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Ecosystem services of soils & global soil resources 
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SCEP 1970; World Resource Institute, 2002 

Cultural heritage and recreation  

food production 

Space for life 

flood control 

Ecosystem services of soils 

0.1 – 1 m, from which this planet lives !!! 
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Soils are the most essential component of terrestrial  

ecosystems because they 

 

- sustain primary producers (plants!) 

- are the major sink for heat energy and nutrients 

- and also for water and gases (e.g. CO2) 
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Proportion (%) of total land area usable for agriculture 

 - Soil properties limit agricultural use 
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Global Soil Resources 
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Soil quality- 

key factor “Soil Organic Matter” (SOM) 

and functions 
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The humus layer- organic matter as switcher in nutrient cycling 
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Breakdown of plant litter & transformation to soil organic matter 
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35.000- times magnified!! 

Humic and fulvic acid as part of the soil humus 

www.humintech.com/001/animalfeeds/information/anchor1 
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Soil organic carbon (SOC) content and aggregate stability 
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SOM and cation exchange capacity (CEC) 

(Clark and Nichols, 1968) 

Adsorption capacity (pH range 3.5 - 8)  

(Bloom, 1999) 
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Soil organic carbon (SOC) and soil productivity 
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Functions of SOM  

(modified after Baldock and Skjemstad, 1999)  
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Definition von Soil Health (  Soil Quality) 

In 1997, Doran & Safley (Doran et al. 1997) proposed the following 

definition of soil health: 

 

„The continued capacity of soil to function as a vital living system, within 

ecosystem and land-use boundaries, to sustain biological productivity, 

promote the quality of air and water environments, and maintain plant, 

animal and human health“. 
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Definition of soil degradation 
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Land/soil degradation can either be a result of natural hazards or due 

to unsuitable land use and inappropriate land management practices.  

 

 Natural hazards: Land topography and climatic factors such as steep 

slopes, frequent floods and tornadoes, blowing of high velocity wind, 

rains of high intensity, strong leaching in humid regions and drought 

conditions in dry regions.  

 

 Human-induced impacts: Deforestation of fragile land, overcutting of 

vegetation, shifting cultivation, overgrazing, unbalanced fertilizer use 

and non-adoption of soil conservation management practices, over-

pumping of ground water (in excess of capacity for recharge). 

Land/soil degradation 
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Anthropogenic soil degradation 

Definition by WBGU (1994) 

 

Anthropogenic soil degradations are persistent or irreversible alterations of 

functions and structures of soils or their loss, caused by human-induced 

physical, chemical or biological impacts exceeding the systems´resistance 

or capability to compensate or recover. 

 

 

(WBGU = Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveränderungen) 
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http://piru.alexandria.ucsb.edu/collections/geography3b/mcknight/mk12-02.jpg 

Soil degradation is a world-wide problem 

Soil degradation  

serious, partly  irreversible loss of soil 

and soil functions 

Distribution  

1990: 2.000 Mio ha ~ 15% of potentially 

usable land area (Miehlich 2003) 

Recent development 

progressing soil destruction and 

expansion of degraded areas by 

7- 10 mio ha per year 
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Main causes of soil degradation 

overgrazing 

agricultural activities 

deforestation 



“Soil degradation” Friedrich-Schiller-Universität Jena  

http://www.unep.org/GEO/geo3/english/141.htm  

Extend & causes of land degradation- world-wide (FAO 1996) 

Deforestation - vast reserves of forests have been degraded by large-
scale logging and clearance for farm and urban use. More than 220 million 
ha of tropical forests were destroyed during 1975–90, mainly for food 
production. 
 
Overgrazing - about 20 per cent of the world's pasture and rangelands 
have been damaged. Recent losses have been most severe in Africa and 
Asia. 
 
Fuelwood consumption - about 1 730 million m3 of fuelwood are 
harvested annually from forests and plantations. Woodfuel is the primary 
source of energy in many developing regions.  
 
Agricultural mismanagement - water erosion causes soil losses 
estimated at 25 000 million tonnes annually. Soil salinization and 
waterlogging affect about 40 million ha of land globally. 
 
Industry and urbanization - urban growth, road construction, mining and 
industry are major factors in land degradation in different regions. Valuable 
agricultural land is often lost.                                     

Lal, 2004 

580 million ha 

680 million ha 

137 million ha 

550 million ha 

19.5 million ha 
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Forms of soil degradation 
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Forms of Soil Degradation 

Physical  

soil degradation 

Water erosion Wind erosion 

Chemical 

soil degradation 
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 top soil compaction 

 reduction in water holding capacity 

 soil sealing 

 hard-setting/ crusting 

 ca. 4% (Miehlich 2003) 

Physical Soil degradation 
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• unevenly rooting  

• signs of oxygen deficit 

Landesamt für Umwelt, Naturschutz  
und Geologie Mecklenburg-Vorpommern 

Brandhuber, Bayerische Landesanstalt  
für Bodenkultur und Pflanzenbau 

Effects on soil structure 

compact, less pores,  

sharply edged aggregates 
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root deformation 

water saturated zones 

ponding water in tracks 

Landesamt für Umwelt, Naturschutz  
und Geologie Mecklenburg-Vorpommern 

Indicators of soil compaction 
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• waterlogged regions 

• lack of oxygen 

• decreased N mineralisation 

• limited straw rotting 

• difficult to root through 

Landesamt für Umwelt, Naturschutz  
und Geologie Mecklenburg-Vorpommern 

Root deformation 
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Zech 2002 

 salinisation (Na- enrichment Sodic) 

 over-fertilisation 

 nutrient losses 

 acidification 

 loss in biodiversity 

 ca. 12% (Miehlich 2003) 

Chemical soil degradation 
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H+ 

H+ 

Na+ 

H+ H+ H+ 

CaCO3 
nutrient 

cations 

Al-hydroxide 

Ca2+ 

H+ 

Al3+ 

K+ 
Mg2+ 

pH 8 

Soil 

3 

Soil acidification in forests is a natural process 

but: additional atmospheric acid deposition (H+- input) and production of  

strong acids enhance the nutrient wash out (nutrient losses) 

 at pH < 5 mobilisation of Al3+ ions  plant toxicity 
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soil-pH 
7.2         6.6         6.2        4.7         4.4 

Aluminum toxicity 
Mg deficiency 

„Goldspitzigkeit“ 
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Global distribution of regions with acid deposition 
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Wind erosion 

 dust emission 

 soil loss 

 associated nutrient losses 

 ca. 28% (Miehlich 2003) 
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Böhner/Krüger/Gerold/Bock – Reliefanalyse, Prozessparametrisierung & Bodenregionalisierung (05.05.2006)  

Wind erosion and land degradation 
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Water erosion 

 soil erosion 

 splash flow 

 flush denudation 

 ca. 60% (Miehlich 2003) 
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Sheet, rill and gully erosion in clay/mergel substrate in Toscany (Italy) 
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rill erosion 

gully erosion 

sheet erosion 

Erosion forms 
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Amazonas-Delta 

...after mobilisation by erosion the top soil material is washed into the sea.... 
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1. aggregate mobilization / Splash 

2. sheet erosion 

3. rill erosion 

4. gully erosion 

Process cascade 

5. deposition/  
river transport 
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Global assessment of soil degradation 
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SCIENCE VOL 304, 11 JUNE 2004 
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Global Soil degradation 

Degradation mechanisms including all land-use types 

(Oldeman, L.R., R.T.A. Hakkeling, and W.G. Sombroek, 1990. World Map of the Status of Human-Induced Soil Degradation. 
An Explanatory Note, rev. 2nd edition. International Soil Reference and Information Centre, Wageningen, the Netherlands.) 
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A global assessment of soil degradation was launched by the United 

Nations Environment Programme (UNEP) in the early nineties called 

GLASOD (Global Assessment of the Status of Human-Induced Soil 

Degradation) to developed methodologies to create soil and terrain 

databases (Oldeman, Hakkeling and Sombroek 1990, UNEP 1992). 

 

The main objective of the GLASOD project was to strengthen global 

awareness of policy-makers and decision makers of the dangers resulting 

from inappropriate land and soil management. 

 

Short history of soil degradation assessment initiatives 
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(Oldeman, L.R., R.T.A. Hakkeling, and W.G. Sombroek, 1990) 

Global distribution of soil degradation types 
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GLASOD (Global Assessment of Soil Degradation) 
 – World map of soil degradation - 1991 

Wt = loss of topsoil through 

water erosion 

2 = degree moderate 

3 = frequent:11-25% affected 

g = overgrazing 

a = agricultural activities 

 = recent past rate - medium 
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1. Potential soil loss 
 
Another approach is getting an overview of potential soil loss by using 

quantitative assumptions on the main variables contributing to soil loss. 

In the USA, the findings from thousands of plots were generalised in the 

universal soil loss equation (USLE). The USLE equation is as follows: 

 
A = (0.224)  R  K  L  S  C  P 

where 
 
A = soil loss in kg m2 s-1  S = slope gradient factor 
R = rainfall erosivity factor  C = cropping management factor 
K = soil erodibility factor  P = erosion control practice factor 
L = slope length factor 
 
The necessary variables can be derived from maps, photographs and 
satellite imagery, with additional field observations. 
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2. Replacement cost method 

 

In assessing impacts of erosion, in several studies this method was 

used to estimate on-site costs of soil erosion.  

More specifically, this involved pricing the amount of commercial 

fertilisers that were used to replace lost nutrients in eroded 

material.  

This method does not take into account the off-site costs of soil 

erosion and the growth impact of loss of soil organic matter. The 

latter effects may be marked in sloping areas.  

 

In general, this method might go amiss by not recording all inputs 

and outputs of nutrient. Among the inputs, a sizeable amount of 

fertiliser might be lost in run-off and never reach the plant roots; 

among the outputs, the uptake by the crop is important. 
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3. Relative crop yield method 

 

The difference between the Maximum Attainable Yield (MAY) and actual 

yield (in physical or monetary terms) is often used for a suitability 

assessment for a crop (Narain, 1977). The MAY refers to yield on test plots 

on a model soil. Conversely, the MAY may be used to assess soil 

deterioration in terms of crop losses. 

Compared to the replacement cost method, MAY seems more significant, 

as crop loss incorporates not only erosion, but all soil deterioration (all 

environmental influences, for that matter). 
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Limit – and threshold values for soil degradation (FAO 1979) 
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Lal et al. 1989 

Magnitude of soil erosion from cropland in various countries 

In Europe the current erosion risk for 

1/3 of the land area is high to very high 

with direct economic losses of 53 Euro 

per hectare. 

High range of erosion rates (5- 564 t/ha/yr) 
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Evaluating soil degradation 
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Evaluation of anthropogenic soil degradation 

What is the meaning of „very high to low“? 
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Degrees of Soil degradation  

according to OLDEMAN et al., 1991 

Severity 

„1“     slight   Soil quality and biotic functions for agricultural use are only slightly reduced.  

  Restoration of original productivity by altered land use management is possible. 

 

“2”     moderate Agricultural productivity strongly decreased, but still usable for local land  

  use systems. To restore the original productivity a significant improvement is  

  necessary. Biotic functions are partly destroyed. 

 

“3”     high Cultivation of the soil on a farm-level is not possible. Intensive technical  

  improvement is necessary to restore the terrain. Biotic functions are mostly  

  destroyed. 

 

“4”    very high Cultivation and restoration of the soil is not possible. All biotic functions  

  are  entirely destroyed. 

Definition 
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Eger et al. 1996; Ambio Vol. 25 

Global extent of the degree of soil degradation for the major types of 
soil degradation in Mio. ha 

  

   

                  Light      Moderate      Strong + Extreme Total 
  

Water erosion                        343    527                  224           1094 
 

Wind erosion                   269    254      26    549 
 

Chemical degradation   93    103      43    239 
• loss of nutrients     52        63        20     135 

• salinization     35        20        21       76 

• pollution        4        17          1       22 

• acidification       2          3          1         6 

 

Physical degradation   44      27      12      83 

  

Total   749    911    305  1965 

Global extent of the degree of soil degradation 
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Water erosion 

Wind erosion 

So far we just talked about the loss of soil by erosion 
processes (quantities).  Now let ´s come back to soil 
quality and processes affecting it… 
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Physical  

soil degradation 

Chemical 

soil degradation 

These forms of soil degradation affect the soil quality...... 
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Indicators of soil quality 
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Aim 
maintaining of soil functions and soil quality 

indicate changes in environmental 
conditions or degradation 

- soil organic matter (SOM) 

- microbial biomass 

- soil respiration 

- species diversity 

- enzyme analysis 

- N mineralizable 

- particulate organic matter 

- metabolic quotient 

Monitoring 
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NERI Technical Report No. 388, 2002 

Microbial indicators for soil health monitoring 
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continued 
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Decline in soil organic matter 

Reduction in soil organic matter content, decline in biomass carbon and 
decrease in activity and diversity of soil fauna are important indicators of 
biological  degradation. 

Because of its important function for soil water and nutrient supply and 
storage, organic matter plays an important role in soil degradation 
processes.           

Decrease in humus 
0-30 cm 

None to slight moderate high Very high 

% change per year < 1 1 – 2.5 2.5 - 5 > 5 

Indicator for biological degradation (FAO 1979) 



“Soil degradation” Friedrich-Schiller-Universität Jena  

Metabolic quotient qCO2 (Cresp/ Cmic)  
 

 with increasing Cu concentrations values for qCO2 (green columns) 

increase, while Cmik/Corg values decrease (orange columns)  

 the latter indicate a significant disturbance in the C budget 

(CuCl2-dotierten Sandy  soil (Su3, pH der Kontrolle 6.3, Corg 1,0 Prozent); Quelle: NLfB) 

qCO2 Cmic/Corg 
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Indicators of biological degradation 
 

• population biology and diversity for different groups of organisms 
(bacteria, actinomycetes, fungi, protozoa, nematodes, earthworms etc.) 
with biomass (g m-2) and abundance (No.  m-2) 

• soil enzymes for nutrient cycling  (cellulose decomposition, respiration..) 

• microbial biomass 

• change in redox status (oxidation-reduction) 

Organism minimum optimum maximum 

Pseudomonas 

spp. 
5,6 6,6 – 7,0 8,0 

Nitrobacter 

spp. 
6,6 7,6 – 8,6 10,0 

Thiobaa-cillus 

spp. 
1,0 2,0 – 2,8 6,0 

Conditions of pH for growth of select micro-organisms 

(Atlas, 1984) 
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Soil conservation management practices 
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Soil degradation        Soil conservation 
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No till farming and other conservation tillage practices eliminate drastic soil 
disturbance, and enhance soil organic matter in the surface layers. Conversion 
from plow till to no-till with residue mulch is a viable option for SOC sequestration. 

Lal, 2004 

Never leaving the soil bare! No ploughing 

Leave the residue of the last crop in the soil  

while planting the new crop. 

Conservation tillage 
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Mucuna utilis (velvet bean), a suitable cover crop for the  
humid tropics of west Africa, and other cover crops enhance SOC pool. 

Cover crops 

Lal, 2004 
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Growing crops with contour hedgerows of Leucaena leucocephala is  
an example of a wide range of agroforestry systems. 

Contour cultivation 

Lal, 2004 
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Brady & Weil 2002 

Windbreaks 
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Lal, 2004 

Alterations in management practices 
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(Krull et al., project report) 
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Resume 
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 The most occurring form of soil degradation is the fluvial soil erosion 

 The main driving factors and the amount of soil loss due to soil water 

erosion can be evaluated & estimated by the USLE (Universal Soil Loss 
Equation)  

 World-wide the annual rates of soil erosion for agricultural areas differ 

considerably (5- 560 t/ha/yr). The tolerable soil loss rate is 1- 10 t /ha/yr, 
bur depend on the local soil properties. 

 Soil cover and soil management practices involving soil conservation 
techniques can reduce the soil loss to a tolerable extend. 

 For the effective solution of soil problems an indicator system for soil 

quality monitoring is necessary, allowing a rapid assessment of the 
current state, progress and potential risk of soil degradation and the 
application of appropriate soil conservation practices. 
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Thank you! 


