between 7.21–8.5.  One of the key factors influencing soil erosion in the area; namely the 
vegetation cover was around 35% at an average during the period of the analysis. The pilot plot was carefully 
selected in order to represent an area where landscape utilization is similar to that of the slopes of the catchment 
area; namely where large-scale wine-growing is present.  
 
Sampling and analysis material and methods 

Detailed sampling and the laboratory analysis of the collected samples for the selected pilot plot was 
carried out in three steps: samples were collected at two times in 2001 (May and June) and once in 2003 (May) 
for the individual slope segments. Sampling was carried out with the help of a quadrate of 25x25m. The exact 
location of the sampling sites was recorded with the help of a theodolite in order to help re-sampling. Average 
samples were taken for the uppermost 10 cm of the topsoil. The following soil parameters and nutrients have 
been examined in details: pH(KCl), KA (Arany-type cohesivity index), CaCO3, humus content (%), available 
micro- and macroelements (NO2-NO3-N, P2O5, K2O, Na, Mg, Ca, Mn, Zn, Cu, Fe, Mo, B, Al, As, Cd, Co, Cr, 
Hg, Ni, Pb). The analysis of the nutrients was restricted to the available nutrients alone. After extraction with  the 
acetic acid solution of ammonium-lactate for the macroelements, and Lakanen Erviö extraction for the 
microelements, measurements were carried out with an ICP Thermo Jarell Ash ICAP 61E (Búzás, 1988). 

In order to determine the variations in the rate of soil erosion, and the accumulation segments along the 
slope, the soil erosion modeling software Erosion 2D was utilized (Schmidt, 1996). The model was run for a 
single rainfall event, which occurred in the area under investigation in May 2001 (length: 1 hour, intensity: 19.3 
mm/h). Data for this have been gained from pluviometer measurements of a local meteorological station.  
 
Results 
The spatial and temporal variations of the available nutrition content of the topsoil  
 Based on its physical properties the soil of the pilot plot can be classified as sandy loam with an Arany-
type cohesivity index of 32-41 (Fig. 2). Regardless of the regional differences, the plot under investigation as a 
whole is medium or poor quality considering the nutrition content. The amount of organic matter, used as an 
indicator of the available N content, ranged between 0.8% and 2.8%.  The P and K content in certain areas (e.g. 
the NW margin) is extremely high in all samples taken at different times (P2O5: 350-400 ppm, K2O: 250-300 
ppm) despite the collection of average samples. The average macroelement content for P was 70-100 ppm, while 
for K it was between 100-150 ppm (Fig. 4-5.).  
 
Macro- and microelements as indicators of erosion 

Before the plantation of vine-stocks to the area (1990), the nutrition supply was even for the whole of 
the pilot plot, but there has been a major rearrangement in the nutrition content for the past 10 years. The 
rearrangement patterns and tendencies are different for the individual elements analyzed, mainly depending on 
their chemical properties. Those elements which are adhered to the grain surfaces or to the organic particles of 
the soil (e.g. P, K, Pb, Cd, Ni), follow a spatial distribution pattern corresponding to the variations of the 
cohesivity, and humus content of the topsoil.  As the microrelief pattern fundamentally determined the  
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Figure 2. The spatial distribution of the humus content, cohesivity and pH of the soils of the pilot plot 
 
transportation and movement of the soil grains, and the topsoil, richest in organic matter, the spatial distribution 
pattern of the latter elements is very similar to that of the relief. These correlations are depicted in Table 1. It can 
be clearly observed that the concentrations of the above mentioned elements are positively correlated with the 
organic content of the soil (r2: 0,626-0,808), and the cohesivity.  The other major group of elements is leached 
from the topsoil following the fertilization of the area and transported downward in the soil in a soluble form 
(e.g. N, and Ca). The concentrations of all elements are negatively correlated with the alkalinity o the soil, 
because the decrease of the pH results in an increase of the available elements.  
 
Table 1. The correlation matrix of the soil properties and the available macro- and microelement contents  

 pH Clay 
content 

Corg P K Cd Ni Pb Co Al Cu Zn N 

pH 1,00 -,396 -,491 -,263 -,334 -,396 -,477 -,431 -,441 -,502 -,120 -,299 -,201 
Clay 

content 
- 1,000 ,533 ,280 ,382 ,371 ,326 ,353 ,071 ,148 -,055 ,279 ,254 

Corg - - 1,000 ,631 ,808 ,739 ,803 ,626 ,489 ,426 -,061 ,571 ,377 
P - - - 1,00 ,742 ,649 ,570 ,733 ,237 ,066 -,279 ,537 ,375 
K - - - - 1,00 ,614 ,703 ,582 ,415 ,344 -,005 ,635 ,585 

Cd - - - - - 1,00 ,667 ,701 ,356 ,303 -,160 ,516 ,262 
Ni - - - - - - 1,00 ,550 ,667 ,580 -,175 ,410 ,273 
Pb - - - - - - - 1,00 ,339 ,188 -,253 ,508 ,310 
Co - - - - - - - - 1,00 ,800 ,184 ,274 ,192 
Al - - - - - - - - - 1,00 ,334 ,149 ,137 
Cu - - - - - - - - - - 1,00 ,247 ,224 
Zn - - - - - - - - - - - 1,00 ,656 
N - - - - - - - - - - - - 1,000 

 
The rearrangement and the local increases and decreases of the nutrition content can be linked to the 

microrelief of the pilot plot, indicating the initiation of a valley formation. The certain steeper, areas highly 
exposed to erosion, where even soil profiles eroded to the loessy bedrock can be observed, and the flattening 
accumulation areas, discriminated by field (profile erosion) (Fig.3.) and topographical observations, can be 
clearly separated with the help of the spatial distribution maps of individual elements  (Fig. 4.).  This is 
characteristic for both the macro- (P, K), and the microelements (Zn, Cd, Ni, Pb).  Besides the development of 
the microrelief, the intensive ploughing in the direction of the slope also influences the spatial variations and 
distribution pattern of the physical properties, humus content as well as the macro- and microelement content of 
the soil. 
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Figure 3. The relief conditions of the pilot plot (150-300) with the areas exposed to erosion (continuous line) and 
accumulation (dotted line) marked (based on field observations, isohypse lag: 0.5 m) 
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Figure 4. The spatial and temporal variations of the available P and Ni content (May and June 2001.) 
 

The erosion modeling software Erosion 2D was run for a given slope segment of the pilot plot in order 
to separate the areas exposed to intensive erosion (the curve is negative, results in a transportation of soils) and 
characterized by possible deposition and accumulation (with positive values of the curve). According to the 
output results, in two areas positive material transport (at a distance of 70-80 m, and 210-220 m from the base of 
the slope), and in one area (at a distance of approx. 160 m from the base of the slope) intensive erosion could 
have been predicted (about1 t/ha). The area under investigation in the model has a 100% vegetation cover 
composed of woodlands, excluding the possibility of significant input regarding soil particles and nutrients as 
well. Finally these erosion and accumulation segments determined with the help of the model were compared to 
the nutrient profiles of the individual segments in order to see whether the tendencies of the elements considered 
as indicators of erosion correspond to the findings of the model (Figs. 5.). According to our findings, it were the 
elements P and K, from the macroelements, and Cu from the microelements, which are characterized by a 
distribution pattern along the slope similar to the one predicted by the model.  
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Figure 5. Variations of the P content of the topsoil and the erosion-accumulation segments along the slope (the 
distance between the sampling sites is 25 m) (Values indicating soil erosion are 10x exaggerated) 
 

Via the analysis of the temporal variations of nutrient profiles for the individual segments (May 2001. – 
June 2003.), the following statements can be made. After a uniform nutrient supply 13 years ago (no further 
fertilization or nutrient supply occurred in the area afterwards) a spatial differentiation of the nutrition content of 
the topsoil was initiated. This resulted in an erosional transportation of non- or hardly-soluble elements (e.g. P), 
which are adhered to the grains, along the profile. According to the analysis of the P content for three succeeding 
sampling periods (Fig.6) the initial even distribution of the nutrients along the slope starts differentiating with 
the pass of time; namely displaying a decrease in the segments exposed to erosion and an increase in those where 
accumulation occurs. Following an artificial uniform upfill of the soils with nutrients, a state of equilibrium is 
reached as a result of the surficial processes. This varies from slope to slope and is influenced by such factors as 
the slope profile and other important factors influencing soil erosion.  
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Figure 6. The temporal variations of the available P content of the topsoil along the slope between May 2001. 
and June 2003.  
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Evaluation of erosion risk at abundant heavy metal mining site 
 

Burai, P.1 – Tamás, J. – Kovács, E. 
 
 
Abstract 

The accelerated erosion resulted from heavy metal mining waste disposal, where environmental aspects 
are ignored, leaded to natural hazard worldwide. For the accurate spatial analysis of the erosion process at the 
test site near Gyöngyösoroszi a large scale digital elevation model provided the base data set. The parameters of 
the classical RUSLE model were evaluated in a highly detailed and integrated GIS environment. Dynamic data 
sources were gained from satellite, and airborne hyperspectral images. The supervised classification of the 
spectral features and the validation of the model calculations were carried out with GPS controlled ground and 
parallel laboratory measurements. At the control points, spatial heavy metal migration was also evaluated. The 
developed GIS of the area subjected to contamination by erosion is applicable to evaluate the risk in a 
quantitative way. 
 
Introduction 

Erosion is a complex, natural process that often is accelerated by such human activities as, agriculture, 
construction, surface mining, and urbanization. The accelerated erosion rate has both environmental and 
economic impacts that have resulted in extensive damage and expense. There is an increased demand for erosion 
control professionals to design and implement erosion control measures. Mining activities affect relatively small 
areas but can have a large local impact on the environment. Release of metals from mining sites occurs primarily 
through acid mine drainage and erosion of waste dumps and tailings deposits (Salomons, 1995; Yan and 
Bradshow, 1995; Szücs et al., 2000). 

Recently, digital erosion modelling of contaminated media has also come into focus since several 
potential pollution sources, such as mine tailings, can be found in water catchment areas. In these cases, the input 
data include the spatial distribution of the contaminants' concentrations in addition to the basic spatial 
parameters, in high resolution. With the advancement of GIS technology and the widespread availability of 
digital data, the development of these models has become more efficient. Furthermore, the results can be 
exported to a GIS format and projected over the two- or three-dimensional topographic maps and terrain models 
for further analyses and presentation. Kertész et al. (1997) pointed out that the analysis of flood period’s satellite 
images, and the usage of different spectral bands enhance the spatial isolation of not only water bodies, but also 
waterlogging areas. Dobos et al., (1997, 2000) was developped and tested an effective method to reduce te errors 
of hilly area’s water accumulation in Hungary, by the usage of DEM, together with satellite images. 
 Based on a digital elevation model (DEM), the directions of potential material transport resulting from 
water erosion can be identified for a mine tailing and the runoff and erosion rates can be estimated by using the 
Smith-Wischmeier equation (Wischmeier and Smith, 1978; Morgan, 1995).  
 
These influences are described in RUSLE with the equation:  
A = R K L S C P  
where: A = average annual soil loss, K = soil erodibility factor, L = slope length factor, S = slope steepness 
factor, C = cover-management factor, and P = supporting practices factor. A soil loss (erosion rate) in tons per 
acre per year is computed by substituting values for each RUSLE factor to represent conditions at a specific site. 
 

In this study, a geographic information system (GIS) is used to integrated map field studies, remote 
sensing data, watershed models, and the dispersion of heavy metal mine waste. 
 
Method 

Revised Universal Soil Loss Equation (RUSLE) was applied within a raster geographic information 
system (GIS) to estimate erosion, sediment yield and sediment deposition from Gyöngyösoroszi. This erosion 
model was generated in Geo Information environment for a site in North Hungary, Gyöngyösoroszi where nearly 
7 Mm3 of heavy metal (Pb, Zn, Cd, Cu, Ni, As) rich mining waste was abandoned in 1989. The mine waste is 
partly under water, lakes are located on three stages of the tailing and to some extent the tailing is covered with 
inert coarse material and vegetation, but not the slopes. As a result, the fine mining waste can easily be eroded 
contaminating the surrounding areas. Geospatial landscape data were derived in situ measurments, hiperspectral 
remote sensing technologies.  
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There were high scale maps (1:1,000) and topographic maps (1:10,000) available from the area of the mine 
tailing and its surroundins. In addition, high scale maps were available from the time previous to the installation 
of the mine tailing, thus DEM could be generated about the conditions of the year 1955 (Figure 1). 
 

DEM based on surveying work in 1955 DEM based on surveying work in 2000

Contour lines model (scale 1:10000)

Rendering of model surface

 
 
Figure 1. DEM from case study area 
 

Vegetation map of this are was computed by remote sensing data. We compared aerial hyper and 
multispectral images, with the background data from the test site. Hyperspectral records were obtained using a 
new 80-channeled aerial spectrometer (Digital Airborne Imaging Spectrometer /DAIS 7915/. Survey on present 
topographic conditions was refined with conventional geodetic tools as well as DGPS measurements. Basic data 
of the digital model were prepared and processed with the softwares ERDAS 8.6, Surfer8, Idrsisi32, and ArcGIS. 
RUSLE model was calculated with the program Idrisi Kilimanjaro 
 
Results 

L (slope length factor) and S (slope steepnes factor) devalues were calculated from the DEM. For the 
evaluation of the total impact of the studied mine tailing on its environment resulting from water erosion the 
potential runoff directions should be considered (Figure 2). 
 

 
 
Figure 2. Studied area - runoff directions of the mine tailing 
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K value were calculated on the basis of soil maps and measured soil properties, while C value were 
calculated from remotely sensed data. For the caluclation of C, channels in red (RED) and near infra (NIR) 
spectral ranges of the hyperspectral data were considered, the reflectance of which is good correlation with the 
vegetation cover. At the sudy area, land use includes mainly deciduous forest, shrub associations, and degraded 
forest (Figure 3.).  
 

 

 

Figure 3. C factor map is calculated remote sensing data 
 

The P factor (conservation practice factor) was not relevant to the study area and therefore calculated as 
value = 1, which does not influence the output of the model. Besides the above mentioned data sources, other 
measured parameters can also be used for the generation of the model. 
 
Conclusions 

Using a digital terrain model, areas where erosion probability is high can easily be identified. The 
RUSLE applied in GIS environment provides information on the extent of the erosion risk for any discrete point 
of the area. In case of the Szárazvölgyi mine tailing, the contamination maps created from heavy metal 
concentration data representative to the surface can also be incorporated to a contaminant transport model, with 
the consideration of the contaminant transport processes. The model results identify non-point sources and sink 
trace-metal bearing sediment. 
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Zoom effect on soil data for soil erosion evaluation in a small mediterranean basin using 
GEOWEPP 

 
Regoyos, M.1 – Casermeiro, M.A. – Espluga. A. – Otero. I. – García. A. – Hernando, M.I. –  

de la Cruz, M.T. – Molina. J.A. 
 
 
Introduction 

Soil erosion is one of the most important environmental problems especially in soils that have 
developed in a Mediterranean type of climate. The calculation of sediment yield is of key importance for 
decision makers and land owners. In this context, the use of specific software together with the Geographic 
Information System could be considered a standard solution. 

Soil data are among the key factors in calculating sediment yield and historically has been assessed 
from different points of view by different models. Thus USLE (Wischmeier and Smith, 1965) introduced the 
factor K which represented mainly texture. LISEM (De Roo et al., 1994) uses aggregate stability, rocky content, 
crust formation facility, infiltration, etc. KINEROS (Woolhiser et al., 1990) utilizes the infiltration and humidity 
of the soil. Finally, WEPP (Alberts et al., 1995) uses texture, organic carbon, cationic, interchange capacity, 
porosity, depth and others. 

Geowepp is the SIG application of WEPP and allows soil erosion to be estimated in small plots and 
catchments. This program allows specific data files on climate, soils, topography and land management 
characteristics to be introduced.  The soils data are the same as in WEPP.  

The objective of this study is to evaluate the importance of soils data in relation with other variables and 
the scale of study. 
 
Materials and methods 

The case study area (1400 ha) is part of catchments of the Guadalix River in the hydrological basin of 
Tajo river Madrid Spain. Geologically this area is characterised by Miocene sediments sands (Tertiary detritic), 
known as facies Madrid or arcosas. .(IGME, 1980). The climate is Mediterranean pluviseasonal oceanic (Rivas-
Martinez, 1997) with an annual average precipitation of 498 mm. The land use is natural rangeland devoted to 
cattle grazing. There is evidence of rill erosion. 

Thirteen sub catchments were defined using a raster Digital Elevation Model of 50 m2 of pixel . In 
every sub-catchment (average surface 11 ha) soil samples were collected following the recommendation of the 
FAO (F.A.O., 1977) Soils analysis includes: soil particle distribution, pH, electrical conductivity, organic 
carbon, cation exchange capacity, humidity, porosity, bulk density and mineral density (I.S.R.I.C., 1993), (Smith 
and Mullins, 1991) . 

Two scenarios were defined. First, the soils were considered homogeneous and one soil sample was 
used. Second, the area was divided into 13 subareas, and one soil sample was used in every sub-catchment  

Runoff, sediment loss, and sediment yield were calculated in both scenarios by two different calculation 
methods (Watershed and Flowpath) using GEOWEPP. The conditions for the simulation are the following: 
Digital Elevation Model (grid 50m2); critical source area, 150ha; minimum source channel length, 500 m; land 
condition, grass. 
 
Results and discussion 

The soil (Table 1) belonged to sand or loamy sand textural classes, with a high value for coarse sand 
(average 86.4) and a low value for clay (8.7). It also presented low values for organic carbon (average 0.42 %), 
while it showed intermediate values for cation exchange capacity. The rocky content inside the soil profile was 
low (average 5 %) due to the geological origin of the parent material. These soils were very homogeneous in the 
different sub-basins and were classified as Dystric Arenosols (FAO, 1998)  
 Two different methods (watershed and Flowpath) for the calculation of runoff, soil loss and sediment 
yield were used with GEOWEPP software (Table 2).  

Differences existed between the scenarios as well as the calculation method. Runoff volume, soil loss 
and sediment yield decrease in scenario 2, (Table 2) (Figure 1), in which more soil data were used. This data 
suggest high sensitivity of the software package in areas in which the soil loss is very low (less than 12.44 tonne 
ha-1 yr-1 in the worst case). If we focus on the calculation method, the watershed method shows higher values 
than the Flowpath method. These data are explained by Flowpath showing higher sensitivity to runoff and soil 
loss.  
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In any case the differences between scenarios are lower than expected, which could be explained by the 
relative weight of climate compared with other soil variables and also by the great homogeneity of the soil data 
in the case study area.  

Nevertheless the values for soil loss and sediment yield are very low, almost nil. These data do not 
agree with field observation. These data suggest the importance of the type of flow chosen in this case: 
Hortonian overland flow or Saturation Overland Flow (KIRBBY, 1999). However, GEOWEPP uses the Green-
Ampt model for the infiltration calculation, which is more appropriate for semiarid environments like the case 
study and mainly is related to Hortonian Flow. Future research will allow the efficiency of GEOWEPP use in 
Mediterranean areas to be tested.  
 
Table 2. GEOWEPP output calculation data 

Scenario 1 Scenario 2   
WEPP simulation  method Watershed Flowpath Watershed Flowpath 

Runoff volume (m3/yr) 205494.5 94526.07 156623.2 59641.16 
Soil loss (tonne/ha) 322.92 518.62 252.11 381.58 
Sediment yield (tonne/yr) 322.33 0 251.82 0 
Area (ha) 1443 1443 1443 1443 
Soil loss (tonne/ha/yr) 12.44 11.64 10.77 9.19 
Sediment yield (tonne/ha/yr) 12.44 0 10.77 0 

 
 
Figure 1. Sub basin of the study area, sediment yield of Scenario 1 and 2. 
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Table 1. Soil main Features 
Particle Size distribution % Sample Depth cm Textural Class 

Sand V.Fine Sand Clay  

Organic 
Carbon % 

Organic 
Matter % 

CEC 
(meq/100 g) 

Rocky 
content % 

pH  Bulk density
Mgm-3 

1            0-4 SAND 87.4 2.59 8.6 0.72 1.24 21.40 2 6.56 1.41
4-30 SAND 86.8 2.55 9.0 0.70 1.20 10.70 5 5.99
>30 LOAMY SAND 84.4 2.65 10.9 0.35 0.60 12.99 5 5.43

2           0-2 LOAMY SAND 82.3 3.40 13.5 0.76 1.31 16.05 5 6.30 1.24
2-30 LOAMY SAND 81.7 2.64 14.5 0.60 1.03 13.75 5 5.62

3           0-30 LOAMY SAND 86.1 2.12 10.7 0.16 0.28 17.57 2 5.32 1.46
4           0-5 SANDY LOAM 76.4 3.03 18.8 0.49 0.84 23.69 5 5.47 1.34

5-20 LOAMY SAND 87.8 1.33 10.2 0.78 1.34 22.92 3 5.68
20-30 LOAMY SAND 80.2 2.55 14.9 0.32 0.55 11.64 5 5.36

5           0-2 LOAMY SAND 85.7 3.78 10.9 0.36 0.62 21.40 5 6.74 1.33
2-22 LOAMY SAND 83.8 2.71 11.5 0.54 0.93 9.93 6 6.88
>22 SAND 88.5 5.50 6.7 0.35 0.60 9.17 5 6.18

6            0-30 SAND 83.7 7.23 5.9 0.19 0.33 7.64 5 5.70 1.62
7            0-3 SAND 89.8 3.80 5.9 0.58 1.00 14.52 5 6.19 1.40

3-30 SAND 89.2 2.61 8.5 0.40 0.69 12.99 5 6.28
>30 SAND 86.0 3.29 9.8 0.24 0.41 11.46 5 6.18

8            0-8 SAND 88.8 1.63 4.9 0.29 0.50 10.70 5 6.25 1.24
>8 SAND 87.2 2.70 4.0 0.34 0.58 9.17 5 6.80

9            0-5 SAND 84.8 3.44 10.0 0.62 1.07 17.58 5 6.23 1.41
5-30 LOAMY SAND 81.9 4.11 10.5 0.37 0.64 11.46 10 5.54

10            0-30 SAND 90.8 2.50 6.2 0.21 0.36 6.88 2 5.08 1.59
11           0-30 LOAMY SAND 80.6 4.19 11.0 0.21 0.36 8.41 4 5.77 1.48
12            0-30 SAND 89.3 4.95 4.3 0.49 0.84 12.23 5 5.86 1.37
13            0-10 SAND 92.3 2.82 2.3 0.28 0.48 12.23 5 6.23 1.41

>10 SAND 91.7 2.30 2.6 0.17 0.29 10.70 5 5.50
AVERAGE     86.4 3.20 8.7 0.42 0.72 13.20 5 5.99 1.4 

STD            4.073 1.18 3.857 0.20 0.34 4.31 0.1 0.45 0.1
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Conclusions 
1. The soils in the study area are Dystric Arenosols. 
2. No significant differences were observed in the two scenarios studied, which could be due to the 

homogeneity of the soil in the watershed studied. 
3. By raising the detail level, to include more soil data, the loss of soil diminishes, which implies a high 

sensitivity for the model.  
4. The data obtained with GEOWEPP do not agree with significant erosion phenomena observed through 

field observations. 
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ErosPredict –a model for predicting water erosion in Denmark 
 

Djurhuus, J.1 – Højsgaard, S. – Heckrath, G. – Olsen, P. 
 
 

In Denmark water erosion is not a general problem from the farmers’ point of view. However, erosion is 
a potential problem for the aquatic environment, mainly due to loss of phosphorus. Thus, an expert system for 
predicting water erosion in Denmark was established on the basis of data collected in Denmark during the period 
1994 to 1999. The data were collected from fields at local farms. A field was defined as uniformly cultivated, 
and about 75% of the observations were from fields below 7.5 ha. For each field rill erosion was measured in 
late autumn and in spring. In total there were 1041 observations, of which 213 had erosion. The figures for 
erosion were highly right-skewed with a 75% quantile of 1.49 m3 ha-1, and with a maximum value of 28.4 m3 ha-

1. The data include the following cultivation systems: grain (winter wheat and winter rape), Christmas trees, 
ploughed, stubble harrowed, grass and stubble field. Erosion was never recorded for fields with grass and stubble 
fields. The expert system consists of three parts, one model that predicts the probability of erosion, another part 
that predicts the amount of erosion, given that there is erosion, and a third model that predicts the soil surface 
roughness, given as Mean Upslope Depression (MUD). The amount of erosion is then estimated by combining 
the probability of erosion with the amount of erosion, given that erosion had occurred. The probability model 
includes the following variables: cultivation system, aspect, water impermeable layer (yes/no), soil type (clay + 
fine silt), precipitation and snow melting on frozen soil, days with precipitation above>20 mm, 99% quantile of a 
two-dimensional LS factor, and MUD. The model for erosion given that there is erosion includes: cultivation 
system, water impermeable layer (yes/no), soil type (clay + fine silt), accumulated precipitation for days with 
precipitation above 8 mm and the mean of the two-dimensional LS factor, whereas the model for MUD includes: 
cultivation system, soil type (clay + fine silt) and days with precipitation above>20 mm. The expert system can 
be used to spot areas where erosion is a potential problem for the aquatic environment and to suggest measures 
for reducing erosion. 
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The First Large Scale Digital Elevation Model of the Upper Catchment Area of Barcau-
Berettyó river basin 

 
Josan, N. – Nistor, S.1 

 
 
Abstract 

In many parts of the world the cross-border rivers rises a lot of problems, the ecological, water 
resources management, pollution and erosion problems being the most important of them. The romanian authors 
aim was to create the Digital Elevation Model of the Barcau-Berettyó river basin.  

The first step of the project was the elaboration of the relief map for the upper catchments area of 
Barcau-Berettyó river (the Romanian side).  The hydrological erosion modelling is a crucial and vital step in the 
DEM model elaboration. The steps which were followed during the realisation of the project started with 
analysing the topographical maps and using different techniques and analysing the obtained results finally lead to 
the maps of the relief. 

The outstanding characteristic of this project is given by its oneness: it is the first GIS using project ever 
made having this space resolution which deal with a cross-border river. The results which were obtained and will 
be obtain during the further stages of the international research work will have a crucial importance not only in 
hydrological erosion and landscape management aspects but on other fields of cross-border cooperation such as 
regional development, environmental protection. 
 
Intoduction 

The aim of this project was given by the idea that rivers, in this case the Barcau-Berettyó river, has no 
border so that the study of the river must take into account primarily this aspect. 

Geographical Information Systems are increasingly used for capturing and manipulating  large volumes 
of data required during modelling fluvial system. In particular, using GIS as a platform for hydrological 
modelling has received much attention (reviwed by Maidment, 1993), especially with respect to process-based 
distributed models (Gao et. Al., 1993), although there continue to be frequent calls for greater integration of 
environmental models, including those for fluvial systems, and GIS (Fedra, 1993, Nemani et al. 1993). The 
integration of remotely-sensed data can provide gridded maps of many parameters such as land cover and other 
hydrologically important variables (Schulz, 1993, Winkler, 1993). Dobos et al., (2000) was developed DEM to 
test water accumulation and Kertész et al., (1997) carried out analysis with satellite images to detect land use 
change in Hungary.  Using vector data for parameter estimation is less common, although Bhaskar et. al. (1992) 
have employed vector river networks to calculate drainage density.  

The first stage of the GIS implementation was to translate the model requirements into a series of digital 
data sets which allowed the necessary parameters to be divided. Tamás et al., (1997, 2002) Tamás and Lénárt 
(2003) HydroGIS results in Hungary, was taken as a bases the lower watershed to develop our large scale GIS 
logical data model. 

The data acquisition was made using both vector and raster materials. The reasons which determined 
the authors to deal with such a task were numerous: the existence of topographical paper maps and the current 
use of them is, in authors believe, a major problem in cross-border study of Barcau-Berettyó river system. 
Taking into account that the frequency of re-printing new topographical paper maps is, in both countries, 10-15 
years, the impossibility of interactive using of data contained by paper maps were just some reasons for the 
starting of the project. 

The benefits of the project are of short and long term. The short term benefits are represented by the 
possibility of interactive using of the data, the compatibility with other data sources, the refreshing of data base 
becomes faster and easier and, not at least, the precision of the analyse is higher than in the other case. The next 
step in a short term could be the improving of data base with other elements of the system such as digital form of 
vegetation cover, land use, climatic data, human aspects. The interactive data base which is to be establish give 
the possibility of a general analyse of the environment, allow the possibility of taking fast and correct decisions 
for the problems of the area.   
 
Materials and Tools 

The materials used for the project were the colour topographical maps with contour lines at 1: 50 000 
scale, the distance between contour lines being 10 m., the altitudes being related to the Baltic Sea base level.  

The project was made in several steps these being the following: 
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Step 1. For assembling the scanned maps was used the Corel Photo Paint version 8 programme, all 72 
pieces of scanned maps being assembled into final form resulting 16 complete colour topographical maps which 
represent the whole catchment area of Barcau river (the Romanian side). One of the major problem in using the 
dissimilar data was the incompatibility of the Hungarian and Romanian geometrical data systems and 
cartography model. From the different projection of the topographical maps (EOV, UTM, Gauss Krüger) to the 
incompatibility of data storing systems represented major problems which must be solved. The projection of the 
Romanian side’ s maps are Gauss-Krüger and for integrated GIS environment the maps were transformed into a 
UTM projection.  

Step 2. The assembled topographical maps were then registered and rectificated using ArcInfo User 
7.2.1 (ArcTool) version software programme. The operation was necessary for putting into correct coordinates of 
the maps which is vital for the precision of the following steps made during the project. 

Step 3. It was the digitization operation. This operation was made using ArcView GIS version 3.1 
software programme and during this operation was digitized the hydrographical network, the contour lines and 
the altimetric points. The digitization of the hydrographical network was made dividing it into two main 
categories for the spatial pattern hydrological analysis: permanent flows and periodic flows followed by Tamás 
(1999, 2000, 2003) scientific recommendations for data integration.. Although not all the periodic flows were 
represented on the topographical maps there were digitized  based on the inflexions of the contour lines. The 
most common method of acquiring elevation data in digital raster format is digitizing contours from a 
topographic map and applying an interpolation method to transform the contour data into a DEM. Aumann et al. 
(1990) and Pilouk et al. (1992) described procedures for the automatic detection of skeleton information for 
digitized contour maps to improve the DEM. Makarovic et al. (1988)  advocate the use of selective sampling 
techniques to improve the DEM.  

The digitization of contour lines was made according to their altitude. Thus the digitization was made 
dividing the contour lines according to their altitude obtaining 14 categories of elevation (100m., 150m., 200m., 
250m., 300m., 350m., 400m., 500m., 550m., 600m., 650m., 700m., 750m., 800m.,). The digitization was made 
just for the normal contour lines thus the altimetrical difference between two consecutive contour line was 50 
meter. 

The digitization of the altimetric points was made for each quadrangle of the topographical maps. 
Step 4. The conversion of the digitized contour lines into vertex points. After transforming all the 

digitized contour lines into points a script programme was made in order to give for all the points resulted from 
contour lines and for the points resulted from digitizing the altimetric points the proper polar coordinates. All the 
points, with their elevation values and coordinates, were introduced into a table under Microsoft Excell 
programme. 

Step 5. The next step was a Digital Elevation Model (DEM) construction from the Barcau river basin. 
There are three principal methods for representation of topography using a network of elevation data, 

namely grid-based networks, contour-based networks, and Triangulated Irregular Networks, or TINs (Moore et 
al., 1991). Because there is not available earlier GIS scientific analysis on this site, Tamas (2001, 2003) method 
used to GIS data integration and conversion to support spatial decision. We conclude based his method that grid-
based model are the most common forms of Digital Elevation Models used by many researchers for topographic 
modelling and analyses of a river basin, but in our case the raster are not appropriate for dynamic hydrological 
modelling because they cannot represent various shapes of mountain slopes such as topographic convergence, 
divergence, convex or concave.  

The automated interpolation methods based on stereo comparison yield continuous surfaces, although in 
a discretized form. The other forms of data input consists of sampled data and these require either interpolation 
to obtain to obtain a continuous surface in the case of grid structure or a triangulation method for the TIN 
structure. The triangulation method generally starts with a point file, but there are also programmes which use 
digitized contour input is even grid input. If relief was analyzed on the basis of iso-line, DEM showed virtually 
flat area on under sampled locations. We used, Tamás et al. (2004) applied methods in IDRISI environment, to 
optimize the constrained triangulation and removing over- and underestimated (Brige /Tune) edges. Based on 
publication the parabola, as a second-order non-linear polynomial method,was chosen to combines a B/T edges 
of critical points to re-Triangulation.. The topographic surfaces, the sharp brakes of the angular TIN landscape 
are eliminated by draping more rounded forms using filtering techniques. After this step the TIN data structure 
can describe more properly the-continuous-surface consists of triangular facets. Within the converted raster 
structure, an irregular network of points (as derived by digitizing contours and skeleton information from a 
toposheet) need to be interpolated to form a semicontinous surface. The term ’semi’ is used becouse the surface 
split up according to the raster size chosen. The center of the cell are considered to be samples of the continuos 
function, but in fact the raster data set constitutes a step function. 

The interpolation problem has attracted much attention and several schemes are in use in the various 
packages. The deterministic approach attempts to fit a type of surface through a set of sampled (z) values at 
known x, y coordinated. If the data points are regarded as true values of the variable at the sampled location, an 
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exact scheme is required. A smoothing scheme may be selected if it is known or believed that there is 
considerable measuring error. 

The selected geostatistical methods approaches depend on whether or not the spatial data may be 
considered as having random variation. The estimation of spatial mean within a given area depends on sample 
size and the inclusion probability of a sample. The theory is discussed in the so-called design-based methods of 
the classical sampling theory. 

Each interpolation, as predictive method, has its own advantages and weaknesses. The choice of 
interpolation method depends primarily on the nature of the variable and its associated spatial variation, although 
there are other influences. Among the deterministic methods worth to be mention polynomial interpolation 
methods (the piecewise polynomial interpolation), the linear interpolation, cubic and bi-cubic interpolation, 
pointwise interpolation, windows. 

Tamás (1998, 2001), Tamás and Búzás (2003) demonstrated via agriculture and remediation examples 
that the deterministic interpolation schemes have several limitations of DEM. Authors emphasized the spatial 
correlation properties within the data set which are not taken into account in deterministic schemes. The 
distances are considered geometric distances, not in statistical sense. Also considered limitation in these study, is 
given by the fact that the method do not take into account the uncertainties associated with the interpolation. The 
kriging methods provide measures of reliability of the DEM estimates. Tamás and Lénárt (2002) demonstrated 
that Kriging as a spatially optimized weighted gridding method, produced visually and physically appealing risk 
DRASTIC maps from irregularly 3D space data to prevent groundwater pollution in Debrecen aquifer.  

The kriging procedure starts with an exploratory analysis of the spatial nature of the data. The data set 
may be inspected by contouring using a simple linear or inverse distance interpolator to check for the presence of 
trends. Subtraction of a mean before contouring could assist the visual inspection. In case of isotrophy the 
omnidirectional experimental semi-variogram can be made of the entire data. 

If the semi-variogram are judged to be free of complications, one may then decide whether to use a 
stationary or non-stationary model. This choice should not only be based on examination of the semi-variogram 
but also on the knowledge of the spatial continuity of the variable. A digital terrain model (DTM) includes the 
spatial distribution of terrain attributes. A digital terrain model is a topographic map in digital format , consisting 
not only of a DEM, but also the type of land use, settlements, types of drainage lines and so on. The DTM model 
was further improved being the base of other special maps such as the map of direction of runoff water, the map 
of slope exposition and important part of the erosion model. 
 
Conclusions  

Coincidently with Moore et al. (1993) we declare the raster based digital elevation model (DEM) can 
not handle exactly abrupt changes in elevation easily and they often skip important details of land surface mainly 
in plain area. The main advantages of our TIN DEM GIS techniques can be enumerated as follows: a large 
number of variables and complex interactions can be accommodated with lower computer storage capacity; data 
storage is standardised (reference, features, cartography); the simulation/modelling language can be a means of 
communication ideas; models can be continuously updated and modified; the modelling process identifies 
particularly important inputs to each modelled system. 
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Predicting the vertical distribution of groundwater cadmium and copper contents in 
calcareous alluvial sediments of River Danube 

 
Szalai, Z.1 – Jakab, G. – Madarász, B. 

 
 
Introduction 

One of the largest subsurface water reservoirs of Europe can be found along the Hungarian section of 
the River Danube. This reservoir is stored in series of alluvial fans. The main component of these geological and 
geomorphologic formations is the gravel, which has been accumulating since the Pleistocene (Góczán, 2002.). 
Recently the gravel accumulation is decreased by the hydroelectric power plants. The bellow situated gravel bed 
is covered by an overlaying strata, which are composed of fine (sand, silt, clay) material. The greatest part of 
freshwater reservoir is situated in the gravel bed. This part of the alluvial fan is always saturated and the majority 
of the drinking water reservoirs are based on this water body. The water body of cover sediment contains much 
less amount of water. The level of groundwater table correlates with the discharge of the River Danube. The 
deepest part of the cover sediments is always (or mostly) saturated, but the major part of fine sediments is 
unsaturated during the low water discharge. The whole volume of cover sediment is only saturated during the 
highest floodwaves. (The frequency of these floodwaves is around 6-8 years.) This amount of water is usually 
not used for human activities, but it serves as a water source for the riparian vegetation (and for the whole 
riparian ecosystem). Heavy metals (as municipal, agricultural and industrial derived pollutants) are one of most 
important elements (pollutants), which can cause relevant water quality deterioration. The distribution of these 
elements is not homogeneous, and they show significant vertical and horizontal distribution among different 
water bodies and within the water bodies. Present paper will introduce some regularities in spatial and temporal 
distribution of two heavy metals: copper, which is an essential microelement and cadmium, which is a non-
essential hazardous micropollutant.  
Keywords: heavy metal distribution, cadmium, copper, groundwater, alluvial sediment, Danube 
 
Materials and methods 
Study area 

The study was conducted along the Hungarian section of River Danube. Three sampling sites were used 
to provide representativity (fig. 1.). In geographical order, the first one is on the Isle of Tát (site”C”), which is 
situated near to Esztergom, at the Hungarian-Slovakian frontier. The second one is on the Háros Island (site ”A”), 
which is situated at the Danube section at Budapest. The third one is on the Csepel Island, near to Szigetújfalu (site 
”B”), approximately 35 km south of Budapest. The Háros Island and the Isle of Tát have relatively small area 
(approximately 100 ha). The sample areas have diverse alluvial landforms: various generation of abandoned 
meanders on low and high floodplains. The average groundwater table is at 3-4 m depth under high floodplains 
and at 1-2 m depth under low floodplains. The cadmium and copper content of sediments are completely 
groundwater affected bellow 50 cm depth. Above 50 cm depth the cadmium and copper contents of sediments 
are influenced by the groundwater and the deposition of airborne particles. This process is strongly influenced by 
the vegetation pattern of riparian forests. The study area of Szigetújfalu is not isolated completely from human 
activities. The average depth of groundwater table alters between 7-8 m. This study area is not inundated even 
during the biggest flood-waves. 
 
 

 
Figure 2. Idealised cross section of gravel bed river
(the Danube). 1 = gravel bed; 2 = cover sediment; 3
= (surface) water; 4 = bedload  

 
 
 
 
 
 
 
 
 
 

                                                           

 
Figure 1.  
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The Hungarian section of the Danube Valley has 
characteristic structure from the viewpoint of 
sedimentology. The river accumulated gravel bed of 
considerable thickness superimposed by loose (sand, 
silt, clay) cover sediments (fig. 2). Gravel bed is 
developing continuously, but the barrage system 
inhibits its renewal. The thickness of cover sediments is 
5-7 m and nowhere more than 10 m (Marosi and 
Szilárd, 1981). In case of medium discharge of the 
Danube the groundwater table is 1-2 m above gravel 
bed. Texture of cover sediment is similar in case of 
every study sites. Near to the surface silty clay and silty 
clay loam are characteristic. In these layers sand 
fraction is everywhere less than 15 %. Bellow 150 cm 
at the surface thicker and thicker loamy sand layers 
become dominant. Next to the boundary fine sandy 
layers prevail. The most of mineral components have 
relatively low adsorption capacity for cadmium and 
copper adsorption in all study site (1.table). The most ch
dolomite also are typical in the fine (sand, silt, clay) fract
clay minerals chlorite and mica have importance. 
 
Sampling and chemical measurement 

Sampling sites are also situated at high and low
study areas. Sampling sites includes groundwater well seri
Depth of every subsequent well gets sallower by 10 cm in
Island study site, (14 flood-waves within 8 years. Cont
sampling occasion. Groundwater samples were taken w
conserved by cc. (HQ) HNO3 (0.5 ml were added to ea
samples (from the Danube) were taken from 20 cm de
procedure as the groundwater samples. Groundwater sam
have been taken before and after floodpeaks. Determinatio
carried out by Zeiss AAS 30 electrothermical atom-absorp
 
Results 
Regularities in vertical distribution of groundwater Cd

Typical element distribution were identified betw
groundwater of the cover sediment: most of the heavy m
usually attend in higher concentrations in the groundwater
1998). These heavy metal concentrations show transitiona
However the cadmium is a typical exception, because the 
gravel bed. Cadmium (Fig. 3.) and copper (Fig. 4.) have s
study area, while lowest concentrations could be measured
probably are resulted by industrial plants and municipal w
areas. 

These elements also show significant vertical dist
cadmium and copper concentrations in the gravel bed s
concentrations can be measured 10-20 cm above the grav
layer”. The cover sediment contains the investigated ele
laying gravel bed than in subjacent and above situated lay
can precipitate on the surface of impermeable layers. W
phenomenon because hydraulic conductivity remarkably 
cover sediment. Above the “boundary layer” the cadmiu
towards the surface up to 1,9-2 m height above the gra
decrease stops at the groundwater table. In case of me
concentration is decreased till the measuring threshold
concentration than the cadmium. While the lowest cop
cadmium concentration decreases under measuring thresho
the basis of detectability threshold and the variance of repe
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Table 1. Mineral composition of cover sediments (%) 

 
Isle of 

Tát 
Háros 
Island Sz.jfalu 

montmorillonite 5 4 3
mica 16 18 19
kaolinite 2 2 2
chlorite (Fe) 8 10 12
quartz 23 28 19
K-feldspar 2 2 1
plagioclase 10 9 17
amphibole 1 1 1
calcite 14 8 9
dolomite 16 14 12
goethit 1 1 3
amorph phase 2 3 2
aracteristic component is the quartz. The calcite and 
ion. Their proportion may exceed the 30 %. Among 

 floodplain situation in Háros Island and Isle of Tát 
es. The deepest well reaches down into the gravel bed. 
crements. We have the longest data series from Háros 
rol samples were taken from the Danube on every 
ith a vacuum pump. After the filtration they were 

ch 50 ml water sample). The freshwater − control − 
pth. Those samples were conserved with the same 
pling has coincided with flood-waves: water samples 
n of cadmium and copper content of each sample was 
tion spectrometer (ETA-AAS).  

 and Cu content 
een the Danube, groundwater of the gravel bed and 
etals (e.g. Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) are 
 of the cover sediments than in River Danube (Szalai, 
l water quality character in water body of gravel bed. 
lowest cadmium concentration can be measured in the 
lightly higher amount at Isle of Tát and Háros Island 
 at the Szigetújfalu study site. Elevated concentrations 
astewater in case of Isle of Tát and Háros Island study 

ribution within cover sediment. The characteristic low 
uddenly increase in the cover sediment. The highest 
el bed. This phenomenon is caused by the “boundary 
ments in higher concentration in the directly above 

ers. Ellis (1991) has described that the solute elements 
e supposed that the same process plays role in this 
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Figure 4. Spatial differences of grroundwater Cu contents
among sampling sites. Cu1a: Cu conterntrations in site A,
before floodpeak, Cu 1b: Cu conterntrations in site B, before
floodpeak, Cu1c: Cu conterntrations in site C, before
floodpeak (The signs represent the averages) 
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Figure 3. Spatial differences of grroundwater Cd contents among
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concentrations. 
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metal concentrations decrease usually stop above approx. 2 m above gravel bed and it can slightly increase in 
topsoil, if it is inundated. 

All investigated element concentration series have a significant variance. The variance of a particular 
data point alters with depth. The highest variances are experienced in the deepest part of overlaying strata, at 20-
30 cm height above the gravel bed. The intervals between maximum and minimum values tighten towards the 
surface (Fig. 5). In case of cadmium, there is no difference in the variance in all data series.  

However there are a lot of similarities among shape of data series of sampling sites A, B and C, there 
can be found some differences as well. While the copper concentration decreasing is unbroken towards the 
surface in case of each studied area, there are some differences between the sampling sites regarding the 
cadmium concentration decreasing (see Fig. 4). This decreasing is also continuous at the B and C site, but at 1.5 
m height above the gravel bed exists a break at the A site. Above this level the groundwater cadmium content is 
much more lower than the 10-20 cm deeper. Firstly we supposed that this phenomenon is based on the filtering 
affect of iron-manganese mottles. We have analysed the whole sediment profile of the overlying strata (in the 
sampling site of the Háros Island) and a highly mottled layer was found in those depth. So highly mottled strata 
were not found in the profiles of the two other sites. The copper did not show this kind of difference. We 
supposed that the copper is not absorbed in such a high amount in the amorphous material of the mottles (Harter, 
1979 and Kabata-Pendias, 2001), but we did not experimentally verify it. 
 
Regularities in temporal distribution of groundwater Cd and Cu content 

The studied elements show flood-wave dependent cyclic fluctuation. These fluctuations can be observed 
in case of each study area. The copper and cadmium have different temporal distribution, because copper is 
present in higher concentrations in groundwater before the floodpeak (BF), while cadmium has higher 
groundwater concentrations after it (AF) (Fig. 6.). This order is valid for all investigated sites. The copper AF 
and BF data series run parallel, so the BF/AF ratio is moving. It is 0.5 in the gravel bed and next increases 
around 0.75 in the 0.1m (above gravel bed). It is around 0.7 from 0.2-0.7m and it decreases continuously under 
0.5. The AF and BF lines of cadmium are convergent, so the distribution of their BF/AF ratio is differ from the 
copper. The starting value is 2.5, that decreases around 1.9-2 between 0.2 m and 1.4 m , and next it increases 
again to around 2.5 from 1.5 m. We have to emphasise that the last value have considerable uncertainty, because 
the BF values are under the measuring threshold. The variances of data series and the average-median 
relationships are also changing during the floodwaves. Generally, if the average concentration is higher (e.g. 
cadmium AF concentration series), the range between minimum and maximum values will be higher also than 
the median values. If the average concentrations are lower (e.g. cadmium BF concentration series), the range 
between minimum and maximum values will be lower also than the median values. The location of maximum 
variance is also changing during the floodwaves. This phenomenon shows same pattern as the average-median 
relationship. If the average values (and the variance) are higher the maximum of variance will appears at 0.2 m 
height above the surface of gravel bed. If the average values (and the variance) are lower the maximum of 
variance will appears at 0.3 m height above the surface of gravel bed.  
 
Possibilities for predicting cadmium and copper vertical distribution in saturated cover sediment 

As the results of the 8 years measurements show that the groundwater cadmium and copper 
concentrations have typical temporal and vertical distributions at the investigated section of the River Danube. 
Whether can we predict the cadmium and copper concentration along whole profile of cover sediment (and the 
upper part of gravel bed) on the basis observed regularities? Two methods have been tested for answering this 
question. 

In the first approach these distributions are 
interpreted as functions if the initial data series perform 
the initial stipulations. Interpolation is a prerequisite for 
a unified data series: data series should be standardise 
with the concentration of groundwater (xn-x0; where 
x0= Cd or Cu concentration in gravel bed). For the 
comparability in the first step all data series were 
transformed to the origo. Value of first point (value of 
gravel bed)) is 0 [y→x(0)=0]. Along Hungarian section 
of Danube Valley Cd and Cu distribution data series 
shows similar shape each in all analogous situation (e.g. 
before flood-peak). If the standard deviation remained 
bellow 10 % average of value series will be constituted. 
These series serve as basis for interpolation. Four 
interpolation methods were used for function 
generation: Bernstein approximation, and interpolation 
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Table 2. A values of Berstein polynome 
i a(i) i a(i) 
0 1.000000 E 00 12 6.169753 E 01
1 -1.000000 E 00 13 -2.269809 E 01
2 4.782609 E 01 14 7.099096 E 00
3 -1.455570 E 02 15 -1.838895 E 00
4 3.164292 E 02 16 3.997597 E 00
5 -5.227969 E 02 17 -7.156824 E –01
6 6.819090 E 02 18 1.037221 E –02
7 -7.200281 E 02 19 -1.867520 E –03
8 6.261115 E 02 20 1.031958 E –04
9 -4.537040 E 02 21 -6.409677 E –06

10 2.761676 E 02 22 2.533469 E –07
11 1.419443 E 02 23 -4.753225 E –09
 



 used the methods of the least squares. These methods are described in Numerical Methods (Stoyan, 
Takó, 1993) and these are part of “Galina, etc.).  

We have used two alternative methods for predicting copper and cadmium concentrations, on the basis 
of above described.  

1. The „Galina” has generated the „a” and „L” values of Bernstein polynome (table 2.) of the applied data 
series. These data series are the averages of average concentrations of three sampling sites. Practically 
the cadmium and the copper are characterised by two (BF and AF) average series. If we know the 
groundwater concentrations in the gravel bed we can calculate (Cd and Cu) concentrations in any point 
along the profile of (saturated) cover sediment using by the calculated table and the Bernstein polynom. 

2. We have determined empirical sixth degree polynomes using by MS Excel (or by other spreadsheet 
software). The calculation is based on similar way as in case of Bernstein polynome, but in this case 
four different equations should we used.  
The second approach is based on the relationship between the actually measured and the known 

concentration range in an individual point (i, i=1 if the point is situated 10 cm height above the gravel bed). The 
investigated elements appear a tighter-wider range in an individual point along the investigated profiles. The 
maximum of these ranges (f1) are calculated from the average values of the maximum data series of sampling 
sites, while the minimums (f2) are calculated from the average values of the minimum data series of sampling 
sites. These ranges are divided by the f3 series, which is made from the average of average data series. The 
following procedure can make prediction for whole cover sediment profile using one only one measured value 
from one any point of the profile. Moreover the predicted values are placed proportionally among the known 
minimum, average and maximum values. 
 If xi ≥ f3 then fg = xi – f3/ f1 – f3. If xi < f3 then fg = xi – f3/ f3 – f2.  
 If fg≥0 then fx = (f1 – f3) + f3 else fx = (f3 – f2) + f3.  
This formulae can be applied also with a spreadsheet software and can test with new measurements. 
 
Conclusion 

The mineralogical quality of fine alluvial sediments is relatively homogenous along the Hungarian 
section of river Danube. The medium term measurements reinforce that the spatial (2D) and temporal cadmium 
and copper distributions show relevant similarities. This phenomenon is probably based on the sedimentological 
properties. The developed predicting methods are empirical methods, so a relevant difference of an affecting 
factor can cause serious error in the prediction. The most probable this kind of factor can be an extended highly 
mottled layer. These approaches also was not tested for serious cadmium or copper pollution.  
 
Acknowledgements 

This research was financed by Hungarian Scientific Research Fund (OTKA, project no. T38122) and 
Environmental Fund the Department of Environment Protection and Water Management (KAC). The authors 
would like to thank to Balázs Szalai for his advices in data processing, to Péter Kovács-Pállfy and to X-ray 
measurements and to Mária Baloghné di Gléria for sedimentological measurements. 
 
References 
Ellis, B.: „Urban runoff quality in the UK: problems, prospects and procedures”. Applied Geography, 11. 1991. 

pp. 187-200. 
Góczán, L. „Kisalföld”. Magyar Könyvklub, Budapest, Pannon Enciklopédia. 2002. pp. 324-327. (in Hungarian) 
Harter, R.D.”Adsorption of copper and lead by Ap and B2 horizons of several Northeastern United States 

Soils”. Soil Sci. Am. J. 43. 1979. p.679. 
Kabata Pendias, A.; Pendias, H. „Trace Elements in Soil and Plants”. CRC Press. Boca Raton. 2001. 315 p. 
Stoyan G.; Takó, G. „Numerical Methods”, Typotex Press, Budapest. 1993. 354 p. (in Hungarian) 
Szalai, Z. Trace element distribution in alluvial sediments and soils of natural like riparian ecosystems. 

Geographical Bulletin, 47. 1998. pp. 19-30. (in Hungarian) 

251 



Dynamic of twenty-four hours methane emission from the Lake Moszne in the Poleski 
National Park (east part of Poland) 
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Abstract 

Methane is an important greenhouses gas, which can be formed in the lake sediment. Process of 
methanogenesis require low redox potential and high content of organic matter and that conditions occur in lakes 
bottom.  

The aim of this paper was to show dynamic emission of methane from the lake Moszne during twenty–
four hours observation. The Lake Moszne which has 17.6 ha area and maximal depth 2.5 m is situated in 
Łęczyńsko-Włodawskie Lake District in the east part of Poland. It is one of the natural lakes in this region which 
has small anthropogenic influences. That lake bottom characterizes rich content of humus and organic matter, it 
is surrounded by peat and overgrown by plants and forest. Organic matter flows down from peat to lake and 
cause turbidity of water and the water is faintly stir. 

During the summer (in middle of July 2002) air samples were taken by twenty four hours. The summer 
season was selected because characterizes much higher emission of methane than cold season during the year. In 
order to estimate of methane emission from tasted lake samplers of air were collected inside chamber located by 
shore lake in the sutface of water. Formed bubbles of gasses were taken from chamber by syringe and next 
analyzed by gas chromatograph with flame ionization and temperature capture detectors. It was affirmed that 
concentration of methane in air samples ranged from 3.5 % to 56.6 %.  

This results showed that investigation lake is a serious sours of methane, where emission was 
determined on the level 3.327 Mg CH4 ha-1 month-1. 
 
Introduction 

Methane is an important greenhouse gas, which like carbon dioxide and nitrous oxide contributed in 
climate changes. The tropospheric lifetime of methane is about 7 years and it absorbs radiation in the wavelength 
range from 3 to 4 µm and 7 to 8,5 µm. Methane concentration in atmosphere is estimated as 1.8 ppmv (part per 
million by volume) and increase about 0.5% to 1% per year. It is also consider the most abundant reactive trace 
gas in the troposphere, its reactivity is important to both tropospheric and stratospheric chemistry [7, 12]. For 
that reasons it has been reported in about 20% participation to the greenhouse effect.  

Process of methanogenesis occurs under anaerobic conditions and presence organic compounds with 
participation methanogenic microbial comunities. Methanogens consume H2 formated in intermediate 
fermentation of organic acids and alcohols and gaining energy by reducing CO2 and the methyl groups of 
methanol, methylamines and acetate to CH4. About 70% of the methane is formed from acetate and the 
remaining 30% from carbon dioxide and hydrogen. Gaining in this way energy they use for their own cell 
maintenance and growth [9, 11]. The concentration of CH4 can be consumed in the presence of O2 by 
methanotrophic bacteria [6]  

Methanogenic degradation of organic matter in lake sediments occurs in a wide range of temperature 
including psychrophilic to extreme thermophilic conditions. An exponential dependence of methane production 
rate was found between 2 and 30 ˚C [10]. 

Emission of methane depends from the season of the year. During the winter, when lake surface is cover 
by ice and water is not stirring, gasses emission to the atmosphere is diminished. During the open water period 
lakes can release CH4 into the atmosphere. For that reasons there are often large CH4 emission in the 
summertime, where the production of CH4 can be favored by high amounds of easly degradable organic matter 
and in the O2 deficient sediment [6]. 

Methane emission from sediments occurs in two ways: molecular diffusion throughout bubbles and by 
plants. Air channels in plants and roots simplify methane emission from vegetated sites and seasons [1,13]. 

The rate of methane emission depends on the concentration of methane in the bubles [2] 
 Lakes, swamps, peatlands are great source of methane emission and amounds to half the methae flux 
into the atmosphere from various source and contributes 15% to the greenhouse effect [3. 4]. 
Methane emission from wetlands is correlated significantly with the mean water table level. Vascular plants 
regulate the CH4 emission from peatlands by substrate supply from primary production and also by transporting 
CH4 throughout aerenchymatous tissues into the atmosphere [8]. 
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Methods and materials 
The dynamics of methane emission from the Moszne lake were led during summer (in the middle of 

July 2002). The lake Moszne has 17.6 ha area and maximal depth 2.5 m. It is situated in Łęczyńsko-Włodawskie 
Lake District in the east part of Poland. It is natural lake surrounded by muddy plants, swamps and natural pine 
forest. Remains of plants flows down to bottom of the lake and cause rich content of humus and organic matter. 
In sediments at the bottom where anaerobic conditions are presented occurs process of methanogenesis.  

Air samples were taken from the surface and from the shore of the lake during period of twenty-four 
hours. Samples were collected in two kinds of chambers. On the surface of the lake by the shore first chamber 
were located (Fig.1 a) and at the beginning of measurement was completely fill by water and second (Fig 1.b) on 
the soil on shore of the lake was situated. The first chamber was made of plastic and had load in order to 
preserve it before emerge from water. The second chamber was consist of two parts: base made of metal, which 
lower edge was located on the depth 5 cm in the ground and plastic lid tightly connected with base by seal with 
water coat. Samples were taken in three replications. In each case with takeing gas samples measurements of 
temperature both in the lake water as in soil were realized. Temperature of lake water and soil was tested by 
termometr constructed for soil measurements. 

 
a)                                                                                                               b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water coat 

Rubber plug 

Chamber for
gas collection

Base of
chamber

Load 

Chamber for
gas collection

Rubber plug 
Foamed 
polystyrene 

 
 

Figure 1. Scheme of gasses chambers, a) for colection of gasses from the lake surface, b) for colection of gasses 
emitted from the lakes shore. 
 

Gasses bubbles from the lake and air samples emitted from shore were taken by using syringe with 
needle by rubber plags on the surface of the chambers and collected in deaerated and air-tight glass vials. 
Samples were analyzed by using of gas chromatograph with flame ionization and temperature capture detectors. . 
 
Results and discussion 

Done measurement shown dynamic enission of CH4 from sediments layer of the lake and shore. 
Concentration of methane in gas bubbles and in air from chamber situated on the shore as a function of time is 
presented in Fig.2. and 3. That figures shown that methane emission was not constant in each measurement 
period in both point. Level of methane emission during the night and the day from float chamber was 
comparable and equals about 30%. In the case standing chamber emission during the night was lower than 
during the day and properly amounted to 0.0041 and 0.254 %. 

There were statistically significant difference between CH4 emission and time of experiment in both 
case (p<0.00005). 
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Figure 2. Daily concentration of methane in gas    Figure 3. Daily concentration of methane in gas  
samples emitted from the lake surface.                                   samples emitted from the shore of  the lake. 
 

Relation between CH4 concentration and temperature of the lake water and soil on tke lake shore are 
presented in Fig.4. and Fig.5. In each case positive correlations, meaning that increase of temperature in littoral 
zone caused increase of methane emission. 
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Figure 4. Concentration of methane as a function of the        Figure 5. Concentration of methane as a function of  
lake water temperature (in littoral zone).                                soil temperature (shore of the lake). 
 
Table 1. The effect of time on CH4 concentration; mean value ±L SD (95% half interval of confidence).  
Mean values followed by the same letter are not significantly different at 5% level. 

Methane [%] 
Time [h] 

lake surface lake shore 

0.0 - 0.077±0.139a 
0.5 28.56 ± 0.43e 0.976±0.171c 
1.0 28.46 ± 0.61d 0.022±0.139a 
1.5 28.46 ± 0.61d 0.024±0.171a 
2.0 13.69 ± 0.61b 0.026±0.171a 
2.5 5.34 ± 0.61b 0.175±0.140a 
3.5 3.35 ± 0.61a 0.024±0.140a 
6.5 20.48 ± 0.61d 0.029±0.171a 
12.5 41.15 ± 0.61g 0,045±0.140a 
15.5 30.39 ± 0.61f 0.05±0.139a 
18.8 56.39 ± 0.35h 0.054±0.139a 
21.5 48.76 ± 0.61g 0.656±0.140b 
24.5 21.12 ± 0.61d 0.508±0.140b 

 
 Daily mean measured values of methane concentration in air samples teken from two measurement sites 
presents Tab. 1. 

It was affirmed, that methane concentration in air samples taken from the lake surface, ranged from  
3.5 % to 56.6 %. In the chamber situated on the shore considerable lower of CH4 content values amounted from 
0.022 to 0.656 %, what consists maximally only 1.2% gas emission from lake sediment wos observed. Results 
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presented by others autors obtained from measurement leaded on eutrophic lake Postilampi in Finland indicated 
highest methane concentration in emitted gasses on the level 55.5-69.2% [5]. 

This results showed that investigated lake district is a serious sours of methane, particularly in littoral 
zone very modified by temperature. Emission during summertime was estimated on the level 3.327 Mg CH4 ha-1 
month-1 from the surface of the tested lake. 
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Determination ability of aquatic fern Azolla caroliniana to remove biogens from 
municipal wastewater 
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Abstract 

Azolla carolinina Willd. (Azollaceae) is a small water fern which occurs on the surface warm, eutrophic 
still waters. It lives in symbiosis with cyanobactrium Anabena azollae Strasb. (Nostocae) that can transform 
atmospheric nitrogen to accessible form (ammonium) for the fern. This feature makes Azolla sp. useful in 
agriculture as a green manure (for example on rice fields) and animals’ feed. 

The aim of our study was determination if A. caroliniana can take up nitrogen compounds from its 
grow medium. This ability will allows for using A. caroliniana to purification waters (for example wastewaters). 

The experiment was conducted for 15 days in sewage treatment field “Hajdów”. A. caroliniana was 
cultured in containers placed in a ditch with wastewater after second step of purification. During experiment we 
determined redox status of medium (both Eh and ODR) and concentration of nitrogen and phosphorus forms 
content. Obtained biomass was weighted to determine fern’s ability to grow on wastewater. 

Obtained results have showed that after 15 days of growing A. caroliniana removed 75% of nitrogen 
and 50% of phosphorus form medium. The fern grown well in experimental conditions and their biomass was 
about 700% higher then on the start of cultivation. On the 8th day of treatment has occurred the increase of 
amounts available of oxygen (200 µg O2 m-2s-1) as compared to initial value (17 µg O2 m-2s-1). 

These data suggest that A. caroliniana can be used to purify wastewaters from nutrients rich in nitrogen 
and phosphorus compounds and to increase aeration conditions of wastewaters. 
Keywords: Anabena azollae, Azolla, oxygen, nitrogen, phosphorus, purification, waste water. 

 
Introduction 

Nitrogen and phosphorus are very necessary elements for plants. Many farmers use the additional 
sources of these nutrients to improve their crops. They often use to many mineral manures which are leaching 
and contaminating waters what causes their eutrophication and leads to death of aerobic organisms. They are 
also wasted by other reactions occurring in soil (e.g. forming of CH4, N2O or N2, adsorption). Also other human 
activity is a significant source of biogens pollution (e.g. municipal waste water). Surface runoff, falls and stock-
farming may introduce 1-30 kg N ha-1 yr-1 and municipal wastes has about some to tens mg biogens l-1 (Mazur, 
1991; Dojlido, 1995; Fotyma and Mercik, 1995, Tab. 1). 

 
Table 1. Chemical composition of waste water after second step of purification coming from sewage treatment 
plant “Hajdów”. 

Parameter Values [mg l-1] Parameter Values [mg l-1] 
N-NH4 
N-NO3 
Ntot 

P-PO4 
Ptot 
Na+ 
K+ 

1.1-7.1 
20.2-38.4 
22.3-43.2 

3.1-6.8 
3.7-7.0 
24.3-69.4 
11.8-27.7 

Ca2+ 

Mg2+ 
−2

4SO  
Cl- 
Zn2+ 
Cu2+ 
Pb2+ 

59.7-95.2 
12.6-19.7 
43.6-116.3 

67.8-121.6 
18.0-800.0 
6.0-198.0 
7.0-96.0 

 
In this situation is a need to decrease waste of nutrients from soil and purification waters polluted by 

biogens. One of the ways is using aquatic plants to purify waters form these substances (Forni et al. 2001) and 
natural manures and one of them may be water ferns Azolla sp. 

Azolla caroliniana Willdenow (Azollaceae) is a small aquatic fern which belongs to genus Azolla. There 
are known other 6 species of Azolla and first of them was discovered by Lamrck in 1783. They occur on surface 
of warm, eutrophic still waters, like ponds in tropical climates. Global warming causes that they colonize parts of 
Europe with temperate climates. 

These ferns have short branched stems (usually 1-5 cm) with small overlapping leaves, floating on 
water surface and long roots. On the bottom surface of leaves a cavity is localized where a symbiotic 
cyanobacterium (blue-green algae) Anabaena azollae Strasburger (Nostocae) lives. This microorganism has 
ability to fix atmospheric nitrogen transforming it into ammonium which is easy accessible for Azolla sp. This 
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process occurs in special A. azollae cells called heterocyst with help a nitrogenase enzyme (Peters and Meeks, 
1989; Wagner, 1997). 

This feature makes Azolla sp. very useful plant in agriculture as green manure especially in rice fields 
(paddy soils) in Asia where in optimal conditions it can bind about 500-1000 kg N ha-1 yr-1. In the first rice crop 
is about 28-40% of nitrogen provided by Azolla-manure (Giller and Wilson, 1991; Watanabe et al. 1992). Also it 
has high amounts of proteins (26.2% of f.w.) and it is used as animal feed e.g. pigs, ducks and fishes (Duran, 
1994; Wagner, 1997; Nobuyuki and Shunji, 2001). 

The aim of our study was find answer on the question: does A. caroliniana takes up nitrogen forms (like 
nitrates and ammonium) from grow medium or does it only use the nitrogen supported by A. azollae. This 
experiment can also estimate adaptation ability of the fern to variability of nitrogen and phosphorus forms 
contents in waters and changes of temperate in open field conditions as green manure for water purification. 

 
Materials and methods 
The experiment was conducted with three stages: 
• plant preparation in the laboratory conditions, 
• introduction of prepared A. caroliniana on waste water after second step of purification and observation of 

its grow and environmental parameters, 
• qualitative and quantitative analysis of obtained material. 
 
Plant preparation 

Cultivation of A. caroliniana was conducted in laboratory of Department of Biochemistry and 
Environmental Chemistry in Catholic University of Lublin. The culture of fern was taken from The Warsaw 
Botanical Garden. 

In the first stage of experiment the fern was cultivated in glass aquariums with nutrient medium 
prepared according to International Rice Research Institute (IRRI, Watanabe et al. 1992). This medium contains 
fundamental elements for Azolla sp. without any nitrogen forms to support the fern nitrogen only fixed by A. 
azollae. In this stage we used 4 aquariums each with 3 l of medium and 20 g of A. caroliniana. Artificial light 
(fluorescent lamps Philips TLD 36 W/89 Aquarelle, The Netherlands) was used to provide an 18.-hour 
photoperiod. There were obtained about 200 g of plants after 2 weeks which were used in next stage. 
 
Field experiment 

The main part of the study was conducted near the sewage treatment plant “Hajdów” situated on the 
north-east of Lublin during summer (July). In this area was constructed a ditch draining with waste water flow 
after second step of purification to Bystrzyca River. Bed of the ditch was hardened with cement panels and 
plythene foil. A. caroliniana (50 g) was put into 5 containers with openwork walls witch were placed into the 
ditch and remained there for a 7-days adaptation period. 

Fifteen-days analytic cycle was stated after ending adaptation period. During the experiment the following 
measurements were taken: 
• temperature of waste water and air (maximum – tmax and minimum – tmin), 
• pH, redox potential (Eh) and oxygen diffusion rate (ODR), 
• analysis of water samples from each container for biogens levels (forms of nitrogen and phosphorus). 
These measurements were performed each day between 9 and 16 o’clock. At the end of this stage of experiment 
biomass of A. caroliniana was collected and determination of its increase was done (fresh weight). 
 
Measurements 
• temperature was measured by mercury and liquid (min-max) thermometers scaled in Celsius degrees 

(°C), 
• reaction of water (pH) was determined by pIONneer 65 meter with combined pH electrode pHC5977 

(Radiometer Analytical, France), 
• ODR determination was based on the method of polarization of platinum electrodes to oxygen 

decomposition potential (-0.65 V) and current intensity was measured during depolarization of these 
electrodes during O2 diffusion. The calomel electrode was used as a reference. ODR values were calculated 
with the following equation: 

ODR = Imean · 12.75 [µg m-2 s-1],  [1] 
where a constant is calculated on the basis of Pt-electrode surface according to Gliński and Stępniewski 
(1985). 

• redox potential (Eh) was measured by Pt-electrode versus calomel electrode (reference) with a meter 
made by Cole Parmer Instrument Company (USA). Eh values were calculated as following: 

Eh = Em + 247 mV, where   [2] 
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measured value (Em) was increased by potential of calomel electrode versus hydrogen electrode in 20°C 
equals 247 mV. Before each measure Pt-electrodes were checked in Michaelis buffer at Eh = 167 mV 
(Zausig, 1995). 

• contents of orthophosphates, ammonium, nitrites and nitrates were determined by spectrophotemetric 
method with FIAstar 5010 analyser (TECATOR, Sweden). Ammonium ions was marked with TECATOR 
indicator (5000-0295), nitrites by reaction with an acidic sulphanilamide solution and nitrates by reduction 
with cadmium according to Application Notes AN 50/84, AN 50-02/92, ASN 112-01/92 and ASN 110-
01/92. Orthophosphates content was determined by molybdate method (Clesceri et al. 1998). 

 
Results and discussion 

During adaptation period A. caroliniana grown well in optimal air’s temperature between 10-16°C (tmin) 
and 23-29°C (tmax), and it was stable in waste water (19-23°C). In the experimental period temperature was 
higher and it grew up to 36 (tmax) and 22°C (tmin). Also in waste water we noticed a increase of the temperature to 
31°C (Tab. 3). 
 
Table 3. Temperature of air (minimum and maximum) and waste water during all periods (all values in °C). 

Adaptation period Experimental period Day tmin (air) tmax (air) t (water) tmin (air) tmax (air) t (water) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

19,0 
20,0 
19,5 
20,0 
21,0 
21,0 
23,0 
22,0 
21,0 

25,0 
23,0 
28,0 
25,0 
27,0 
29,0 
25,0 
26,0 
27,0 

14,0 
13,0 
14,0 
19,0 
15,0 
10,0 
12,0 
14,0 
16,0 

12 
14 
17 
17 
14 
13 
12 
12 
22 

21 
22 
27 
27 
28 
28 
25 
27 
36 

20 
22 
22 
24 
25 
24 
23 
22 
31 

 
Redox potential in the medium increased from 151 to 400 mV during experimental period and it was 

highly correlated with time (Fig. 1A) – there were found a positive linear dependence between Eh and time of 
the experiment which is described by the equation: y = 17.38x+151.79 (Pearson’s correlation coefficient r = 
0.86, significant in p = 0.001). The reaction of water was weakly alkaline and oscillate between 7.95 and 8.24 
pH units in this time. 
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Figure 1. Redox (A) and aeration (B) state of A. caroliniana medium during the experiment. 
 

Aeration of medium was expressed as a microdiffusion of oxygen (ODR). The initial ODR value was 
17.29 µg O2 m-2 s-1 and it grown rapidly and exceeds 200 µg O2 m-2 s-1 (Fig. 1B) which express extremely good 
aeration conditions. A strong increase of ODR was observed after 10 days from A. caroliniana introduction 
when it covered whole surface of the containers. This ODR escalation has a linear character which can be 
described by linear equation: y = 41.07x-45.95 and there were a positive linear correlation (r = 0.93, significant 
in p = 0.01). 

Concentration of nitrates in waste water was about 9.8 and 2.6 mg l-1 at start and end of the experiment, 
respectively and it was about 75% reduction of nitrates. Similar results were obtained from Forni’s experiment 
(Forni et al. 2001) with Azolla filiuloides Lam. We also recorded presence of nitrites on the stable level about 
1.0-2.7 mg l-1, only on the 12th day (6th point) it rapidly increased up to 6 mg l-1 (+7%). This value decayed on 
the next day and nitrites level was similar to concentrations during initial days. Forni’s (2001) experiment 
showed smaller amounts of nitrites in water (0.1-0.3 mg l-1). The origins of ammonium levels were low 1.0-1.8 
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mg l-1 and they rose during second part of cultivation up to 5.5 mg l-1 what was a 191% increase. Experiment 
conducted by Forni (2001) showed very high ammonium removal from sewage water to 95-100% during spring 
and summer. This phenomenon may be a result of release of produced by A. azollae ammonium to water. The 
high ammonium concentration in water caused a disturbance between A. filiculoides and A. azollae: high 
amounts of bound nitrogen (as a ammonium) were released to water and the fern can not use it in such high 
concentrations. 

Concentrations of phosphates in waste water was on the level 3.5 mg l-1 at the beginning of the 
experiment, and decreased to 1.9 3.5 mg l-1 on the last day of measurements. This means that A. filiculoides took 
up about 50% of phosphates presented in waste water (Fig. 2). Also Forni (2001) showed low phosphates values 
in medium (below 0.3 mg l-1). 
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Figure 2. Concentrations of ammonium, nitrates, nitrites and phosphates in A. caroliniana medium. 
 

At the end of the experiment obtained biomass of A. caroliniana reached 356 g – it was a 7 times 
greater in compare to initial 50 g of biomass. 
 
Conclusions 

Experiment proved that A. caroliniana can grow well (biomass about 700% greater) on waste water 
after second step of purification and use biogens forms to build its biomass. The fern removed both nitrates 
(75%) and phosphates (50%). The fern used the nitrogen both from medium and fixed by A. azollae what was 
also recorded (Forni et al. 2001). During its growth A. caroliniana caused a strong aeration of medium what was 
confirmed by such aeration factors like Eh and ODR (up to 400 mV and 200 µg O2 m-2 s-1). 

This means that it can adopt to live in such conditions in temperate climate and it can be used for 
cleaning water by biogens. 
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The ability of Azolla filiculoides to remove precious metals (Ag(I), Au(III), Pt(IV)) from 
water solution 

 
Bennicelii, R.P.1 – Stępniewska, Z. – Szajnocha, K. – Banach, A. 

 
 
Abstract 

The aim of this paper was to investigate the capacity of a small water fern, Azolla filiculoides Lam. 
(Azollacae), to purify waters containing Ag, Au and Pt. 

A. filiculoides is a floating water fern, which appears on the surface of eutrophic, warm, still waters in 
temperate and tropical climates and lives in symbiosis with blue-green algae Anabaena azollae Strasb. 
(Nostocae), that fixes atmospheric nitrogen. A. filiculoides plants are used for centuries as a nitrogen biofertilizer 
and stimulated many studies (for example on its ability to phytoremediation). The addition of Azolla sp. brings 
about a number of changes in the biological, chemical and physical properties of the soil and soil-water: liberate 
organic compounds and photosynthetic O2, prevent a rise in the pH and reduce water temperature and suppress 
weeds. 

During 8 days of the laboratory experiment conditions A. filiculoides was grown on the nutrient solution 
containing Ag(I), Au(III), Pt(IV), each in a concentration 0.1, 0.5 and 1.0 mg dm-3. 

In the presence of Ag(I), Au(III) 17-37% inhibition of A. filiculoides growth in comparison to the 
control was observed. However in Pt(VI) treatments the influence on plant biomass production has not been 
recorded. 

In the A. filiculoides tissues the concentration of Ag ranged from 31 to 49 mg kg-1 d.m., of Au 622 to 
4896 mg kg-1 d.m. and of Pt 18-42 mg kg-1 d.m. These data suggest that A. filiculoides can be used in the 
phytoremediation, to clean waters polluted by selected metals, particularly by Au(III). 
Keywords: Azolla, phytoremediation, precious metals 

 
Introduction 

The aquatic fern Azolla filiculoides Lam. (Azollaceae) (Tab. 1) is a small plant, common in many parts 
of the world, especially in tropical environments (Watanbe et al., 1992, Dawar et al 2001). A specific feature of 
this fern is its symbiosis with the cyanobacterium Anabaena azollae Strasb. (Nostoceare) which can bind 
atmospheric nitrogen. Due to this Azolla sp. is used as a green manure, especially in rice fields in Asia 
(Carrapiço, 2001). The fern has other applications and one of them is the bioaccumulation of heavy metals 
(Bennicelli et al., 2004). 
 
Table 1. Systematic affiliation of A. filiculoides. 

 
Kingdom 
Type 
Group 
Class 
Subclass 
Order 
Family 
 

 
Plants 
Vascular 
Pteridophyta 
Pteridopsida 
Shizaeatae 
Marsileales 
Azollacaeae (previously Salviniaceae) 

 
Group of metals like gold, silver and platinum are very valuable for men and they are called “precious”. 

These elements have a high chemical resistance and are not much widespread in the environment (0.00001% in 
Earth’s crust). 

Precious metals are known by humans from centuries and used in many parts of industry. First of them 
were jewellery and coins production. Later they found application in electronics, photography, dentistry, 
chemistry and as pigments of glass and porcelain. These humans’ activities and mining are main sources of 
precious metals emission into the environment. 

High amounts of these metals are toxic for living organisms and one of the methods for decrease these 
metals concentrations is the phytortemediation. This method has many applications for different substances e.g. 
heavy metals, pesticides, explosives and other organic substances. There are some plants which can bind 
precious metals (e.g. Eriogonum ovalifolimu, Phacelia sericea). Also dried biomass of A. filiculoides can 
remove 86-100% Au(III) from solutions (Antunes et al., 2001). 
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Materials and methods 
A. filiculoides was obtained form Warsaw Botanical Garden and cultured in laboratory. The fern was 

put into aquariums containing 3 dm3 of liquid nutrient medium (Tab. 2) prepared according to International Rice 
Research Institute (IRRI) recommendation (Watanabe et al., 1992). The examined metals were introduced into 
each aquarium ( in form: AuCl4Haq, Ag2SO4, H2[PtCl6]) in 3 concentrations: 0.1, 0.5 and 1.0 mg dm-3. The 
nutrien solution did not contain nitrates so that the A. filiculoides could use the nitrogen provided by the A. 
azollae. In this way 9 treatments (3 per metal) were obtained. A 10th aquarium was used as a control which 
contained only a nutrient medium. Fluorescent lamps (Philips TDL 36 W/89 AQUA RELLE, the Netherlands) 
were used to support an 18.-hour light period during A. filiculoides cultivation. The parts of aquarium below 
water table were covered by aluminum foil to support natural conditions for fern’s roots. Air temperature was 
27±2°C, the air humidity about 50±5% and the initial A. filiculoides biomass w 20 g. 

 
Table 2. The IRRI nutrient medium composition. 

Element Chemical compound Concentration in solution [ppm] 
P 
K 
Ca 
Mg 

NaH2PO4·H2O 
K2SO4 

CaCl2·2H2O 
MgSO4·7H2O 

20.0 
40.0 
40.0 
40.0 

Mn 
Mo 
B 
Zn 
Cu 
Co 

MnCl2·4H2O 
Na2MnO4·2H2O 

H3BO3 
ZnSO4·7H2O 
CuSO4·5H2O 
CoCl2·6H2O 

0.50 
0.15 
0.20 
0.01 
0.01 
0.01 

Fe FeSO4·7H2O 
EDTA·7H2O 

0.50 

 
The fern was cultured for 8 days with 5 control points during this time. The following actions were 

performed during each point: 
• temperature and humidity of air by mercury’s and liquid (minimum and maximum temperature) 

thermometers and hygrometer, 
•  observations of the fern, 
• drawing of samples for concentration of Ag(I), Au(III) and Pt(VI) determination in the solution (50 ml 

stabilized by concentrated HNO3). 
At the end of the experiment, the biomass of A. filiculoides was collected, washed with deionized water 

and weighed to verify its fresh weight. After that the dry weight of the plants was determined after drying at 
80°C and used to find out the metals content in the biomass. These measurements after mineralizing by acid 
digestion (HNO3) in a microwave closed system were conducted by GFAAS (graphite furnace atomic absorption 
spectrometry) method (AAS spectrometer Z-8200, Hitachi, Japan). 
 
Results and discussion 

Fig. 1 shows a decrease in the content of metals in the nutrient solution. In the treatments containing 
Au(III) ions during the first three days of the experiment a significant reduction of them to: 0.023, 0.061 and 
0.227 mg dm-3 , was observed. On the next days the concentration of examined metal increased to 0.034, 0.1 and 
0.354 mg dm-3, what constitutes 23%, 12% and 23% of the initial doses. 

Treatments containing 0.1, 0.5 and 0.5 mg dm-3 Ag(I) were characterized by very low concentrations of 
the metal on the first day, which amount 0.33, 0.02 and 0.131 mg dm-3, respectively. In the next days the content 
was variable and achieve of the level of 0.009, 0.442, 0.717 mg dm-3. 

After the analysis of nutrient solutions from Pt(VI) treatments the presence of the metal was not stated, 
because its concentrations was below the GFAAS detection limit (the method sensitivity amounts to 10 ppb). 
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Figure 1. Decrease of Au(III) and Ag(I) from all treatments. 
 

The highest increase of plant biomass was observed in Pt(IV) treatments and was comparable to the 
control (Fig.2.). The fern, which was cultured in this aquariums was dark green and well developed. A negative 
influence of this metal was not stated, because its salts precipitated. 

However plants from Ag(I) treatments were characterised by the lowest biomass increase: 83%, 68%, 
63% with reference to control. Fern leaves had yellow stains and withered brims. Fern cultured on the medium 
enriched in Au(III) grew weakly than the control plants (75%, 81%, 87%) and were of the green colour. 
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Figure 2. Increase of A. filiculoides biomass at different treatments. 
 

During the experiment A. filiculoides took and cumulated the tested precious metals. Contents of metals 
under examination in dry mass are shown in Fig. 3. At the Au(III) treatments the metal concentration was at the 
level: 622 do 4895 mg kg-1 dm and its increase showed a positive, strong functional dependence of the metal 
concentration in the fern and in the solution (r = 0.95). The presence of gold has a negative influence of the 
growth and development of the examined plants. 

The Ag uptake by plants was visibly lower. At the 0.1 mg dm-3 treatment it amounted 30.7 mgkg-1 d.m, 
at 0.5 mg dm-3 53.5 mg kg-1 d.m. and at 1.0 mg dm-3 48.5 mgkg-1 d.m, what equalled 7%, 2% and 1%, 
respectively. The correlation between Ag(I) dose and accumulated amounts in biomass was as strong as in case 
of Au(III) treatments (r = 0.97). 

These results show the increase of precious metals content in biomass in all the treatments accompanied 
by a decrease of their amounts form the solution. The fern absorbed the most of Au ions (even about 5000 mg 
kg-1) but the others metals were taken in lower amounts because they were partially precipitated and not 
available for A. filiculoides. 
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Figure 3. Accumulation of Au, Ag and Pt by A. filiculoides biomass. 
 
Conclusions 

Observed decreases of selected precious metals from medium and increase of their amounts in biomass 
confirm ability of A. filiculoides to remove these metals form water solutions and their accumulation in plant’s 
tissues. 

This ability, especially binding of gold’s ions by the fern may be used not only for purification and 
detoxification of polluted waters but also for precious metals recovery presented in small amounts in water 
solutions. Natural habitats of this plant are still enlarging (also in Europe) what increases chance for the fern’s 
cultivation for these purposes. Utilization of A. filiculoides in this way may help in metals loss limitation during 
their processing. 
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Nitrate (V) elimination from waste water trough sorption on the rock spoils of different 
degree of weathering. 

 
Stępniewska, Z.1 – Ostrowska, A. 

 
 

Groundwater pollution by nitrate is a serious problem in the European Countries and in the Poland 
groundwater, in recent years, because NO3

- concentrations often exceed acceptable contamination limits. Nitrate 
and its metabolites are toxic for the human body, and can be particularly harmful to infants. The nitrate (V) 
sorption is not a common effect, because a little soil colloids had positive charge to absorb anions.  

The aim of the work was to examine nitrate (V) sorption on the rock spoils of different degree of 
weathering. The possibility of use this material as natural barrier in the soil environment characterizing by 
increased N-NO3

- concentration was tested.  
The experiment was carried out on the rock spoils (including clay minerals) from the coal mine 

Bogdanka situated in the Lublin Coal Basin. Five different types of rock spoils were examined: fresh material, 
material accumulated for one, three, five and for ten years.  

The sorption value was measured for waste water and for nitrate (V) solution in the range 5-20 mg N-
NO3

-dm-3 content. The pH of the rock spoils was naturally differentiated, which was the effect of the rock spoils 
weathering and pyrite oxidation. The result indicates maximal nitrate (V) sorption value about 6 mg N-NO3

-dm-3 
(43 mval kg-1) on the rock spoils weathered for five and ten years on the soil surface that is consist about 5% of 
capacity of anion resin.  

The results found are important with regard to the study of the nitrate (V) elimination from waste water 
before received by them natural waters in rivers or lakes. 
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Enzyme activity in soil contaminated by chromium (III, VI) forms 
 

Stępniewska, Z.1 – Wolińska, A. 
 
 
Abstract 

Soil biological properties are influenced by heavy metals. Chromium compounds can have detrimental 
effect on soil microorganisms and their enzymatic activity, which responds for fertility of the soil. Therefore 
enzyme activities can be considered effective indicators of soil quality changes resulting from environmental 
stress or management practices. Between them dehydrogenase is considered an indicator of overall microbial 
activity because it occurs intracellulary in all living microbial cells, and it is linked with microbial redox 
processes. Catalase activity has been related to both the number of aerobic microorganisms and soil fertility. 
Whilst soil phosphatase activity plays a major role in mineralization process and is crucial in decontaminating of 
terrestrial environment polluted by organophosphate pesticides.  

The aim of the experiment was to tested  the influence of Cr (III) and Cr (VI) compounds on  
dehydrogenase, catalase and phosphatase activity of selected mineral soil. Soil sample was taken from the bank 
of Polish soils, gathered in the Institute of Agrophysics of the Polish Academy of Sciences. The air dry soil was 
amended with Cr (III) in the form of CrCl3 and with Cr (VI) as K2Cr2O7 in the concentration range from 0 to 20 
mg dm-3.  

It was stated that soil enzymatic activity decreased with the increase of chromium concentration. Only 
in the soil samples amended with Cr (VI) salt at the range 2-5 mg dm-3 an initial increase of phosphatase activity 
was found. The supplement of Cr (III) caused reduction of enzymatic activity to 55–90% with reference to 
samples without enrichment. Results suggest the negative effect of chromium contamination on the activity of 
soil enzymes. 
 
Introduction 

Heavy metals are common in human activity and constitute a serious health risk because they easily 
accumulate in soils, water and organisms. Chromium is one of the heavy metals located in the soil. It is very 
specific kind of metal.  

The environmental and biological behavior of chromium depend most of all on its oxidation state 
(Welp, 1999, Cervantes, 2001, Stewart, 2003, Tokunaga, 2003). Chromium is known to exist on all oxidation 
states from 0 to VI, however the two most common oxidation states found in the environment soil are: Cr III and 
Cr VI. These two forms are different in charge, physicochemical properties, and chemical and biochemical 
reactivity. The anionic Cr (VI) is considered to be highly mobile in soils, while the Cr (III) cation is believed to 
be significantly less mobile [Cervantes, 2001, Stewart, 2003]. Although, Cr (III) is generally thought less 
harmful than its oxidized form, it may be of concern due to its potential to be oxidized to Cr (VI) (Welp, 2001, 
Tokunaga, 2003). ). Chromium compounds are stable in the trivalent state and occur in nature in this state in 
ores, such as ferrochromite, whilst Chromium (VI) is usually produced from antropogenic sources (Cervantes, 
2001).  

Soil enzyme activities are considered to be sensitive to pollution and have been proposed as indicators 
of soil degradation (Trasar-Cepeda, 2000, Ledin, 2000). Studies of enzyme activities provide information on the 
biochemical reactions occuring in soil (Dąbek-Szraniawska, 1996, Stewart M.A., 2003).  

Dehydrogenase is considered an indicator of overall microbial activity because it occurs intracellulary 
in all living microbial cells, and it is linked with microbial redox processes (Camina, 1998, Welp, 1999). 
Dehydrogenases play a significant role in the biological oxidation of soil organic matter by transferring protons 
and electrons from substrates to acceptors (Brzezińska, 2001).  

Catalase is an intracellular enzyme found in all aerobic bacteria and most facultative anaerobes, but 
absent in obligate anaerobes ( Trasar-Cepeda, 1999, Anderson, 2002). Catalase activity in the soils is thought an 
indicator of aerobic microbial activity and has been related to both the number of aerobic microorganisms and 
soil fertility (Guwy, 1999, Trasar-Cepeda, 1999). 

Phosphatases are among the enzymes, which transform P from non – available, organically bound forms 
into phosphate ions, that can be absorbed by microorganisms and plants (Baum, 2003). Acid and alkaline 
phosphatase catalyse the hydrolysis of various phosphate–containing compounds and act as transphosphorylases 
at acid and alkaline pHs, respectively (Kramer, 2000). Phosphatase enzymes can be a good indicator of the 
organic phosphorus mineralization potential and biological activity of soil (Kramer, 2000). 

The aim of the experiment was to tested the influence of Cr (III) and Cr (VI) compounds on  
dehydrogenase, catalase and phosphatase activity of selected mineral soil.  
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Materials and methods 
The experiments were performed under model laboratory conditions on the Eutric Cambisol-loam soil 

taken from the bank of soils, situated in the Institute of Agrophysics of the Polish Academy of Sciences. The 
main characteristic of the soil investigated is presented in a Tab.1. 
 
Table 1 Characterization of the soil material 

Granulometric composition [%] 
Type of soil Depth 

[cm] 
1-0.02 0.02-

0.002 
<0.002 t300 t400 Organic 

matter 
[%] 

pH in 
H2O 

20 - 25 75 22 3 9 3 2,19 5,86 Eutric 
Cambisol - 

loam 
85 - 90 77 10 13 12 3 1,25 5,91 

 
The air dry soil samples were enriched with Cr (III) in the form of CrCl3 and with Cr (VI) as K2Cr2O7 in 

the concentration range from 0 to 20 mg dm-3. Non–amended soil samples were used as a control. 
Dehydrogenase activity was determined by Casida et all method (1964) with use TTC (2,3,5-

triphenylotetrazolium chloride). Soil, (6 g), was placed in 50 ml glass flasks, where 1 ml 3% aqueous solution 
TTC, 120 mg CaCO3 and 4 ml distilled water were added. The soil samples were incubated for 20 hours in 
thermostatic chamber at 30 C. After incubation the soil samples were extracted with ethanol, and filtered. 
Absorbance was measured by means of HITACHI UV-VIS U-2001 spectrophotometer at 485 nm.  
Phosphatase activity was determined using the method of Tabatabai and Bremner (Tabatabai, 1969), according 
to one gram of soil was placed in a 50 ml centrifuge tube with 25 ml of toluene, 4 ml of MUB – phosphate (pH 
6.5 for acid and pH 11 for alkaline phosphatase) and 1 ml of 15 mM p-nitrophenyl phosphate solution. After one 
hour incubation to every soil samples 1 ml of 0.5 M CaCl2 and 1 ml of 0.5 M NaOH were added. The contents of 
tubes were immediately filtered. Absorbance was measured by means of HITACHI UV-VIS U-2001 
spectrophotometer at 400 nm 

Catalase activity was assayed by Johnson and Temple method (Johnson, 1964). Soil, (2 g), was placed 
in a 125 ml Erlenmeyer flask with 40 ml of distilled water, 5 ml 30% H2O2 and was shaken for 20 min. Next, 5 
ml 3N H2SO4 was added. The contents of tube were filtered and immediately titrated by 0.1N KmnO4.  

All determinations of enzymatic activities were performed in triplicate, and all values reported are 
averages. 
 
Results 

Realized laboratory experiments showed that it is possible to state relationship between soil enzymatic 
activity and Cr concentration in the soil environment. The highest enzymatic (dehydrogenase, phosphatase, 
catalase) activity in the control samples without Cr contamination were noted. High values of enzymatic activity 
in the controls were caused by biotic and abiotic natural processes which has a place in the soil. 

The influence of Cr (III) and Cr (VI) compounds on soil dehydrogenase activity is presented in Fig.1. 
Dehydrogenase activity showed a tendency to decrease as chromium concentration increased. The lowest 
concentrations of both Cr (III) and Cr (VI) at the level 2 mg dm-3 reduced soil dehydrogenase activity to 51 and 
66%, respectively. Meanwhile the highest Cr (III) and (VI) addition at the level of 20 mg dm-3 limited enzymatic 
activity to 6% and 15%. These results are compatible with observations of Welp (1999) and Trasar –Cepeda et 
all. (2000). As a consequence of analysing Fig. 1. it is possible to say that Cr (III) forms caused stronger 
inhibition of activity than more dangerous Cr (VI) forms.  
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Figure 1. Changes in the soil dehydrogenase activity as a result of Cr (III) and Cr (VI) amendment 

266 



One possible explanation for this fact is that more dangerous form of Cr (VI) was reduced to less toxic 
form of Cr (III) by microorganisms living in the soil. 

The effect of Cr on soil acid and alkaline phosphatase activity is shown in Fig. 2. Both enzymatic 
activities displayed a linear drop in the soil samples amended both with Cr (III) as Cr (VI) forms. However, acid 
form of enzyme seemed to be more resistant to Cr contamination than its alkaline counterpart. 
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Figure 2. Changes in the soil phosphatase activity as a result of Cr (III) and Cr (VI) amendment 
 
Moreover, it was stated that Cr (III) compounds are responsible for stronger inhibition of soil 

phosphatase activity. Cationic form of Cr (III) exerts a significant influence on soil enzymatic activity (Stewart 
et all., 2003). The risk imposed by Cr (III) form is connected with its ability to be oxidized to Cr (VI) salts 
(Fendorf, 1995). The lowest values for phosphatase activity as an effect of 20 mg dm-3 Cr (III) and Cr (VI) 
addition were observed, whilst the highest after 2 mg dm-3 of both Cr (III) and Cr (VI) doses were found. As a 
consequence of 20 mg dm-3 Cr (III) concentration acid phosphatase activity was reduced to 30% and alkaline to 
9% in relation to the control. Whereas, the same Cr (VI) concentration level caused 54% drop of acid kind of the 
enzyme and 30% for the alkaline phosphatase. 
 Changes in the soil catalase activity in the environment contaminated by Cr forms are presented in Fig. 
3. Catalase activity seemed to be also sensitive to presence of chromium in the soil. Even the smallest doses of 
Cr at concentration 2 mg dm-3 caused 50% reduction of enzymatic activity. In the samples, which were enriched 
with higher Cr concentration (5, 10, 20 mg dm-3) activity of catalases were reduced by 70-80%. 
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Figure 3. Changes in the soil catalase activity as a result of Cr (III) and Cr (VI) supplement 
 

The effect of depth of soil profile on soil dehydrogenase, phosphatase and catalase activity is shown in 
Fig. 4. Every kind of enzyme demonstrated diminishing trend as the depth of soil profile is growing. The highest 
values of enzmatic activity achieved their maximum at surface layer (20-25 cm) and were reduced at subsoil (85-
90 cm).  
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This phenomenon was connected with humus placing, quantity of which decreasing in the deeper 
layers. Moreover, in the surface layer the optimum conditions for living of microorganisms are occurred.  
 
Summary 

The study showed that, chromium pollution in the soil environment have a negative effect on soil 
enzymatic activity. Chromium is a dynamic element that has many industrial uses and as a consequence can be 
found throughout the environment.  

Both Cr (III) as Cr (VI) forms have ability to reduce soil enzymatic activity. Dehydrogenases, 
phosphatases and catalases seemed to be little resistant to Cr presence in the soil. Cr (III) forms caused stronger 
inhibition of enzymatic activity than Cr (VI) salts. Although, Cr (III) is generally considered to be less harmful it 
may be of concern due to its ability to accumulate in some soils (Fendorf, 1995, Stewart, 2003). The relationship 
between the depth of soil profile and enzymatic activity was stated. Enzymes activity reached maximum at 
surface layer, where content of organic matter is responsible for the most favourable conditions for living of 
microorganisms. 

Soil enzyme activity plays an important role in the maintenance of soil fertility, so presence of heavy 
metals in the soil environment is very disadvantageous for their activity and proper soil functioning. 
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Effect of waste water on wettability Eutric Histosol soil 
 

Stępniewska, Z.1,2 – Kosiorowska, I.2 – Nowak, D. 
 
Abstract 

We assessed the direct and indirect effect of the waste water on Eutric Histosol rapidity of immersion. 
The method which was used TCW (thin column wicking) is based on Contact Angle Measurements on soil 
aggregates by column wicking. Soil samples were collected from control field (A -wetting by precipitation) and 
from field irrigated 10 times in each vegetation period with  single – 60 mm (B) and double dose of waste water-
120mm (C) after second step of purification mechanical and biological. Each experimental fields (A,B,C) were 
planted by different plants: Populus alba , Salix americana and mix of grasses . 

Moisture content (MC) was establish in soil samples after drying overnight at 60 o C to the stable 
weight. MC is evident variable in level of tested soil depth. Significantly of MC was apparent in 0-20 cm where 
water content was much more lower (20%) than in 20-40 cm depth of soil. 
The evident distinction is for grassland 20-40 cm (MC 32%) and 40-60cm (MC 21%) under influence of double 
dose of waste water. 

Immersion of soils was appointed in capillars (ø 0,5 mm, 10 cm) during 300 minutes. Same of  the soil 
samples  taken from the level 20-40 cm  of the field planted with Populus alba irrigated with single dose of 
waste water and from the level 40-60 cm under grassland irrigated with double dose of waste water had longer 
time of raise in the capillars. In control soil was observed dissimilarity with wettability except depth 40-60 cm 
from field with grasses and Populus alba.   

Irrigation with waste water doses 60 and 120 mm per year during 8 years to fields Eutric Histosol 
planted by grasses, Populus alba, Populus nigra and Salix americana, Salix vinimalis has effect on decrease 
wettability of soil and on contact angle by water and rapid visible changes of soil surface with grassland which 
exist even 4-5 years when irrigation was stopped. It was shown that Eutric Histosol amended with waste water 
changed their arrange according to properties of immersion.  
 
Introduction 

Waste effluents purified can be used for irrigation of fields what is one of purpose of utililization.  Even 
waste water sludge is very useful as source of N, P, and micronutrients which stimulate plant growth. It is known 
that organic matter in sewage sludge has influence on physical properties of soils. Soil can be used as filter for 
cleaning of ground water. Changes of soil properties are dependable on kind of plants in field and doses of waste 
water what has influence on hydrological relations in experimental soils. 

In this paper is presented measurements of contact angles on the surface of Eutric Histosol irrigated by 
waste water to three different experimental fields (A,B,C)( levels 0-20;20-40 and 40-60 cm)  which were planted 
by Populus alb, Populus nigra, Salix americana, Salix vinimalis and mix of grasses was tested. 

The aim of this work was to find the influence of waste water on wettability of investigated soil.  
 
Materials and methods 
 
Experimental field 

The soil samples collected from different depths (0-20; 20-40;40-60 cm) of the 8 ha area  field located 
near Hajdów purification station in valley of Bystrzyca River near Lublin (Poland) was examined. Three fields 1 
ha each were planted with plants. Each field was divided in the parts was wetting by: A - control (only rain 
water), field B and C were irrigated by waste water after second step of purification (mechanical and biological). 
On each control (A) field were separated other profiles A1 and A2. For each relation soil- plant was variants: 
A – control soil, wetting by precipitation, ground water 
B-soil  irrigated by simple dose of waste water sludge (60 mm) 
C- soil irrigated by double dose of waste water sludge (120 mm)  

Eutric Histosol soil content 32,9 % of organic carbon and 0,39 % of total nitrate. Wetability of Eutric 
Histosol soil by different doses of waste water, was tested after 8 years irrigations. 
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Table 1. Scheme of experimental field and irrigated by single (A) and double dose (B) of waste water  (planted 
by three types of plants). 

kind of the field 
A 

control 
(only rain water) 

B 
waste doses 

(60 mm) 

C 
waste doses 
(120 mm) 

1 Populus alba 
Populus nigra 

Populus alba 
Populus nigra 

Populus alba 
Populus nigra 

2 Salix americana 
Salix vinimalis 

Salix americana 
Salix vinimalis 

Salix americana 
Salix vinimalis 

3 

mix of grasses, 
mainly with species: 

Alopecurus pratensis, 
Phalaris arundinacea, 

Festuca pratensis 

mix of grasses, 
mainly with species: 

Alopecurus pratensis, 
Phalaris arundinacea, 

Festuca pratensis 

mix of grasses, 
mainly with species: 

Alopecurus pratensis, 
Phalaris arundinacea, 

Festuca pratensis 
 
Species of plants on experimental fields 
Experimental fields were planted by: field 1 - Populus nigra, Populus alba,field 2- Salix americana, Salix 
vinimalis, field 3 mix of grasses mainly with species Alopecurus pratensis, Phalaris arundinacea, Festuca 
pratensis. Concentrations of nitrate and phosphate in waste water were between 1,1 and 7,1 g⋅ m -3 N-NH4, 20,2-
38,4 g⋅ m -3  N-NO3 and 3,1-6,8 g⋅ m -3  P-PO4. Each year to the field irrigated by single dose of waste water 
were getting about 150 kg kg N-NO3⋅ha –1.  
 
Sample preparation 
Soil samples were collected in autumn to the plastic bags in different locations of each three fields (A,B,C) from 
levels 0-20;20-40 and 40-60 cm.  
 
Moisture content 
Fresh soil was weighted and put in an oven (60°C). After 24 h, the dry weights of both soil and glass pot were 
determined. Moisture content was calculated as: 

%100
)(

)()((%) x
gsoildryofamount

gsoildryofamountgsoilfreshofamountcontentMoisture −
=  

 
Contact angle measurements determination by thin column wicking (TCR) 

Dried soil samples were cut and packed by vibrograver (MODEL 74) to the glass capillaries (10 cm 
heigh). Down part of each capillary was tie with not water proof material.  Then glass capillaries were taken to 
glass box with water. For each sample was founded relation of height to which the liquid has risen in capillary 
(h) in time (t). Measurements were made in air temperature around 25 o C in three replication of each sample.  

Appointing contact angle of soil by TCR (thin column wicking), based on access of liquid in column 
powder which was put into glass capillary. A liquid may penetrate spontaneously into a porous medium by 
capillary forces. This process, referred to as wicking, also occurs when the liquid contacts a powered soil. 
Wicking , i.e. the distance traveled by the liquid front (or the capillary rise of the liquid) in such materials is 
described by the Washburn equation (Washburn 1921): 

  t
R

h e

η
θγ

2
cos2 =  

h2 – distance traveled by the liquid in time (t) 
Re – effective interstitial pore radius between the packed particles 
 θ – liquid – solid –vapor contact angle  
γ- surface tension of the liquid  
η- viscosity of the liquid 

The wicking experiments were performed by immersing columns packed with soil particles. Thereafter, 
the vertical movement of the probe liquid was determined by measuring (using a stopwatch) the time t for the 
visible liquid front to reach various heights h. If a liquid with low surface tension as hexane is used, the liquid is 
expected to spread over the solid surface of the sample particles during the wicking measurements, so that  
cos θ = 1.  
The first equation can be simplified as: 
h 2 = Kt  
where K can be determined by plotting h 2  versus capillary rise time t. 
R needs to be determined using low surface liquid (hexane) 
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Results and discussion 
The main reason for the different response in the field soil is irrigation by waste water what has 

persuade on reach with organic matter (OM) and change of physical and chemical properties of that soil.  It has 
effect on wettability of fields planted by different species of plants and need of water for root system (Table 2).  
Irrigation of waste water to the Eutric Histosol soil has persuade on moissure content (MC) in dissimilar deep 
level of measured soil. Some of the main characteristics of the field soils confirm that the lowest moissure 
content is in field planted with grasses and irrigated by single dose of waste water. Increasing of MC is 
demonstrated in field irrigated by double dose of waste water and planted by species Populus. 
 
Table 2. Relative wetability [%] of different deep levels in Eutric Histosol soil under influence of rain water, 
irrigated single and double dose of waste water in field planted by species of Populus, Salix and mix of grasses. 

MOISSURE CONTENT [%] 
KIND OF PLANT WETTED BY: DEPTH 

[cm] Populus Salix Grasses 
(0-20) 64,0 53,9 37,4 

(20-40) 66,4 68,5 62,8 RAIN WATER [%] 
(40-60) 70,1 61,1 63,1 
(0-20) 60,8 54,4 26,4 

(20-40) 51,7 60,5 22,1 SINGLE DOSE OF WASTE WATER [%] 
(40-60) 64,9 58,9 15,4 
(0-20) 68,0 55,8 32,4 

(20-40) 58,8 59,4 51,8 DOUBLE DOSE OF WASTE WATER [%] 
(40-60) 70,9 58,7 32,7 

 
Experiment has shown consequence of waste water treatment on soil properties. This relation has result 

on distances between interstitial pore radius and packed particles aggregates, ionic strength of capillars and 
content of soil water. It is visible differences of water content in field irrigated by single dose of waste water and 
planted by Populus and Salix compared to field wetted by rain water. In the case where soil was irrigated by 
double dose of waste water the lowest water content is in the field planted by mix of grasses. Wettability of soil 
depends on type of plants, root systems, size of plants. Increasing of angle content is result probably by contents 
of phosphates as composition of waste water sludge which are decreasing surface tension and water content 
because of easier availability. 
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Figure 1. Wettability content [% cm 3cm-3] in cm Eutric Histosol soil under influence of  rain water (A), irrigated 
single (B) and double dose of waste water (C) in field planted by species of Populus,Salix and mix of grasses. 
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Figure 2. Contact angle Eutric Histosol soil under influence of rain water and irrigated with single and double 
dose of waste water in the field planted by different species of plants 

Contact angle of Eutric Histosol soil was significance higher in soil irrigated by double dose of waste 
water compared to control field. These results are proof that waste water used as fertilizer for the soil is 
responsible for changes of water availability for plants including water transport to the plants and in the polluted 
soil environment. 
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Livestock as a case study 
 

Olubunmi, O.T.1 
 
 
Introduction 

Soil erosion originated in the early 1930s. They were stimulated largely by the persistent educational 
effort of such leaders as Hug hammond Bennett. Those policies were primarily concerned with maintaining farm 
land productivity, preserving family farm lifestyles. There is no way in which all soil degradation and 
conservative can not be over ruled because as its affecting the crop so its affecting the life stock. This is like a 
chain or cycle. 

Corn production losses resulting from soil erosion, in the agro-industrial waste include maize offal, 
wheat offal and cassava peels. However, the energy and protein value of these by products are low. The fertility 
of the soil will determine the quality of the crops for feeds. An experiment was conducted as follow: 
Comparative effect of urea and poultry manure on P release from rock phosphate and yield of okra (Abelmochus 
esculentus). 
 
Objectives 
To evaluate the effect of urea and poultry manure on P release from rock phosphate and yield of okra. 
 
Methodology 

Field experiments were carried out in 2001 and 2002 at the Institute of Agriculural Research and 
Training (I.A.R & T). The soil of the experimental site is Aquic Arenic Haplustalf. Soil samples for chemical 
analysis results are presented in Table 1. Also, soil samples were taken immediately in plots for P analysis 
following the first harvest in 2001 and prior to the second cropping and following the second harvest in 2002. 

The design of the experiment was randomizd complete block with three replications. The treatments 
consisted of control (no fertilizer) urea, poultry manure (PM) Sokoto rock phosphate (RP) and combinations of 
RP with urea and PM. Urea and P were applied so that N was supplied at the rate of 100 kg. Ha -1 and 5 t. ha -1. 
Respectively. Sokoto rock phosphate was supplied to give P2O5 at the rate of 100 kg. ha-1. Okra (Abemoschus 
esculentus (L.) Moench),cv. V 35, was used as the test crop. Plant height, stem circumference, leaf area, number 
of fruits, and fresh fruit yield were determined. Harvesting of fruits was carried out at 3 days intervals. Yield was 
computed on fresh weight basis. The site was manually cleared with hoe and all the cultural operations and 
observations were repeated in 2002. Data collected were subjected to analysis of variance procedure and means 
were separated by Duncan Multiple Range Test. 
 
Highlight of results 

The effect of urea, PM, and RP applied either sol or in combination significantly affected plant height, 
leaf area and stem circumference in both years (Table 1) In 2001, plants treated with Rp + urea or PM and with 
PM alone had the tallest plants compared with control. This was followed by plants treated with RP alone. In 
2002, the tallest plants were those treated with RP + PM. Those treated with urea, RP, PM and RP + urea were 
not significantly different. Control plants and those treated with RP were similar. 

In both years the leaf area of plants treated with PM, RP + PM was among the largest. Those treated 
with urea alone and RP alone were less and similar to control. 

In 2001, stem circumference was not affected by treatments. In 2002, plants with the largest stems were 
those treated with RP = PM, those with the smallest stems were control and the other were intermediate. 
Number of fruits and yield were affected by treatments (Table 2). In 2001, number of fruits from plants treated 
with RP + PM and PM alone were among the highest. In 2002, the number of fruits treated with RP + PM, RP + 
urea, and PM were similar. Yield in both years were best for plants treated RP + PM. Yields of control was 
similar to those treated with other materials. Treatment affected P content in soil (Table 3). The plants treated 
with RP + PM had the highest available P. The application of PM led to higher release of P than did urea. 
 
Conclusion 

The results of this study indicated that use of RP as a P source for plant production was improved 
through the solubilizing effect of PM and to a lesser extent urea. The use of PM as a soil amendment could be 
used to improve yield of okra when the source of P was Rp. 
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Suggestion 
This aspect of conserving the soil should not only be discuss but put into practice. This will improve the 
efficiency of the farm productivity. 
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Pollution of deeper soil horizons after long term placement of liquid manure 
 

Füleky, Gy.1 – Rétháti, G. 
 
 
Introduction 

The Hungarian government decree (2001) in accordance with EU directive determines the maximum 
amount of nitrogen (170 kgNha-1yr-1) which can be distributed on agricultural land. Besides it follows with 
special attention the storage and placement of liquid manure. 
 
Materials and methods  

Before the declaration of decree the nitrate, ammonium, phosphorus and potassium contents of 3 m core 
samples were determined on an area where the liquid manure production of a pig farm was placed with 
bubbling/flowing technique. 

In the soil samples from each 20 cm the nitrate, the AL-soluble P and K content and from some cores 
the organic P content were determined.  

The pool was on the top of a small hill and the liquid manure (2,50 kg N, 0.34 kg P and 1.00 kg K/m3) 
slowly distributed along the hillside to the direction of a river which was about 500 m from the pool 
Nitrate-N content (Table 1.), ammonium-lactate-acetate (AL) soluble phosphate and potassium content (Table 
2.,3) and organic phosphate content (Table 4.) of the 3m core soil samples were determined (Ballenegger-di 
Gléria; 1962). 
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Figure 1. Place of 3m core soil samples 
 
Results and discussion 

The nitrate-N distribution in core soil samples can be seen in Table1. In the No.1. core only in the upper 
1 m soil samples could be determined nitrate-N. In the other cores more or less nitrate-N could be find not only 
in the upper horizons but also in the deeper soil horizons. Sometimes this accumulated nitrate-N amount is very 
significant. The highest amount of nitrate-N was accumulated in the cores No.8. and 9. Rather high amount of 
nitrate-N could be found in the soil samples of core No.4. 

It is clear that the highest amount of nitrate-N could be find in the soil samples of cores near to the 
liquid manure pool. The high amount of nitrate-N in the soil samples of core No.4. shows the role of local 
depressions in the nitrate-N leaching into deeper soil horizons.  
The AL soluble phosphate content of soil samples are in Table 2. As the results show the accumulation of 
inorganic phosphate compounds depends not only on the rate of leaching but also on the chemical properties of 
the soil horizons. The most important chemical property effecting the AL-soluble phosphate content is the lime 
content of the soil. This extractum dissolves higher amount of phosphate from the calcareous soil samples. 
We have to mention that the cores No.1. and 2. are on the lower terrace of the river alluvium, No.3. and 4. are on 
the upper terrace, No.5. and 6. on the eroded material of the small hill and the others (No.7., 8., 9., 10.) on the 
slope of clay hill. 
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Rather high amount of phosphate can be found in the cores No.4., 7., 8., 9. in the upper 1 m soil 
horizons. Also a quite high amount of phosphate was detected in the core No.8. in the whole 3m profile, and in 
the cores No.4. and 5. in the deeper soil horizons. 
 
Table 1. Nitrate-N distribution in the 3m core samples 

NO3
--N  kg/ha deepth 

cm 1 2 3 4 5 6 7 8 9 10 
0-20 29 22 22 18 7 26 4 881 36 22 

20-40 36 29 4 11 22 22 7 240 69 11 
40-60 33 33 7 29 11 29 7 55 73 7 
60-80 18 18 7 117 22 36 7 91 51 4 

80-100 11 11 7 135 18 36 7 29 22 7 
100-120 7 7 4 138 15 40 22 58 51 7 
120-140 7 7 11 87 29 55 36 80 76 11 
140-160 0 7 22 95 40 55 80 120 131 15 
160-180 0 7 22 62 40 25 95 237 189 25 
180-200 0 15 29 73 40 58 109 197 255 55 
200-220 0 15 29 66 33 55 120 227 182 76 
220-240 0 11 29 80 44 44 113 189 229 80 
240-260 0 18 -* 106 33 36 117 189 277 109 
260-280 0 18 -* 76 47 36 131 175 262 127 
280-300 0 11 -* 87 40 36 109 164 204 138 

* There was no sample for the experiment 
 
Table 2. AL-soluble phosphate in the 3 m core samples 

AL-P2O5  mg/kg  deepth 
cm 1 2 3 4 5 6 7 8 9 10 

0-20 449 268 335 936 404 760 958 15040 590 89 
20-40 408 222 169 387 319 342 458 9500 430 25 
40-60 99 84 48 29 56 33 334 1271 376 50 
60-80 87 112 36 8 30 35 205 779 195 56 

80-100 75 168 47 8 22 41 184 312 57 68 
100-120 48 46 27 8 19 21 83 92 54 52 
120-140 64 46 48 9 15 8 44 292 56 64 
140-160 28 75 91 20 17 6 40 180 60 60 
160-180 25 56 36 109 87 39 40 525 79 94 
180-200 25 97 30 51 52 39 48 572 48 94 
200-220 55 114 35 128 94 33 54 1390 52 59 
220-240 38 198 38 174 126 48 86 2442 34 112 
240-260 31 230 -* 113 204 71 60 2175 22 25 
260-280 44 170 -* 140 256 134 68 961 30 24 
280-300 56 243 -* 105 234 130 115 232 44 28 

* There was no sample for the experiment 
 

The AL-soluble potassium content of soil samples are in Table 3. The same is true of the distribution of 
potassium, the accumulation of potassium depends not only on the leaching process but also on the properties of 
the soil layer, mainly on the clay content of the soil sample. This could be the explanation why is a rather high 
amount of potassium in the core No.1. which is fare from the pool of liquid manure but very near to the river. 
The explanation is the neighborhood of the river and in its floods which cover with fine materials the flooding 
area.  

The highest amount of potassium can be found in the cores No.7., 8. and 9. 
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Table 3. AL-soluble potassium in the 3m core samples 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AL-K2O mg/kg deepth 
cm 1 2 3 4 5 6 7 8 9 10 

0-20 444 67 381 496 1096 778 1748 3697 1319 721 
20-40 405 96 291 239 881 543 1625 3071 1353 480 
40-60 299 104 272 132 618 292 1551 2122 1174 113 
60-80 301 138 244 150 374 147 1223 781 1186 142 

80-100 255 138 207 140 254 103 942 335 715 118 
100-120 262 147 228 126 277 192 825 155 426 69 
120-140 244 199 239 172 320 100 376 163 322 74 
140-160 108 237 260 134 338 82 271 143 302 80 
160-180 93 286 274 65 313 95 244 158 297 65 
180-200 133 208 282 100 287 86 297 197 294 78  
200-220 135 147 285 99 202 82 252 237 294 86 
220-240 175 127 299 105 138 105 294 199 247 92 
240-260 228 160 -* 65 108 80 242 225 230 89 
260-280 228 231 -* 105 72 92 269 177 207 99 
280-300 267 281 -* 69 84 90 247 129 207 97 

* There was no sample for the experiment 
 

The distribution of organic-P in the 5 cores can be seen in Table 4. Interesting to see that the more 
mobile organic-P accumulates not in the cores near to the liquid manure pool, in the liquid manure impact area, 
but in the core No.2. which is fare from this place. There is also high amount of organic phosphate in the core 
No.8. in the upper soil horizons. 

We can conclude that the organic phosphate in the liquid manure has not a significant role in the river 
and subsurface pollution. Distribution of organic-P in the core soil samples depends on the development of soil, 
on the composition of former river sediments and on the time to time starting soil development. 
 
Table 4. Organic-P content of the 3 m core samples 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Organic-P mg/kg deepth 
cm 2 4 7 8 9 

0-20 301 106 129 1490 147 
20-40 227 164 120 112 159 
40-60 193 177 115 79 111 
60-80 123 153 105 24 72 

80-100 228 131 83 123 83 
100-120 426 156 52 121 89 
120-140 197 101 90 81 64 
140-160 64 136 111 62 69 
160-180 142 116 104 46 37 
180-200 151 91 111 4 40 
200-220 62 62 97 17 29 
220-240 161 68 85 62 20 
240-260 12 91 59 206 20 
260-280 92 59 43 6 1 
280-300 32 106 30 44 0 
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Conclusion 
Depending on the positions of the sampling places sometimes very high amounts of nitrate, phosphate 

and potassium contents could be determined in the 3 m soil layers. 
The most mobile nitrate-N accumulated in the soil which were near to the pool and in the soils which 

were along the way of flowing liquid manure. The less mobile phosphate and potassium contents always were 
the highest in the upper soil horizons. The distribution of phosphate and potassium in the core samples shows 
similar picture as the nitrate-N.  

The organic P content were determined only in 5 core profiles along the way of liquid manure. This 
more mobile phosphate form sometimes accumulated also in high amount in the samples from the deeper 
horizons. 
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Sorption of chlorinated aromatic compounds on soil and soil constituents 
 

Rétháti, G.1 – Füleky, Gy. – Enczi, Zs. 
 
 
Introduction 

The aim of this study was to investigate the sorption behaviour of  2,4,5-trichlorophenol on soils and 
soil constituents. 

Phenols are considered as priority pollutant since they are harmful to 
organisms at low concentration. 2,4,5-trichlorophenol is a very toxic and 
carcinogen contaminant in the soil environment. 

OH

Cl

Cl

Cl

Soil organic and inorganic fractions are primarily responsible for sorption of 
organic contaminants. Both fractions have the capability to sorb pesticides because 
of their large surface area and diverse functional groups.  
Organic contaminants sorption to soil will affect its availability for microbial 
degradation and influence the effectiveness of bioremediation to clean up 
contaminated soil. 
 
Materials and methods 

Sorption experiments were carried out in batch condition: 1 g of adsorbent was shaken up with 10 cm3 
2,4,5-trichlorophenol solution. Because of the soil water serves primarily for chemical transport within the soil 
matrix, were used 2,4,5-trichlorophenols solved in water. 

Laboratory equilibrium studies were performed at extended concentration ranges (from 0,5 to 800 mg l-

1) on soils and soil constituents (humic acid, goethite, kaolinite, montmorillonite and two different Hungarian 
soils - I.  is a Brown Forest Soil,  II. is a Chernozem). 

2,4,5-trichlorophenol concentrations in the equilibrated liquid phase were quantified with high-
performance-liquid cromatograph by UV (215 nm). The adsorption processes could be described by Langmuir 
isotherm. 

The parameters calculated from the equation provide an opportunity to estimate the extent of adsorption 
constant and adsorption maximum. 
 
Results 
Langmuir equation isoterm was fitted to the experimental data: 
 

where q is the amount of adsorbed 2,4,5-trichlorophenol (mg kg-1),  
 c is the equilibrium 2,4,5-trichlorophenol concentration in solution (mg l-1), 
 A represents the adsorption capacity (mg kg-1), 
 k is the adsorption equilibrium constant (mg-1) 

kc
Akcq
+

=
1
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 Figure 1. Adsorption isotherm for 2,4,5-trichlorophenol on soil I . (Szárítópuszta) 
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Figure 2. Adsorption isotherm for 2,4,5-trichlorophenol on soil II. (Nagyhörcsök) 
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Figure 4. Adsorption isotherm for 2,4,5-trichlorophenol on Kaolinite

A = 269 mg kg-1

k = 1,9 10-3 

E
qu

ili
br

iu
m

 c
on

ce
nt

ra
tio

n 
in

 so
lid

 p
ha

se
 (m

g/
kg

) 

120

80

40

0
 0        100                 200              300                    400 

Equilibrium concentration in liquid phase (mg/l) 

   
Figure 3. Adsorption isotherm for 2,4,5-trichlorophenol on Goethite 
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    Figure 5. Adsorption isotherm for 2,4,5-trichlorophenol on Montmorillonite 

       Figure 6. Adsorption isotherm for 2,4,5-trichlorophenol on humic acid 
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Figure 7. Adsorption isotherms for 2,4,5-trichlorophenol on soils and soil constituents 
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Conclusions 
 The sorption potential of organic pollutant to soil is partially controlled by its chemical and physical 
properties. The intermolecular forces which can attract organic contaminants to functional groups and 
subsequently sorb them have been classified as to sorption mechanisms. The nature of the sorption process is 
only partly understood but a number of mechanisms have been identified, such as physical binding through van 
der Waals forces and chemical binding through dipole-dipole interactions, cation or water bridging, H-bonding, 
ion exchange, covalent bonding, or ligand exchange. Several mechanisms may simultaneously contribute to 
organic compounds sorption and the strength of each binding mechanism probably will vary as a function of 
time. 
 Table 1. shows the percentage of adsorbed 2,4,5-trichlorophenols where the 100 % is the maximum 
amount of 2,4,5-tricholorophenol on 1 g adsorbent. 
 
Table 1. Rate of adsorption of 2,4,5-trichlorophenol on different adsorbents 

Adsorbents Adsorbed 2,4,5-trichlorophenol 
from 100% 

Humic acid 99 

Montmorillonite 23 

Soil II. (Nagyhörcsök) 16 

Kaolinite 12 

Soil I. (Gödöllő) 9 

Goethite 6 

Quartz sand 4 
 
 On the evidence of the results it can be provided that the humic acid adsorbed 2,4,5-trichlorophenol at 
the highest amount followed by monmorillonit, kaolinite and soils. 

The adsorbed percentage displayed the following order of different adsorbents to 2,4,5-tricholophenol: 
quartz sand < goethite < soil I. (Gödöllő) < kaolinite < soil II. (Nagyhörcsök) < montmorillonite< humic acid. 

  
It can be seen from the data that the adsorption maximum depends firstly on the humus content. The 

second property, which positively influences the organic molecule sorption is the surface area of the adsorbent. 
This explains the very little adsorption capacity of quartz sand. Further experiments are necessary to explain the 
role of pH, the specific area of adsorbent, etc.  
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Soil improvement with composted agricultural waste materials 
 

Aleksza, L.1 – Dér, S.22 – Kovács, D.2 – Füleky, Gy.2 
 
 
Introduction 

The European Compost Network, which integrates the European compost producers, trade and research 
institutions including the Hungarian Quality Compost Association, established a working group for the 
application of compost materials to soil conservation (one of the European soil conservation priorities). 

Research project: Field tests with the aim of proving the soil-improving property of composts 
 
Materials and methods 

A dangerous waste material, the raw hide of rabbit, cattle manure, traw and clay were composted and it 
was used for the plot experiment. That was a 14-hectare area with sandy soil and levels of low productivity. Each 
parcel was 8 m wide and 50 m long.  Each treatment was repeated four times and the control treatment eight 
times. 
 
Table 1. The different treatments 

 1st treatment 0 –control 
2nd treatment 20 t/h compost 
3rd treatment 40 t/h compost 
4th treatment 100 t/h compost 

 
 
 
 

 
During the experiment 1st class IDA 3459 hybrid maize seeds were used. The date of sowing was May 5th. 
The harvest was on September 30th. 
For the soil examinations we used average samples taken from the parcels. Samples were taken three times. 
 
Table 2. Time of samle collection  
Samples taken Date the samples were taken Comment 
1st sample March 13th before fertilizing 
2nd sample June 20th during vegetation 
3rd sample October 10th after harvesting 
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Figure 1. Yield of maize experiment 
 
Results 

The 100 t/h compost treatment did not raise the harvest volume. Compared to the 40 t/h treatment there 
was a reduction rather than an increase. The reason for this is that a considerable amount of biomass was worked 
into the soil, which hindered the growth of plants to some extent.  
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As a result of the different compost treatments the acidity of the parcels in a depth of 0-30 cm has significantly 
increased. The 100 t/h treatment resulted in the highest acidity. 30-60 deep in the soil it was only the 100 t/h 
treatment that led to acidity figures significantly different from the results of the other treatments.  
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Figure 2. pH of soil in different compost treatments 
 

The explanation for the considerable degree of acidity increase is the zero CaCO3 content of the soil. 
The buffering capacity of sandy soils is minimal without any hidden acidity.  

With the 100 t/h treatment 1979 kg/h calcium-carbonate got into the soil, which resulted in the increase 
of acidity. This increase, however, is not permanent since in such sandy soil poor in colloids this amount of 
carbonate gets soon washed away into deeper layers. This phenomenon is proved by the fact that in the case of 
the 100 t/h treatment the acidity increased in the 30-90 cm layer already. 

In the upper layer of the soil (0-30 cm) the mineralization process of the nitrogen begins following 
fertilization as a reaction to spring moisture and the fast increase of the temperature characteristic of sandy soils. 
In the case of the treatment without any fertilization the mineral nitrogen content of the soil stays low during the 
whole vegetation season due to the low levels of humus content.  In the case of the 40 t/h treatment the mineral 
nitrogen content was 98 kg/h in the upper layer of the soil (0-30 cm) when the June sample was taken. According 
to the Hungarian MÉM-NAK artificial fertilization guiding principles 34 kg/h nitrogen is needed for 1 ton maize 
harvest together with its stems in the area of the experiment. Based on the measured N-min figures in the 0-30 
cm layer of the soil it is clear that in the case of the 40 t/h and 100 t/h treatments the released mineral nitrogen 
content of the soil was enough for harvest volumes of 4,5 – 5,5 t/h. The lower harvest average is not the result of 
a poor nitrogen supply.   
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Figure 3. Mineral nitrogen content of the soil, 0-30 cm 
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The examination of the speed of mineralization shows that the quantity of released mineral nitrogen is 
proportionate with the quantity of the treatment 

An examination of the mineral nitrogen content in the deeper layers of the soil shows that the nitrogen 
that is mineraliziert in the upper layer (0-30 cm) gradually gets into the deeper ones. The nitrogen filters into 
those layers as nitrate. This nitrogen movement affects only the 0-60 cm layer.  

A comparison of the mineral nitrogen content of the 60-90 cm layer in relation to time shows that in 
autumn the nitrogen concentration is not higher than in the previous periods  

The examination of the phosphorus and potassium content of composts makes it clear that the 40 and 
100 t/h treatments supply the quantity necessary to reach a maize harvest of about 5 t/h. The phosphorus content 
of the soil increased in proportion to the treatments. The increase is evident 30-60 cm deep in the soil. 
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Figure 4. The AL-soluble phosphate content of the soil 
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Figure 5. The AL-soluble potassium content of the soil 
 

The results of the experiments show that the composts treatments did not lead to a considerable amount 
of phosphorus washed away since there is no significant difference between the figures of the treated and of the 
control samples in a depth of 60-90 cm. 

The figures of the potassium content make it clear that the compost treatments provide enough 
potassium for the maize plant. At the end of the vegetation period it is only the 100 t/h treatment that leads to a 
measurable increase in the potassium content. The plant could draw the potassium content of the compost easily. 
It was only the 100 t/h treatment that resulted in a 10% rise in the potassium content in a depth of 30-60 cm.  
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Summary 
The field tests were conducted in order to study the effects of the different compost treatments (20-40-100 t/h) 
on the volume of the maize harvest and on the nutrient content of the soils. 

1. During the experiments the highest harvest volume (3.43 t/h) was reached with the 40 t/h treatment. 
This volume counts as an average harvest if one considers the results of the treatment without fertilizing 
(1.95 t/h).  

2. Considering the chemical properties of the soil the rise in the acidity levels in the upper layers means an 
improvement. 

3. In autumn in the deeper layers of the soil the easily solvable nitrogen content as nitrate rose to some 
extent as a result of (100 t/h) treatment. The 40 t/h treatment also provides enough nitrogen for the 
plants (4.5 t/h on harvest levels). 

4. The 40 t/h treatment supplies enough phosphorus and potassium to cover the needs of maize. No 
significant quantities are washed away either in the case of the 40 or the 100 t/h treatment.  

5. If the highest level treatment is applied each year, the nitrate and phosphorus get washed away from the 
root zone.  
To sum up, the conclusion is to be drawn that in the case of sandy soils rich in humus the 40 t/h 

compost fertilizing treatment should be applied if maize is grown. The compost should be spread in spring 
before sowing since the Hungarian climatic conditions make it possible for the compost that is spread to cover 
the highest nutrient needs of maize typical in the early summer and this way one can avoid the phenomenon of 
winter nutrients getting washed away characteristic of wet weather conditions. 
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Cadmium and trace element levels in some agricultural soils under various crops in the 
Bursa Province of Turkey 

 
Aydinalp, C. 1.– Füleky, Gy.  

 
 
Introduction 

Iron, manganese, copper and zinc are important trace elements in the biosphere. These elements play 
significant roles in enzymes of plants and animals and its concentrations in compartments of the soil-plant 
animal web have been much studied both from the standpoint of a limiting nutrient in short supply and as a toxic 
element in abundance (Prasad, 1993). Cadmium is taken up to varying degrees by plants thereby entering the 
food chain (Das et al., 1997). Cadmium is a potent toxin for animals (Friberg, 1974) and the element has been 
increased in concentration in certain ecosystems by industrial operations and by disposal 88 of domestic and 
industrial wastes (Elliott and Stevenson, 1977; Torrey, 1979). Some naturally high soil levels of Cd are 
associated with organic-rich black shales and sulfide bearing ore deposits (Tourtelot, 1970). 

The general distribution of the agricultural soil order in the Bursa Province (Anonymous, 1995) 
amounts to alluvial soils, cultivated for orchards, vegetables and cereals occurring on flat topography adjacent to 
the Nilufer River on the hilly landscape of the Uludag Mountain that occurs across the southern side of the Bursa 
city. This research was carried out to determine total and DTPA extractable Fe, Mn, Cu, Zn and Cd levels with 
some important properties of agricultural soils from the alluvial plain under various crops in the Bursa province 
of Turkey. 
 
Materials and methods 

The research area is located in the Bursa plain of northwestern Turkey between 40° 14′ - 40° 15′ N 
latitudes and 29° 08′ - 29° 12′ E longitudes ranging from 130 m to 150 m above mean sea level. The mean 
annual precipitation and temperature are 713.1 mm and 14.4 °C in the plain. The soil temperature and moisture 
regimes are thermic and xeric respectively. Ten alluvial soil sites were selected for this study. These soils were 
formed on calcareous alluvial sediments. The research area is cultivated for various vegetables such as tomatoes, 
pepper and okra. The soil samples were taken from 0-20 and 20-40 cm depth and analyzed for particle-size 
distribution (Gee and Bauder, 1982), pH in a 1:2 soil:water ratio (McLean), organic carbon (Nelson and 
Sommers, 1982), total nitrogen (Bremner and Mulvaney, 1982), calcium carbonate (Nelson, 1982), electrical 
conductivity (SCS, 1972), available phosphorus (Olsen and Sommers, 1982), CEC (Rhoades, 1982), 
exchangeable cations (Thomas, 1982) and DTPA extractable Fe, Mn, Cu, Zn and Cd (Lindsay and Norvell, 
1978). Digestion of soil samples (1 g) were carried out in 10 ml concentrated HNO3 and HCl solution (3:1 ratio) 
analyzed for total concentrations of Fe, Mn, Cu, Zn and Cd by ICP-OES (Inductively Coupled Plasma Optical 
Emission Spectrometer). 
 
Results and Discussion 

The investigated soils showed various physical and chemical properties. The texture was loam at two 
depths in the first five sites. The other sites had loam texture in the surface. Then, subsurface soil horizon had 
loam and clay loam texture. Clay content of soils varied from 16.0 to 29.4% and increased with depth. The pH 
values ranged from 7.2 to 7.9. The organic C and total N values varied from 0.43 to 1.35% and from 0.05 to 
0.13% respectively, and both decreased consistently with depth. C/N ratios ranged from 8.0 to 11.5. The low 
organic carbon and total nitrogen values were due to rapid decomposition of organic matter under Mediterranean 
climate in the northwestern Turkey. The CaCO3 content of the soils increased with depth and values ranged from 
1.0 to 4.5%. The highest values were shown at the lowest horizons due to calcareous parent material. Electrical 
conductivity values varied from 0.21 to 0.70 dS m-1. The results indicated that these soils are not saline. 
Available P values ranged from 4.35 to 15.64 mg kg-l and decreased with depth. CEC values were highest in the 
subsurface horizons and the similar trend was observed in the clay contents of the soils. CEC values varied from 
15.1 to 25.9 cmol (+) kg-1. Exchangeable Ca and Mg ranged from 11.3 to 22.6 cmol (+) kg-1 and 1.4 to 2.0 cmol 
(+) kg-1, respectively. Exchangeable K varied from 0.5 to 1.9 cmol (+) kg-1 and decreased with depth. 
Exchangeable Na ranged from 1.0 to 1.9 cmol (+) kg-1 and increased with depth. Base saturation was 100% in all 
the profiles due to the presence of free CaCO3. 

The total metal concentrations of the soils varied in each soil sites. The values of Fe and Mn ranged 
from 6,907.000 to 13,742.000 mg kg-1 and 502 to 893 mg kg-1. Cu and Zn varied from 34.08 to 81.62 mg kg-1 to 
72.46 to 110.57 mg kg-1. Cd ranged from 2.80 to 3.45 mg kg-1. These soils had higher total heavy metal 
concentrations in the surface horizon than the lower horizon. The DTPA extractable metal concentrations of the 
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soils are were found in higher concentrations in the surface horizon and decreased with depth. The values of Fe 
and Mn ranged from 4.80 to 10.56 mg kg-1 and 5.18 to 9.43 mg kg-1. Cu varied from 4.23 to 8.12, Zn from 1.20 
to 1.31 and Cd from 0.51 to 0.89 mg kg-1. These metals were accumulated in the surface horizons both total and 
DTPA extractable forms in the studied soils. 

 
Table 1. The total and DTPA-extractable metal concentrations of the soils at two sampling depths. 

Total Concentrations, mg kg-1 DTPA-extractable metal 
concentrations, mg kg-1 

Site Depth 
(cm) 

Fe Mn Cu Zn Cd Fe Mn Cu Zn Cd 
1 0-20 12,853.000 893 80.27 108.04 3.31 9.39 9.43 7.85 1.30 0.80 
 20-40 8,627.000 771 63.51 92.63 3.17 6.81 8.15 5.63 1.27 0.71 
2 0-20 13,742.000 696 81.62 101.27 3.22 10.56 7.64 8.12 1.28 0.75 
 20-40 9,160.000 502 72.03 87.45 3.04 7.27 5.48 6.90 1.25 0.69 
3 0-20 12,037.000 795 78.94 110.57 3.20 9.09 8.91 7.54 1.31 0.70 
 20-40 10,451.000 653 69.37 98.61 2.97 8.14 6.72 6.07 1.28 0.64 
4 0-20 11,288.000 871 70.59 107.38 3.45 8.67 9.30 6.81 1.30 0.89 
 20-40 8,136.000 667 57.21 100.45 3.37 6.05 7.46 4.45 1.26 0.80 
5 0-20 11,094.000 750 79.06 104.72 3.40 8.83 8.09 8.04 1.28 0.84 
 20-40 7,812.000 608 64.83 97.36 3.28 5.20 6.27 5.63 1.25 0.78 
6 0-20 8,205.000 643 76.47 92.14 2.95 6.74 6.80 7.41 1.23 0.63 
 20-40 6,947.000 591 72.11 85.02 2.91 5.03 5.19 6.82 1.20 0.57 
7 0-20 10,839.000 682 74.23 94.53 2.93 7.81 7.56 6.93 1.26 0.60 
 20-40 7,905.000 623 61.08 91.47 2.86 6.36 6.08 5.04 1.23 0.54 
8 0-20 10,163.000 717 66.39 96.25 2.99 7.32 7.92 5.77 1.27 0.67 
 20-40 7,242.000 659 63.72 78.61 2.88 5.08 6.34 5.06 1.21 0.61 
9 0-20 7,585.000 678 70.16 98.12 2.92 6.11 7.43 7.12 1.25 0.55 
 20-40 6,737.000 651 68.35 72.46 2.80 4.80 5.18 6.45 1.20 0.51 
10 0-20 7,143.000 732 60.91 104.07 3.14 5.77 8.25 5.34 1.28 0.60 
 20-40 6,907.000 680 34.08 88.91 3.01 4.92 6.77 4.23 1.26 0.57 

 
The values of extractable Fe, Mn, Cu and Zn are lower than toxic limits in the studied soils (Martens 

and Lindsay, 1980; Kabata-Pendias, and Pendias, 1992). However, DTPA extractable microelements are in 
sufficient levels for plant growth (Martens and Lindsay, 1980; Mengel and Kirkby, 1979). Nevertheless, Cd 
values were high for plants. Local farmers fertilized these soils with phosphorus fertilizer intensively in the 
studied area for a long time. This facility was caused Cd pollution in the soils and concentration reached to toxic 
levels for the plants. Aydinalp et al., (2002) stated that some differences were occurred at soil properties of 
irrigated alluvial soils with the polluted water from the Nilufer River in the alluvial plain. The main differences 
were observed the total and DTPA-extractable heavy metal concentrations. The investigated ten soil sites had 
low Cd values than the irrigated sites. Nevertheless, these values were reached the toxic levels for the plants. 
Pollution does not exceed the allowed limits (Kabata-Pendias, and Pendias, 1992) for Fe, Mn, Cu and Zn. 
Conclusion 

The intensive use of phosphorus fertilization was affected the total and DTPA-extractable Cd content of 
the studied agricultural soils under intensive various plant cultivation. The results indicated that Cd values were 
at toxic levels for plants and this would cause the accumulation of Cd in the cultivated crops. In the longer term, 
Cd accumulation could affect the human health, if it enters the food chain. 
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Presence of alkylbenzene sulfonates in a Mediterranean forest soil amended with sludges 
 

Andreu, V.1 – Rubio, J.L. – Picó, Y. 
 
 
Abstract 

During the last years the use of composted sludges as organic amendment has suffered a great increase 
for soil amelioration. Usually, it has been applied on agriculture but other ways have been turned up like those 
related with forest soil restoration, in particular, after forest fires or for reforestation. In the process of sludge 
production high quantities of surfactants are used, between them linear alkylbenzene sulfonates (LASs) are the 
most commonly anionic surfactants used. Because of that the application of sludges as organic amendments is 
under debate since unknown contaminants, present in these products, may lead to a wide range of problems that 
could cause adverse effects in human population. In this case LASs can pollute soil, through the application of 
those organic amendments, by their biodegradation intermediates, sulfophenyl carboxylic acids (SPCs). 

The aim of this work is to determine the levels of LASs present in a Mediterranean forest soil, Rendzic 
Leptosol, which was amended with composted sludges for reforestation. Samples were taken from three different 
zones: untreated soil, soil amended with sludges in a 5 % w/w ratio and soil amended with sludge in a 10 % w/w 
ratio. 

LASs and SPCs were extracted with methanol followed by solid phase extraction (SPE) with C18 and 
determined by liquid chromatography-mass spectrometry (LC-MS). Recoveries ranged from 89 to 94 % and the 
linear range of the method from 0.008 to 7.4 mg/kg with a limit of detection between 0.15 and 1.5 µg/kg 
extracting 5 g of soil. Data obtained showed that LASs and SPCs were present also in untreated samples. 
However, samples treated with sewage sludges presented LASs and SPCs at concentrations between 5 and 10 
times higher than those untreated. The concentration of LASs and SPCs found in the samples were depending on 
the amount of sewage sludge added. 
 
Introduction 

Many of the soils that characterize the Valencian Community (Spain) have been dedicated to cultivation 
because of the increment of agriculture. They are, mainly, of Cambisol, Calcisol and Regosol types (FAO, 
1988). These soils, under the climatic characteristics of aridity that characterize great part of this Community, are 
usually poor in organic matter and don’t show very favorable conditions for an acceptable productivity or 
profitability. In the last decade, the use of sludges and composts of different origins (mainly of waste treatment 
plants) like amendments to increase the quality of soils for their agricultural or forest management has been 
increased. In many cases, composition of these sludges is a little or very barely well-known, and contain 
chemical substances potentially toxic and polluting, among those the surfactants agents are some of the most 
habitual (Generalitat Valenciana, 1995; Generalitat Valenciana, 1998). 

Linear alkylbenzene sulfonates (LASs) are the most widely used tensioactives. Of 6 million tons of 
tensioactives produced to world scale in 1994, almost 2.4 million tons were LASs, which are marketed like 
complex mixtures of several homologous (with alkylic chains that oscillate between 10 and 14 atoms of carbon) 
and isomeres (according to the position of the benzenic ring in the alkylic chain). 

The incidence of the LASs in soils is scarcely documented in the different countries of the European 
Union. It has been settled down that the levels of LASs, are very variable, oscillating from 1 mg kg-1 in soils that 
have not been amended with sludges during more than two years, until levels of more than 47 mg kg-1 for soils 
treated with these amendments. The transport of LASs from soil to plants has been described for crops of rice, 
soy and oat in different experiments in those that tensioactives have been applied. However, very little is still 
known about the levels of LASs in natural soils, and the main reason is the lack of reliable analytical methods for 
its determination (Ou et al., 1997). On this situation, to undertake actions guided to correct and to recover the 
soil, it is primordial to know the levels, causes and evolution of the contamination that it suffers. The application 
of sludges and composts require an analysis in depth of their environmental impact. 

Several works describe the determination of LASs in other environmental matrices, especially in 
sediment and waters from treatment plants and in the marine waters, using specific chromatographic methods. 
Solid phase extraction and liquid chromatography with detectors of mass spectrometry or fluorescence 
(González-Mallet & Gómez Vine, 1996; Di Corcia, 1998; Thiele et al., 1999; Vogt & Heining, 1999; Castle et 
al., 2000; Riu et al., 2001) have been the preferred techniques to carry out the determination. 

The objective of the present study is to determine the levels of LASs by developing and fine tunning a 
method of analysis, generic and simple, that allows determining LASs, in a characteristic forest soil of the 
Valencian Community, by means of liquid chromatography- mass espectrometry (LC/MS) and solid phase 
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extraction (SPE). The developed method was applied to the determination of these compounds in a soil without 
treatments and treated with 5 and 10% in weight of sewage sludges. 
 
Material and methods 
 
Reagents 

LASs were kindly provided by Petresa (Madrid, Spain) in a mixture with the following percentage of 
each homologous C10 (3.9%), C11 37.4%), C12 (34.4%), C13 (21.3%) and C14 (0.2%). Methanol (Merck, 
Darmstatdt, Germany) and the deionized water, obtained with a MilliQ system, were filtered through a Nylon 
filter of 0.45 µm Scharlau (Barcelona, Spain). The solid phase used C18 was acquired of Analysis Vínicos 
(Tomelloso, Spain). 
 
Soils and sampling 

Eight soil samples, of the superficial horizon (A), were taken from a burned forest area that was 
prepared for reforestation with a previous amendment with sludges, four of them corresponding to a zone 
amended with sludges in a ratio of 5 % w/w (S1) and the other four in a zone amended in a ratio of 10% w/w 
(S2). Four samples more were taken from a zone of the same area but not affected by fire (S0). The soil belongs 
to Rendzic Leptosol type (FAO, 1988). This soil showed a high content in total carbonates (45.2), pH of 7.1 and 
loam-sandy texture (Ingelmo al., 2003). Once in the LASoratory, they were let to dry off at room temperature, 
later on they were sifted through a sieve of 2 mm mesh light and homogenized. The standard analytical methods 
were applied for the determination of the most important physical and chemical characteristics in these samples. 
 
Extraction 

Five grams of soil were extracted three times with 20 mL of methanol during 20 minutes in an 
ultrasonic bath, next the methanolic extracts were evaporated to dryness in a rotavapor to 40 ºC and 337 mbar. 
The dry residue was redisolved in 100 mL of hot water, is acidified to pH 3 and salt is added to a concentration 
0.7 M, then it is passed through a column that contains 500 mg of C18 previously activated with 10 mL of 
methanol and 10 mL of water. The retained tensioactives were eluted with 10 mL methanol that is evaporated in 
a N stream to a volume of 1 mL. 
 
Liquid chromatography-mass spectrometry 

The chromatographic separation was carried out with a column Zorbax SB-Aq (50 x 4.6 mm), using a 
gradient methanol-water and tributylamine as contraion at flow rate of 0.4 mL/mm. The detection was carried 
out using a mass spectrometer HP1100 equipped with an electrospay source. The conditions of the source were: 
voltage of the capillary, 3500 V; fragmentor 140 V; temperature and flow of the drying gas, 350 °C and 3 L/min, 
respectively. The EM was used in negative ionization way (NI). 
 
Results and discussion 

The different LASs were identified by the presence of the deprotonated molecule [M-H]- In Figure 1 
shows the ion selected for each LAS, the cromatograms obtained when injecting a standard solution and extracts 
of a soil that did not contain tensioactives and a treated sample where LASs were detected. The soil extracts 
were clean and interfere substances did not appear. 

The analytic parameters of the method are listed in Table 1. The extraction with methanol and C18 
achieved high recoveries for all the LASs studied. Recovery and repeatability were examined on five replicate 
extraction and analysis of LAS-spiked soil samples. Recoveries were 89-94 %. The average recovery of the 
overall method was 91 % which is adequate for the demands of environmental studies. 

High repeatability of the proposed extraction and analytical method was obtained. The relative standard 
deviation (RSD) of the overall method was < 9 %, from 4 to 9 %, average 7 %. These results show that the 
proposed method can be used for the determination of LAS in soil samples with high accuracy. Calibration graph 
0.0008-4.6 mg/kg were linear over the whole range. The linear regression correlation coefficients were better 
than 0.997. 
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Figure 1. Cromatograms (A) standard solution that contains 0.004, 0.037, 0.035, and 0.023 mg/mL of C10, C11, 
C12 and C13, repectively, (B) control sample in which tensioactives weres not detected and (C) soil treated with 
10 g m-2 of sludge (for the contents see Table 2). The ions monitored are also shown in the Figure. 
 

Detection limits between 0.15 and 1.50 were obtained analyzing 5 g of soil depending of the LAS 
homologue. 

The method developed in this study, which consists of methanol-ultrasonic extraction, enrichment on a 
C18 column and determination by LC-MS, has been successfully applied to the determination of LAS in soil. 
Besides high recovery (ca 91 %) and repeatability (RSD ca. 7 %), the method is less time consuming (1 h for the 
extraction) and lower solvent consumption compared with Soxhlet extraction. 

 
Table 1. Concentration (C), Average recoveries (Rec, %), relative standard deviations (RSD, %), interval of 
linearity (IL), correlation coefficient (r), and limit of detection (LD) obtained for the soil samples (n=5). 
 

  Accuracy and Precision Linearity 

LASs C (mg/kg) Rec (%) RSD (%) IL (mg/kg) r 
LD 

(µg/kg) 

C10 0.0008 90 6 0.0008-0.8 0.997 0.25 

C11 0.0074 94 4 0.0074-7.4 0.999 0.15 

C12 0.0070 91 4 0.0070-7.0 0.999 0.15 

C13 0.0046 89 9 0.0046-4.6 0.998 1.50 

 
 
 
 
 
 
 
 
 
 

 
 The results obtained when analyzing the samples without amendment and the samples treated with 

sludges are summarized in Table 2. The concentrations of LAS in soils ranged from 0.03 to 12.50 mg/kg. These 
concentrations show that a substantial amount of LAS remains in soils, even in samples that have not been 
treated with sludges. 

Analysis of soils treated with sludges confirms the higher concentrations in treated soils compared with 
those not amended. It must be emphasized that the amounts of LAS found is related with the percentage of 
sludge added to the sample. 
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Table 2. Concentrations (mg kg-1) of the individual and total LASs in the soil samples. 
Samples C10-LAS C11-LAS C12-LAS C13-LAS Total LASs 

S0 0.03 0.29 0.27 0.17 0.78 

S1 0.18 1.76 1.62 1.00 4.70 

S2 0.50 4.67 4.30 2.67 12.50 
 
Conclusion 

The obtained results show that to combine solid phase extraction with C18 and liquid chromatography 
with mass espectrometry is a simple and effective approach for the determination of LASs in soils. 

LASs are present in the studied soils although they have not been treaed with organic amendments. 
However, a correlation exists among the treatment with muds and the levels of LASs present in the samples. 
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Redox resistance of soils enriched with nitrates 
 

Stępniewska, Z. 1, 2 – Szmagara, A. – Ostrowski, J. 
 
 

Abstract 
Addition of nitrates to soil in case of lack of oxygen leads to their consumption as electron acceptor in 

denitrification process. Therefore the presence of nitrates under anaerobic conditions can affect buffering of 
redox status in soil. Reduction of nitrates, connected with N2O emission, appears when the amount of oxygen in 
soil is totally exhausted and when the water displaces the air in porous medium. Soil redox potential after 
reducing all available nitrates decreases below 400 mV (at pH=7). 

The aim of this work was to examine a large set of soils and to determinate how an addition of nitrates 
affects the redox resistance of amended soils. 

 The selected soil samples of various properties come from arable levels of 171 mineral soils, belong to 
different soil units. 

Both the control samples flooded only with distilled water and enriched with a nitrates solution up to 
100 kg N-NO3

-.ha-1 samples were incubated at the constant temperature 20°C±1oC. 
 The nitrates addition caused increase of t400 values by 0,5 day in the case of over 41% of tested soils and 

from 1 to 5 days for about 13% of soils as compare to control samples. In the 32% of soils did not appear any 
changes in redox resistance after addition of 100 kg N-NO3

-.ha-1, whereas in about 13% was observed the 
negative effect. The difference between initial values of Eh for enriched and control samples ranged from 0 - 50 
mV for over 55% of soil samples and from –50 mV to 0 for about 40% of soils. 
 
Introduction 

Nitrates introduced into soil with fertilizers, mainly in winter, are rapid taking through plants. Excess of 
no assimilated nitrates are leached to groundwater due to high solubility in water or undergone changes in 
chemical and microbiological processes.  

Denitrification process, which proceeds in anaerobic conditions, is source of 70-90% of N2O emission 
soils and land use practices, known as a greenhouse gas. The N2O concentration in atmosphere is established on 
the level of 314 ppbv, increase about 0,2% per year and its estimated emission is equal 7 Tg year-1 [Khalil 2002]. 
It was showed that N2O emission is correlated with soil redox potential. The beginning of N2O emission from the 
light textured soils was observed at 400 mV while the in heavier textured soil below 400 mV [Włodarczyk et al. 
2003]. 

Theoretically nitrates can also be bounded into sorption soil complex, nevertheless Polish soils are 
characterized by very low sorption complex to anions. 

Redox potential (Eh) is an aeration parameter characterising the complex of total redox transformation 
occurring in soil. A progressive decrease of redox potential occurs when soils are flooded because oxygen is 
only sparingly soluble in water and diffuses about 104 times more slowly in water than in air. In these conditions 
proceeds in turn reduction of molecular oxygen, nitrates, oxides of manganese, oxides of iron, sulphates and 
carbon dioxide presented in soil solution [Schlesinger 1997].  

Stability of redox potential in the environment can be describe by soil feature called “soil redox 
resistance” which is defined as the time, at which in the water saturated soil the redox potential decreases to the 
value of 400 mV corresponding to the beginning of the nitrate decomposition (t400) or to 300 mV (t300) 
characteristic to the beginning of reduction of manganese and iron oxides [Gliński et al. 2000]. 

The aim of this work was to investigate the effect of nitrates in Polish mineral soils on its redox 
resistance. 
 
Materials and methods 

 For laboratory experiments, surface horizons of soil samples have been selected from the Bank of 
Mineral Soils of Poland situated in the Institute of Agrophysics of Polish Academy of Sciences in Lublin 
[Gliński et al. 1991]. The soil samples were taken from 171 soils representing 25 units of typical mineral arable 
soils covering Poland (Table 1). 

Tested soils were air-dried and sieved (1 mm sieve), and then 30-g samples of were taken into 100-ml 
beakers and enriched with 30 ml of potassium nitrate solution adequate to dose 100 kg N-NO3

-. ha-1, taking 
initial content of nitrates into consideration [Stępniewska et al. 2003]. The same amount of distilled water was 
added to control samples. Samples were incubated at 20oC ±1oC (Heraeus). 
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Eh values were measured in soil suspension by pH/redox meter (CPI-551 ELMETRON) equipped with 
platinum electrodes 0,5 x 4 mm and calomel electrode as reference electrode. The first measurements were made 
after 3 hours, and next in following days until Eh values reached level below 100 mV. Every platinum electrode 
was calibrated in Michaelis buffer before measurements. The Eh values are mean from measurements carried out 
with three platinum electrodes [Gliński and Stępniewski, 1985]. 

 
Table 1. Studied soil units and number of tested soil samples. 
Number 

of soil 
unit 

Soil unit Number of soil 
samples 

1 Rendzin Leptosols IB 1a 7 
2 Rendzin Leptosols IB 1b 5 
3 Haplic Phaeozem 4 
4 Haplic Luvisols and Dystric Cambisols - loose sands 41 
5 Haplic Luvisols and Dystric Cambisols – light loamy sands 10 
6 Haplic Luvisols and Eutric Cambisols – loamy sands 4 
7a Eutric Cambisols – loamy sands over loams 16 
7b Haplic Podsols – loamy sands 12 
8a Eutric Cambisols – light loams 12 
8b Haplic Podsols – loamy sands 13 
9a Eutric Cambisols – medium loams 11 
9b Haplic Podsols – medium loams 11 
10 Eutric Cambisols and Haplic Luvisols – heavy loams 5 
11 Eutric Cambisols and Haplic Luvisols – non uniform loams 7 
12 Haplic Luvisols and Distric Cambisols – gravels 11 
13a Eutric Cambisols – hydrogenic silts 4 
13b Haplic Podsols – hydrogenic silts 4 
14 Haplic Luvisols and Eutric Cambisols – loess 8 
15 Haplic Luvisols and Eutric Cambisols – clays 7 
16 Haplic Luvisols and Eutric Cambisols – loams and skeleton loams 4 
17 Haplic Luvisols – loams 16 
18 Haplic Luvisols and Eutric Cambisols – clays 3 
19 Haplic Luvisols and Eutric Cambisols – silts 3 
20 Eutric Fluvisols – loams and silts 4 
21 Distric Fluvisols – sands 4 
22 Distric Fluvisols – sands 3 
23 Mollic Gleysols – dev. from loams and silts 11 
24 Mollic Gleysols – dev. from sands 7 
25 Terric Histosols 5 

Total 171 
 
Results and discussion 

The following charts changes value of Eh in time were obtained on the basis of Eh measurements at 
time.  
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Figure 1. Dynamic of Eh changes during incubation on the example of loamy sand (Haplic Podsol) in the control 

and enriched with nitrates (100 kg N-NO3
- ha-1). 

 
The values of t400 and t300 were received from the Eh graphs respectively for control and nitrate enriched 

samples for every soil. The example of Eh dynamic during incubation period is presented on Figure 1. 
The differences between initial Eh values (after 3 hours of incubation) for enriched and control samples 

ranged form 0 to 50 mV for over 55% and from –50 mV to 0 for about 40% of studied soils. 
In order to comparison of effect of nitrates doses on rate of beginning of nitrates reduction differences 

between t400 values of enriched (t400-100) and control soil samples (t400-control) were calculated. It was found that 
about 32% of examined soils did not show any changes in redox resistance after enrichment with added dose of 
nitrates, for over than 41% of soils t400 values increase by 0,5 of day. In the case of 13% of soils negative effect 
was observed. In the same number of soils addition of nitrate caused increase of t400 values by more than 0,5 of 
day until even 5 days (Fig.2). 
 

gure 2. Histogram of soil samples number depending on difference between enriched and control t400 of tested 
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, t300 values, respectively t300-(100) and t300-(control) from 0 to 8 days and from 0 to 14 days were found. 
Differences between the values of t300-(100) and t300-(control) are presented in Fig. 3. 
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Figure 3. Histogram of soil samples number depending on differences between enriched and control samples t300. 
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Composition of phytocoenose and uptake of nutrients depending on soil compaction in 
barley field 

 
Reintam, E.1 – Kuht, J. – Puust, J. – Neem, P. 

 
 
Introduction 

On the estimation productivity of plants in agro- ecosystems the greatest attention is paid on cultural 
plants. Little attention is paid on weeds; which production and competition ability depends also on changes in 
conditions of habit. Many weed species have adapted their life cycle with cultural plants and are important 
components of field coenose. Weeds have an important role in formation of habit light and moisture conditions 
and binding of free nutrients in agro ecosystem. Total destruction of weeds means destroying many regulation 
mechanisms formed on earlier phases of cultural plants. 

Talking about soil compaction mostly the compaction effect on soil properties is discussed. There are 
plenty of works focused on studying machinery and their vehicle effect and its modeling on different soil 
parameters, especially on soil bulk density, penetration resistance, water tension, structure and porosity of soil on 
different soil types (Alakukku et al., 2003; Lipiec and Hatano, 2003 etc.). As a result of changed soil parameters 
effect on plant growth is mostly presented as impact on cultural plant production, on yield (Boone and Veen, 
1994; Arvidsson, 1997; Aura, 1999; Lipiec et al., 2003 etc.). There are also several investigations about root 
growth in compacted soils and nutrient uptake of some cultural plants (Tardieu, 1988; Yamaguchi and Tanaka, 
1989). There are insufficient experimental data about soil compaction effect on weed flora, their nutrition and 
competition ability with cultural plants. Changes in weed phytocoenose depending on tillage intensity (Gill, 
Arshad, 1998; Bischoff and Mahn, 2000 etc.) or depending on different tillage methods are mostly investigated 
(Jones et al., 1995). Uptake of nutrients by weeds is investigated mostly generally (Singh et al., 1993), but also 
by species (Andersson and Lundegårdh, 1999) and in coenose with different cultural plants (Bockholt et al., 
1995; Guil-Guerrero and Torija-Isasa, 1997). 

The aim of this work was to investigate the soil compaction effect on composition of phytocoenose and 
nutrient uptake by some most widespread weed species in barley (Hordeum vulgare L.) field. 
 
Material and methods 

Data were collected from Estonian Agricultural University research field (58º23´N, 26º44´E) with 
different levels of soil compaction on sandy loam soil at Tartu County in 2001, 2002 and 2003. By heavy tractor 
(with loader; total weight 4.9 Mg) soil compaction was done for getting different levels of bulk density before 
showing time in spring 2001, 2002 and 2003. For all that traffic applied uniformly to cover the entire 
experimental plots: 1 time, 3 times and 6 times. Drilling of barley with 450 germinating seeds per m2 was done. 
No fertilizers and herbicides were used. Soil type of experiment areas was Fragi-Stagnic Luvisol in WRB and 
Fragic Glossudalf in USDA Soil Taxonomy classification. From the diagnostic horizons the umbric, ferralic, 
stagnic and argillic horizons were founded in soil of experimental areas. The soil characteristics of umbric 
horizon of experimental area are presented in the following: C 1.4%, N 0.11%, K 164 mg kg–1, P 183 mg kg–1, 
Ca 674 mg kg–1, Mg 101 mg kg–1, pHKCl 6.2, sand (2.0...0.02 mm) 67.9%, silt (0.02...0.002 mm) 22.9% and clay 
(<0.002 mm) 9.2%. The samples of soil and plants were taken in earring phase of barley. Data regarding the 
content of phytocoenosis were obtained from taking vegetation samples from a plot of 0.25 m2 (n=4). The types 
of components were determined, counted, measured and weighed. Plant samples from each variant were taken 
for measuring nutrient content. Soil bulk density was measured with 50 cm3 cylinders in 10 cm layers up to 40 
cm. For the chemical analysis of plants the Kjeldhal method was used to determine the content of total nitrogen. 
The content of phosphorus was determined colorimetrically on the basis of yellow phosphorus-molybdatic. 
Potassium content was determined by flame photometer in dipping solution diluted with distilled water. 
Mathematical methods, namely the analysis of variance (ANOVA) and correlation analysis were used to process 
the collected data.  
 
Results 

To determine the effect of soil compaction on the plants, the bulk density from the soil parameters was 
measured (table 1). As compaction did not cause great changes in soil bulk density the first year, there was also 
no significant decrease of plants total phytomass. Significant (by LSD95) decrease was observed only on barley 
mass on the level of 6-times compaction (figure 1). With compaction  also weed dry mass and number of plants 
per square meter decreased, but it was not statistically significant. The first year the most widespread weed 
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species were white goosefoot (Chenopodium album L.), field pennycress (Thlaspi arvense L.), common fumitory 
(Fumaria officinalis L.) and chickweed (Stellaria media (L.) Cyr.). Second year compaction increased weeds  
 
Table 1. Soil bulk densities (Mg m-3) of experiment field depending on compaction times in plough layer 
(average of 30 cm) with 4.9 Mg tractor in different experiment years 

Times of compaction Year Control 
(0x) 1 times (1x) 3 times (3x) 6 times (6x) 

2001 1.54 1.59 1.62 1.63 
2002 1.54 1.59 1.60 1.72 
2003 1.46 1.55 1.59 1.64 
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Figure 1. Soil compaction effect on phytomass and composition of phytocoenose in different experiment years 
on spring barley (Hordeum vulgare L.) field; significance: *–LSD95; **–LSD99; ***–LSD99.9 
 
share in phytocoenose from 12% in control up to 52% in 6-times compacted variant and decreased significantly 
share of barley.  The third year the changes were not so drastical. Still the increase of weeds in coenose was 
observed. After three years of soil compaction without fertilizers use, the total phytomass and also barley yield 
was only ¼ from first year phytomass and even in control variant. From weed species the common fumitory was 
most sensitive. Compaction decreased his biomass already the first year by 80%. The second and third year there 
was no one plant of common fumitory detected on 6-times compacted variant. At the same time the share of 
chickweed and great plantain (Plantago major L.) increased with increasing of soil bulk density, especially the 
third, rainy year (figure 1). Also the number of corn spurry (Spergula arvensis L.) increased and corn mayweed 
(Matricaria inodora L.) plants in phytocoenose (data not presented). 

Most of investigated weed species had higher nitrogen content in their shoots than barley, especially 
white goosefoot.   The first year only barley had higher nitrogen content than white goosefoot, common fumitory 
and field pennycress and lower nitrogen content than chickweed (figure 2). Phosphorus (figure 3) and potassium 
(figure 4) content was highest in chickweed and in white goosefoot. Common fumitory and barley had lowest 
phosphorus and field pennycress lowest potassium content in their dry matter. 

Compaction did not cause any significant changes in plant nitrogen, phosphorus and potassium content 
after first year soil compaction. Second year soil compaction decreased nitrogen content in most investigated 
weed species up to 3-times compaction variant. 6-times compaction increased the nitrogen content again. 
Nitrogen content in barley dry matter increased with increasing of soil bulk density. The same was observed 
after the third year soil compaction (figure 2). No positive correlation between nutrient content and soil 
compaction was observed in case of phosphorus and potassium. Compaction inhibited phosphorus and potassium 
uptake of all investigated species (figure 3 and 4). 
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Figure 2. Plant nitrogen content in dry matter depending on soil compaction in different experiment years 
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Figure 3. Plant phosphorus content in dry matter depending on soil compaction in different experiment years 
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Figure 4. Plant potassium content in dry matter depending on soil compaction in different experiment years 
 

Discussion  
Changes of dominant weed species in phytocoenose during three years were caused by changes in soil 

conditions: decrease of available nutrients in soil, higher soil penetration resistance and soil bulk density. Like 
cultural plants also weeds have different preferences on environment parameters. Common fumitory and field 
pennycress prefer fertile and sandy loam soils. Great plantain and corn mayweed are common on edges of field 
and waysides, corn spurry on soils with low fertility. Increase of the share of corn mayweed and corn spurry on 
compacted soil was detected also in earlier experiments (Kuht et al., 1999; Reintam and Kuht, 2002). 

Most of weeds have higher nutrient content in their dry matter. The higher weeds nutrient content 
compared to the cultural plants observed also Quasem and Khattari (1993). The lower nitrogen need of many 
weed species can give them advantage in competition with cereals (Di Tomaso, 1995). One of serious 
competitors in case of most important nutrients for all cultural plants is white goosefoot (Quasem and Khattari, 
1993). In weed coenose existing species at different age have the essential role on higher nutrient uptake by 
weeds. Some weed species, such as corn mayweed and chickweed, grow during vegetation period 2...3 
generations, but the young plants are more rich in nutrients. Also Bockholt et al. (1995) observed the high 
nutrient, especially potassium assimilation of young chickweed plants.  

The main problem why the nutrient content in plants dry matter will decrease is connected with plant 
root distribution in compacted soil. Result of soil compaction is decreased root size, retarded root penetration 
and smaller rooting depth (Unger and Kaspar, 1994) and in compact wet soil poor aeration (O´Sullivan and Ball, 
1993). Decreased root size results in greater distances between the neighboring roots and affects water and 
nutrient uptake (Tardieu, 1988; Yamaguchi and Tanaka, 1989). Soil aeration influences the content of mineral 
nitrogen in the soil by its effect on nitrogen mineralization and denitrification (Lipiec and Stepniewski, 1995). 
Slow growth due to mechanical resistance may induce morphological and hormonal changes in the plants. There 
is also an interaction between compaction and soil water status; carbon mineralization increases with increasing 
water content in loose soil but decreases in compact soil (Arvidsson, 1997). The increase of nitrogen content in 
barley and weed species dry matter with increasing of soil bulk density in 2002 may be explained with weather 
conditions that year. The growing period was mostly dry, but before earring phase there was little rain and in 
dense soil moisture was kept longer. Mengel and Kirkby (1987) also observed that in a dry year, due to thicker 
soil, uptake of elements, which are moving into the plant with water, such as nitrogen, calcium and magnesium 
might increase. In moist soil there are more nitrates than in dry soil. Also the light conditions were better for 
plants growing on 6-times compacted variant because of lower number of plants per square meter. 
 
Conclusion 

Soils overcompaction inhibits in the first place nutrition of cultural plants and decreases their ability in 
competition with weeds. Changing the field conditions also the competitors for the cultural plants will change. 
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On compacted soils and without fertilizers use easier controlled weed species will be replaced with harder 
preventive weed species. Weeds are serious competitors on cultural plants, they accumulated free nutrients from 
soil, especially in dense soil. The nutrient assimilation by weeds stopped their irrigation from soil during 
vegetation period and stored the nutrients as organic matter also for the next growing period. But on very dense 
soil even weeds are not able to grow and free nutrients may start to pollute the environment. 
 
Acknowledgements  

The study was supported by Estonian Science Foundation grant No 5418 and 4991. 
 
References 
Alakukku, L., Weisskopf, P., Chamen, W.C.T., Tijink, F.G.J., Van der Linden, J.P., Pires, S., Sommer, C., 

Spoor, G. 2003. Prevention strategies for field traffic-induced subsoil compaction: a review: Part 1. 
Machine/soil interactions. Soil & Tillage Research, 73, 145–160. 

Andersson, T.N., Lundegårdh, B., 1999 a. Growth of field horsetail (Equisetum arvense) under low light and low 
nitrogen conditions. Weed Science, 47(1), 41–46. 

Arvidsson, J. 1997. Soil compaction in agriculture – from soil stress to plant stress. Doctoral thesis. Agraria 41, 
SLU, Uppsala. 

Aura, E. 1999. Effects of shallow tillage on physical properties of clay soil and growth of spring cereals in dry 
and moist summer in southern Finland. Soil & Tillage Research, 50, 169–176. 

Bischoff, A., Mahn, E.-G. 2000. The effect of nitrogen and diaspore availability on the regeneration of weed 
communities following extensification. Agriculture, Ecosystems and Environment, 77, 237–246. 

Bockholt, R., Schnittke, C. 1996. Nähr- und Mineralstoffgehalt von Kräutern des Niedermoorgrünlandes unter 
intensive Bewirtschaftung. Wirtschaftseigene Futter, 42(3), 209–216. 

Boone, F.R., Veen, B.W. 1994. Responses of temperate crop to soil compaction. In: Soane, B.D., van 
Ouwerkerk, C. (Eds.), Soil Compaction in Crop Production. Elsevier, Amsterdam, Netherlands, pp. 237–
264. 

Di Tomaso, J. M. 1995. Approaches for improving crop competitiveness through the manipulation of 
fertilization strategies. Weed Science, 43: 491–497. 

Gill, K.S., Arshad, M.A. 1998. Weed flora in the early growth period of spring crops under conventional, 
reduced, and zero tillage systems on a clay soil in northern Alberta, Canada. Soil & Tillage Research, 
33(1), 65–79. 

Guil-Guerrero, J.L., Torija-Isasa, M.E. 1997. Nutritional composition of leaves of Chenopodium species (C. 
album L., C. murale L. and C. opulifolium Shraeder). International Journal of Food Sciences and 
Nutrition, 48(5), 321–327. 

Jones, O. R., Smith, S. J., Southwick, L. M., Sharpley, A. N. 1995. Environmental impacts of dryland residue 
management systems in the Southern High Plains. Journal of Environmental Quality, 24(3), 453–460. 

Kuht, J., Ries, M., Reintam, E. 1999. About influence of soil properties on the composition of phytocoenose on 
compacted soils (Estonian). Transactions of the Estonian Agricultural University 205, 18–23. 

Lipiec, J., Stepniewski, W. 1995. Effect of soil compaction and tillage system on uptake and losses of nutrients. 
Soil & Tillage Research, 35, 37–52. 

Lipiec, J., Hatano, R. 2003. Quantification of compaction effects on soil physical properties and crop growth. 
Geoderma, 116, 107–136. 

Lipiec, J., Arvidsson, J., Murer, E. 2003. Review of modelling crop growth, movement of water and chemicals 
in relation to topsoil and subsoil compaction. Soil & Tillage Research, 73, 15–29. 

Mengel, K., Kirkby, E. A. 1987. Principles of Plant Nutrition. International Potash Institute, Bern, Switzerland. 
O'Sullivan, M.F., Ball, B.C. 1993. The shape of the water release characteristic as affected by tillage, 

compaction and soil type. Soil & Tillage Research, 25, 339–349. 
Quasem, R.J., Khattari, S.K. 1993. Competition on nutrients between weeds and their associated vegetable 

crops. Jordan Univ., Amman (Jordan). Dirasat (Jordan), 20B(4), 18–32. 
Reintam, E., Kuht, J. 2002. Impact of soil compaction and sowing density of barley on uptake of nutrients. In: 

Turka, I., Kreismane, Dz., Selegovska, E., Adamovich, A. (Eds) Scientific aspects of organic farming: 
Proceedings of the conference held in Jelgava, Latvia 21–22 March, 2002. pp. 167–171. 

Singh, S., Katyal, S. K., Yadav, S. K. 1993. Nutrients drain by weeds and their control in cowpea (Vigna 
unguiculata (L) Walp). Haryna Agricultural University Journal of Research (India), 23(4), 237–240. 

Tardieu, F. 1988. Analysis of the spatial variability of maize root density: I. Effect of wheel compaction on the 
spatial arrangement of roots. Plant Soil, 107, 259–266. 

Unger, P. W., Kaspar, T. C. 1994. Soil compaction and root growth: a rewiew. Agronomy Journal, 86, 759–766. 
Yamaguchi, J., Tanaka, A., 1989. Quantitative observation on the root system of various crops growing in the 

field. Journal of Soil Science and Plant Nutrition, 36, 483– 493. 

301 



Soil and water protection – principles and realizations in agriculture 
 

Uhlířová, J.1 
 
 

Soil and water are two natural media with significant relationships. Water in a soil profile influences 
soil characteristics, attributes of soil profile influence rate of water outflow and infiltration. The matter exchange 
proceeds between soil and water solution. Water erosion carries away the soil surface and the consequence is 
usually pollution of water streams and basins, namely by suspended solids. This is way it is necessary to solve 
soil and water protection in reciprocal context, simultaneously. Common goals of water and soil protection are: 

- restriction of soil erosion (stopping of soil profile shortening and rising of skeleton), 
- sanitation of degraded agricultural soils, 
- support of propitious water content in soil for plants, 
- retardation and dispersion of overall flow off and increasing of water retention in a countryside, 
- improvement of water hygienic quality. 
New legislative documents of Czech Republic have brought positive changes to the sphere of solving of 

soil and water protection. The amendment of the water act (254/2002) determines common water protection, new 
system of drinking water sources protection and vulnerable areas in terms of the EU nitrate instruction. 
Vulnerable areas are sub-watersheds of the drinking water sources, where nitrate concentrations exceed or can 
achieve 50 mg/l or watersheds, where undesirable decline of water quality happens or can happen as a result of 
agricultural activities. In these areas government, by a direction, regulates storage of fertilizers, crop rotation and 
proceeding of erosion measures. Soil protection abides by the act 231/1999, which says, that owners or users of 
lots have to farm on agricultural soil fund with respect to the soil, food web and drinking water sources 
conservation and to protect cultivated lots according to confirmed projects of land arrangement. 

Complex land consolidation creates conditions for rational farming, through this lots are spatially and 
functionally modified, integrated or divided and accessibility and adjustment of its boundaries are established 
(act 139/2002). At the same time measures for soil conservation, cultivation of countryside and enhancement of 
its ecological stability are designed and realized by virtue of public interest. Project of protective and ecological 
measures is constituted in the form of plan of common arrangement, which creates conditions for complex 
solving erosion and flood protection. In practice, the plan is usually aimed mostly to erosion and flood protection 
including raising of land water retention, but it contents too suitable treatment for accumulation and infiltration 
areas. To restrict area surface flow off and to increase land retention are in our conditions used following 
protective measures: 

- grassing (or forestation) of areas or belts, 
- insertion of a road with infiltration belt or interceptive ditch, 
- balks (hedges) with ditches and accompanying greenery, 
- polders and retention reservoirs. 
Protective measures use to be polyfunction, with reference to requirements of nature conservation and 

improving of landscape aesthetics. Picture part of the poster shows examples of realized or projected integrated 
soil and water protective treatments. 

An example of integrated solving of soil and water protection through the complex land consolidation 
(adjustment) is cadastre Lichnov situated in hilly country of northern Moravia. There are problems with surface 
and rill erosion on steep arable land. Soil survey showed consequential soil degradation on 18% of agricultural 
land – loss of surface layers, changes of soil profile. Former Haplic Luvisols and Albiluvisols (1978) were now 
(1999) classified as Cambisols and Stagnosols. In the 1997 the village was damaged by strong flood. Fluvial 
deposits and denundations changed Fluvisols into Lithic Leptosols and Gleysols (WRB 1998). Project of land 
arrangement contains a system of erosion and flood measures (pict. 1 and 2). Markedly steep lots should be 
grassed and on some parts there should be plant forest. Above the village will be system of intercepting and 
conducting grass belts (with balks and ditches). Five dry basins (polders) were designed in thalwegs and 
conducting protective elements exhausts into them. Grassed belts should be planted with trees and bushes to 
conserve and improve country impression. 

When the complex land consolidation is set forth in a cadastre near drinking water source, it is 
necessary to solve protection of water quality and quantity too. Such example is cadastre Hubenov on Moravia 
highland (project on pict. 3), where measures have been realized. Arable land near watershed is duly grassed, 
infiltration zones on tops of hills are forested or grassed. Slopes were interrupted by balks with accompanying 
trees. Above watershed intercepting ponds were built for retention storm water and floating solids.  
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Picture 1. Agricultural land in Lichnov 
 
 
 
 
 Surface 
 
 
 Concentration flow off 
 

Road  
 Fut. polder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 2. Lichnov – project of erosion and flood measures (almost the same area as on pict. 1) 
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Picture 3. Hubenov – project of soil and water protective measures 
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Water retention capacity of soils in the Czech Republic 
 

Novak, P.1 – Vopravil, J. –Tomasek, M. – Vetisková, D. 
 
 
Motivation 

Recently there were two catastrophic floods in the Czech Republic, one in the Morava river basin in 
1997 and the other one in the Vltava and the Elbe river basins in 2002. These events made it clear that, in order 
to achieve better flood forecasting and prevention, we need a country-wise map, at least approximate, of the soil 
water retention capacity. 
 
Materials and methods 

The information sources used comprised  data base of soil physical characteristics and the graphical part 
of the data base of the Czech Land Evaluation System. The latter data base is fully digitised and comprises all 
agricultural lands over the entire territory of the Czech Republic (78 860 km2). Its resolution (the smallest 
mapped soil area) is 3 hectares. The two data bases were combined in order to create a map of the soil water 
retention capacity. This implied, among others, to process an enormous amount of data (on average about 60 
data pieces per km2). 
 
Metodology 

For agricultural lands the Main Soil Units of the Czech Land Evaluation System were grouped into five 
categories according to their texture, their water content at pF 2.0 to 2.3 and their field water capacity. Five 
special subcategories were created for soils with a high content of skeleton. With regard to lack of analogous 
data on forest and non-agricultural soils the textural and hydrogeological characteristics of the underlying parent 
substratas were used to categorise forest lands in the same manner as the agricultural soils. 

A typical value of the water retention capacity was determined to each category and subcategory, 
expressing to content of water in litres per square metre (or in millimetres of water) for the unified depth of soil 
profiles equal 1.0 m. The shallower or deeper profiles had to be neglected. 

The computations were made in the ArcInfo GIS environment for a rectangular grid with 1 km mesh 
size. Each cell of the grid was assigned a typical soil water retention capacity value, corresponding to the 
prevailing soil category. In the boundary cells (e.g., those adjacent to the state border) the soil water retention 
capacity was determined as corresponding to the soil group which prevailed in the part of the cell for which the 
soil map was available. 
 
Conclusions 

The resulting digital map with one kilometre pixel size can only be used for the estimation of average 
water retention capacity of soils over large areas, e.g., over larger river basins. If used in this way, its accuracy is 
estimated to be ± 20 to 25 %. The main sources of uncertainty are the limited number of direct soil water 
retention data, a weak correlation between the water retention capacity and the soil texture, loose definitions of 
the soil categories in terms of their texture, and of course, spatial heterogeneity and complexity of the soil 
mosaic. The map is therefore only a small step forward in our effort to quantify the role of soils in the flood 
formation processes. 
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Retention Water Capacity in Hydrologic Groups of Soil 
(In relation to Czech Land Evaluation System) 
 

Basic Soil 
Hydrological 

Group 

Subgroups Texture, skeleton content, 
infiltration, percolation 

Main Soil Unit of 
Land Evaluation 

System 

Retention Water 
Capacity l.m-2 

A 1 Sand, loamy sand, non skeletal, 
high infiltration and percolation 

04, 17, 21, 31, 37, 
38, 39, 40, 55 

Low 
(60) 

 1.1. Dtto + higher skeleton content, 
shallow profiles, 
forest soils 

dtto Very low 
(35) 

B 2 Sandy loam, low skeleton 
content, middle infiltration, 
middle percolation 

05, 13, 18, 22, 23, 
27, 29, 30, 32, 34, 
36, 41, 48, 51 

Lower middle (140) 

 2.1. Dtto but higher skeleton 
content, forest soils, shallow 
profiles 

dtto Lower middle (80) 

 3 Loam, non - skeletal or low 
skeleton, middle infiltration, 
lower middle percolation 

01, 02, 03, 08, 09, 
10, 11, 12, 14, 15, 
16, 26, 28, 33, 35, 
42, 45, 46, 56 

Very high 
(320) 

 3.1. Dtto but higher skeleton 
content, forest soils 

dtto High 
(210) 

C 4 Clay loam, non – skeletal or low 
skeleton, lower middle 
infiltration and percolation 

06, 19, 24, 25, 43, 
44, 47, 50, 52, 58, 
60, 64, 65, 75, 76, 
77, 78 

Higher middle (220)

 4.1. Dtto but higher skeleton 
content, forest soils 

dtto Lower middle (130) 

D 5 Clay, very fine clay, non -   
skeletal or low skeleton content, 
swelling soils, low infiltration, 
low and very low percolation 

07, 20, 49, 53, 54, 
57, 59, 61, 62, 63, 
66, 67, 68, 69, 70, 
71, 72, 73, 74 

Middle 
(150) 

 5.1. Dtto but higher skeleton 
content, forest soils 

dtto Lower middle (90) 
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Olive grove soil conservation by addition of sewage sludge compost 
 

Beltrán, E.M.1 – Miralles de Imperial, R. – Porcel, M.A. – Beringola, M.L. – Martin, J.V. –  
Calvo, R. – Delgado, M.M. 

 
 

Fields experiment were conducted during four years, between 1998 and 2002. To evaluate sewage 
sludge compost on soil-grove two adult olive orchards (Olea europaea L. cv. Cornicabra) were established in a 
clay loam soil in Seseña (Toledo, Spain) and in a sandy loam soil in Aranjuez (Madrid, Spain). Four treatments 
were set up, every experiment was replicated four times and two depths were studied (0-15 and 15-30 cm). The 
applied treatments were sewage sludge compost (SSC), 16.000 kg of sewage sludge compost.ha-1;  sewage 
sludge compost plus urea (SSC+U), 0.5 kg of N as Urea/tree + 8.000 kg of sewage sludge compost.ha-1; urea 
(U), 1 kg of N as Urea /tree, and  control (C).  

All the treatments were placed on the soil between the rows of the trees and incorporated by means of 
harrowing in spring in 1998, 1999, 2000 and 2001.  

Once a year, before spreading sewage sludge compost, soil samples were taken at depths of 0 to 15 cm 
and 15 to 30 cm between the rows of the trees. Samples were air-dried and crushed  to pass a 2 mm sieve. 
Organic matter, total Kjeldhal nitrogen, electric conductivity, pH and phosphorus availability was determined. 
  Data were analysed by analysis of repeated measures based on the mixed model, with special parametric 
structure on the covariance matrices. The basic repeated measures study consists of completely randomised 
experimental design with data collected in a sequence of equally spaced points in time. Treatments have been 
assigned to experimental units, and data are collected at a sequence of time from each experimental unit, the 
experimental unit are often called subjects. In our case, the experimental unit or subject has been considered the 
interaction Depth*Repetition(Treatment) and the structure of the covariance matrix is AR(1) that specifies a 
first-order autoregressive structure. The multiple adjustment  is for the p-values and confidence limits for the 
differences of LS-means by the Bonferroni test. The software used is the Procedure Mixed of SAS/STAT 8.2. In 
order to analyse  the organic matter (OM) and nitrogen content, that are obtained in percentage, we must 
transform this two data  as: 

OMt = √(OM + 0.5) 
Nt = √(N + 0.5) 
Treatment versus Year on organic matter is shown in Figures 1 and 2 for Aranjuez and Seseña 

respectively. In Aranjuez there were no significant differences between treatments (p=0.999).  The differences 
were found between the two depths (p=0.0001). Ranges from 0.80 to 0.2% of organic matter were obtained at 0-
15 cm depth and ranges from 0.76 to 0.18% of organic matter at 15-30 cm depth. In Seseña the ranges were 
higher. At 0-15 cm depth ranges from 1.3-0.7% of organic matter and from 1.12 to 0.5% at 15-30 cm depth were 
found. In relation to years, were found significantly higher differences between the three first years and the last 
years (p<0.05). Due to degradation process of organic matter applied to the olive grove soil is slow (Cabezas, 
J.G., 2003) we have not observed significant differences between treatments with sewage sludge compost (SSC 
and SSC + U) and treatments without sewage sludge compost (C and U) 

Figures 3 and 4 show Treatment versus Year on  total nitrogen for Aranjuez and Seseña respectively.  In 
Aranjuez only were found significant differences between the interaction “Control treatment-1999 year” and 
“Control treatment-2000 year” (p<0.05). In Seseña, at 0-15 cm depth, SSC treatments and Urea treatments were 
significantly different in the first three years, the nitrogen content was 13% higher in plots treated with SSC than 
in those treated with Urea. Miralles de Imperial (2003) in an essay in a greenhouse with three different types of 
sewage sludge on rooted cv. Cornicabra olive cuttings  observed that the content of nitrogen in soil increased 
linearly in terms of rates.  In Seseña, 2002 year was significantly different (p<0.05) from 1999-2000-2001 years. 
The interaction Treatment*Year was significant (p<0.005) too, it means that SSC + U provided more to the olive 
grove soil in 1999 and 2000, but in 2001 was the second treatment in providing more nitrogen content and in 
2002 was the last one. This trend can be observed in the 0-30 cm depth. 

Treatment versus Year on pH is shown in Figures 5 and 6. In Aranjuez significantly (p<0.005) higher 
ranges of pH were found in SSC treatment than in Control and Urea treatments, the increasing of pH was 2%. 
Miralles de Imperial (2002) in an emergence test in pots under greenhouse conditions with two types of sewage 
sludge compost found that the use of sewage sludge compost increases pH. We also found significant differences 
in every year (p<0.005). In Seseña, pH in plots treated with SSC + U were significantly (p<0.005) lower than in 
plots treated with Urea.  

Figures 7 and 8 show Treatment versus Year on  electric conductivity for Aranjuez and Seseña 
respectively.  In Aranjuez between the three first years (1999-2001) were found no significant differences 
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(p=0.999), the differences were found between this three years and the last one (p<0.005). The interaction 
Treatment*Year was significant (p<0.005) too. In Seseña although SSC and SSC + U treatments provided higher 
electric conductivity to the soils than Control and Urea treatments were no significant (0.235<p<0.495). This 
agree with Guidi et al (1982)  that observed slight increasing on electric conductivity after application of sewage 
sludge compost.  

Figure 9 shows that SSC treatments provided more phosphorus availability in Aranjuez soils at 0-15 cm 
depth during all the years. This treatment was significantly different from the others (p<0.05). Ranges from 10 
mg.kg-1 in C plots to 40 mg.kg-1 in SSC plots were found. Between Control treatment and Urea treatment there 
were no significant differences (p=0.999). At 15-30 cm it can be observed that SSC treatment is significantly 
different (p<0.05) from the other ones. The ranges of phosphorus availability were lower than at 0-15 cm, from 5 
mg.kg-1 in C plots to 25 mg.kg-1 in SSC plots. 

In Seseña at 0-15 cm (Figure 10), there was no significant differences between SSC and SSC + U 
treatments (p=0.99). The significant differences appeared between this two treatments and the other ones (C and 
U treatments) with a p<0.05. Ranges from 8 mg.kg-1 in U plots to 50 mg.kg-1 in SSC plots were found. 

At 15-30 cm the higher concentration of phosphorus was found when SSC + U treatment was applied. 
The application of organic wastes to the soil improve the phosphorus availability in soils and their 

content increases as the rate of application increases. (Blázquez, R. et al, 1999; Burgos, P. et al, 2001). 
 
Conclusions 

We found no increase on organic matter after four years of application of sewage sludge compost to two 
olive grove soils. We attribute this behaviour to the slow fertilization of the  sewage sludge compost that makes 
that would be too early to observe differences. In relation to nitrogen content we found that sewage sludge 
compost, only in Seseña,  produced higher nitrogen soil content than the traditionally urea treatment. With 
respect to  pH, the use of sewage sludge compost increased the pH of the soil with respect to urea and control 
plots in Aranjuez but in Seseña we found the inverse effect.  

We found no differences between treatments with respect to the electric conductivity. 
Sewage sludge compost applied as a Phosphorus fertilizer on a olive grove soils improve the 

Phosphorus availability for the olive tree at two depths. 
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Figure 1. Organic matter (%) in Aranjuez 
 at 0-15 cm y 15-30 cm depth. 
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Figure 3. Total Nitrogen (%) in Aranjuez 
at 0-15 cm y 15-30 cm depth. 
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Figure 2. Organic matter (%) in Seseña at 
0- 15 cm y 15-30 cm depth. 
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Figure 4. Total Nitrogen (%) in Aranjuez   at 0-15 
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Figure 5. pH in Aranjuez at 0-15 cm and  
15-30 cm depth. 
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Figure 9. Phosphorus availability in Aranjuez at 0-
15 cm and 15-30 cm depth. 

 
15-30 cm 

Year 

pH

Treatment
Control
SSC
SSC + U
Urea

7.7

7.9

8.1

8.3

8.5

8.7

1999 2000 2001 2002 
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depth.  
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Figure 8.  EC (dS/m) in Seseña at 0-15 cm and 15-
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The premises to institution to guaranteeing of soil preservation in Pricernomorski basin. 
 

Jigeu, G.1 – Slonovski, V. – Lupu, M. – Jolondkovski, A. – Jigue, R. 
 
 

For the countries Prichernomorskogo of the basin, having agrarian – an industrial economic direction, 
steady use of soil resources is the main priority of steady development. In these countries land resources are 
mainest of kinds of natural resources which provide production of food stuffs and also about 80 % of raw 
material for an industrial complex. At the same time generalization of the literary data and also data of own 
researches shows that a condition of this important natural resource is critical. In accordance with calculations 
for the last 100 years the soils of Moldova, Romania, Ukraine, Bulgaria, Russia and other countries have lost 
from 20 up to 40 % of humus's stocks. More than on 80 % of the area of region of soil are subject 2 – 3 and more 
processes of physical degradation (destruction of soil, over ramming of soil, crusty, etc.). Almost everywhere in 
irrigated territories the soils are expose to processes secondary waterlogging of soils and swamp formation, 
salinization, alcalinisation and slitization. In the majority of the countries of region the soils are characterized 
negative  balance of nutrient substances. All palpable becomes deficiency of some physiologically important 
microelements (Zn, Mn) and on the contrary pressure of some elements – poljuantov (heavy metals) 
progressively grows. On the verge of an exhaustion stocks of phosphorus in ecosystems – at the further 
degradation of soil the problem of shortage of phosphorus to be pushed in  the near future on the foreground and 
will take a place among the sharpest ecology problems. 

In consequence of all marked inhabitants of the countries of region already collide with a number of 
heavy economic, ecological and social problems: the progressive and accelerated increase in frequency of 
droughts, sharp reduction and the accelerated deterioration of water stocks, degradation of a climate, low 
incomes, shortage of food stuffs, increase in number of the unemployed, became a reality processes of 
desertification, on the verge of accident a condition of Black sea, etc. For the sake of justice it is necessary to tell 
that all this occurs despite of efforts enclosed by the Governments of these countries directed on improvement 
nature - ecological and socially – economic spheres. At the same time today we state, that despite of human and 
material expenditures are not achieved some appreciable positive results. Frequently, in the justification of such 
condition of things refer to difficulties of transitional  from the centralized planned form of economy to market. 
In this context  we mark, that the feature of the modern stage for the majority of the countries 
Prichernomorskogo of basin is simultaneous change of the general paradigms of development and the form of 
the organization politico – legal and economic – economic communications, namely formation of new patterns 
of ownership and the organizations of manufacture. In the given situation it is necessary to take advantage of the 
moment, having provided transition to new forms economic and at new, higher technological level. 

Thus to assume that it is possible to achieve the certain successes to the countries separately it is 
impossible that is why it is counted that creation of Regional Coordination Council on Steady Use of Soil's  
Resources of function is necessary assume: 

• Elaboration of a uniform Regional policy of steady use of soil resources based on: a) a principle of 
pedocentrizma in functioning regional ecosystems. b) a principle of unity lito-morfo and pedogeneza in 
region in last ecological epoch and in a principle of anticipation. 

• Elaboration of regional model of steady use of soil resources based on principles factor – process 
interpretation of processes of pedogenesis and functioning of a soil cover in modern conditions. 

• Elaboration and demonstration of approaches (concepts) which can be reproduced in other conditions. 
• Elaboration supporting briefly – average – long – and superurgent strategy of efficient control by soil 

resources. Thus steady use of soil resources is understood by us not as gradual curtailment of 
production and as: 

− structural reorganization of economy; rationalization of the territorial organization of regional 
systems of use of soil resources;  

− introduction new soil – and energosave technologies and also technologies of reproduction and 
land improvement of fertility of soil; 

− transition from extensive to an intensive agricultural production;  
− it is soil – ecological and it is soil – an economic substantiation of productive forces;  
− perfection of economic and legal mechanisms of management by soil resources and fertility of 

soil. 
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Remains of the medieval canal systems in the Carpathian Basin  
 

Takács, K.1 – Füleky, Gy. 
 
 
Introduction 

The Carpathian Basin, situated in the centre of the European continent, is surrounded by one of the 
closest rings of mountains in the world. The main arterial waterway in the centre of the basin is the River 
Danube, which collects the water from all the other waterways and transports it to the Black Sea. The climate of 
the Carpathian Basin represents a transition between the oceanic, continental and Mediterranean climate zones. 
Partly as a result of this, the distribution of rainfall in the region is rather uneven, and there are often long periods 
of drought in summer. Hungary is one of the countries where water regulation is a vital question both for 
agriculture and for everyday life. It is sufficient to mention that prior to the river regulation carried out in the 
19th century, some 4 million hectares of land was subject to permanent or temporary inundation. The wide 
expanses of marshes and wetlands were the consequence both of the undrained or poorly drained plains within 
the basin and of the numerous rivers and streams flowing into the basin from the surrounding hills, the waters of 
which turned the area into a sea when they flooded. During the course of river regulation and marsh drainage, 
which lasted from the end of the 18th century to the beginning of the 20th, the longest dike system in Europe 
was constructed, in addition to which drains with a total length of several tens of thousands of kilometres were 
dug, chiefly for inland drainage purposes. This construction work started from scratch; there was no indication 
that any similar work had ever been carried out in Hungary prior to the 18th century and it was a long time 
before any data on this subject were discovered. 
 
Materials and methods 

During the first half of the 1990s the remains of ditches with an unusual structure were observed during 
archaeological field work in the Rábaköz region of Hungary (Northwest Hungary). The ditches were 
characterized by two or three parallel channels and it could be clearly seen that the earth removed to make the 
channels was piled up between them. The ditches were in various stages of decay and in general only short, 
apparently unconnected sections were found. By mapping the various trenches sections and examining them in 
more detail it became obvious that these were the remains of an originally interconnected ditch network. In the 
course of the years a ditch system covering the whole of the eastern, Tóköz area of the Rábaköz region was 
discovered. 

As a result of archaeological excavations and geodesic surveys, a relatively accurate picture was formed 
of the internal structure and function of the trenches. The excavations confirmed the surface observations: almost 
without exception the ditches discovered up to now consist of two or three channels, with earth banks between 
them. It became obvious that, as suggested by the written sources, these two- or three-channelled earth-works 
were created to transport water, and were thus part of a canal system. Finds suitable for dating the canal system 
were also discovered, in the form of pottery fragments from the Árpád period. 
 
Results 

Naturally, the question arises of whether the remains of similar canal systems can be expected to be 
found elsewhere. Field surveys soon provided an answer to this question, as the remains of such two- or three-
channelled ditches and the surface phenomena characteristic of them were found in various parts of the Kisalföld 
region, then along the Danube on the Hungarian plain and in the valleys of the Tisza and the Körös rivers. 
Special attention has been paid to the central part of the Kalocsai-Sárköz region and the north-eastern part of the 
Bodrogköz region, though excavations have not yet been carried out. Records from the Árpád period, which 
helped to date the canals, were found not only in the Rábaköz region, but also elsewhere. Since the remains of 
ditches with this characteristic structure were found in all the regions examined up to now, throughout the 
country from the western borders to the east, it can be concluded that they are to be found all over the Carpathian 
Basin on areas with similar geographic features. 

As mentioned above, the ditches discovered up to now have all consisted of two or three separate 
channels, with the earth piled up between them to form embankments. This is the most characteristic feature of 
the canals, which can be considered as their basic structure. Consequently we may speak of two- or three-
channelled canals.  Nevertheless, substantial differences can be observed between the individual ditches, 
particularly as regards the shape and size of the channels and the embankments. The width of the canals ranges 
from 2–3 m to 25–30 m, with a depth of anything from 0.5 m to 4 m. In the case of three-channelled ditches the 
size and shape of the three channels always differs: in general the central channel is wider and deeper than the 
two side channels, though there are exceptions to this. The two-channelled structures may be symmetrical or 
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asymmetrical. The difference in size between the two channels is, on occasion, extreme. The canals thus exhibit 
great variability of form and size, and this variability can sometimes be observed even between the various 
sections of the same canals. 

The beds of the canals were carefully dug with some as yet unknown tool to a special shape. Steps were 
often formed in one or both sides of the channel, while the bed of the wider canals was sometimes divided into 
two or three smaller channels. The function of the latter is as yet a mystery, but the steps were obviously 
designed to facilitate work on the canals, such as construction and cleaning. The beds of the canals had a clearly 
defined slope, which will be discussed in detail below.2 

The distinctive structure of the ancient ditches obviously has a functional explanation. It will become 
clear from the following that the differences in size and shape can be attributed to the role played by the given 
canal section in the system as a whole. 

The canals have survived in a great variety of forms and conditions. Some sections have remained in 
fairly good condition, while others have disappeared without trace; at most the different colour of the soil 
suggests that they once existed. In most cases the channels were buried by earth from the embankments. In many 
places the mixed soil of the embankments could be observed in the earth filling the channels. Ditches can be 
found in every stage of decay from completely destroyed to almost undamaged. Some of the most characteristic 
forms and surface phenomena will be presented here. 

In many cases there are or have been roads alongside the site of the old canals. It is highly probable that 
the link between the road network and the canal network goes back to the time when the ditch system was still in 
use. It is quite natural that the roads should have followed the ditches. Numerous analogies can be found in this 
connection, including the fact that many modern roads also follow the course of the canals. In some cases roads 
(some of which still exist today) were built on the earth banks, which gradually became trampled down, filling 
up the channels on either side partially or completely. The widespread use of these banks as roads, which led to a 
rapid deterioration in the state of the canals, obviously started after the system had ceased to function. The 
embankments of the abandoned ditches will have proved especially suitable for transport purposes on low-lying, 
water-logged areas. Although the roads aggravated the decay of the canal system, they now serve as a useful 
marker of where to look for the drains. 

Numerous examples can be found of the use of the medieval canals in the course of drainage in recent 
centuries. The trebled canals were chiefly used for this purpose. In such cases the central channel was generally 
cleared, and was broadened and deepened where necessary. The side channels, which were not required in the 
new system, were allowed to decay further, or were filled up completely with the earth removed from the central 
channel. As canal systems are very thin today, this modern use of the old canals only affects certain sections of a 
very small proportion of the original objects. 

Some of the most clearly visible of the surface phenomena are the characteristic plant species which can 
frequently be found on the remains of the canals or on the sites they once occupied. These species include thorny 
bushes such as blackthorn, hawthorn, dogrose and spindleberry, and fruit-trees such as plum, sour cherry, sweet 
cherry, apple, etc. The relatively undamaged ditch sections are thickly covered with these plants, especially with 
thorn bushes, and this obviously made a great contribution to their survival. They are found sporadically in the 
neighbourhood of almost all the canal remains, so they can virtually be used as indicators. In some cases it would 
appear that the presence of these plant species is not accidental, but that they are the descendants of bushes 
planted on the embankments when the canal system was in use. The reason for this could have been that the 
roots and dense branches of these bushes protected the canals against erosion, damage by animals, etc. At the 
same time, the mixed, often moist soil of the embankments and the humid microclimate will have provided 
favourable conditions for the bushes. Archaeobotanic studies will be required to confirm this hypothesis. 

Mention should first be made of the clear differences between the medieval canal systems and its 
modern counterparts. Distinctions can be made not only in the structure of the ditches (modern drains all have a 
single channel) but also in the density of the network. On the intensively excavated area in the Tóköz region (the 
square area indicated by thin lines on  the remains of canals with a total length of 52 km have so far been 
discovered on an area of 22 km2, while today the length of the draining canals on the same area is only 9 km. It 
should be noted in passing that even these short ditches follow the course of their medieval predecessors, which 
were cleared out and, in places, widened and deepened. Nor should it be forgotten that even on this intensively 
excavated area only a small proportion of the smaller two-channelled ditches which made up the larger part of 
the medieval system have been excavated to date, so the original network must have been far denser than that 
depicted on the map. The differences between the medieval and modern canals in both structure and number 
obviously reflect functional differences. 
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The central components of the medieval system were the trebled canals, which served a number of 
water management purposes. The central channel was enclosed by earth banks on both sides and was thus able to 
transport water above ground level. The height of the water column between the banks ranged from 2 to 4 
metres, depending on the local conditions. So far the level of some 24 kilometres of three-channelled canals has 
been determined and it can be seen that in general the banked-up channels do not have a uniform slope; with 
slight fluctuations the bottom of the banked up channels was roughly horizontal. The fluctuation did not amount 
to more than a few decimetres over the whole length of the canals. The level of the bottom of the central channel 
appears to have been kept within a very close range (between 110 and 111.5 m above sea level throughout the 
Tóköz region. This meant that the water was able to flow in either direction in these banked-up channels 
depending on the current water level of the rivers. 

It should be mentioned here that the canals which branch off the main rivers, the Rábca and the Rába, 
are almost without exception three-channelled. It is thus clear that when the water level in the rivers rose, the 
central, banked-up channels of the canal system served to draw water from the river, if necessary at a level 
higher than the surrounding fields, and to distribute it in some way to the other canals. The water could be kept 
between the banks up to a certain level, but at various points it could be led off, in some cases into fishponds, 
which could be regarded from the hydrological point of view as storage lakes. In addition, when the water in the 
central channel was high enough it could be allowed to flow on to selected areas (for irrigation purposes). If the 
water level in the system dropped, the water flowed the other way, in which case these same three-channelled 
canals collected water from the network and led it back into the rivers. Since the bottom of all the canals 
investigated so far was lower than the lowest point of the surrounding areas, they allowed the whole area to be 
completely drained. 

The side channels of the trebled canals were of especial importance in the drainage of surplus water. 
They not only served to raise the embankments to the necessary height, but also collected the water seeping 
through the banks and were utilised during irrigation and drainage. The side channels have been connected to the 
central channel by means of culverts. This has been confirmed by the discovery of openings in the embankments, 
the only explanation for which is that they once contained tubular structures of some easily decaying material, 
obviously wood. It seems likely that these were hollowed-out tree-trunks which could be opened and closed. 

It has been found that in some places the banks of the three-channelled canals contained culverts placed 
at a fairly high level at frequent intervals. These will have allowed the rising water to flow into the side channels 
and from there on to the surrounding areas. There were also other culverts, however, placed at a lower level, 
which must have served to drain the water in the side channels into the central channel. The side channels all 
sloped to a certain point, and it was at this point that these drainage culverts were found. 

The two-channelled ditches primarily differed from the three-channelled ones that they were not able to 
transport water at a level higher than that of the surrounding areas and in that they only contained water at 
certain periods in certain places, while the central channels of the trebled canals were likely to have contained 
water at almost all times. The most characteristic features of doubled canals were that they were situated at 
various heights and had various slopes, which will not be discussed in detail here. Judging by their 
characteristics (slope of the channel, structure, network density, etc.) their purpose appears to have been the 
distribution of the water transported by the banked-up channels to the irrigated areas and the collection and 
drainage of water from these same areas into the three-channelled canals. 

The two-channelled ditches were small: the distance between the middle of the canal beds was very 
uniform, ranging between 2.9 and 3.7 metres. Reconstructions based on sectional drawings show that the 
embankments were all roughly of the same height, rising around 80–90 cm above the surrounding areas. 

The beds of the two-channelled ditches slope evenly towards the trebled canal, dropping about 30–40 
cm from the starting-point to the point where the canals meet (5–10 cm per 100 metres).  
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Flood Control as a part of Integrated River Management in Hungary 
 

Szlávik, L.1 – Deseő, É. 
 
 

Water demand is globally increasing, while the availability and quality of water resources are 
decreasing due to growth of domestic, industrial and agricultural water uses. The climate change, the extreme 
meteorological situations have caused temporary decrease of resources and the growth of the frequency of the 
flood events as well. There is a consensus that the integrated planning and management of water resources plays 
important role. The decisional process must be participatory, in order to reach decisions shared by the widest 
group of interested parties. Hungary has been prepared for the EU accession with the legal harmonisation of both 
the environmental and water related issues. 

The new Water Framework Directive (WFD) aims the integrated approach of the future water 
management, rivers need to be managed by river basin – according to the natural geographical and hydrological 
unit- with the consideration of the environment and nature protection and with the involvement of the 
population, the active participation of the public in the decision making process and the intensive information of 
the local stakeholders. In Hungary - due to our country’s geo-morphological situation – the river regulation has 
been developed long time ago. The fundamental cause of the high flood hazard is the situation of the 
overwhelmingly plain country in the deepest part of the Carpathian Basin, so that the flood waves which arrive 
from the surrounding Carpathian and Alpine mountain catchments tend to superimpose each other and often 
create emergency situations. Main purpose of the integrated river basin management is to ensure that the 
planning and implementation of water management harmonise with the requirement of ecological systems. The 
River Raba of western Hungary was investigated by a pilot integrated water management plan with the aim to 
improve the ecological status of the river and the whole river basin. Further objective of the project is the 
development of the country-side, nature conservation and environmental protection. Based on the experiment 
gained from this pilot project integrated river management plans have been considered for other major 
Hungarian rivers. This program is also supported by river related information system.  

Following several serious flood events in the recent past it has been recognized in Hungary that a 
paradigm shift has to be made in coping with floods and this has to be in line with the objectives of the EU 
WFD. The “Update of the Vásárhelyi Plan”, as the long-term programme is called aims to provide flood safety 
in the Tisza river basin applying a combination of traditional and non-traditional methods, together with a rural 
development scheme through an integrated way. The programme is set to start in 2004 in compliance with EU 
regulations including the Common Agricultural Policy. The paper describes the second largest water resources 
management programme in the history of the country. 

The Update of the Vásárhelyi Plan is more than a simple flood control programme. It is also aimed at 
the development of the country-side, at nature conservation and environmental protection and also at the 
modernisation of agricultural practices. It is the reactivation of the floodplain, with regulated water outlets. 

Analysing the above suggestions a proposal has been worked out for the necessary interventions and 
their potential impacts have been studied. To convey the flood without damage the most appropriate solution is 
the development of a system of storage-spillage. Based on this concept the optimal development policy for the 
Tisza-valley flood protection system is the combination of different technical alternatives providing also an 
opportunity for the rehabilitation of the Tisza River and the neighbouring landscape. It has been concluded that 
the involvement of stakeholders is key in the successful implementation. 

During the 1998 to 2001 period four extraordinary flood waves have passed down the River Tisza. The 
total costs of flood fighting, emergency measures and reconstruction have amounted to some USD 570 million. 
Both public awareness of the hazard potential and the demand for a higher level of safety have grown in the 
wake thereof. The government had approved of the conceptual plan of enhancing flood safety in the Tisza Valley 
and obliged the competent ministries to elaborate detailed plans for Stage I of the development program. The 
development proposal comprises a complex program, which covers beyond the creation of a higher level of flood 
safety, the improvement of the living standards of the rural- and urban population in the region, the formulation 
and introduction of new types of agro-ecological land use in the area of the emergency flood retention reservoirs 
and the modernisation of the infrastructure in the communities along the River Tisza. In Stage I, which covers 
the years 2004 to 2007, the proposed flood safety enhancement measures include the restoration of the flow 
conveying capacity of the flood bed, the conservation oriented revitalisation thereof along the Upper Tisza, as 
well as along that between Szolnok town and the southern national border. Work will also be started on the 
creation of emergency retention reservoirs, of which six are contemplated at strategic sites (Fig. 1.). Agreement 
has been reached on the principles according to which a) the reservoir sites are selected and their area secured, b) 
the compensation to the farmers is awarded when they make their fields temporarily available for the purpose of 
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flood storage, and c) the methods of subsequent farming are decided upon. The costs of the first four years have 
been estimated at USD 620 million, one-half thereof devoted to flood control measures, the other to rural 
development, agro-ecological farming and infrastructure modernisation projects. Of this total USD 310 million 
have been earmarked for flood control projects. EU support is expected to cover approximately one-fourth of the 
total costs of the program. Progress towards program implementation has been achieved according to schedule. 
Preparatory activities so far have included surveys on the potential reservoir sites for ecological and 
archaeological values. The findings have revealed no obstacles to further designing work. The Strategic 
Environmental Assessment has been completed according to EU standards, the rural- and regional development 
opportunities related to the program have been explored together with the demands for intensifying economy and 
improving the infrastructure. Complying with EU requirements, the preparatory phase of the planning process 
was an open, transparent one, at public hearings with large audiences all potential stakeholders were given 
opportunity to voice their opinion. Over one-hundred village meetings and eighty other consultations have been 
organised. Among the tasks set for the year 2004 attention is called to the environmental impact assessments, to 
the preparation of the permit drawings, to the procurement of official permits for the structures designed, to the 
preparation of the detailed rural and regional development programs and to the selection of contractors by an 
open tendering procedure. Work on the first reservoirs and on clearing the flood bed has been scheduled to start 
in autumn, 2004. Continuous and outstanding care has been devoted to providing detailed information to the 
communities concerned and to obtaining public approval to the implementation of the program. 
 

 

Figure 1. Emergency retention reservoirs 
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Soil and phosphorus loss differences between two study catchments on the watershed of 
Lake Balaton 

 
Sisák, I.1 – Máté, F. – Szűcs, P. 

 
 

The soil erosion has special importance on the rolling watershed of the Lake Balaton, Hungary, since 
the sediment rich in organic matter and nutrients can accelerate eutrophication of the lake.  
A nationally unique erosion monitoring network was established on the watershed of Lake Balaton in 2003. 
Three monitoring stations were constructed and equipped with automatic flow, rainfall and relative humidity 
meters and automatic samplers on three charcteristic catchments (2-7 km2), one on each subwatershed of the 
lake. The three study catchments are Tagyon (in the northern subwatershed, steep slopes, forest in the upper 
segment and vineyards in the lower segment of the catchment), Nagyhorváti (in the western subwatershed, 
moderate slopes, deep, not eroded soils, dominantly arable land) and Somogybabod (in the southern 
subwatershed, forest in the upper segment, arable land in the lower segment of the catchment, relatively steep 
slopes, highly eroded soils on sandy loess). 

Preliminary result from Tagyon and Nagyhorváti are presented in this paper. 94 soil samples from 
Tagyon and 74 samples from Nagyhorváti were collected from the upper layer of soils (vineyards and arable 
land). Routine soil-P test (ammonium-lactate soluble P) and an environmental soil P test were performed with 
the samples. The environmental soil P test is practically a wet sieving procedure (25 g soil, sieve of 125 µm 
mesh size, gentle horizontal shaker). After 5 minutes shaking the remainder of soil is washed from the sieve to a 
dish, it is dried, weighed and the percentage of fraction passed the sieve was calculated (data are not shown). The 
suspension is topped up to 2000 ml and is shaken up (10 upside down turn) and deposited for 100 and seconds 
and 24 hours. 25 ml samples are taken from 5 cm below surface, and filtered to determine the suspended 
sediment content larger than 0.45 µm by drying the filtered material at 105 ºC (SS). Molybdenium reactive P 
(MRP) is determined from the filtered sample. 10 ml sample is also taken at the same time as the 25 ml and it is 
used to determine total P (TP) content after sulfuric acid and hidrogen-peroxide digestion. SS MRP and TP were 
determined on one set of samples from runoff events on both study catchments. 
 
  Tagyon Nagyhorváti 
 No. of soil samples 94 74 
soil Amm.-lactate sol. P2O5         mg.kg-1 681 174 

SS100sec                                                      mg.l-1 1247 1417 
SS24hrs                                                        mg.l-1 25.7 45.1 
MRP100sec                                                mg.l-1 0.23 0.10 
MRP24hrs                                                   mg.l-1 0.27 0.11 
TP100sec                                                      mg.l-1 1.84 1.33 
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TP24hrs                                                        mg.l-1 0.43 0.33 
 No. of runoff samples 24 24 

SS                                                                  mg.l-1 319 297 
MRP                                                            mg.l-1 0.51 0.37 

runoff 
samples 

TP                                                                  mg.l-1 1.36 1.13 
 

SS in environmental test is somewhat higher at Nagyhorváti but P signals are higher at Tagyon as a 
consequence of high P status of soils. The consecutive runoff samples have had relatively uniform SS, TP and 
MRP content throughout the sampling in Nagyhorváti but in Tagyon MRP was uniform in the initial phase of 
runoff event and increased drastically in the later, high-runoff-phase of the event. The phenomenon is in 
accordance with the high available P content of the soil.  

The environmental soil P test is suitable to detect differences between potential P loss from different 
watersheds but the combined use of MRP and TP and incorporation of other (topographic, soil cover etc.) data 
should be investigated further. 

This work was carried out with support of the DESPRAL (EVK1-CT-1999-00007) and 3/024/2001 
NKFP projects. 
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Mechanical properties of a soil treated with brackish water 
 

Spugnoli, P.1 – Melani, E.M. 
 
 

The paper reports the results of a study aimed to analyze the changes in mechanical behaviour of an 
agricultural soil at two different levels of  sodicity, one very light (SAR 1,44), the other medium  (SAR 4,34) 
simulating the effects of using slightly brackish water. It is well know that an increasing clay dispersion, caused 
by greater SAR, apart of other negative effects, also results in a higher mechanical strength of soil and 
aggregates (Barzegar et al.  1994b). However, mechanical strength alone gives poor information regarding 
stress-strain relationships and their repercussion on soil tillage and traffic problems. To relate  soil volumetric 
change in response to external loads, the approach of critical state soil mechanics has been used. To this purpose, 
compression and direct shear tests have been carried out which, together with the measure of samples height 
variation during shear, allow the assessing of the main critical state mechanics parameters (Kirby, 1991), as well 
as Coulomb soil strength. The tested soil is a Haploxeralf Clay-silty Loam with illite and caolinite clay minerals, 
organic matter 33,9 g/kg. The two brackish water treatments produced  the following two sodicity traits: 

a: SAR 1,44; ESP 1,64; EC 1,45dSm-1; b: SAR 4,34; ESP 4,83; EC 0,92dSm-1.  
Stability tests of these soils did not show any significant differences (Cavazza et al, 2002).  The samples 

for soil mechanics tests were taken from two pies (diameter 380mm) of dry soil (weight 900g) composed by 
aggregates between 0,5 and 2 mm, slightly consolidated, wetted by spraying distilled water up to “field 
capacity”, then dried at a moisture of 0,18g/g and subsequently  allowed to equilibrate for 24h in sealed plastic 
containers. Thus five samples from each pie were prepared by cylindrical core sampler. 

The results are that: as far as Coulomb law is concerned, soil b has a cohesion (143,48KPa) and an 
internal friction coefficient (0,279) higher than soil a (93,75KPa; 0,241, respectively), therefore the soil with 
higher SAR need more energy to be worked. In the framework of the critical state theory, the higher strength of 
soil b results in a lower compaction vulnerability but in a more deviatoric stress state needed to resume  its initial 
macro porosity, i.e. to expand up to the precompaction specific volume. This later possibility doesn’t mean that 
the agronomic soil structure functionality could be restored.  
 
References 
Barzegar, A.R., J.M. , Oades, P., Rengasamy, L., Giles, 1994b. Effects of sodicity and salinity on disaggregation 

and tensile strength of an Alfisol under different cropping systems. Soil & Tillage Research, 32: 329-345. 
Kirby J. M., 1991. Strenght and deformation of agricultural soil: measurement and practical significance. Soil 

use and Management. Vol. 7, Nr. 4: 223-229. 
Cavazza, L., A., Patruno, E., Cirillo, 2002. Soil traits and structure stability in artificially sodicated soil. Ital. J. 

Agron., 6, 1, 15-25. 

                                                           
1 DIAF, Università di Firenze, P.le  Cascine, 15. 50144 Firenze. Italia, Tel.: 0039 0553288318;  
Fax: 0039 0553288316; E-mail: paolo.spugnoli@unifi.it.  

319 

mailto:paolo.spugnoli@unifi.it


Influence of the thickness and grain-size of tephra mulch on soil water evaporation 
 

Díaz, F. – Jiménez, C.C.1 – Tejedor, M. 
 
 

On the island of Lanzarote (Canary Islands, Spain), under extremely arid conditions which include 
annual rainfall of below 150 mm, a dryland farming system has evolved based on the use of volcanic mulch. The 
present paper examines the influence of two parameters of the mulch - thickness and grain size - on soil water 
evaporation. A laboratory experiment was conducted using columns with the following characteristics: interior 
diameter of 8.4 cm; exterior diameter of  9.0 cm; 30 cm in height. A Haplocambid soil with an bulk apparent of 
1.1 g cm-3 was placed in each column. The mulch used consisted of basaltic pyroclasts of medium grain-size, 
with thicknesses of 2, 5 an-cm. The procedure used was as follows: the soils were saturated by capillary 
ascension for two days; they were then freely drained for two days. Each column was weighed and the soils were 
then covered with the different types of mulch, with some left uncovered as controls (3 replications of each). The 
columns were placed randomly on a round table such that all the columns were exposed to the same radiation. 
The energy required for evaporation was supplied by a 1500 W lamp placed at a height of 1.2 m above the 
central axis of the table. The evaporation rate for three columns with water which were included in the 
experiment also was taken as the potential evaporation and was more or less constant, varying between 9.1 and 
11.5 mm day –1, with an average of 10 mm day –1, in keeping with an arid climate. Water loss in the columns was 
obtained by daily weighing during 31 consecutive days. The experiment was conducted in a closed room in 
which the temperature and relative humidity were monitored: the temperature remained at around 35 ± 2ºC and 
the relative humidity at 45-50%. 

The accumulated evaporation in the mulched soils, irrespective of the thickness and grain size of the 
mulch, was significantly lower than in the bare soil. At the end of the experiment the water content at all depths 
of the mulched soils was higher than in the bare soils. In the covered soils the water distribution in the profile 
was markedly uniform, whereas in the bare soils there was a sudden increase at around 15 cm, as of which point 
the distribution was homogenous also. This circumstance is explained by the natural mulch effect exerted by the 
dry surface layer formed. 

The reduction in accumulated evaporation was proportional to the mulch thickness: 10-cm of mulch (92 
% reduction), 5-cm (83 % reduction) and 2-cm (52 % reduction). The 10 and 5-cm layers of mulch provide 
sufficient soil insulation, unlike the 2-cm thickness which is ineffective as a barrier preventing loss through 
evaporation. Field experiments have shown a much greater difference between the 10 cm and 5 cm layers, in 
favour of the former. With respect to grain-size, our experiment revealed a link between particle size and 
dispersion, through the effect on pore size, and losses through evaporation. The relationship between 
accumulated evaporation and the median particle diameter (D50) was direct, but inverse in the case of the degree 
of dispersion. Of the three grain-sizes used in the experiment, the fine grain was found to be the most effective 
and the coarse grain the least effective.  
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Soil Conservation in Romania - problems, research, control 
 

Dumitru, E.1 – Canarache, A. 
 
 

Main problems of soil conservation in Romania refer to water erosion (47% of country total agricultural 
land), drought (48%), temporary waterlogging (26%, mostly surface-water ponding), subsoil compaction (of 
natural origin, 14% of cropland), topsoil man-made compaction (40% of cropland), crusting risk (16% of 
cropland), reduced humus storage (48%), reduced available nitrogen (55%) and phosphorus (44%), acidity 
(23%). Less frequent, but with serious problems of future expansion, are related to man-made pollution (surface 
mining, oil and industrial waste, airborne waste (8%), wind erosion (3%), salinity and sodicity (5%), alkalinity 
(2%), presence of coarse fragments (2%). 

Research on various soil conservation problems started in this country during the 30’, and it was much 
increased since the 50’ of last century. 

A first kind of research has been devoted to finding out extent and to localise soil degradation 
processes, mainly on cropland. Existence since the beginning of last century of soil maps at small scale, and 
preparation during the last 50 years of large scale (1:10,000) maps made possible identification of areas affected 
by all degradation processes, as well as drawing of derived maps on erosion, salinity, water excess, compaction, 
etc. A database and a geographical information system is in its final stage for small scale maps, and it will make 
possible further processing of existing data. The soil quality monitoring system, in use in the last decade, is 
detailing such data, based on a network of almost 1,000 soil profiles set-up according a regular pattern 
throughout the country. 

The next area of research  has been related to soil degradation processes, causes, relationships to various 
natural environment and to cropping pattern, to their effects on soil quality, environment, crop yields, farming 
economic results. Significant results were obtained in this area of research concerning water and wind erosion, 
drought, compaction, acidity, available nutrients, pollution, and salinity. For several of these processes, statistical 
processing of data and simulation modelling are in advanced stage of progress. 

Research on technical solutions to prevent, mitigate and / or rehabilitate soil degradation has been quite 
intensive. Adequate techniques for water and wind erosion control, efficient use of irrigation water in correlation 
with soil moisture storage, dry-farming cropping on non-irrigated land, land shaping for control of surface 
ponding, deep ripping for remediation of subsoil-compacted soils, prevention of topsoil compaction under 
specific climatic conditions of this country, application of fertilisers and liming according to soil testing, 
melioration of saline soils especially in rice fields, etc. Most of these procedures are of high quality from the 
technical point of view, but often not enough related to economical profits. 

Most of soil conservation problems in this country are related to increase in population and in 
agricultural land, mainly leading to deforestation, during the last two centuries. The period of centralised, state 
and collective farming, agriculture before 1989 may be characterised, from the point of view of soil 
conservation, by transforming in cropland many areas not suitable to such use, by a large extent of engineering 
projects, including irrigation, many of them non-economical and technically incomplete, by larger but still 
insufficient use of fertilisers and liming, by low interest for prevention of pollution, by better land planning 
related to erosion control, especially in Eastern Romania. Since 1989, return of land to original owners under 
conditions of an extremely large percentage of rural population and of very low capital funding of the new 
farmers proved to be detrimental for soil conservation, at least on a short-time range. Such problems refer 
especially to sloping land, where the return of land act stated that old location, unfortunately mostly up-down 
slopes, should be restored. Increase in farm size and in economical status of these farms, build-up of family 
farms similar to the ones active in other parts of the world, should certainly deal with these questions. 

Present legislation concerning soil conservation is acceptable. There are specific regulations concerning 
establishment of a soil restoration fund, reafforestation of degraded land, pollution control, soil quality 
monitoring, soil survey, establishment of irrigation water-users associations and state-supported low prices of 
water for these associations, financial support for liming and other techniques, a. o. State budget funding of these 
actions is provided, even if the present financial status of the country is able to cover only a relatively low part of 
such needs. Government agencies are active in soil survey, soil testing and soil quality monitoring, as well as in 
engineering practices. A couple of years ago a Government agency has been founded for extension, with local 
teams in each county and in many villages. At present, discussions are going on for harmonisation of regulations 
with the European Union acquis, and efforts are made to adjust provision of the acquis to local natural and 
social-economical conditions. 
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Missing items for the developing European Soil Protection Strategy 
 

Michéli, E.1 – Szegi, T. – Montanarella, L. 
 
 
Introduction 

Only a small fraction of the European population is currently living in rural areas and having a direct 
contact with soils. That is one of the reasons that most European citizens do not know enough about soils. The 
most common perception is usually that soils are a good dumping site for all kind of wastes and that soils can be 
quite useful as surfaces for building houses and infrastructure.  In recent years it has been emphasised even in 
political circles in Europe that soils perform a number of functions, that is, they offer a range of different 
utilization options that depend on their natural characteristics, some of which can be influenced by humans.  
 
Soil Functions 

It has been suggested that soils have a regulation function, a habitat function, a utilization or production 
function, and a cultural function.  The function of regulation refers to mediating fluxes of energy, water and 
external additions, and habitat means being home to the richness of the world’s biodiversity.  A function of 
production refers mainly to the support of plants and animals, and culturally soils serve as a primary source of 
values as well as a final resting place.  Details of these functions have been appropriately described by several 
groups (GCACC,1995; Karlen et al, 1997).  From an economic point of view every area of land embodies a 
production function with soil characteristics representing the production factors and soil functions representing 
the output.  The different soil functions form a complex network of relationships with each other and  with the 
specific characteristics of the soils.  In some instances conflicting relations exist whereby use of a soil for one 
function excludes or restricts other use options. In some cases there may be complementary relations of the 
functions. 
 
Soil degradation restricts the functions of soils. 

Based on the recognition that “’Soil degradation restricts the functions of soils” it became obvious  that 
there is need  need for a coherent approach to soil protection on the political agenda in Europe. In the  
Community’s 6th Environment Action Programme (6th EAP) therefore soil protection is one of the thematic 
strategies to be developed. 

The EU soil protection strategy builds upon the recognition that severe degradation processes threaten 
the important functions of soils. The major threats identified so far are:  

soil erosion 
decline in organic matter content 
loss of soil biodiversity 
soil contamination 
salinization 
soil compaction 
soil sealing 
and major hydro-geological risks (flood and landslides).   

 
The estimated areas affected by major soil threats in Europe are given in Table 1.  
 
Below a brief  summary is given on the land degradation processes:  
 
Soil erosion 
 Soil erosion by water is a widespread problem throughout Europe. A report for the Council of Europe, 
using revised GLASOD data (Oldeman et al., 1991; Van Lynden, 1995), provides an overview of the extent of 
soil degradation in Europe. 114.5 M ha (52.3%) of the total area is affected by erosion. The most dominant effect 
is the loss of topsoil. (Fournier, 1972).The main causes of soil erosion are still inappropriate agricultural 
practices, deforestation, overgrazing and construction activities (Yassoglou et al., 1998).  
 
Decline in organic matter 
 Closely linked to the process of soil erosion is the extensive decline in organic matter content that can 
be observed in Europe. 
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Soil organic matter is extremely important in all soil processes. It is essentially derived from residual 
plant and animal material, synthesised by microbes and decomposed under the influence of temperature, 
moisture and ambient soil conditions. 

Agronomists consider soils with less than 1.7% organic matter to be in pre-desertification stage. 
Effective measures to revert this trend exist: reduced tillage, zero tillage, conservation agriculture, cover crops, 
application of manure, compost and sewage sludge. Land use changes like conversion to grassland and 
reforestation can have a very positive effect on soil organic matter content. 
 
Loss of soil biodiversity 

The decline of organic matter is closely linked to the loss of soil biodiversity. Soils are a major habitat 
for plants and animals. Millions of organisms can be present in just one teaspoon of soil. Fungi, bacteria, 
nematodes, earthworms and higher animals form a complex food web that is still only partially known and 
understood. Many species still are waiting to be correctly identified and described. The increasing use of agro-
chemicals and the rapid decline in organic matter content are threatening the diversity of organisms in soils. 
Only little is known on the impact of genetically modified crops on the gene pool in soils. Root residues from 
these new GMO’s could affect the soil biodiversity. There is still a lot to be investigated in this respect. 

Recognising that soils contain as much biodiversity as the above ground habitats requires to take steps 
towards protecting this precious resource from further degradation. This was also recognised by the Conference 
of Parties (COP) to the Convention on Biological Diversity (CBD) at its 6th meeting in Nairobi April 2002 that 
decided (COP decision VI/5, paragraph 13) "…to establish an International Initiative for the Conservation and 
Sustainable Use of Soil Biodiversity as a cross-cutting initiative within the programme of work on agricultural 
biodiversity, and invites the Food and Agriculture Organization of the United Nations, and other relevant 
organizations, to facilitate and coordinate this initiative". 
 
Soil contamination 

One of the main threats to soil biodiversity and soil health in general is contamination both by diffuse 
and local pollution. Diffuse pollution is generally associated with atmospheric deposition, certain farming 
practices and inadequate waste and wastewater recycling and treatment. Atmospheric deposition is due to 
emissions from industry, traffic and agriculture.  
 
Salinization 

Salinization is the accumulation in soils of soluble salts of sodium, magnesium, and calcium to the 
extent that soil fertility is severely reduced. In dry land areas of Europe potentially affected by desertification 
(arid, semiarid and dry sub humid) the most affected zones are located in Hungary, Romania, Spain, Italy, 
Albania, and Greece, according to several authors (EEA, 1998). 
 
Physical degradation  

The most common form of soil physical degradation is soil compaction. Soil compaction occurs when 
soil is subject to mechanical pressure through the use of heavy machinery or overgrazing, especially in wet soil 
conditions. In sensitive areas, walking tourism and skiing also contribute to the problem. Compaction reduces 
the pore space between soil particles and the soil partially or fully loses its absorptive capacity. Compaction of 
deeper soil layers is very difficult to reverse. It has been estimated that nearly 4% of soil throughout Europe 
suffers from compaction , but no precise data are available. 

According to a recent study (Jones et al., 2001, 2003), more than a third of the soils in Europe are 
highly susceptible to compaction in the subsurface layers or horizons. Compaction of surface soil can, at least 
temporarily, be alleviated by mechanical loosening but in the subsurface horizons this is often difficult and 
expensive. Therefore any management system that is likely to increase subsoil compaction is not truly 
sustainable.  
 
Soil sealing 

Much more serious then soil compaction is the threat to soil functions by covering of soil for housing, 
roads or other land developments, known as soil sealing. When land is sealed, the area for soil to carry out its 
functions including the absorption of rainwater for infiltration and filtering is reduced. The sealing of land leads 
to the direct run-off of precipitation into rivers (EEA, 2001) which, in turn, enhances the risk of flooding at the 
regional level. In addition sealed areas may have a great impact on surrounding soils by changing water flow 
patterns and by increasing the fragmentation of biodiversity. Soil sealing is almost irreversible. 
 
Floods and Landslides 

Floods and landslides are mainly natural hazards intimately related to soil and land management. Floods 
and mass movements of soil cause erosion, pollution with sediments and loss of soil resources with major 
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impacts for human activities and human lives, damage to buildings and infrastructures, and loss of agricultural 
land. Floods and landslides are not a threat to soils in the same manner as the threats already listed. However, 
floods can, in some cases, result in part from soil not performing its role of controlling the water cycle due to 
compaction or sealing. They may also be favoured by erosion often caused by deforestation or by abandonment 
of land. 
 
Table 1. Estimated areas affected by major soil threats in Europe 

Threat1 Area affected2 

(million hectare) 
Percentage of total 
European land area 

Pesticides 180 19 
Nitrates and phosphates 170 18 
Water erosion 115 12 
Acidification  85 9 
Wind erosion 42 4 
Soil Compaction 33 4 
Salinisation  3.8 0.4 
Organic matter loss  3.2 0.3 

 
 1. Different threats can affect the same land area so that numbers cannot be added up.  
 2. Area covers all land uses.  Source: EEA (1995a, p.152) 
 
 
The development of the European Soil Thematic Strategy 

For development of the European Soil Thematic Strategy special mandates were given five Working 
Groups on  1. Contamination ,  2. Organic matter and biodiversity , 3.  Erosion, salinisation, compaction, floods 
and landslides,   4. Research and sealing  and 5.  Monitoring (consisting of representatives from member and 
accession countries).  An Advisory Forum was also established to guide the soil policy development process, to 
co-ordinate and oversee the work of the different Working Groups, to  monitor the implementation of the work-
plan, to give guidance on key issues and assess and evaluate the output from the various working groups. 
 
The missing items 
 
Protection of unique formations 

Soils are often preserving cultural heritage and anthropologists generally protect those. However soils 
are often preserving unique formations that have not so strong connection to the primary soil functions and no 
body is in charge to protect them. Those formations might be natural soils from ancient climatic periods, or 
result of complex unusual soil forming processes. An example is given in Figure 1.  Others might soils of lands 
were special ancient or traditional ways of cultivations were performed, or just sites for important in research or 
education interests. Without protection those formation may disappear.  Therefore we suggest that the protection 
of such site should have place in the developing strategy.  
 
Suggestion for the establishment of a European Soil Conservation Service  

The implementation of the EU soil protection policy and related directives and programs need 
harmonized information, harmonized concepts and methods and an operative network.  At the moment there is 
no defined plan for a coordination body in the implementation.  We believe that there is a need for the 
establishment of a European Soil Conservation Service  

The mission of the ESCS would be to provide coordination to the effort to conserve and improve soils 
and other natural resources in Europe. The vision of such organization is a harmonized soil survey and soil 
protection in Europe.  
The suggested function of a potential ESCS: 

- Provide bridge between EU political decisions and practical execution of soil survey and protection 
programs on national and regional levels. 
- Provide harmonized methodology for soil survey, data collection and problem evaluation. 
- Provide coordination of the development for conservation programs and practices and technical 
guidance to them (through training programs, published guidelines and brochures). 
- Provide bridge between scientific results and practices. 
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The suggested structure of  a potential ESCS: 
 Nested structure  
 ESCS Center  →  National Centers → regional offices (stations) 
 

 
 
Figure 1. Example for a unique formation to be protected.  The Atkár periglacial paleosol.  Paleosols are soils of 
past geologic periods. In their morphology and properties these soils preserve important information of the paleo 
environment in which they formed. The Atkár periglacial soil is a unique formation resulting from the changing 
environment of the Pleistocene period.  
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Rainfall and mineral fertilization interactions on crops yield  
 

Márton, L.1 
 
 
Abstract 

The effect of rainfall quantity, distribution and N, P, K, Ca, Mg fertilization on the yield of rye, potato, 
winter wheat, triticale were evaluated in the 42 years of a long-term mineral fertilization experiment [soil (acidic, 
sandy, brown forest) x fertilization (N, P, K, Ca, Mg) x rainfall (quantity, distribution) x crop (rye, potato, winter 
wheat, triticale)] set up in 1962 in a fragile agro-ecological circumstances in Nyírlugos-Nyírség region of 
Eastern Hungary. The soil had the following agrochemical characteristics: pH (H2O) 5.9, pH (KCl) 4.7, 
hydrolytic acidity 8.4, hy1 0.3, humus 0.7%, total N 34 mg kg-1, ammonlactate (AL) soluble-P2O5  43 mg kg-1, 
AL-K2O 60 mg kg-1 in the plowed layer. From 1962 to 1980 the experiment consisted of 2x16x4x4=512 plots 
and from 1980 of 32x4=128 plots in split-split-plot and factorial random block designs. The gross plot size was 
10x5=50 m2. The average fertiliser rates in kg ha-1 year-1 were nitrogen 45, phosphorus 24 (P2O5), potassium 40 
(K2O), magnesium 7.5 (MgO) until 1980 and nitrogen 75, phosphorus 90 (P2O5), potassium 90 (K2O), 
magnesium 140 (MgCO3) after 1980. The main results and conclusions were as follows: 1. During the vegetation 
period the relationships between rainfall quantity, NPKCaMg nutrition and yield could be characterised 
primarily by quadratic correlations (rye „R”:0=0.9900***, N=0.8400***, NP=0.8400***, NK=0.9100***, 
NPK=0.8500***, NPKMg=0.6500***, potato:0=0.9800***, N=0.9500***, NP=0.9600***, NK=0.9500***, 
NPK=0.9800***, NPKMg=0.9600***, winter wheat:0=0.5949***, N=0.5734***, NP=0.7635***, 
NK=0.5357***, NPK=0.6710***, NPKMg=0.7055***, triticale:0=0.3455***, N=0.2779+, NP=0.4722***, 
NK=0.3738***, NPK=0.6311***, NPKCa=0.6673***, NPKMg=0.6734***, NPKCaMg=0.6232***). 2. 
Maximum yields rye: 4.0 t ha-1, potato: 21.0 t ha-1, winter wheat: 3.4 t ha-1, triticale: 5.0-6.0 t ha-1 were recorded 
when the natural rainfall amounted to 430-500, 280-330, 449-495 and 550-600 mm. At values above and below 
this figures there were a cosiderable reduction in the yield. According to our scientific results we can state that 
the yield of crops were strongly influenced (quadratic correlation) by N, P, K, Ca, Mg fertilization x rainfall 
quantity and distribution interctions. 
Key words: rainfall, crops, nutrient supply, yield 
 
Introduction 

Agricultural production has a well estabished relationship to climate change (Berényi 1944., Szász 
1981., Adams et al. 1990., Harnos 1993., Barrow et al. 2000., Downing et al. 2000., Bocz 2001). There is, 
therefore, growing concern about the potentially wide ranging impacts that climate change would have on these 
key as the nature and extent of anticipated changes have become more evident. It also includes changes in land 
use and in plant production and their management. These changes are unprecedented in terms of both their rate 
and their spatial extent. Changes in land use (agrotechnics, soil cultivation-, fertility-, quality-, protection-, etc.) 
and in plant production (plant nutrition-, rotation-, protection-, etc.) are currently the main manifestations 
(Stefanovits 1966., Győrffy and Sváb 1993., Várallyay 1984., Kováts et al. 1985., Lásztity 1991., Kádár 1992., 
Kádár and Szemes 1994., Németh 1996). As an interdisciplinary problem it is necessary to study such a complex 
matter (Láng 1973., 2003).  

Generally among natural catastrophes, droughts and floods cause the greatest problems in field crop 
production (Gyuricza and Birkás 2000). The droughts and the floods that were experienced in Hungary in the 
early 1980s have drawn renewed attention to the analyses of these problems (Rácz 1999).  

Rye (Secale cereale L.), potato (Solanum tuberosum L.), winter wheat (Triticum aestivum L.) and 
triticale are demanding indicator crops to climate factors and soil nutrient status. 

New research on climate change-soil-plant systems are focused on crops yield. This paper reports the 
raifall change x soil x mineral fertilization x plant interactions on crops yield in a long term field experiment in 
Hungary.  
 
Materials and Methods 

The effect of climatic anomalies primarily the quantity and distribution of rainfall and mineral 
fetrilization (N, P, K, Ca, Mg) on rye, potato, winter wheat and triticale yields were examined from 1962 to 2001 
in a long term mineral fertilization field experiment set up on an acidic, sandy, brown forest soil with alternating 
thin layers of clay substance in Nyírlugos, North-East Hungary.  
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The soil had the following agrochemical characteristics: pH (H2O) 5.2-6.5, pH (KCl) 4.4-4.9, hydrolytic 
acidity 5.9-10.8, hy1 0.2-0.4, humus 0.4-0.9%, total N 20.6-48.0 mg kg-1, ammonlactate (AL) soluble-P2O5  20-
66 mg kg-1, AL-K2O 20-100 mg kg-1 in the plowed layer.  

From 1962 to 1980 the experiment consisted of 2 x 16 x 4 = 128 treatments in 4 replications, giving a 
total of 512 plots and from 1980 of 32 x 4 = 128 plots in split-split-plot and factorial random block designs. The 
gross plot size was 10 x 5 = 50 m2. The fertilizer rates and combinations applied are shown in 1. table.  

The nitrogen as 28% calcium ammonium nitrate was applied in two equal splits in autumn and spring, 
while the P, K, Ca and Mg fertilizers were applied prior to ploughing in autumn in the form of 18% 
superphosphate, 60% potassium chloride, 95% limstone powder and 18% dolomite powder. In autumn 1997 the 
P, K, Ca and Mg fertilizers were applied for four years in advance. Rinfall datas were estimated by hungarian 
traditional and crop-specific ecological standards. Experimental data bases were analysed by MANOVA and 
regression analysis (SPSS).  
 
Table 1. Fertilizer rates and combinations applied (Nyírlugos, 1962-2001) 

Fertilizer rates (kg ha-1 year-1) from 1962 to 1980 
Control (no fertilization) 

Rate Rye Wheat Potato Rate Rye Wheat Potato 
N1 30 30 50 P2O5 48 48 48 
N2 60 60 100 K2O 80 80 150 
N3 90 90 150 MgO 15 15 30 

N, P, K, Mg combinations 
Control (no fertilization) 

N1 N2 N3 
N1P N2P N3P 
N1K N2K N3K 

N1PK N2PK N3PK 
N1PKMg N2PKMg N3PKMg 

Fertilizer rates (kg ha-1 year-1) from 1980 
Level N P2O5 K2O CaCO3 MgCO3 

Control 0 0 0 0 0 
1 50 60 60 250 140 
2 100 120 120 500 280 
3 150 180 180 1000 - 

N, P, K, Ca, Mg combinations 
Control (no fertilization) 

N1 N2 N3 
N1P N2P N3P 
N1K N2K N3K 

N1PK N2PK N3PK 
N1PKCa N2PKCa N3PKCa 
N1PKMg N2PKMg N3PKMg 

N1PKCaMg N2PKCaMg N3PKCaMg 
 
 
Results and Discussion 
 
Rye results between 1962 and 1972 

On the basis of traditional (Harnos 1993) and rye specific rainfall deficiency values (Márton 2002a) the 
years could be divided into average (1966), dry (1964, 1968, 1972) and wet (1970) years. Without fertilization 
the weather anomalies (drought, abundant rainfall) did not cause significant yield differences (average year: 1.63 
t ha-1, dry year: 1.51 t ha-1, wet year: 1.47 t ha-1). In the case of poor (30 kg ha-1) N supplies the yields ranged 
between 2.35 and 2.77 t ha-1. In the average year the yield was more than 1.0 t ha-1 higher than on the control 
plot, while dry and wet years led to yield reductions of 26 and 23%, respectively. With a moderate rate of N 
fertiliser (60 kg ha-1) the yields were almost twice those in the control. The damaging effect of drought was 
reduced from 26% with poor N supplies to 15%. Excessive rainfall reduced the yields by 29%. At an N rate of 
90 kg ha-1 the yields were greater than 3.5 t ha-1 in the average year, while this was reduced by 20% on average 
in the dry years and by 48% in the wet year. In general close quadratic correlations could be demonstrated 
between the rainfall quantity during the vegetation period and the yield, depending on the 0 (R=0.9900***), N 
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(R=0.8400***), NP (R=0.8400***), NK (R=0.9100***), NPK (R=0.8500***), NPKMg (R=0.6500***) rate. 
The best yields of around 4.0 t ha-1 were recorded when the natural rainfall amounted to 430-500 mm. Rainfall 
quantities in excess of 500 mm caused severe yield reductions. 
 
Potato results between 1962 and 1979 

The years were distinguished as dry (1973), wet (1965) or average (1963, 1967, 1969, 1971, 1975, 
1977, 1979) on the basis of „general” (Harnos 1993) and potato specific (Márton 2002b) rainfall deficiency 
limits. The year effects in the experiments were determined chiefly by the rainfall quantities in the winter half 
years, followed by the months prior to seeding, the vegetation periods, the summer half years and the harvesting 
months. Without fertilization the yield was reduced by 2.0-2.8 t ha-1 in the dry (1973) and wet (1965) years 
compared with the average years. At low nutrient rates (N, NP, NK, NPK and NPKMg combinations involving 
50 kg ha-1 N) the yield was greater than in the control plots, especially in the dry year (8.0 t ha-1), when averaged 
over the fertilization treatments. In the average and wet years this value was 5.8 and 4.4 t ha-1, respectively. 
Compared to the average years, the yield increase was around 67% in the dry year, while the yield in the wet 
year was similar to than in the average years. At medium nutrient rates (N, NP, NK, NPK and NPKMg 
combinations involving 100 kg ha-1 N) the maximum yields were produced in the NPK and NPKMg treatments. 
The year effects were more uniform due to the better nutrient status. In the average years the yield increasing 
effect of fertilization was over 7.0 t ha-1. In the dry year this figure approached 10.0 t ha-1, while in the wet year 
it dropped to 7.6 t ha-1. At high nutrient rates (N, NP, NK, NPK and NPKMg combinations involving 150 kg ha-1 
N) the yield rose to over 16.0 t ha-1 when averaged over all the fertilizer treatments, which was 100% greater 
than that of the control plots. The yield reducing effect of wet and dry years was not observed at this nutrient 
supply level, confirming the ability of fertilization to compensate for poor weather conditions. The yield 
increased by 3% in the dry year and 12% in the wet year compared with the average. The positive effect of the 
wet year was almost 24% greater than that of the medium nutrient level. Close quadratic correlations were 
observed between the rainfall during the vegetation period and the yield, depending on the nitrogen rates 
(0:R=0.9800***, N:R=0.9500***) and on the NP (R=0.9600***), NK (R=0.9500***), NPK (R=0.9800***) and 
NPKMg (R=0.9600***) combinations. Yields close to the maximum (21.0 t ha-1) were achieved in the 280-330 
mm range. Rainfall amounting to over 400 mm caused a substantial reduction in yield.  
 
Winter wheat results between 1973 and 1990 

On the basis of „general” (Harnos 1993) and winter wheat specific rainfall deficiency values (Márton 
2002c) the years could be classified as average (1978, 1982, 1989), dry (1974), droughty (1976, 1990) and wet 
(1980). In average years the yield of the control plots became stabilised at the 1.6 t ha-1 level. In the fertilized 
treatments the highest yield (3.7 t ha-1) was more than one and a half times the lowest yield (2.3 t ha-1). N, NP 
and NK fertilization resulted in an increase of around 1.0 t ha-1 in the main yield compared with the control. The 
wheat yields could only be enhanced economically by full treatment with NPK or NPKMg. Without fertilization 
the yield in the dry year (1.7 t ha-1) was similar to that in the average year (1.6 t ha-1). The extent of loss was 12% 
in the N, NP and NK treatments and 10% in the NPK and NPKMg treatments. In the case of drought the grain 
yield of the control plots was approx. 30% lower than in the average year. The loss in the one sided N and 
deficient NP and NK combinations was 41%, and this was aggravated by a further 7% by the NPK and NPKMg 
rates (48%). In the wet year the yield declined even more than in the case of drought. The unfertilized plots 
yielded over 80% less than in the average years. In the case of the unfavourable nutrition (N, NP, NK) the 
decrease in the harvested main yield was 64%, while the negative effect was slightly less (63%) in the NPK and 
NPKMg treatments. The relationships between rainfall during the vegetation period, N, P, K and Mg fertilization 
and yield were characterised by second  degree correlations depending on the level of nutrition (0:R=0.5949***, 
N:R=0.5734***, NP:R=0.7635***, NK:R=0.5357***, NPK:R=0.6710***, NPKMg:R=0.7055***). The garin 
yield per mm in the case of optimum rainfall supplies ranged from 3.7 to 7.2 kg ha-1, depending on the fertilizer 
rate (0:3.7, N:4.6, NP:6.1, NK:4.8, NPK:6.2, NPKMg:7.2, treatment mean:5.4 kg ha-1). The natural rainfall was 
utilised better in the fertilized plots than in the untreated control (N:24, NP:65, NK:28, NPK:67, NPKMg:95, 
treatment mean 46%). Supplementary magnesium fertilization led to a 17% (1.0 kg ha-1 mm-1) increase in yield 
compared to the NPK treatment. Maximum yields  (3.4 t ha-1) were recorded when the natural rainfall amounted 
to 449-495 mm. 
 
Triticale results between 1990 and 2001 

On the basis of „general” (Harnos 1993) and specific rainfall suplly values (Márton 2002d) the years 
were characterised as average (1991, 1995, 2000), dry (1993), droughty (1992, 1994, 1996), wet (1997, 1998, 
2001) and very wet (1999). The year effects in the experiments were determined chiefly by the rainfall quantities 
in the winter half year, the summer half year and the month prior to sowing, and by the frequency of consecutive 
critical months during the vegetation period and the experimental year. In average years the yield of the 
unfertilised control plots was low (1.4 t ha-1). In the fertiliser treatments  the maximum yield (4.0 t ha-1) was 
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more than twice the lowest yield (1.9 t ha-1). N, NP and NK fertilization resulted on average in a 1.0 t ha-1 yield 
increment compared to the control plots. The triticale yield could only be incresaed economically by the full 
NPK treatment (3.3 t ha-1) or by combinations including calcium and magnesium (NPKCa, NPKMg, NPKCaMg) 
(3.9 t ha-1). In dry and droughty weather the yield of the control areas was 14% and 36% less, respectively, than 
in average years. The application of N alone or of NP and NK treatments led to yield losses of 45 and 24%, 
respectively, while that of NPK, NPKCa, NPKMg or NPKCaMg caused a further 22% drop in both types of 
years. In the wet years the yield decreased by 14% in the unfertilized plots, remained unchanged in the case of N, 
NP or NK nutrition, and increased by 31% in the NPK, NPKCa, NPKMg and NPKCaMg treatments. In the very 
wet year the yields were similar to those in the average year. The relationships between rainfall quantity during 
the vegetation period, NPKCaMg nutrition and yield could be characterised primarily by quadratic correlations 
(R: Control=0.3455***, N=0.2779+, NP=0.4722***, NK=0.3738***, NPK=0.6311***, NPKCa=0.6673***, 
NPKMg=0.6734***, NPKCaMg=0.6232***). Maximum yields in the region of 5.0-6.0 t ha-1 were achieved in 
the rainfall range of 550-600 mm, at around 580 mm. At values above and below this figure there was a 
cosiderable reduction in the grain yield.  
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Comparison of tillage and water erosion rates on a loess slope: 
a case study from south-eastern Poland 

 
Rejman, J.1 

 
 
Abstract 

Soil translocation due to shallow and deep mouldboard plow was studied on silt loam developed from 
loess. Tillage operations were performed in up- and down-slope direction on 7-12% slopes. During shallow 
plow, 34 kg m-1 of soil was displaced down-slope on an average distance of 25.8 cm and during deep plow, 46 
kg m-1 of soil was displaced with an average distance of 13.5 cm. These results were compared with water 
erosion rates evaluated with a system of runoff plots of different length (bare plots). Water erosion rates 
established on particular measurement periods was 290.7 kg m-1 with average effective distance of 5.7 m. 
 
Introduction 

In agricultural use of hilly regions, soil is moved during tillage operations and by erosion processes. 
Once, soil translocation due to tillage took place each year with a stable rate, water erosion rates depends on 
precipitation and plant cover characteristics. In conventional agriculture system, that is prevailing in Poland, the 
amount of tillage operations depends on crop type. Usually, 3 mouldboard ploughs are performed with spring 
crops (deep – performed in autumn, medium – before sowing and shallow - after harvest) and 2 with winter 
crops (medium and shallow). First studies on soil translocation due to tillage in Poland started in the 50-ties 
(Bac, 1950; Martini, 1953; Czyżyk, 1955; Jankowski, 1959). Research were concentrated on suitability of 
different ploughs to mountain areas and covered soil translocation measured under different tillage direction 
(along and across slope and under 450). All implements were performed with a one blade plough (using both 
horse and tractor). After 1960, the studies were suddenly stopped. With introducing more powerful tractors into 
agriculture, interest in soil translocation due to tillage have started in many countries (Lindstrom et al., 1992; 
Govers et al., 1994, Govers et al., 1999). One of the arising question becomes which process, water or tillage 
dominates in present agriculture of hilly areas. Difficulties with comparison of both processes are connected with 
differences in methodology. Whilst in tillage experiments, soil mass and distance of displacement is determined, 
in water erosion studies conducted with standard runoff plots only mass per unit area can be derived as it is in the 
USLE model (Wischmeier and Smith, 1978). Hypothetically, water erosion rates could be transformed to soil 
mass and distance of displacement equal to plot length. However, in such a case, distance of displacement is 
assumed to be constant and independent on input energy of rain and runoff (both being highly variable in 
reality). The basis of comparison of these two processes could be studies with system of runoff plots of different 
length (Rejman and Usowicz, 2002). Analyzing data from these plots, both soil mass and effective distance of 
soil transport (soil translocation) can be determined.   

The aim of the study was to establish (i) rate of soil translocation by tillage (under typical contemporary 
farming conditions) and (ii) compare the results with water erosion rates from system of plots of different length. 
 
Methods 
Experimental site and soil 

Tillage and erosion experiments were conducted on a loess slope of small catchment located in the 
Lublin Uplands (SE Poland), (51020’N; 22046’E). Numbered small catchments in the area are characterized by 
rolled landscape with short slopes 50-100m long and height change of 5-10m. The upper soil layer (0-20 cm) 
was characterized by 1% of coarse sand (1-0.1 mm), 19% of fine sand (0.1-0.05 mm), 46% of coarse silt (0.05-
0.02 mm), 23% of fine silt (0.02-0.002 mm), 11% of clay (<0.002 mm), 1.8% of organic matter, and pHKCl - 5.3.   
 
Tillage experiments 

Tillage operations consisted of shallow and deep mouldboard plows and were conducted with a 38 KW 
tractor and a mouldboard plough with 3 blades (of total working width of 0.8-0.9m). Shallow plow was 
performed on depth of 10 cm at 7% slope (14 August 2003) and deep plow - on the depth of 24 cm at 10-12% 
slope (4 November 2003). Shallow plow was made directly after wheat harvest to stop evaporation, and deep 
plow after sugar beet harvest. Tractor speed was recorded by measuring the time needed to pass 20 m, and was 
8.0 (in up-slope direction) and 9.6 km h-1 (down-slope) at shallow plow, and 6.3 (up-slope) and 8.0 km h-1 
(down-slope) at deep plow. Before shallow plow, soil moisture content was 11.9% (g/g) and bulk density - 1.32 
Mg m-3, and before deep plow - 16.6% and 1.42 Mg m-3. After tillage, bulk density decreased to 0.92 and 1.09 
Mg m-3 for shallow and deep plow, respectively. 
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Soil translocation was evaluated on the basis of displacement of numbered and painted on different 
color aluminium cubes (tracers) with an edge-length of 15 mm. Aluminium tracers were placed both in up- and 
down-slope tillage directions in 6 lines perpendicular to slope and tillage. Cubes were inserted into holes drilled 
in soil on depth of 0, 5, 10, 15 and 24 cm. First line consisted of 55 tracers placed in 11 columns (with intervals 
of 10 cm), second line of 35 tracers in 7 columns (15 cm), and third line of 30 tracers in 6 columns (20 cm). 
Distance between lines of tracers was 3 m. After tillage, the plough layer was carefully excavated and tracers 
positions was recorded. Displacement distance was evaluated in horizontal plane perpendicular to initial line of 
tracers’ columns. Recovery rate was high. Usually, from 120 tracers only 2 were lost in one pass. No correction 
was made for lost tracers. Apart of displacement characteristics, diffusion coefficient k was calculated according 
to Govers et al. (1994): 

k = -D ρb B 
where:  
D - depth of tillage operation, m 
ρb – soil bulk density, kg m-3  
B – coefficient, m 
 
Water erosion experiments 

Runoff plots of different length (20, 10, 5 and 2.5 m) and the same width (3 m) were located on 12% 
slope and maintained under continuous bare soil conditions. At the plot outlet, containers to measure runoff and 
soil loss were installed. After each period of rainfall, runoff volume was measured and samples were taken to 
determine soil loss. Measurements were carried in the years 1998-2000 and contained periods from April to 
November (23 measurement periods in total). Total rainfall amount responsible for runoff events was 763.2 mm 
and its erosivity (EI30) 3194.5 MJ mm ha-1 h-1. Details of water erosion experiments contain the paper (Rejman 
and Usowicz, 2002). 
 
Results 
Soil translocation due to tillage 

Average values of soil translocation are presented in Table 1. Generally, distance of soil translocation 
was larger for shallow in comparison to deep plow. In almost all replications, average soil translocation down-
slope was larger than up-slope. Maximum values of displacement reached 218 cm (down-slope direction) and 
105 cm (up-slope direction) for shallow plow, and 184 cm (down-slope) and 115 cm (up-slope) for deep plow. 
During shallow tillage, down-slope translocation was larger in comparison to deep plow by 25.8 cm, and during 
deep tillage – by 13.5 cm.  
 
Table 1. Average values of soil translocation (cm) under mouldboard tillage.  

Shallow plow Deep plow Replications Up-slope Down-slope Up-slope Down-slope 
1 
2 
3 

16.2 
45.0 
27.6 

59.0 
41.2 
66.2 

27.6 
26.0 

17.2* 

37.2 
33.9 
40.0 

Average 
Standard deviation 

Coefficient of variation, % 

29.6 
14.5 
49.0 

55.4 
12.9 
23.2 

23.6 
5.6 

23.7 

37.1 
3.0 
8.2 

*10% slope 
 

Profiles of soil translocation and net down-slope translocation are presented in Figures 1 and 2. 
Generally, tracers initially placed closer to the soil surface were displaced on longer distances. The only 
exception are tracers placed at the soil surface at deep plow performed in up-slope direction. During shallow 
plow, net down-slope translocation was on average 40, 30 and 6 cm for tracers placed on depth of 0, 5 and 10 
cm. During deep plough, net down-slope translocation was on average 21, 3, 11, 19 and 7 cm for tracers placed 
on depth of 0, 5, 10, 15 and 24 cm.  

On the basis of average value of net down-slope translocation, plow depth and bulk density before 
tillage, amount of displaced soil was calculated. For shallow plow, 34 kg m-1 of soil was moved down-slope on 
an average distance of 25.8 cm, and for deep plow - 46 kg m-1 of soil was moved down-slope on an average 
distance of 13.5 cm. Calculated values of diffusion coefficient k were presented in Table 2. 
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Figure 1. Profiles of soil translocation (A) and net down-slope translocation (B) during shallow plough 
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Figure 2. Profiles of soil translocation (A) and net down-slope translocation (B) during deep plough 
 
 
Table 2. Comparison of some diffusion coefficient (k) values derived from the experiment and from literature for 
mouldboard plow performed along slope (D – plow depth; B – coefficient). 

Tillage speed, km h-1 Source Soil Slope, % Up-slope Down-slope 
B, 
m 

D, 
m 

k, 
kg m-1 

This study Silt loam 7 8.00 9.60 -1.85 0.10 243.9 
This study Silt loam 10-12 6.30 8.00 -0.56 0.24 190.8 

Czyżyk, 1955* Sandy loam 14-26 2.9-4.0 -0.44 0.18 118.8 
Martini, 1953* Loam 16-27 5.76 -0.43 0.18 116.1 
Martini, 1953* Loam 16-27 1.44 -0.14 0.18 37.8 

Govers et al., 1994 Silt loam 3-22 4.50 -0.62 0.28 260.4 
* - assuming bulk density of 1500 kg m-3, plough with 1 blade 
 
Soil translocation due to erosion 

Total and soil loss per unit area are presented in Table 3. The largest soil loss per unit area for the whole 
period of measurements was found on plot 5 m long. Average soil loss contribution area (ratio of soil loss from 
longer plots to maximum soil loss per unit area) was 27.22 m2 and average effective distance of soil transport – 
9.0 m. In contrast to average values, in particular measurement periods, maximum soil loss per unit area were 
found on different plots (3-times on a plot 10 m long, 8-times on a plot 5 m long, and 12-times on a plot 2.5 m 
long). Calculated on the basis of particular measurement periods, average annual soil loss was 51 kg m-2 and 
average effective distance of 5.7 m. It means that at the effective transport distance of 5.7 m and at width of 1 m, 
annually 290.7 kg of soil was moved under bare soil conditions. 
 
 

332 



Table 3. Total soil loss and soil loss per unit area, Bogucin, 1998-2000.  
Plot size, m2 

Parameter 60 
(length: 20 m) 

30 
(length: 10 m) 

15 
(length: 5 m) 

7.5 
(length: 2.5 m) 

Total soil loss, kg plot-1 715.50 595.94 361.29 152.18 
-2 11.93 19.87 24.09 20.29 

Soil loss contributing area, m-2 29.70 24.74 - - 
Effective distance of soil transport, m 9.90 8.25   

Unit soil loss, kg m  

 
Summary 

Presented results pointed that during plow operations performed along slope, quite large soil amounts 
are displaced over short distances. Totally during shallow and deep plow (usually applied in winter cereal 
cultivation) 80 kg m-1 was displaced.  For cultivation system of spring cereals, these amounts are larger due to 
additional plow performed on middle depth. Studies showed that tillage erosion rates were lower than water 
erosion rates (290.1 kg m-1). However, the latter were established under the most favorable conditions for the 
process (bare plots). Under canopy cover, water erosion rates are much lower. Previously conducted experiments 
on plots of 20 m length showed that soil loss under winter wheat and spring barley were 17-20%, and under 
maize 33% of the amounts found on bare plots (Rejman, 1997). At present, these values are verified in the 
system of plots of different length. 
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Soil conservation by ridge tillage of Maize 
 

László, P.1 – Gyuricza, Cs. – Liebhard, P. – Rosner, J. 
 
 
Abstract 

Conservation tillage is generally accepted as the most successful technology currently available for 
reducing runoff and soil loss. Ridge tillage is one of the cultivation systems in which the plant (generally maize, 
soy beans, sometimes sugar beet) is grown in ridges raised above the soil surface. This soil-protective technique 
has long history in North America and many countries of Africa, but which has only been studied in experiments 
for the most part in Europe. Within the framework of cooperation between the Szent István University and the 
Vienna University of Agricultural Sciences, soil cultivation experiment in corn (Zea mays L.) monoculture was 
set up for the first time in Austria near Pyhra (Lower-Austria) in 1996. 

A study was conducted to evaluate the effects of ridge tillage (RT) in comparison with fall-mouldboard-
plow (CT) and no-tillage (NT) on penetration resistance (PR), soil bulk density (BD) and porosity (P) of sandy 
loam soil (Typic Agriudoll). It is also important to evaluate the technology from the viewpoint of soil 
conservation and to adapt it to the condition system of eco-farming. Analysis were made at each treatments and 
different part of ridge  (at top of the ridge, side of the ridge and interrow) in 1998, 2000 and 2002. The average 
PR an BD values were greatest in the no-tillage plot 3.42 MPa and 1.56 g·cm-3, respectively. After six years 
ridge tillage resulted in lower penetration resistance and bulk density values in the upper 20 cm than 
conventional and no-tillage. Ridge tillage appears capable of reducing compaction in this soil. These results 
show that adverse soil physical condition (increased BD and PR) development was justified when using no-
tillage in this region. 
Key words: ridge tillage, corn, penetration resistance, bulk density, porosity 
 
Introduction 

Conservation tillage, which involves maintenance of crop residues on the soil surface, effectively 
controls soil erosion (Harrold and Edwards, 1974; Langdale et al., 1979) and enhances soil water conservation 
(Buchele et al., 1955; Mielke et al., 1986; Unger, 1984). According to Agricultural Research Service (1981) 
conservation tillage means any tillage and planting system that leaves at least 30 % of the soil surface covered by 
residue after planting. Conservation tillage techniques include minimum tillage, mulch tillage, ridge tillage, and 
no-till. However, adaptation of conservation tillage for corn (Zea mays L.) production on poorly drained soils is 
limited because it often results in yields lower than for corn grown under conventional tillage (Dick and Van 
Doren, 1985; Griffith et al., 1973). Ridge tillage is a bed and spacing formation, created with the aim of soil 
protection and cultivation, where the drill is 12-20 or 22 cm above the spacing most of the time during the year  
(Stone et al., 1989; Lal, 1990; Birkás et al., 1998). The method has been known for centuries in the United States 
and certain countries of Africa and belongs to the soil conservation systems (Lal, 1990; Vyn et al., 1990). The 
method had no precedence in the Hungarian literature, and the same is true for the whole Central European 
region. The first publication in this topic was written by Birkás et al. (1998), which shows the results of soil 
condition analysis and yield in the ridge tillage trial set in Gödöllő, 1995.  

In Austria about 2.3 million ha is affected by water erosion, 380,000 ha are considered moderately to 
highly erosive. The yearly loss of soil is estimated to be 8 million tons. Radke (1982) concluded that ridge tillage 
could help control erosion by leaving crop residues on the surface. Buhler (1995), Clements et al. (1996), Gail et 
al. (1996), and Klein et al. (1996) emphasize the low weed coverage, especially in the spacing, while on the 
ridges the threat of weeds increases because of the quicker warming of the soil and the better loosening. Ridge 
tillage method shows favourable results from the economic aspect as compared with the conventional ploughing 
systems. When analysing ridge tillage all authors (Benjamin et al., 1990; Vyn et al., 1990; McInnes et al., 1991; 
Stonehouse, 1997) take the basis that the main objective is not the increase of the yield but the conservation of 
the soil, and therefore this method is recommended mostly on sloping, protection requiring fields, where this 
way higher yield can also be guaranteed.  
 
Materials and methods 

The experiment was established in Pyhra (St. Pölten) located at about 80 km west of Vienna (Lower 
Austria) on a < 0.1 % slope in the fall of 1996. This region is located on the foothills of the Alps 325 m above 
the see level. The landscape is characterised by gentle to fairly steep slopes. The average long term annual 
rainfall amount is 725 mm (1901-1990), and the mean annual temperature is 8.8 oC. The soil was classified as 
sandy loam Typic Agriudoll (USDA SCS, 1992). The average soil texture analysis of this soil is 34 % sand,  46 
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% silt, and 20 % clay in the surface horizon (0-20 cm depth) and an average organic carbon content of about 1.3 
%. 

The study was conducted at the experimental field of the Pyhra Agricultural School on small plots 
where corn (Raissa) was grown in monoculture. The experimental design was an one factor, strip arranged small 
plot trial. Plot size was 9 m wide and 50 m long (450 m2). In the experiment three tillage systems were 
compared, no-tillage (a1), conventional tillage with fall mouldboard ploughing (to 15 cm) (a2) and ridge tillage 
(a3). The number of replications (r) is 4, and treatments were randomised on the area.  
At the beginning soil was prepared in case of no-tillage in one procession together with the sowing and consisted 
only of the loosening of the seedbed. In case of conventional tillage the autumn medium deep ploughing (20-25 
cm) and the smoothing were carried out in one procession. Ridge tillage consist of planting on existing ridges 
and rebuilding the ridge during cultivation. The autumn soil preparing in case of ridge tillage was the same in the 
year 1996 as in case of the conventional tillage, and in spring ridges were formed. A potato ridge-filling 
cultivator was used to form the initial 18-20 cm high ridges with spacing of 70 cm and to cultivate and rebuild 
ridges. In June the ridges were readjusted with the machine that also served as mechanical weed killing. In 1997 
and 1998 there was no autumn base tillage, and next year ridges were formed before sowing and after sowing in 
June. From 1999 on autumn ploughing was carried out also in ridge tillage treatment because of the invasion of 
weeds. 

All treatments were planted at the same seeding rate and depth as early as soil and weather conditions 
permitted. Fertilizer was applied equally to all treatments. The evaluation of the physical characteristics of the 
soil was carried out according to the results of penetration resistance, bulk density, moisture content (measured 
with electronic penetration probe from Szarvas), and porosity (calculated from the pF chart). Penetration 
resistance and bulk density values were used for statistical analysis at depth of  10, 20, 30, 40, 50 cm and 5-10 
cm and 15-20 cm, respectively. Effect of treatments was analysed by using one-way ANOVA. 
 
Results and discussion 
Penetration resistance 

The penetration resistance values and statistical features in the upper 50 cm layer of the soil are 
presented in Table 1. Two years after the setting of the experiment (1998) no statistically supported difference 
was shown in the uppermost layer. In the 10-20 cm depth PR exceeded 1.4 MPa only in the no-tillage and the 
interrow area of  the ridge tillage, but according to the soil conditions and moisture content even this value is not 
harmfully compacted. During the analysis carried out in 2000 the lack of soil tillage was mostly evident in the 
uppermost soil layers (0-10 and 10-20 cm) in no-tillage. The highest penetration resistance was measured in no-
tillage which exceeded the critical value of 2.5 MPa, while under 20 cm the penetration resistance was 2.5-3.5 
MPa at all plots. In the sixth year of the experiment (2002) the soil resistance values equalized in the upper soil 
layer and did not exceed 2.00 MPa in either treatments. No compacted plow layer was evident, but it is 
interesting that penetration resistance does not increase in a statistically significant degree in no-till, compared to 
ploughing treatment. 
 
Table 1. Effect of soil cultivation systems on the penetration resistance [MPa] 

Soil cultivation systems 
Ridge Soil depth 

(m) No-tillage Conventional 
tillage Top Side Interrow 

October 1998      
0.00-0.10 1.37a 0.98a 0.90a 1.13a 1.13a 
0.10-0.20 1.46b 1.13a 1.13a 1.03a 1.83c 
0.20-0.30 1.51a 1.53a 1.47a 1.86a 2.17a 
0.30-0.40 1.63a 1.59a 2.27b 2.06b 1.70a 
0.40-0.50 1.60a 1.55a 2.11a 1.87a 1.65a 
August 2000      
0.00-0.10 3.42c 1.10a 1.50a 1.57ab 1.97b 
0.10-0.20 2.50b 1.12a 2.50b 2.25b 2.10b 
0.20-0.30 2.62a 2.50a 2.50a 2.50a 2.77a 
0.30-0.40 2.60a 2.27a 2.62a 2.67a 3.10a 
0.40-0.50 2.65a 2.07a 2.60a 2.67a 3.35a 
May 2002      
0.00-0.10 1.87a 1.45a 1.45a 1.25a 1.45a 
0.10-0.20 1.92bc 1.52ab 1.37a 1.90bc 2.30c 
0.20-0.30 1.57a 2.25a 2.47a 2.20a 2.30a 
0.30-0.40 1.22a 2.40c 2.00bc 1.62ab 1.55ab 
0.40-0.50 1.27a 1.90b 1.47a 1.35a 1.35a 

Soil moisture content (mass % average of 0-50 cm): 1998: 20.4 %; 2000: 18.3 %; 2002: 15.6 %. 
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Bulk density and pore size distribution  
Bulk density and porosity gives information on the cultivability, air and compactness condition and the 

potentially absorbable moisture content of the soil. The highest bulk density was measured in no-tillage in the 
second year of the experiment (1998), but comparing this with ploughing and ridge tillage the difference is not 
significant (Table 2). The same is true for the ratio of different size pores. In the fourth year of the experiment 
(2000) this tendency changed, and in no-tillage bulk density increased in 5-10 cm depths because of the lack of 
tillage, while in case of ploughing and ridge tillage it decreased by 0,1-0,2 g·cm-3  compared to the measurements 
taken two years before (1998). The distribution of pore size also changed. The proportion of macropores 
decreased in no-tillage, so the increase of bulk density and the lack of tillage resulted in the decrease of the 
macropores ratio.  

In the sixth year of the experiment (2002) bulk density was even the greatest in no-tillage, but it was 
almost the same in conventional tillage also, the difference of 0,06 g·cm-3 was not significant. The ratio of 
macropores was still different: a difference of 3.2 % was measured between no-tillage and ridge tillage. 

 
Table 2. Effect of soil cultivation systems on the soil bulk density and the pore size distribution 

 Bulk density 
(g·cm-3) 

Macropores 
(%) 

Mezopores 
(%) 

Micropores 
(%) 

 0.05-0.10 
m 

0.15-0.20 
m 

0.05-0.10 
m 

0.15-0.20 
m 

0.05-0.10 
m 

0.15-0.20 
m 

0.05-0.10 
m 

0.15-0.20 
m 

1998         
No-tillage 1,51a 1,54a 20,4a 20,1a 20,7a 20,6a 3,9a 3,7a 
Ploughing 1,47a 1,51a 21,3a 20,3a 20,5a 20,0a 3,6a 3,3a 
Ridge tillage 1,37a 1,44a 22,8a 20,9a 20,5a 20,7a 4,0a 3,6a 
2000         
No-tillage 1,53b 1,49b 18,5a 20,1a 20,1a 21,1a 4,3a 4,1a 
Ploughing 1,26a 1,38a 25,4b 24,0b 21,1a 21,0a 4,1a 3,8a 
Ridge tillage 1,30a 1,52b 24,9b 20,0a 22,2a 20,4a 4,2a 3,8a 
2002         
No-tillage 1,55b 1,56a 19,0a 18,3a 20,1a 19,9a 3,8a 4,0a 
Ploughing 1,49ab 1,51a 20,6b 21,2b 20,7a 21,1b 3,6a 3,8a 
Ridge tillage 1,41a 1,50a 22,2c 19,6ab 20,8a 20,4a 3,8a 3,9a 

 
Conclusions 

In Austria a lot of land is tilled on steep slopes. Many of these soils are highly erodible, and intense 
spring and summer rainfalls are not unusual. As a consequence erosion can be severe. Most of the damage from 
erosion occurs during infrequent high intensity storms. Agricultural land use and crop production must anticipate 
and protect soil from such events, therefore conservation tillage is needed. Ridge tillage as other conservation 
tillage systems maintains a ground cover with less soil disturbance than traditional cultivation, thereby reducing 
runoff, soil loss and energy use while maintaining crop yields and quality. 

Within the framework of cooperation between the Szent István University and the Vienna University of 
Agricultural Sciences, soil cultivation experiment in corn (Zea mays L.) monoculture was set up for the first time 
in Austria near Pyhra (Lower-Austria) in 1996. Treatments were conventional tillage (CT) with ploughing, no-
tillage with residues left standing (NT) and ridge tillage (RT). This study determined the effects of tillage 
treatments on penetration resistance (PR), soil bulk density (BD) and porosity (P). The ridge tillage system was 
capable as soil conservation method on sandy loam soil in this regions. Adverse soil physical conditions that 
limit soil water infiltration, root growth, and crop yield could develop when using a no-tillage system. 
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The effect of some conventional and soil conserving tillage systems on soil hydraulic 
properties and soil water regime of a loamy Mollisol 

 
Farkas, Cs.1 – Várallyay, Gy. – Tóth, E. 

 
 
Introduction 

In Hungary soil compaction – that might as well be caused by conventional soil tillage systems - is one 
of the main soil degradation phenomena. Long-term tillage, applied yearly at the same depth can result in 
formation of a compacted layer in the subsoil. Soil compaction has a harmful influence on water-, air- and heat 
regime of soil as well as on microbiological activity and root development (Soane and Ouwerkerk 1994), and 
consequently, on crop growth. Several investigations were carried out to study the effect of different 
conventional and so-called soil- and moisture-conserving tillage systems on soil bulk density, total porosity, 
penetration resistance and other soil physical characteristics as well as soil water balance (Linstrom et al. 1984, 
Negi et al. 1981). Nevertheless, studies comparing one-time measurements on the effect of soil tillage on soil 
properties may obtain contradictory results probably because the effects of tillage are time-dependent (Zhai et 
al., 1990) and the response of different soils to a certain mechanical disturbance can be different. 

In Hungary the amount of precipitation during the vegetation period is less than the potential 
evapotranspiration. Thus, the retention of water in soils has great importance to ensure water supply for crops 
during dry periods. The effect of different tillage systems on soil water retention curve (pF-curve), however, is 
not yet well examined. 

This paper studies the effect of six tillage system on soil water regime and on seasonal variability of soil 
water retention characteristics of a Mollisol developed on loam at the beginning of the vegetation period.  
 
Materials and methods 

A long-term field experiment of six tillage treatments was established in the fall of 2002 in Hatvan, 60 
km from Budapest, on the experimental field of the Szent István University, Hungary (Birkás and Gyuricza, 
2004). Tillage treatments include ploughing (P: 22-25cm), disking (D: 16-20cm), loosening and disking (L: 35-
40cm, D: 16-20cm), strip tillage (S: 12-15cm), cultivator (C: 12-15cm), and minimum tillage (direct drilling, 
NT). Treatments were replicated 3 times on 13m x 200m plots. During the growing season of 2003 all the 
treatments were tested at optimal level of nutrient supply. The soil was tilled in October 2002. Fertilisation 
treatments were knifed prior to planting. Corn was planted in April 2002 and harvested in September 2003.  

From each treatment, undisturbed soil cores of 100 cm3 volume were collected 6 times during the 
vegetation period of 2003 from 4 soil layers (0-5 cm, 5-10 cm, 15-20 cm and 45-50 cm) in 3 replicates. Soil 
water retention characteristics were measured at pressure heads represented by the pF values of 0.0, 0.4, 1.0, 1.5, 
2.0, 2.3, 2.7, 3.4 and 4.2 according to Várallyay (1973). Soil water content and soil texture were determined as 
well. Bulk density was calculated from dry soil weights (105Co, 48h) and the volume of undisturbed samples. 

In each tillage treatment, 3T-System type capacitive probes were installed up to 80 cm depth with 10 
cm increment to ensure continuous measurement of soil temperature and soil water content. Measurements were 
performed four times a day from 13 May until September 11, 2003. Daily average values were used for the 
evaluation.  

Differences in soil physical properties attributed to tillage treatment were analysed by ANOVA. The F 
statistics was used to separate significant differences in response parameters due to tillage. Significance is 
indicated at P<0.05. 
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Results and discussion 
Figure 1. shows soil water retention curves, measured on 10th April and 30th June. Each point 

represents an average of the 3 replicates.  
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Figure 1. Soil water retention curves, measured in different treatments 
 

At the beginning of the growing season soil water retention curves measured in the tilled layer (0-5, 5-
10 and 15-20 cm) were significantly different in the low suction range (pF<1.5). The measured saturated water 
contents (�s) were significantly larger (50-53 v%) in the P, D, NT and LD treatments than in the S and C (47 
and 43 v%, respectively). Soil water retention curves of the 15-20 cm layer, measured in April, were similar to 
the ones of the topsoil, but the differences between them were less expressed. These differences disappeared by 
the end of June, when the saturated water contents varied between 44 and 46 v%. The C treatment with �s=49 
v% was the only exception. No significant differences between the soil water retention curves of the 45-50 cm 
soil layer were found.  

Strong seasonal variability of soil water retention curves was detected (Figure 2.) 
 

igure 2. Seasonal variability of the soil water retention curves 

Soil water content dynamics and soil water content profiles, measured in different tillage treatments are 
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d in Figures 3 and 4, respectively. Valuable differences up to 15 v% were measured. Differences 
between the soil water contents were bigger in the tilled layer compared to the non-tilled one. The very dry 
topsoil (0-10 cm) in the ploughing treatment prevented the evaporation from the deeper (60-70 cm) soil layers.  

gure 3. Soil water content dynamics, measured in different treatments 

0

3

6

9

12

15

18

21

24

27

So
il 

w
at

er
 c

on
te

nt
 (v

%
)

P NT
S C
D L+D

JuneMay July

0-10 cm

August pt.
18

21

24

27

30

33

So
il 

w
at

er
 c

on
te

nt
 (v

%
)

P NT
S C
D L+D

JuneMay July

60-70 cm

August ept.

30

P
S C

L+D 

L+D P 

D

SeS S

 
 

339 



Conclusions 
of six tillage treatments on the soil water retention curves and soil water content dynamics 

was stud

Significant differences – up to 15 v% - between the soil water contents were measured in the tilled 
layer. In
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Figure 4. Soil water content profiles, measured in different treatments 

-80

-70

-60

-50

-40

-30

-20

-10

0
0.0 10.0 20.0 30.0 40.0

P

S

C

D

L+D

Aug. 30.

-80

-70

-60

-50

-40

-30

-20

-10

0
0.0 10.0 20.0 30.0 40.0

Soil water content (v%)

P

NT

S

C

D

L+D

July. 31.

-80

-70

-60

-50

-40

-30

-20

-10

0
0.0 10.0 20.0 30.0 40.0

Soil water content (v%)

P

NT

S

C

D

L+D

June. 7.

NT 

P 

L+D 

S 

P 

NT D 

S 

NT 
S 

P 

L+D 

Soil water content (v%)

NT

 

 the topsoil, the biggest soil water content values were detected in the L+D and S treatments. Regarding 
the subsoil - 50-80 cm -, the biggest soil water content values were observed in the P, S, D, and NT treatments.  

Although no differences between the soil physical properties and water retention curves were found
e tilled layer (45-50 cm), the soil water content dynamics of the subsoil differed significantly. Thus, the 

soil water regime reflected the indirect effect of tillage treatments on the soil water balance. 
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The SOWAP Project in Hungary – Measuring the environmental consequences of 
conventional and conservation tillage 

 
Bádonyi, K.1 - Madarász, B.2  

 
 
Introduction 

Arable cropping systems are based on intensive mechanical cultivation of the soil to ensure a good 
seedbed quality and to provide effective weed control. On arable lands intensive soil management can lead to 
severe soil erosion, water pollution from transported sediments, reduced biodiversity and less carbon 
sequestration. In Hungary soil erosion is the most severe among these. More than one-third of the agricultural 
land (about 2,3 million hectares), nearly a quarter of the total area of Hungary is affected by soil erosion. 8,5 % 
strongly, 13,6 % moderately and 13,2 % are weakly eroded (Stefanovits, Várallyay, 1992).  

Conservation tillage is practised on 45 million ha worldwide, mainly in North and South America, 
South Africa and Australia. In Europe its area is increasing for the sake of reducing production costs, preventing 
soil erosion and retain soil moisture (Holland, 2004). In Hungary the applied tillage systems can be characterised 
as a fight against extreme climatic and economic situations (Birkás et al., 2004). Soil preserving tillage systems 
used in Hungary nowadays are not the unmitigated conservation tillage systems practiced elsewhere in Europe. 
The applicability of such new soil management methods is currently being tested (Birkás et al., 1989).  
The environmental benefits of conservation tillage are reviewed, but detailed information on problems of land 
degradation – particularly soil erosion and soil degradation – on arable land, and information on the viability of 
conservation oriented arable land use systems is sparse from European studies. To fill this gap the SOWAP (Soil 
and Surface Water Protection Using Conservation Tillage in Northern and Central Europe) project was launched 
under the EU Life-Environment Programme. 

The SOWAP project started in the UK, Belgium and Hungary in August 2003, in cooperation with 
Syngenta UK/HU, Väderstad UK/HU, Cranfield University, Harper Adams University, Royal Society for the 
Protection of the Birds, The Ponds Conservation Trust, University of Leuven and several other national 
organisations. This project aims at a complex comparison between different tillage regimes in order to find and 
demonstrate better ways of managing the land. Study sites have been designated and between 2003-2006 we test 
conventional and conservation tillage (minimum and no tillage) and compare their impacts on soil erosion, soil 
structure, soil biological activity, ecosystems and on economics. As soil is particularly valuable in Hungary – 
48,5 % of the country is under arable cultivation – we are working on the development of a better site-specific 
agronomy, which reduces the risk of soil erosion and provides a better environment for soil micro-organisms, 
earthworms and birds. The economic viability of the two different tillage systems will also be assessed: costs, 
extra expenses, working hours will be recorded. This will enable us to demonstrate the economic advantages, 
disadvatages, which is one of the most important key aspects for farmers. 
 
Study sites 

In Hungary two sites were selected near Lake Balaton, in the vicinity of Keszthely. Our priority was to 
choose private enterprises, because sustainable land use, which does not exploit resources, can be realised better 
in private property regime, than in common property regime. Thus we chose a small 2 ha farm at Szentgyörgyvár 
for the plot scale experiment, erosion study (Figure 1). The farm is on a dissected, rolling sandy loess–fine sand 
plain, at the boundary of the humid and dry continental climate types. The average annual precipitation is 700 
mm. The soil type is luvisol. The plots were designated on an even 9-10 % slope gradient.  

For the farm scale demonstration, ecology survey we chose a 107 ha farm at Dióskál (Figure 1). The 
farm is situated in a hilly, sandy loess–fine sand area. The climate is temperate cool and humid with an average 
annual precipitation of 700-750 mm. The soil type is luvisol, at some points strongly eroded luvisol and 
cambisol.  
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Figure 1. Location of study sites 
 
Sampling and measurement 

For the erosion survey we have constructed 4 plots at Szentgyörgyvár (2 conventionally tilled, 2 
minimum tilled), each 50 x 24 m in size. These plots are big enough to measure runoff on field scale and to use 
the same machinery as on the farmer’s fields. The plots were arranged the following way: conventional-
minimum-minimum-conventional tillage plots follow each other to eliminate impacts of soil property 
inhomogenities. To collect runoff a special dual channel collecting system was created. With the help of this we 
can measure the smallest and the biggest amount of runoff. The size of the bigger channel was determined 
according to the 1 % probability rainfall. To every channel 3-3 tanks of 1 m3 each are connected. A weather 
station was installed at the site, which is capable of monitoring air temperature, soil temperature, rainfall, relative 
humidity, wind speed, wind direction, solar energy. The plots will be used to generate high resolution data of the 
environmental impacts of the different tillage systems, using environmental indicators, including physical, 
chemical and biological soil properties, soil loss and runoff. Besides the Dióskál plots, the same ecological 
surveys, except the ornithological, are carried out. 

For the terrestrial ecology survey we marked out 24 plots at Dióskál (12 conventionally tilled, 12 
minimum tilled, each between 3-5 ha in size, in total 107 ha). They make up 5 separate blocks. Dióskál 1 
includes the plots C1-C8, M1-M8, Dióskál 2 the C9-C12, M9-M12. The ecology experiment includes the survey 
of weeds, soil micro-organisms, birds and earthworms-insects-seeds as important food sources for birds. 
Location, timing and frequency of each terrestrial ecological survey is summarised in Table 1. 

At both sites crop rotation, weed/pest control and tillage regime for the conservation plots are planned 
for the project duration. On the conventional plots the farmer does everything as he always has been doing 
traditionally: he uses the same varieties, herbicides, pesticides, fungicides, fertilisers, machinery as before. On 
the SOWAP plots these were determined by the participants and experts of the project. At Szentgyörgyvár the 
crop rotation is as follows: wheat – sunflower – maize, at Dióskál 1( C1-C8, M1-M8): wheat – winter oil seed 
rape – maize, at Dióskál 2 (C9-C12, M9-M12): maize – winter oil seed rape – wheat. This crop rotation 
represents the typical rotation of the region, and includes the four most frequently produced crops of Hungary. 
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Table 1. Summary of the terrestrial ecological survey of the SOWAP Project in Hungary, 2003-2006 
 Soil erosion plots Ecological survey sites 
Birds  Whole year/1x a week 
Insects March, May, July (3x a year) 

12 samples/ plot surrounding 
March, May, July (3x a year) 
12 samples/plot 

Earthworms October, March (2x a year) 
9 samples/plot surrounding 

October, March (2x a year) 
9 samples/plot 

Seeds October, March (2x a year) 
9 samples/plot surrounding 

October, March (2x a year) 
9 samples/plot 

Soil micro-organisms October, March (2x a year) 
9 samples/plot surrounding 

October, March (2x a year) 
9 samples/plot 

Weeds  Whole year/1x a month 
 

Bird data are collected from all plots. Census of winter and summer birds follows standard methods 
used for counting birds on UK farmlands. Each plot is censused 3 times a month. The plots are surveyed along 
transects across the plot, 20 m apart from each other, in order to flush all birds from the ground/vegetation in 
each plot. Census routes are reversed between visits. Double counting is minimised by the observer: birds, which 
are flushed to other plots or to other parts of the plot being censused are ignored if seen again. Censuses are 
commenced at least one hour after sunrise and are completed by at least one hour before sunset, and are not 
conducted in periods of heavy rains, strong winds or poor visibility. Once a month vegetation and ground cover 
estimates are made.  Within each plot vegetation and ground cover variables are recorded at ten randomly 
selected 1 m quadrates.  The recorded data are as follows: percentage of ground cover by trash from previous 
crop, percentage of bare ground, percentage cover by current crop, percentage cover by weeds, crop height, crop 
development stage.  

 
Results  

We expect that from environmental, ecological and economical point of view conservation-oriented 
land use practice has benefits compared with conventional land use practice. We would like to prove that with 
conservation tillage we can protect our soil resources and promote biodiversity. From our preliminary results we 
can show that there are significant differences between the two differently managed plot types regarding the 
studied topics. 

The two main driving factors of bird population dynamics in Europe are the provision of seed supplies 
during winter and invertebrate food for the chicks. Thus the availability of seeds on soil surface of the 
conservation tillage plots is essential and determines the number of foraging birds. At the beginning of the 
recording period (November 2003 – February 2004) we could observe a significant difference between the bird 
numbers. While on the minimum tilled plots at Dióskál 1 743 birds were recorded, on the conventionally tilled 
plots only 131 (Figure 2). At Dióskál 2 on the minimum tilled plots 297 birds were observed, on the 
conventionally tilled plots only 18 (Figure 3). Skylark (Alauda arvensis), Goldfinch (Carduelis carduelis), 
Yellowhammer (Emberiza citrinella), Greenfinch (Carduelis chloris), Tree Sparrow (Passer montanus) preferred 
only the minimum tilled plots, because there they could find food (seeds, volunteer crop) and shelter of weeds. 
Buzzard (Buteo buteo) and Hen Harrier (Circus cyaneus) were also observed only on the minimum tilled plots, 
because the routes of rodents were not disturbed with ploughing. Grayleg Goose (Anser anser) and Bean Goose 
(Anser fabalis) did not show any preference, as they feed on the crop.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Preliminary results of bird recording at Dióskál 1            Figure 3. Preliminary results of bird recording at Dióskál 2 
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By the end of December 2003, construction of the erosion plots at Szentgyörgyvár was finished. In 

early January the meteorological station and the tank sensors were installed. During the first 3 months we tested 
the system: it worked well although with some teething troubles. In the middle of January the station measured 
the first rainfall event. Despite the small amount of rainfall, there was appreciable runoff due to the frozen soil. 
In March we could observe ponding on the bare surface of the conventional plots, which is due to raindrop 
erosion and siltation. Whereas on the minimum plots ponding did not happen, because the surface was covered 
with trash of the previous crop. This trash cover prevented raindrop erosion, thus siltation could not occur, 
moreover maize stems diverted water below the surface. Regular measurements started at the end of April. This 
short period is not enough to draw any conclusion, nevertheless these preliminary results are promising in 
respect of the conservation tillage (better soil structure, soil water management, less soil loss). 
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Tillage Erosion 

 
Akande, O.O.1 

 
 

In the report got in 1976 by the general Accounting office (GAO) said the United State had spent 15% 
billion on soil and water conservation in the previous 40 years and still had a sever erosion problem. 

That’s like saying you got car fixed last year, but now its not running right. Though the statement may 
be true but they are not particularly instructive. They don’t tell us what is wrong, or even if anything is wrong at 
all. These are the type of criticism and thinking that must be overcome if conservation programs are to get the 
national priority necessary to protect land and water resources and keep them productive for us to get a good 
practice on soil conservation in a new European Union. 

What is soil conservation? It is the act of protect or prevent the soil for been damage or degradation. 
 
The Crops Productivity 

The production of crops involves several activities and operations and the aim of the farmer are: 
− To control the factors necessary for the health growth of crop plants. 
− To conserve and maintain the fertility of the soil. 

Mulching for example reduce the loss of moisture from the soil by evaporation. It also reduces excess 
heat in the soil. The application of manure and following are practices used to replace nutrients removed from 
the soil by growing crops but apart from weed, pests and diseases the soil degradation cal also affect the 
Agricultural productivity. 
 
Soil Erosion Measurement at Different scales 

Soil constituents are made up of a mixture of broken particles of rock, organic mater, living things, soil 
water and air. The soil particles are group into three main types: 

− Sandy 
− Loamy 
− Clayey 
This soil particles are grouped into 3 main types depends on relative amount of the particles in each. 

 
Erosion and drought 

When we clear or burn the land and till it, we destroy the plants that protect the soil, the soil therefore 
become exposed and loose and may be carried away by running water. 
 
Drought 

Occurs when there is not enough rainfall to provide moisture in the soil for the plants to use. The plant 
will began to dry up and wilt and will die if there is not water applied to the soil. 

The problem of drought is severing during the dry season gardening. A good farmer must be sure of his 
source of water when choosing s site. Water can be obtained from wells, rivers, stream or dams by the method 
called irrigation.  
 
Preventions 

− Making the beds cross stops. 
− Building crossbars at interval between beds known as tie beds. 
− Mulching the beds. This reduces the force of raindrops 
− Adding enough comport or farmyard manure will form humus and bind the soil particles together. 
− Practicing crop rotation 
− Leaving some grass strips between plots to reduce the speed of run off water. 

 
An experiment conducted in year 2003 
Title: Studies in Tillage and Fertilizer interactions in a degraded Alfisol 
Objectives: 1. To identify appropriate tillage in high input farming system niches. 

2. To assess effective root growth in tillage/fertilizer studies. 
Brief Methodology: Four tillage systems (TS): Plough + Harrow, chisel, chisel harrow 

    Three NPK (15-15-15) rates: 0,40 and 80kg/ha as subplots. 
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Design: split plot in RCBD, 3 replications 
Site: I.A.R& T, Ibadan (pH -5,8; TN - 0.46 g/kg; Av;P -5.0mg/kg) 
Test crop: Maize variety SIN 9449 -SR, planted 75cm x 25cm 
 
Results 

Root Length: Ploughing+Harming system had the longest root in both years. Significant increase in root 
length occurred only at 40kg NPK/ha, (Table 1). 

Grain Yield: Yield significantly increase with increasing fertilizer rates in plough harrow and chisel 
tillage system, while in plough and chisel harrow tillage system, grain yield were stable at 40kg NPK/ha. 

Conclusion: Ploughing alone plus early planting to capture nutrient lush and application of a sub 
optional amount of NPK (40KH/HA) was adequate for almost 2 tons per Hectare of maize production. 
 
Advantage of soil conservation 

− This will enable efficient use and management of land and water resources for agricultural productivity. 
− It provide land and water used Management. 
− It develops low cost and efficient technology for control and monitoring erosion and land degradation. 
− It will provide advisory service to farmers, agricultural institutions and industries through soil survey, 

land evaluation, soil testing, laboratory analysis of soil, plant fertilizer, rock and water for appropriate 
management practice. 

− It will develop efficient and effective engineering techniques to solve irrigation, land clearing and 
tillage problem. 
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Erosion sensitivity of the soils in Hungary 
– experiments based on wind tunnel experiences – 

 
Lóki, J.1 

 
 

Wind erosion causes serious problems in various parts of the Earth. The surface forming activity of the 
wind is characteristic primarily in the desert areas, but it may be observed on the dry cultivated lands with harder 
soils and lacking vegetation. Wind erosion deteriorates the structure of the soil and causes damages in the 
vegetation. The dust and chemicals getting into the air cause respiratory diseases. The impacts of wind erosion 
may be felt on the soils of Hungary as well.  

The erodibility of the soils with varying textures collected from different points of the country has been 
studied in the wind tunnel of the University of Debrecen. The characteristic features of the soil samples were 
determined (granular size, CaCO3, humus content, pH value). The critical starting velocity of the soils and the 
wind profile function above the soils were determined during the wind tunnel experiences. The amount of the 
sediment transported from the air-dry soils was measured at four speeds. The results of the repeated experiments 
were processed on computer. The functions of the erodibility of the soils and their formulas were defined by 
fitting an exponential trend line over the measured results. 

The data of the wind erosion experiments were processed in a wind erosion information system. A 
digital map was drawn on the basis of the AGROTOPO database and the values of the measured starting speeds. 
It shows the wind speeds at which wind erosion starts on certain unprotected dry soil surfaces in Hungary.  

The soils with differing textures were listed into five categories on the basis of the amount of the soil 
transported at different wind speeds (very high, high, mediocre, weak, less or no endangerment). Using the 
created database, a digital potential wind erosion map of Hungary was drawn applying the GIS method. It may 
be concluded from the map that 17.1% of the area of Hungary is very highly endangered and 9.4% of it is highly 
endangered. The ratio of the areas where the level of endangerment is mediocre is 43.3%. The proportion of the 
weakly and non-endangered areas is a little more than 30%. 
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Water stable aggregates in an amended soil affected by simulated processes of soil 
degradation 

 
Ingelmo, F.1 – Albiach, M.R. – Canet, R. – Gamón, S. 

 
 
Abstract 

Under dry Mediterranean climate, water erosion and wildfire cause a continuous degradation of the soil 
structure. These effects, normally, were avoided with the organic amendment of the soil surface. To model these 
relationships, indexes of water stable aggregates of a forest soil classified as Rendzic Leptosol have been 
investigated in representative soil samples of Zarra (Valencia, Spain). 

Under laboratory controlled conditions, soil samples amended with three doses of composted sludges 
(0, 5 and 10 %) were subjected to three levels of energy of the simulated action of water erosion (E0, E1 and E2; 
respectively 0, 100 and 600 J/ml) and at two levels of heat–induced intensity (F0: 25 ºC and F1: 500 º C of 
maximum temperature on the soil) in a randomised completed block experimental design. For the successive 
highest level of simulated degradation processes (i.e.- the combination E2 F1), the relative water stable 
aggregates index (WSAI) decreased in both the treatments by 82 % (without organic amendment) and 50 % with 
the highest dose. The initial level of organic matter was directly related to the dose of the amendment and that 
affected the proportion of macroaggregates / microaggregates in the soil.  
 
Introduction 

Under dry Mediterranean climate, continuous degradation of soil structure is caused by water erosion 
and wildfires because of the removal or destruction of the organic matter of the soil surface. These effects, 
normally, were avoided with the organic amendment of the soil surface, which ameliorates their main physical 
properties and the water infiltration (Albiach et al., 1999; Ingelmo & Ibáñez, 1998). Changes in water-stable 
aggregation have generally been correlated with changes in the total organic matter (OM) and in particular OM 
fractions (Angers & Giroux, 1996). 

The water erosion process breaks the main structural units in macroaggregates, microaggregates and 
primary particles. Fire is a major factor controlling forest landscapes in Southern Europe, especially in the 
Mediterranean basin and so it is considered a major environmental problem. Different intensity of heating means 
different level of combustion of organic matter, and that may negatively alter the soil structure (Gimeno-García 
et al., 2000). 

In this paper we examine through laboratory test the water stable aggregates index (WSAI) in 
representative soil samples of a coarse-textured forest soil amended with three rates of composted sludges and 
subjected to simulated actions of soil water erosion and soil heating. 
 
Materials and methods 

In a randomised complete block experimental design with four replicates, the air-dried fine soil (< 
2mm) was amended with three rates of composted sludges (0, 5 and 10% w/w) and were successively subjected 
under controlled conditions of laboratory to three energy levels of simulated water-erosion (E0, E1 and E2, 
corresponding to 0, 100 and 600 J.cm-3, respectively) and at two levels of heat–induced intensity (F0: 25 ºC and 
F1: 500 º C of maximum temperature on the soil. Details of the experimental procedure and the main physical, 
chemical and physicochemical characteristic of the original soil and the organic amendment, and the organic 
matter content in the bulk soil samples and in macroaggregates and microaggregateswas showed in Ingelmo et 
al. (2003). The WSAI was calculated as: 
WSAI (%) =  (M – S). 100/((M * m) – S) 

Where, M and m  are  the macroaggregates and microaggregates  content in the soil sample, and S is the 
coarse sand content in the soil sample. 
 
Results and discussion 

Table 1 shows the general decrease with the water erosion of the water stable aggregates index. The 
amendment of this soil with composted sludges significantly increased this index for uneroded and eroded soil 
samples. When increases the water erosion energy from 0 to 100 J.cm-3 it can be see that an abrupt decay of this 
index was produced. This decrease was more gradual when the energy of water erosion increased from 100 to 
600 J.cm-3. As pointed by Roscoe et al.(2000), the energy input to separate organic matter from soil (i.e. by water 
erosion) depends of the water stability of the aggregates and has to be sufficiently large to disrupt 
macroaggregates into microaggregates and primary particles. An explanation of this facts is that the unamended 
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soil has a coarse texture and concentrates their SOM mainly around the fine sand particles and into the 
microaggregates with low water structural stability, whereas the composted sludges may have particulate organic 
matter (POM) and other organic fractions such as microbial biomass that can increase the water stability of the 
amended soil.  
 
Table 1. Mean values of the water stable aggregates index (WSAI) (%), for each rate of composted sludges and 
for each treatment. Values in the same column followed by the same letter  are not significantly different at the 
95 % level of probability. 

Treatments Dose of 
sludges E0F0 E1F0 E2F0 E0F1 E1F1 E2F1 

0 73.2 a 47.8 a 23.8 a 69.6 a 45.6 a 13.2 a 
5 79.9 b 56.6 b 30.1 b 74.1 a 53.3 a 22.6 b 

10 91.2 c 59.6 c 38.0 c 83.8 b 63.0 b 36.9 c 
 

The heating of soil provoked the combustion of the SOM in the bulk soil and that means a new decrease 
in the water stable aggregates index by reference to the control without heating. Kemper et al. (1987) indicates 
an increase in water-stable aggregation because of carbonates precipitation, dehydration of organic compounds 
and hardening of clay particles thus affecting the soil cohesion.  
 
Conclusion 

The amendment of this coarse-textured soil with composted sludges at the rates of 5 and 10 % (w/w) 
diminished the breakdown of macroaggregates into microaggregates but their organic matter decreased more 
slowly than in the unamended soil. 

For the successive highest level of simulated degradation processes (i.e.- the combination E2 F1), the 
relative water stable aggregates index (rate of variation referenced to the index of water stable aggregates in the 
control E0F0) decreased in both the treatments by 82 % (without organic amendment) and 50 % with the highest 
dose. 
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About effect lupine (Lupinus luteus) root system on the properties of compacted soils 
 

Kuht, J.1 – Reintam, E. – Nugis, E. – Edesi, L. 
 
 
Abstract 

The impact of deep-rooted plants roots on compacted soil properties, especially on compacted subsoil, 
was investigated on many years in Estonian Agricultural University. The aim of the investigation is to find 
instead of mechanical subsoil loosening the suitable and less energy demanded methods for Estonian conditions 
to lose the subsoil compaction. The experiments with different natural and cultural plants were made on Estonian 
Agricultural University at Eerika, near Tartu (58º23´N, 26º44´E). The data were collected from research field 
with different levels of soil compaction (10 levels) on sandy loam Fragi-Stagnic Luvisol (WRB) soil. The soil 
was compacted by heavy tractor by multiple tyre-to-tyre passing. In this work the impact of lupines, as the plant 
with especially deep taproot, on properties on soil with thickened subsoil was investigated. To evaluate the 
changes in soil physical properties the bulk density and cone resistance of soil were measured. The mass of roots 
in different soil layers was also investigated. The results of investigation showed the positive effect of lupines 
growing on compacted soils. The negative correlation between dry biomass of lupines roots and soil bulk density 
was detected. The same trend was also observed with biomass of lupines roots. The root systems of lupines were 
able to penetrate the compacted subsoil in all investigated soil compaction variants. 
Key words. Lupine, roots, soil properties, soil compaction 
 
Introduction 

In 1989–1994, a group of Estonian researchers developed and conducted a field trial to study the impact 
of deep and exuberant rooted plants on the properties of compacted soil. Although the crops used in the field trial 
(Galega orientalis L., Brassica napus L. and Trifolium pratense L. (coll.) did not eliminate all the deformations 
of excessively compacted soils, the results achieved were still promising (Kuht and Lopp, 1997). 

The study on different types of soils (Dystric-Gleyc Podzoluvisol, Eutric Podzoluvisol, Calcaric 
Regosol, etc.) in Estonia showed that the average penetration resistance of soil in the fields with Canadian thistle 
(Cirsium arvense L.) was 10–35% lower in epipedon and 15–25% lower in subsoil compared to grain fields, 
depending on the tillage of the soil (Kuht and Reintam, 1998). The results of the field trials with Canadian thistle 
plants that had been planted to areas of different degree of compaction confirmed the capability of the thistle root 
system to improve the properties of compacted soils. In the area planted with Canadian thistle, the penetration 
resistance (with 20% water content in soil) declined considerably in all compaction variants compared to areas 
where only barley was grown (Kuht and Reintam, 2001). 

The mechanical methods used to eliminate compacted soil layers are expensive and energy consuming.  
One good alternative might be to use plants with vigorous roots to modify the compacted subsoil 

(Dexter, 1991). One of the best species for that is lupine. 
Yellow lupine (Lupinus luteus) is a major lupine in the Baltic countries. It has been introduced and is 

cultivated in northern Europe, South Africa, Australia, and the southern U.S. Bitter lupines are typically used for 
green manure alone, whereas alkaloid-free varieties are also used for forage and silage. Yellow and blue lupines 
are mentioned as good honey plants. A.J. Duke (1981) described Lupinus luteus as a hairy annual 25-80 cm tall, 
the stems hairy, leaflets 40-60 mm long and 8-12 mm wide. Yellow lupine tolerates strongly to mildly acid 
infertile soils. In its native range, it grows on acid sandy loams. White and Robson (1989) stated that lupines 
suffer iron deficiency when grown on calcareous soils, much more so than does field pea. Duke (1981) indicated 
that yellow lupine roots could accumulate 147-160 kg N ha-1. 

Gardner et al. (1982) found that lupine could acquire P through acidification of the rhizosphere and 
subsequent absorption. The former two nutrients were probably mobilized of by exudates from the lupine roots, 
and then taken up by the closely associated wheat roots. 

The aim of the investigation is to find instead of mechanical subsoil loosening the suitable and less 
energy demanded methods for Estonian conditions to lose the subsoil compaction. 
 
Materials and methods 

The data were collected from research field with different levels of soil compaction on sandy loam 
Fragi-Stagnic Luvisol (WRB) soil. The soil was compacted by heavy tractor by multiple tyre-to-tyre passing. By 
heavy tractor (with loader; total weight 4.9 Mg) soil compaction was done before showing time in spring 2001, 
2002 and 2003. For all that traffic applied uniformly to cover the entire experimental plots: 1 time, 3 times and 6 
times. In this work the growing of lupine, as the plant with especially deep taproot, on soil with thickened topsoil 
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and subsoil was investigated. The mass of roots in different soil layers was also investigated. The results were 
compared with barley on similar area. Seeds of yellow lupine with density 47 seeds per m–2 were sown by hand 
on different level of soil compaction in 2003. Lupine shoot mass was taken from the 1 m2 plots in four 
replications, from which the dry mass was measured. Lupine root samples were taken with 703.4 cm3 steel 
cylinders in 4 replications in 15 cm layers up to 60 cm 
 
Results and discussion 

The results of experiment showed that on the dense soil the shoot mass of yellow lupine decreased 
proportionally with compaction times (Figure 1). In result of three and six times compaction the phytomass of 
lupine decreased 8.7% and 14.9% (from 9.1 Mg ha-1 up to 7.9 Mg ha-1), respectively, compared to the control 
variant (without special compaction). Duke (1981) summarized biomass production for yellow lupine: 5–7.5 Mg 
ha-1, with root biomass ranging from 3–8.7 Mg ha-1. Decrease of lupine shoot yield was obviously connected 
more with worse soil water and air conditions than with developing of root system. Because there was no 
significant differences between roots dry mass and compaction times in 0–60 cm soil layer. This indicates that 
the investigated levels of soil bulk density did not inhibit the developing roots of yellow lupine. 

Bennie (1996) noticed that the relative decrease in root elongation rate with increasing soil penetration 
resistance was the same for most plant species. However some researcher are determined more than 20 plant 
species, among them lupine, that are able satisfactory to develop their root system in dense and strength 
(penetration resistance 4200 kPa) soil (Materachera et al., 1991). The plants with thick roots can better spread 
their roots to the deep soil layers than plants with thin roots (Whitely and Dexter, 1984). The experiments with 
lupine were shown the better ability of soil water movement in deep soil layers after lupine growth (Materachera 
et al., 1993).  

Lupines are strongly and deeply tap rooted. The roots of yellow lupine can penetrate to a depth of 2 m 
in dernopodzolic sandy loam soils of Russia, with a root biomass yield of yellow lupine of from 3–8.7 Mg ha-1 
(Duke, 1981). Hartmann and Aldag (1989) compared white lupine with Vicia faba bean. The lupine developed a 
deeper root system than did the bean. In the soil stratum of from 60–90 cm depth, lupine root mass was 6 times 
higher that of bean. Overall root mass was 125 g m-2 for stands of lupine 86 g m-2 for bean. 

As can see from the figure 2, the compaction effect on soil bulk density was mostly in the upper, 0–30 
cm, layer of the soil. Loosening effect of yellow lupine was detected in the upper layer of soil on 3- and 6-times 
compacted variants, but there was some effect also in 45–60 cm soil layer, compared to the barley field. The 
certain increase of soil bulk density was detected on the noncompacted area by lupine growing. It can explain 
with compacting effect by growing of lupine thick taproots. This effect is mostly on loose soil. The percentage of 
roots grown into existing pores and channels increases in deeper and stronger layers (Goss, 1991) where they can 
be the only possible pathways for root growth. The preferential root growth into macropores will lead to 
increasing critical limits of soil compactness (Etana et al., 1999; Håkansson and Lipiec, 2000). Rosolem 
observed an increase in soybean root diameter when the soil resistance to penetration was >1.2 MPa and increase 
in the diameter of corn roots when the resistance to penetration was >1.4 MPa. Thus, the effect of soil 
compaction on root diameter depends largely on the level of penetration resistance (Rosolem et al., 2002). 
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Figure 1. Dry mass of lupine shoots (g m-2) and roots in 0–60 cm soil layer (g m-2) on different levels of soil 
compaction. (LSD95 – for shoots 43; for roots 24) 
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C. 6-times compacted
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Figure 2. Changes in soil bulk density on different rates of compaction (A; B; C) in lupine (Lupinus luteus) and 
spring barley (Hordeum vulgare) fields 
 

In the dense soil the lupine roots cannot influence the even dense soil and increase its bulk density. In 
the result of that and thanks to the low density of roots self, the bulk density of soil will decrease. Earlier 
experiments with planted Canadian thistle growth on compacted soil impruved the ability of thistle roots to loose 
compacted soil layers (Rentam and Kuht, 1999). The soil loosening effect of lupine and also of Canadian thistle 
can be attributed to the biopores formed by the roots. Biopores formed by the roots of the plants can be very 
stable and they are more resistant compared to biopores formed by earthworms (Mc Kenzie and Dexter, 1998a, 
1998b). The biopores with the diameter of over 4 mm formed by alfalfa (Medicago sativa L.) tolerate the 
pressure of over 200 kPa (Blackwell et al., 1990). In the opinion of some researchers is possible to use the lupine 
and also other deep-rooted plants for biological soil tillage (Henderson, 1989).  
 
Conclusions 

The results of investigation showed the positive effect of lupines growing on compacted soils. The 
negative correlation between dry biomass of lupines roots and soil bulk density was detected. The same trend 
was also observed with biomass of lupines roots and cone resistance of different soil layers. The root systems of 
lupines were able to penetrate the compacted subsoil in all investigated soil compaction variants. Soil 
compaction decreased the lupine shoot mass but did not inhibit the roots developing (by dry mass). Roots of 
lupine were able to spread at least into the 60 cm soil on all investigated compaction variants. That means lupine 
is able to raise biopores in deep soil. Using lupine for biomeliorative aims deserves further completing 
investigations. 
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Water and wind erosion and its influencing by climate conditions 
 

Dufkova, J.1 – Toman, F. 
 
 
Introduction 

It is necessary to know occurrence, distribution and intensity of precipitation for the soil erosion control 
purposes. Torrential rains are crucial factor for the water erosion processes, from 99 % they occur since May till 
the end of September in the conditions of Central Europe. The amount of winter and spring precipitation plays a 
big part in wind erosion origination, it determines the soil humidity and hereby influences the soil erodibility by 
wind. 
 
Materials and Methods 

For the purpose of determination of specific impacts of climate change on the erosive process 
development, it is necessary to check the mutual relations between climate conditions (precipitation, 
temperature, etc.) and other factors, which assert themselves during erosion origin. Some factors, that influence 
these processes, are not static, they are under dynamic changes. The evaluation of the changes was made by the 
determination of trends of certain meteorological factors for the selected areas of Czech Republic, Central 
Europe. There were used data from four professional climatological stations of Czech Hydro-meteorological 
Institute, Telc-Kostelni Myslova, Velke Mezirici, Znojmo-Kucharovice, and Brno-Turany (tab. 1). The analyses 
of water erosion were done for the period of 1901-1950 and 1961-2000, the analyses of wind erosion for the 
period of 1961-2000. 

Analyses of rainfall sums from four chosen professional climatological stations, Telc-Kostelni Myslova, 
Velke Mezirici, Znojmo-Kucharovice, and Brno-Turany, were done. The data of rainfall sums were evaluated 
for the period of 1961-2000 and the basic statistical evaluation was done from the database of the data. Trends in 
annual and monthly rainfall sums and in rainfall sums of the period with the highest occurrence of extreme 
rainfalls (May and September) were determined for the selected stations. On the basis of the pluviograph records 
analyses, there were made evaluations of the occurrence frequency of the torrential rain with the intensity above 
20 mm per hour and abundance above 10 mm. All the calculations were made by use of statistical programs 
(Kadlec and Toman, 2002). 

The characterization of a landscape humidity feature is usually done by climatological indexes. On the 
basis of the accessibility of the data, which are needed for the calculation of characteristics, three climatological 
indexes were chosen, i.e. Koncek’s Humidity Index, Lang’s Rainfall Factor, and Minar’s Moisture Certainty. 
Their values were compared subsequently for three climatological stations of Czech Republic, Telc-Kostelni 
Myslova, Znojmo-Kucharovice, and Brno-Turany. The data of average annual rainfall sums, average annual air 
temperatures, average temperatures per a vegetative period, and average wind velocities at 2 p.m. per a 
vegetative period were evaluated for the period of 1961-2000 and the basic statistical evaluation was done 
(Dufkova and Toman, 2003). 
 
Table 1. Characterization of selected climatological stations 

Latitude Longitude Altitude
North East m above sea

636 Telč-Kostelní Myslová 49° 09' 36" 15° 26' 21" 569
687 Velké Meziříčí 49° 21' 14" 16° 00' 31" 452
698 Znojmo-Kuchařovice 48° 53' 00" 16° 05' 00" 334
723 Brno-Tuřany 49° 09' 35" 16° 41' 44" 241

Indicativ
e

Name

 
 
Koncek’s Humidity Index 

Koncek’s humidity index comes out of Humidity Index according to Thornthwaite. As the 
climatological index, it is usually used for the classification of climate, i.e. macroclimate and mesoclimate. 
Formula gives the humidity index for the whole vegetative period (April-September) (Koncek, 1955) (1): 
 

( ,3010
2

2vtrRIZ +−−∆+= )

                                                          

 (1) 
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where IZ = Koncek’s humidity index, R = rainfall sum per a vegetative period in mm, ∆r = positive deviation of 
rainfall amount of three winter months (December-February) from the value of 105 mm in mm (negative figures 
are not taken), t = average air temperature per a vegetative period in °C, and v = average wind velocity in m.s-1 at 
2 p.m. per a vegetative period. 
 
Lang’s Rainfall Factor 

Lang’s rainfall factor expresses natural irrigation conditions of landscape by the relationship between 
rainfalls and air temperature (2) (Sobisek, 1993): 
 

,
t
Rf =  (2) 

 
where f = Lang’s rainfall factor, R = average annual rainfall sum in mm, and t = average annual air temperature 
in °C. 
 
Minar’s Moisture Certainty 

Minar’s moisture certainty characterizes moisture conditions of study locality (3). Ratio of average 
rainfall amount in a definite period and of average air temperature of the same period gives rainfall amount that 
falls on every degree of average temperature of the definite period (Brablec, 1948): 
 

( ) ,730
t

tRJ +−
=  (3) 

 
where J = Minar’s moisture certainty, R = average annual rainfall sum in mm, and t = average annual air 
temperature in °C. 
 
Results and Discussion 

The comparison of the average values of annual and monthly rainfall sums for the period of 1901-1950 
with the period of 1961-2000 shows lower volumes of rainfall in the second period in all the chosen 
climatological stations. The decrease varies according to the stations and its value fluctuates from 30 to 91 mm 
per year. The difference is mainly influenced by the precipitation since October till April (26-61 mm). The 
decreasing value is lower at the stations Telc-Kostelni Myslova and Velke Mezirici than at the stations Znojmo-
Kucharovice and Brno-Turany. The largest difference was found out at the station Znojmo-Kucharovice (91 
mm), the smallest at the station Telc-Kostelni Myslova (30 mm). The most important decrease in monthly 
rainfall sums was noted on October, November and December at all the stations. The largest difference was 
found out at the station Brno-Turany on October (21 mm). 

For the determination of the occurrence frequency of torrential rains with the intensity above 20 mm per 
hour and abundance above 10 mm, there were pluviograph records analysed. The occurrence frequency is in 
table 2. Graphic representation of the time course and precipitation trend in the station Velke Mezirici gives 
figure 1. 
 
Table. 2 Occurrence frequency of torrential rains in the period of 1961-2000 

number % number % number % number %
May 7,0 7,5 7,0 9,9 12,0 14,1 15,0 18,5
June 27,0 29,0 22,0 31,0 27,0 31,8 23,0 28,4
July 29,0 31,2 21,0 29,6 22,0 25,9 22,0 27,2

August 23,0 24,7 15,0 21,1 21,0 24,7 11,0 13,6
September 7,0 7,5 6,0 8,5 3,0 3,5 10,0 12,3

total 93,0 100,0 71,0 100,0 85,0 100,0 81,0 100,0

Brno-Tuřany

average occurrence 
per year

2,3 1,8 2,1 2,0

Telč-Kostelní Myslová Velké Meziříčí Znojmo-Kuchařovice

 
 

Linear trend of Koncek’s humidity index that was calculated according to the equation (1) is decreasing 
for all the stations. The decrease appears during the vegetative period (April-September) as so as during the 
whole year. The average values of Koncek’s humidity index of the vegetative period of 1961-2000 for the station 
Brno-Turany are shown in the figure 2. 
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The results from Lang’s rainfall factor are very similar to these mentioned above with Koncek’s 
humidity index. Its decreasing linear trend means loss of natural irrigation of the landscape. The average values 
for the station Znojmo-Kucharovice are in the figure 3. 

Only values of Minar’s moisture certainty show increasing of the linear trend at the station Telc-
Kostelni Myslova (fig. 4). Anyway, this station belongs into the cool and humid area of Czech Republic and this 
is the reason of the increasing trend. 
 

onclusions 
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Figure 2. Koncek's humidity index of the vegetative
period of 1961-2000 at the station Brno-Turany with its
linear trend 

Figure 1. Trend of annual rainfall sums (mm) of the
period of 1961-2000 at the station Velke Mezirici 

Figure 3. Lang’s rainfall factor of the vegetative
period of 1961-2000 at the station Znojmo-
Kucharovice with its linear trend 

Figure 4. Minar’s moisture certainty of the vegetative
period of 1961-2000 at the station Telc-Kostelni
Myslova with its linear trend 
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the assumption about the rainfall amount decreasing. Various scenarios of climate change mention 

decrease in the atmospheric rainfalls, potentially maintaining of their amount at the same level, and change in the 
distribution during the year as so as increase in the occurrence of extremes. All the consequences have or will 
have negative impacts on the soil, so both types of erosion mentioned in this study will then endanger much 
more areas. 
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Modelling the effect of soil redistribution by water and tillage on carbon dynamics in 
agricultural landscapes 

 
Van Oost, K.1 – Govers, G. – Heckrath, G. – Olesen, J. 

 
 

Soil erosion is widely considered as an important threat to the world soil resource. It is therefore quite 
surprising that very few models allow to assess the impact of soil erosion on soil properties and hence, soil 
quality, in a two- or three-dimensional context. In this paper we first briefly describe the SPEROS model. 
SPEROS is a two-dimensional, spatially distributed model that simulates soil redistribution by water and tillage 
processes using a time step of one year. By linking SPEROS with the ICBM carbon dynamics model model we 
were able to assess the long term effect of soil redistribution on carbon dynamics. The combined SPEROS-
ICBM model represents space using matrices of grid cells. In each grid cell, different carbon stores are 
simulated: (i) the plough layer, (ii) the buried plough layer (in case of deposition) and (iii) a subsoil layer. 
SPEROS is used to model the lateral and vertical transfers of carbon between these stores. The ICBM model is 
then used to simulate the within-store dynamics of carbon for all grid cells and stores.  

The coupling of both models allows to study the spatial and temporal dynamics of carbon on 
agricultural land and provides insight in the effects of erosion on carbon sequestration. The model is applied on 
agricultural fields in Europe. First model results show that although large amounts of carbon are exported from 
the field by water erosion, total carbon inventories have significantly increased over recent years. This is due to 
the increased deposition of soil and carbon by tillage on specific landscape positions. These landscape positions 
act as carbon sinks as carbon in the buried plough layer is protected from water erosion and decomposition. Due 
to the increased intensity of  soil tillage since World War II, the within field carbon storage is now significantly 
more important than the export of carbon by water erosion. Consequently, soil erosion often leads to increased 
carbon storage at the field scale rather than carbon depletion. 
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Comparing wind erosion (field measurements) with simulated by WEPS 
 

Dikkeh, M.1 
 
 
Introduction 

Wind erosion is a serious problem in many part of the world. Wind erosion in Hungary, especially in 
the middle and south of country between Duna and Tisza rivers. These regions are characterized by sandy soils, 
low precipitation and the soil is very susceptible to wind erosion. The highest climatic erosive in March and 
April coincide with the lowest resistance of the soils against wind erosion. This soil is agricultural sandy soil use 
to planting. Also some part of the country area located in the east of country where the soil characterized by clay, 
loam and organic soil, this soil use to seeding Sugar beet, Corn and other crops. Wind erosion occurs especially 
in spring where caused big damage by plant abrasion and plant burying.  

The most comprehensive summary on wind-induced surface movements in desert soils has been made 
by Bagnold (1941), while a similar work has been done by Chepil and Woodruff (1963) for agricultural land. 
The wind erosion-soil-loss prediction equation has been done by Woodruff and Siddoway (1965). In other 
publication we can read about observations experience gained on different protective and computerized 
prediction methods. Skidmore (1988) Skidmore and Layton (1988), Hagen (1988), Bodolayine (1966), Borsy 
(1974), Kiraly and Karacsony (1977), Dikkeh, (1990). 
 
Objective 

Comparison of wind erosion (field measurements) with simulated soil losses by WEPS. 
 
Materials and methods 

Wind erosion (field measurement) was studied for two years on one hector (100m in square) measuring 
plot located in Jakabszallas (Kecskemet). In table 1. shown the soil analysis. 

We measured the soil transport caused by wind, with regard to the principles governing the wind 
erosion dynamics, we chose a simple measuring technique. 

There were two types of sand traps and measuring rods applied. A 1ha plot was divided into 16 parcels 
and two sand traps and a measuring rod was placed on the parcels each. The trap in fact is a perforated 
hemispheres. One type of the traps is a hemispheres turned upside down with diameter, 2 mm perforations close 
tone another. So that any particles saltating or suspending on all sides around can enter, the trap was placed on 
the surface. The other type of traps had ten bore-holes of diameter, 10mm, and was sunk into the soil so that the 
trap surface be on the level of soil surface. It was measured how much sand moved rolling along on the surface. 
Next to each trap, there was a measuring rod set up. Prior to experiment, these rods were inserted up to their 
marked zero sign into the soil. The soil surface status prior to wind erosion hazard was indicated by the zero 
sign. The extent of blowing out or dumping caused by wind erosion could be observed through reading the mm-
values above or under the zero sign of the rods placed on the parcels. 
 
Wind Erosion Prediction System (WEPS) 

Wind erosion prediction system (weps) is a process-based daily time step model that simulates weather 
and field conditions Hagen et al. (1995). Calculations for single events were made with the weps erosion 
submodel. The erosion submodel decides if erosion can occur based on current surface roughness, quantity of 
flat and standing biomass, aggregate size distribution, crust and rock cover, loose erodible material on a crust 
and soil wetness. If the surface conditions are susceptible and wind speed is above the threshold, erosion is 
computed on sub-hourly basis Hagen (1995). The step in the simulation procedure are as follows: the erosion 
submodel determines static threshold friction velocity at which erosion begins for each cell. The threshold is 
calculated based on surface conditions  of: random and oriented roughness, flat biomass, crust, and rock cover, 
cover of loose, erodible aggregates on the crust, aggregate size distribution and density of uncrusted surface, and 
surface wetness. Soil loss and deposition are calculated for sub hourly periods when friction velocity exceeds the 
static friction velocity threshold. To aid in evaluation of  off-site impact, the soil loss is subdivided into 
components and reported as saltation/creep, total suspension, and fine particulate matter (PM-10) for each grid 
cell. Hagen, (1997). Constant input data are the dimension of the simulated area, soil texture and derived 
properties such as aggregate size distribution and aggregate stability. Event based inputs are soil surface 
conditions like roughness, crusts and measured data of average wind speed  as well as the average wind direction 
of the day.  
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Results 
Three erosion events were measured, soil-material were collected from the soil traps and read the mm-

values on the measuring rod  after each storm. In table 2. shown the weather data 
We calculated the blown soil mass with the following:  

 
V= h x s 

Where: 
               V= blown-out material m3 

              h= depth of blow out in soil m 
              s= size of area m2 
The readings made on the measuring rod were used in the above mentioned formula, and gave the 

amount of the blown away soil, which happened to be the following: 
 
14.04.1988     59.32 m3/ha (within a duration of 10 hours) 
15.04.1988     55.50 m3/ha (    "              "        "   20   "    ) 
15.04 1988     28.00 m3/ha (    "              "        "  3.5    "   ) 
 
Figures 1, 2, display the micromorfological status of the experimental area after soil blowing. 
The comparison between measured and simulated soil losses by WEPS, in the following: 
  

Measured m3/ha  Simulated m3/h 
59.32   61.51 

 55.50   48.90 
28.00   25.45 

 
Table 1. Soil mechanical and chemical analysis 

 
 
 
Table: 2. Weather data 
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Figure 1. The micromorfological status of the area after soil blowing.  
 
 

 
 
Figure 2. The micromorfological status of the area after soil blowing 
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Heavy metal contamination of urban soils: A case study (Nuoro/Sardinia, Italy) 
 

Vacca, S.1 – Capra, G.F. – Muntau, H.W. – Loi, A. – Biagioli, M. 
 
 

In recent years, systematic soil quality studies at national scale have been started with the aim to 
establish a nation-wide soil contamination map. In this context, the National Agency of Environmental 
Protection (APAT) and the Thematic Committee on Soil and Contaminated Sites published an informative 
dossier on soil contamination in a number of Italian provinces. Major conclusion of this study is that soil 
contamination in Italy does not exceed the variability margins at international level, while the number of 
contaminated sites amounts to over 10 500 on the basis of a study in the year 2000, having Sardinia occupying 
the seventh position at national scale with 410 contaminated sites. 

The present study, performed at the city of Nuoro/Sardinia, focuses on metal contamination of urban 
soils, which for a number of reasons are seldom subjected to systematic screening analysis. 

Soil surface samples have been taken in the proximity of roads at the city’s traffic accumulation centers, 
as well as at public and private gardens, which represent in some way the geochemical metal background. The 
samples were analyzed for lead, cadmium, copper, zinc and nickel. 

The results confirm severe soil contamination by lead and zinc in particular, correlated to traffic density. 
Concentration values of 810 mg/kg and 570 mg/kg, respectively, have been observed, as well as elevated 
concentrations of cadmium (50 mg/kg) and copper (330 mg/kg). 

High positive correlation has been observed for lead and zinc (r2=0,56) and for nickel and copper 
(r2=0,54). 

The observed concentrations leave a number of question marks with respect to human intoxication by 
inhalation of contaminated soil particles following to eolic transport in extremely dry climate conditions. Toxic 
effects on plants, trees in particular, may occur as well.  

The metal concentrations measured were compared to the threshold values imposed by the Italian law 
(DM.of 25th October, 1999, no. 471) and the findings confirm the non-compliance of many samples with respect 
to the above mentioned law, as anticipated by the Urban Traffic Plan, established by the city of Nuoro in 2001. 

All spatial and alphanumerical information was geo-referenced, creating a Geographical Information 
System, which allows verification and modification of the acquired data. 
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A contribution to the knowledge about anthropogenic soils on  
and in urban waste deposits 

 
Vacca, S.1 – Capra, G.F. – Biagioli, M. – Muntau, H.W. – Buondonno, A. – Loi, A. 

 
 

The research area, called “Tuccurutai”, close to the city of Nuoro/Sardinia, was employed for  city 
waste dumping from 1969-1990. Due to the lack of any kind of official registers there is little information 
available as to the contents and hence, the potential release of contaminants into the surrounding environment. 

Profile studies reveal the presence of materials such as glass, metal scrap, ceramics, many types of 
plastic, textiles and paper. Non-degradable materials constitute a significant portion of the deposit’s content. 

An inevitable consequence of the latter aspect is the lack of pedogenetic development, which at present 
seems to be absent at all. During this study, however, the presence of a superficial A-horizon of little depth (0-30 
cm) has been observed, the characteristics of which anyway confirm its very slow development due to the 
presence of remarkable quantities of un-degradable materials of anthropogenic origin along the profile.  

Analysis of the mineral components (<2 mm), the more alterable part, shows their presence in all 
individual horizons hence, some hope for the future pedogenetic development of the soil. 

From the taxonomic point of view, the soil has been classified as Garbic and Urbic Anthropic Regosoil 
(WRBSR, World Reference Base for Soil Resources, 1999), an anthropogeomorphic soil, the mineral and 
unconsolidated organic materials of which are of anthropogenic origin such as land fills, garbage deposits, 
dredgings and mining waste deposition, materials which in any case did not find the time needed for a 
meaningful expression to the pedogenetic process. 

Analysis of metals (As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn) has shown that in almost all horizons total 
metal concentrations exceed the limits set by the actual national norms (DM 471/99). Cadmium, copper, lead and 
zinc in particular, were always found above national limits. 

It must be stressed, however, that the acetic acid-soluble metal fractions were found in all cases at 
extremely low concentrations (µg/l), which means that at the time being the metals are present in immobile 
chemical forms, leaving any danger from metal dispersion from the deposit to the surroundings to the future. The 
risk for future environmental contamination from the deposit is enhanced by the fact that the pedogenetic 
characteristics of the soil, being deprived from clay minerals and humic substances, able to retain metal ions and 
complexes, indicate high soil permeability. 

Element analysis (Si, Al, Fe, Ca, Mg, Na, K, Ti, Mn, P, Ba, Co, Cr, Cu, Ni, Pb, S, V, Zn) and 
subsequent correlation analysis revealed a number of strong correlations (r of Pearson), such as Fe-Ca (r2=0,86), 
Mg-Na (r2=0,90), Ni-Pb (r2=0,84), which are pointing towards the common sources of these elements in the 
deposit, such as pigments, metal scrap, glasses etc., and might also allow some predictions for the future 
developments inside the deposit and connected element release. More detailed data analysis by multivariate 
analysis shall offer information in this respect. 

A first orientative analysis for organic persistent pollutants showed no significant results with the 
exception of the inferior horizons, where aliphatic and polycyclic aromatic hydrocarbons have been encountered  
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