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ABSTRACT 

 

The aim of this review paper is to understand more about soil degradation process under global 

agriculture and the practices to reverse the degradation process for environmental sustainability. 

The data and relevant information have been collected from a range of printed and online sources 

which then represented to fulfill the aim of this review paper. The overall economic growth of an 

agro-based country depends on the sustainable agricultural ecosystem in connection with the 

proper management of agricultural soil. Soil degradation is a global crisis that affects the world 

food economy in terms of improper agricultural practices. The huge population pressure in the 

developing countries, inequity and poverty in some parts of the world have influenced the 

farmers for increasing the cultivable land connected to agricultural production. Therefore, the 

degradation rate in agricultural soil has significantly increased both in developed and developing 

countries. The EU (European Union) in 2012 has identified eight different threats reducing 

normal function of the soils. These threats are water and wind erosion, reduction of soil organic 

matter (SOM), contamination, sealing, compaction, loss of soil biodiversity, salinisation, 

landslides and floods, desertification and acidification. However, The concept of conservation 

agriculture (CA) and organic farming are the major issues of the practices to reverse the 

degradation process of soil although some others practices such as ridge tillage, contour farming, 

sub-soiling, intercropping, grasslands, agro-forestry, conservation buffers and terracing have 

been proved beneficial directly in the field. However, improvement and amendment of many 

suggested technologies considering the adaptation to local physiographic and climatic conditions 

should be reconsidered soon. Political commitment and government willingness are also 
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1. INTRODUCTION 
 

Soil is the top layer of the earth’s crust consisting of mineral matter (MM), organic matter (OM), 

water, air and living organisms (EEB, 2006; SoCo Project Team, 2009). In other words, soil is a 

complex living resource that has a key role in the production of foods and biomass in association 

with transformation of materials that includes carbon (C), nitrogen (N) and water (H2O) (EEB, 

2006). However, soil is an inevitable part of the agricultural practices in both developed and 

developing World (Pimentel, 1993; Karamesouti et al., 2015). The overall economic growth of 

an agro-based country depends on the sustainable agricultural ecosystem in connection with the 

proper management of agricultural soil (Costantini and Lorenzetti, 2013). EEB (2006) reported 

that the long term economic development is not possible if the agricultural countries do not 

maintain the sustainability in production due to the pollution, erosion, salinisation, sodification 

or compaction and loss of organic matter into the soil (SoCo Project Team, 2009). 

However, soil degradation is the process of reducing productive capacity of soil due to natural 

and anthropogenic factors (Robinson et al., 2009; Karamesouti et al., 2015). According to the 

Organisation for Economic Co-operation and Development (OECD), soil degradation is the loss 

of soil functions, where the quality of soil is reduced making the soil unfit for production of 

crops and other ecosystem services in agriculture (OECD, 2001). However, no continent of the 

World is undisturbed in regard to soil degradation (Figure 1) which is caused by both natural and 

anthropogenic means amounting almost one third of the total soil degradation under agricultural 

practices (Mackenzie, 1995). Approximately 75% of the top soil consisting both developed and 

developing World have already been lost by the end of 1990s (Costantini and Lorenzetti, 2013). 

From the 20th century till now, there is no significant improvement of soil conservation under 

agricultural practices (Costantini and Lorenzetti, 2013). Oldeman et al. (1990) reported that 

almost 28% of the soil degradation in the World is caused by the agricultural activities, whereas 

North America (66%) and Central America (45%) showed the highest intensity of soil 

degradation under agriculture followed by Europe (29%), Asia (27%), South America (26%), 

Africa (24%) and Oceania (8%) respectively (Figure 2). The concept of conservation agriculture 

(CA), organic farming, terracing, tillage and agroforestry systems has been addressed by several 

authors and researchers to reverse the soil degradation process under agriculture (Costantini and 

Lorenzetti, 2013). However, this review paper has addressed to better understand the principal 

important issues for the practices of soil conservation under agriculture. Also, policy makers 

should be aware of giving emphasis on policy formulation to practice sustainable agriculture in 

the world because sound soil management policies could be the ways of proper solution to 

reverse the soil degradation processes under agriculture to ensure environmental sustainability. 
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soil degradation processes under agricultural practices and the steps of recovery from 

degradation of soil for environmental sustainability. 
 

Figure 1: Soil degradation zones in the World (Mackenzie, 1995) 
 

 
 

Figure 2: Global soil degradation scenarios (Oldeman et al., 1990) 
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Figure 3: Soil degradation causes (Dent, 2007; Hurni and Meyer, 2002) 

 
 

2. MATERIALS AND METHODS 
 

A range of peer reviewed national and international published books and articles from both 

printed and online sources have been reviewed and then the relevant data and information have 

been collected which then organized by the authors. For better understanding of the soil 

degradation and the practices to reverse the degradation processes, the reviewed data and 

information was then compiled and presented in a scientific manner. 

3. SOIL DEGRADATION PROCESSES UNDER AGRICULTURE 
 

Soils under agriculture are considered to be degraded when different functions of soil are 

disturbed either by natural or anthropogenic means (Costantini and Lorenzetti, 2013). The 

important soil functions related to the agricultural ecosystem are production of biomass, storing, 

filtration, transformation of nutrients and water, biodiversity pool like habitats, genes and 

species, raw material sources and carbon pool (European Commission, 2006a; JRC, 2011). 

However, some factors influence the soil functions negatively that accelerates soil degradation 

process in agriculture (JRC, 2011). The EU (European Union) has identified eight different 

threats that reduce the normal function of the soils (European Commission, 2012). The threats 

related to the soil degradation processes in agriculture are water and wind erosion, reduction of 

soil organic matter (SOM), contamination, sealing, compaction, loss of soil biodiversity, 

salinisation, landslides and floods, desertification and acidification (European Commission, 
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2012). Additionally, several authors have described the soil degradation process (Figure 3) in 

different ways although the principal degradation processes are almost similar (Hurni and Meyer, 

2002; Li and Zhou, 1999; Dent, 2007). However, based on the climate and agricultural practices, 

SoCo project team (2009) has addressed six different soil degradation processes, which are (i) 

erosion in association with water, wind and tillage (ii) declining the content of organic carbon 

(OC) (iii) compaction (iv) salinisation and sodification (v) contamination in relation to heavy 

metals and pesticides, excess amount of nitrate (NO3) and phosphate (PO4) and (vi) declining 

biodiversity. The important soil degradation processes under agriculture have been summarized 

below. 

3.1 Erosion 
 

Erosion is one of the most important soil degradation processes under agricultural activities 

throughout the developed and developing World (Mabbutt, 1984; Pimentel, 1993; Busari et al., 

2015). The principal types of erosions in agriculture are water, wind and tillage related erosions 

(SoCo Project Team, 2009). Each of the principal erosions under agriculture is briefly described 

below. 

3.1.1 Water erosion 
 

Soil particles are separated by raindrops and transported by the water flow across the surface of 

the agricultural lands (Van-Camp et al., 2004). Raindrops accelerate the breakdown of soil 

aggregates causing the surface sealing, limiting infiltration and increasing surface run off (Van- 

Camp et al., 2004). Water erosion enhances the loss of top soil in agricultural lands reducing the 

soil fertility and thus agricultural ecosystem is rapidly degraded (Van-Camp et al., 2004). 

However, the climatic conditions, topography, structure of the soil influence the water erosion 

(SoCo Project Team, 2009). Important water erosions like rills, gullies and sediment 

accumulation on the agricultural land surface have been addressed by agriculturists, soil scientist 

and researchers (Costantini and Lorenzetti, 2013). Recent research showed that the soil 

degradation rate in Europe due to the water erosion is high. Again, Mediterranean regions of 

agriculture are under serious threat of water erosion (Costantini and Lorenzetti, 2013). 

Approximately 115 million hectares of agricultural lands in Europe are under the threat to water 

erosion, whereas a single robust rainfall could cause the loss of 40 – 100 tonnes per hectare of 

soil (SoCo Project Team, 2009). Both on-site and off-site effects of water erosion have been 

noticed by SoCo Project Team (2009) throughout the Europe and Mediterranean zones (Table 1). 

3.1.2 Wind erosion 
 

Wind erosion is an important consideration of soil degradation process in which the soil particles 

are transported by wind action removing mainly the finest type of soil particles resulting the 
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gradual reduction of soil fertility under agricultural practices (EEA, 2003; Warren and Barring, 

2003; Funk and Reuter, 2006). 

Table 1: On-site and off-site damages caused by water erosion in Europe and 

Mediterranean regions (Source: SoCo Project Team, 2009) 
 

Erosion type On-site damages Off-site damages 

 

 

 

 

 

 

 

 
Water erosion 

 Loss of OM (Organic matter) 

 Degradation of soil structure 

 Compaction of soil surface 

 Reduction of water table 

 Surface erosion 

 Removal of nutrients 

 Increasing coarse fraction of soil 

 Rill and gully formation 

 Uprooting of plants 

 Soil productivity reduction 

 

 Flooding 

 Pollution of water 

 Burial of infrastructures 

 Obstruction to drainage 

networks 

 Changes in the shape of 

watercourses 

 Eutrophication of water 

 

 
EEA (2003) reported that almost 4% (42 million hectares of land) of the total European territory 

is affected by wind erosion. Wind erosion depends on meteorological conditions along with 

favourable ground conditions although it is sometimes accelerated by human induced causes like 

improper cultivation techniques and overgrazing (Funk and Reuter, 2006). Funk and Reuter 

(2006) also reported that the influencing factors of wind erosion are soil texture, content of the 

organic matter (OM), vegetation cover, roughness, filed size and local climatic conditions. 

Overall, wind erosion damages the arable crops and pollutes nearby areas removing the soil OM 

that affects the biomass production and storage of OM in soil for climate change mitigation 

(Goossens, 2003). 

3.1.3 Tillage related erosion 
 

The tillage related erosion of soil degradation is caused by the displacement of cultivation layer 

under agriculture along with the loss of soil due to harvesting which is mostly influenced by the 

crops harvesting techniques of the farmers (Van Oost and Govers, 2006). The tools used for 

tillage and the slope have a strong influence on tillage related soil degradation process (Funk and 

Reuter, 2006). Tillage erosion is influenced by the reduction of tillage depth and speed, 

ploughing on consolidated soils in lieu of pre-tilled agricultural soils and ploughing along the 

lines of contour. In a study, the rate of tillage related erosion throughout the Europe was recorded 
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as 10 tonnes/ha/year, whereas erosion due to the improper harvesting technique was calculated as 

2 tonnes/ha/year and 9 t/ha/year for potato and sugar beet respectively (Van Oost and Govers, 

2006). 

3.2 Declining soil organic carbon (SOC) 
 

Land use change and improper management practices are mostly responsible for declining soil 

organic carbon (SOC) (Smith et al., 2012; Costantini and Lorenzetti, 2013). SOC includes 

residues of crops and all carbon containing materials along with soil fauna and humus (Chan, 

2008). It is the uneven mixture of simple and heterogeneous materials containing carbon (C) 

(Chan, 2008; Van-Camp et al., 2004). Water retention, soil texture and structure and cation 

exchange capacity of soil depend on the availability of SOC (Smith et al., 2012). SOC is also an 

important nutrients’ (N, P, K and Ca) source needed by agricultural crops (Smith et al., 2012). 

However, declining soil organic matter causes the reduction of agricultural soil quality and thus 

crops productivity is affected (Costantini and Lorenzetti, 2013). The soil organic carbon is 

mostly affected by the existing land use, climate and hydrological condition of the land used for 

agricultural practices (Van-Camp et al., 2004). Carbon accumulation in the soil is affected by the 

temperature and precipitation. Again, soil degradation due to carbon loss is mainly related to the 

climatic gradient from north to south (Van-Camp et al., 2004). For example, the concentration of 

C is high in the cold and northern part of Europe, whereas it is comparatively lower in the hot, 

semi arid southern part like Mediterranean regions (Van-Camp et al., 2004). For instance, 74% 

of the agricultural soils in the southern Europe consist of less than 2% organic carbon (Smith et 

al., 2006). JRC (2011) and Schils et al. (2008) reported that approximately 45% of European 

soils consist of very low amount (0-2 g.100 g-1) of carbon content in the agricultural soil. 

3.3 Compaction 
 

Soil is degraded under agriculture due to the compaction of soil (Pagliai et al., 2000). Soil 

compaction is the rearrangement of soil particles where the pores between the aggregates or 

particles are significantly reduced because of natural and manmade causes (Costantini and 

Lorenzetti, 2013). Natural compaction of soil is related to the topography, soil texture or 

structure and climatic condition of the lands used for agricultural practices (Costantini and 

Lorenzetti, 2013). The manmade causes of compaction are improper practices of agriculture soil, 

land use pattern, rotation of crops and use of heavy machineries (Costantini and Lorenzetti, 

2013). For example, if the land is ploughed repeatedly for crops production prior to maintaining 

short rotation then the soil compaction process is accelerated (Munafo, 2013). 

3.4 Salinisation, sodification and alkalinisation 
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The deposition of soluble salts like chloride (Cl), sulphate (SO4), carbonate (CO3) and 

bicarbonate (HCO3) of sodium (Na), magnesium (Mg), calcium (Ca), and potassium (K) in the 

profile of soil is termed as salinisation (Toth et al., 2008). Again, sodification is the gradual 

saturation of sodium bicarbonate (NaHCO3) in the soil, whereas alkalinisation is the state of soil 

increasing the PH level (Dazzi, 2006). However, the impermeability of soil layer is increased due 

to the salinisation of soil and hence the agricultural lands become less suitable for cultivation 

(JRC, 2011). Both natural and human induced factors influence the soil degradation process 

caused by salinisation (Dazzi, 2006). Natural factors are climate, salts accumulation of parent 

material (PM), ground water, topography and land cover, whereas human induced factors are 

land use practices and land management system such as irrigation with salt water and improper 

drainage (Crescimanno et al., 2009). In case of alkalinisation, the high PH  level in the agricultural 

soil does not permit the optimum growth and development of the agricultural crops 

(Crescimanno et al., 2009). Again, excess amount of sodium destruct the arrangement of soil 

particles due to the lack of oxygen (O2) and hence normal growth of the crops is disturbed 

(Szabolcs, 1974; Baruth et al., 2006). 

3.5 Contamination 
 

Soil degradation process due to contamination is caused by the contribution of the heavy metals, 

pesticides, excess amount of nitrates (NO3) and phosphates (PO4) in the agricultural soil (SoCo 

Project Team, 2009). Human activities are mainly responsible for contamination of agricultural 

soil increasing the amount of NO3 and PO4 prior to the application of fertilizers for accelerating 

the productivity of soil (SoCo Project Team, 2009). 

3.6 Declining soil biodiversity 
 

The loss of soil biodiversity is also a matter of concern regarding soil degradation process under 

agriculture (Hassan et al., 2005; European Commission, 2006a). The land use practices and 

management of agricultural crops have both positive and negative impacts on soil biodiversity 

(Pimentel et al., 1997). The soil is degraded due to the improper ploughing, use of excessive 

pesticides, fertilizers, organic wastes and the operation of tillage (UNEP/CBD/SBSTTA/13/2, 

2007). The operation of tillage and inappropriate practices of farming modify the soil structure, 

porosity, bulk density, and water holding capacity and thus the agricultural soils are degraded 

(FAO, 2007; FAO, 2008c). 

4. PRACTICES TO REVERSE THE DEGRADATION PROCESS 
 

Agriculturists, researchers, soil scientists and climatologists have suggested several practices to 

reverse the soil degradation processes under agriculture (SoCo Project Team, 2009). The concept 

of conservation agriculture (CA) and organic farming are the major issues related to soil 
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conservation practices although some others farming practices have been proved beneficial 

directly in the field (FAO, 2008a). The important concepts and filed practices of soil 

conservation under agriculture are briefly described below. 

4.1 Conservation agriculture (CA) and organic farming 
 

Conservation agriculture (CA) and organic farming amongst others can mostly reduce soil 

degradation under agriculture (FAO, 2008a). CA consists of a combination of several practices 

that minimise the alteration of soil composition and structure reducing the erosion and 

degradation and hence the biodiversity of the soils is conserved (Panettieri et al., 2014). Ghosh et 

al. (2015) reported that average runoff coefficients and loss of soil under CA plots of maize- 

wheat crop rotation were reduced to 45% and 54% respectively in comparison to conventional 

system. The most important practices in CA are no-tillage and reduced tillage in association with 

practicing cover crops and crops rotation (FAO, 1993; USDA, 1996; Gilliam et al., 1997; 

Boame, 2005; Beck, 2005; FFTC, 2007; ECAF, 2008a). Almost 4.5 – 10% of the total arable 

lands in Finland and Greece and 2.5 – 4.5% in the Czech Republic, Slovakia, Spain and in the 

United Kingdom are under the practice of no-tillage, whereas approximately 40 – 55% of the 

total arable lands in Finland and in the UK and 20 – 25% in France, Germany and Portugal are 

under the practice of reduced tillage, where the practices have been proved beneficial (SoCo 

Project Team, 2009). The practices of no-tillage and reduced tillage help to reverse the soil 

degradation process by increasing the content of SOC (Soil Organic Carbon) (ECAF, 2008a; 

Kassam et al., 2014). As a result, the biological functions along with soil structure, fertility and 

water retention capacity of soil are enhanced and thus the soil erosion and nutrient run-off are 

reduced and resistance to soil compaction is improved (Ancelin et al., 2007; Labreuche et al., 

2007b). 

However, organic farming is an integrated approach of managing farm and producing foods that 

consists of environment friendly practices, maintaining highest level of biodiversity and 

conservation of natural resources (Melero et al., 2006; FAO, 2008b). Likewise conservation 

agriculture, organic farming also helps to increase the content of organic carbon and other 

nutrients (N, P, K) in the soil and conserve the biodiversity (Hole et al., 2005; Eurostat, 2007b; 

Monokrousos et al., 2008; Truu et al., 2008). For example, from the study of coffee agro- 

ecosystem performance in Central America, Hagger et al. (2011) reported the higher level of soil 

phosphorus (P) and potassium (K) in organic farming in comparison to conventional system. 

4.2 Other farming practices 
 

SoCo Project Team (2009) reported that the other important practices that reverse the rate of soil 

degradation process are ridge tillage, contour farming, sub-soiling, intercropping, grasslands, 
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agroforestry, conservation buffers and terracing. Ridge tillage is the pre-formed ridges which can 

be used in the agricultural fields as an alternative of traditional furrows (Henriksen et al., 2006; 

Schlinker et al., 2007). Ridge tillage increases the moisture holding capacity, soil fertility in 

association with soil organic carbon (SOC) content and functions of biological activities, which 

reduces the water erosion and nutrient run-off (Stathakos et al., 2006). However, contour  

farming is another way of reversing soil degradation process under agriculture (IIRR, 2008). It 

involves the ploughing, furrowing and cultivating the crops along the lines of contours in lieu of 

up and down slopes (IIRR, 2008). Due to the practices of contour farming, the infiltration 

capacity of soil is increased in association with increasing carbon content in the soil (De Alba et 

al., 2006). As a result, water and tillage erosions are reduced remarkably although the suitability 

of the agricultural practices depend on the soil types, topographic condition, land use pattern and 

climate (De Alba et al., 2006; Terzoudi et al., 2007; IIRR, 2008). Furthermore, sub-soiling can 

also be practiced to reverse the process of soil degradation in agriculture (FAO, 2000). It is the 

process of loosening deep hardpans of the soil (Pagliai et al., 2000). Under the practice of sub- 

soiling, the infiltration rate and root penetration of the agricultural soils are increased (Spoor et 

al., 2003). In fact, sub-soiling is also influenced by soil texture and structure, types of crops, 

period of cultivation and micro-climate (Henriksen et al., 2007). Intercropping is another concept 

reducing the soil degradation process in agriculture (Hauggaard- Nielsen et al., 2001). It is the 

cultivation of two or more crops during the growing season on the same land (Intercrop, 2008). 

The interaction between two or more crops increases the stability the resilience against the pests, 

diseases and weeds in agricultural ecosystem (Intercrop, 2008). The practice of intercropping 

enhances the soil porosity and supports the cycles of organic carbon (OC) and nitrogen (N) along 

with conserving the soil biodiversity and increasing the function of soil biology (Fenandez- 

Aparicio et al., 2007; Whitmore and Schroder, 2007). Soil degradation process can also be 

reduced by establishing temporary and permanent grass land (IFAD, 2008). The establishment of 

temporary grassland in agriculture is suggested by several authors to combat the degradation 

process (EGF, 2007). Establishing grass lands increase the content of nutrients (OC, N, P and K) 

in the soil along with reducing the risk of water and wind erosion (Plassart et al., 2008). 

However, agroforestry can be practiced as a significant soil conservation technique for 

sustainable land use in agriculture both in developed and developing countries compared to 

traditional farming in agriculture (ICRAF, 1993; Stephen, 2014). Agroforestry includes trees 

along with crops, pastures and livestock (Stephen, 2014). The practice of agroforestry helps in 

maintaining soil fertility, water holding capacity, erosion control, biodiversity, carbon 

sequestration and leaching of nitrate (NO3) (Reisner et al., 2007). However, the environmental 

benefits of agroforestry depend on the topographic condition, intensity of management and 

selection of crops and tree species (Palma et al., 2007b). Agroforestry is more effective way than 

non-agroforestry practices to achieve the objectives of soil conservation by using the land 
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resources effectively (Stephen, 2014). Several strata of trees with crops ensure proper use of 

above ground materials such as sunlight from the sun while different patterns of rooting in regard 

to the trees and crops help to accelerate efficient use of underground resources like nutrients and 

water (Kawy and Ali, 2012). The NFTS (nitrogen fixing tree species) agroforestry system 

provides nitrogen (N) to the soil under agricultural practices (Kawy and Ali). Additionally, litter 

fall along with pruning from the plants provide OM (organic matter) to the soil (Stephen, 2014). 

Organic matter enhances soil physical characteristics like structure, aeration and drainage of soil 

(Kawy and Ali, 2012). 

Furthermore, buffer strips and bench terracing are two important concepts of soil conservation 

practices in agriculture (NRCS, 2008). Buffer strips consisting of filter strips, field borders, 

windbreaks, grassed waterways and riparian zones significantly decrease approximately 70 – 

90% of the suspended solid materials along with nitrates (NO3) and phosphates (PO4) which are 

carried out by agricultural run-off to the nearby water bodies (Probst et al., 2005; NRCS, 2008). 

Additionally, practicing buffer strips decreases the soil erosion caused by wind and takes part in 

maintaining biodiversity along with aesthetics of landscapes (Schou et al., 2006). Again, bench 

terraces consisting of a series of nearly labeled surface at reasonable intervals increase the rate of 

soil infiltration capacity and thus the water erosion is controlled under agriculture (Dorren and 

Rey, 2004; FFTC, 2007). However, several authors reported the adverse impacts of terracing if it 

is not properly practiced (Dorren and Rey, 2004; Diaz et al., 2007). In addition to the above soil 

conservation practices, several authors have suggested to reduce human induced soil degradation 

causes like contamination (use of pesticides and discharge of industrial wastes), compaction (use 

of heavy machineries) and salinisation (improper irrigation practices) (Bellows, 2004; JRC, 

2008a). 

5. CONCLUSION 
 

Soil degradation is a global crisis that affects the World food economy in terms of improper 

agricultural practices. The huge population pressure in the developing World need sufficient 

agricultural productions for their basic needs. Additionally, inequity and poverty in some parts of 

the World have influenced the farmers for increasing the cultivable land along with increasing 

agricultural crops production. As a result, the degradation rate in agricultural soil has 

significantly increased both in developed and developing countries. However, researchers, soil 

scientists, agriculturists, extension workers and climatologists have suggested many options to 

reverse the degradation process under agriculture. Many of the technological suggestions have 

been attempted by the land practitioners or farmers to combat the soil degradation rate in 

agriculture. However, improvement and amendment of many suggested technologies considering 

the adaptation to local physiographic and climatic conditions should be reconsidered soon. 
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Political commitment and government willingness are also important issues for the practices of 

soil conservation under agriculture. Also, policy makers should be aware of giving emphasis on 

policy formulation to practice sustainable agriculture in the World because sound soil 

management policies could be the ways of proper solution to reverse the soil degradation 

processes under agriculture to ensure environmental sustainability. 

REFERENCES 
 

1. Ancelin, O., Banofos, A., Caboulet, D., Cahurel, J.Y., Darboux, F., Derancourt, F., 

Duval, R., Heddadj, D., Labreuche, J., LeBissionnais, Y., Longueval, C., Luce, M., 

Martin, P. and Ouuvry, J.F. (2007). Impact TCSL sur le ruissellement et lerosion. 

Assessment of the environmental impact of non-inversion tillage methods in France. 

2. Bellows, B. (2004). Irrigation. National Sustainable Agriculture Information service, 

http://attra.ncat.org/downloads/water_quality/irrigation.pdf. 

3. Boame, A.K. (2005). Zero tillage: a greener way for Canadian Farms. Agriculture 

Division for Statistics Canada, Catalogue no.21 – 004 – XIE. Available at http://dsp- 

psd.pwgsc.gc.ca/Collection/Statcan/21-004-X/21-004-XIE2005006.pdf. 

4. Beck, D.L. (2005). An emphasis on rotations. Dakota Lakes Research Farm. Available at 

http://www.notill.org/knowledgeBase/03_emphasisrotations_Beck.pdf. 

5. Baruth, B., Genovese, G. and Montanarella, L. (2006). New soil formation for the MARS 

crop yield forecasting system, Office for official publications of the European 

communities, Luxembourg, p. 95. 

6. Busari, M.A., Kukal, S.S., Kaur, A., Bhatt, R., Dulazi, A.A. (2015). Conservation tillage 

impacts on soil, crop and the environment, International Soil and Water Conservation 

Research, http://dx.doi.org/10.1016/j.iswcr.2015.05.002. 

7. Chan, Y. (2008). Defining carbon in soil, Agriculture today 3. NSW department of 

industries. Available at http://www.dpi.nsw.gov.au/aboutus/news/agriculture- 

today/march-2008/defining-carbon-in-soil. 

8. Crescimanno, G., Marcum, K.B., Reina, C.., Versaci, A. (2009). Investigating soil-plant 

relationships for sustainable management of irrigation with saline water in a Sicilian 

vineyard. 5th International Conference on Sustainable Water Resources Management, 

Halkadiki, Greece. 

9. Costantini, E. A. C., Lorenzetti, R. (2013). Soil degradation processes in the Italian 

agricultural and forest ecosystems. Italian Journal of Agronomy, 8 (e28), pp. 233 -243. 

10. Dorren, L. and Rey, F. (2004). A review of the effect of terracing on erosion. Soil 

conservation and protection for Europe (SCAPE) project. 

 

 

 

http://www.ijaer.in/
http://attra.ncat.org/downloads/water_quality/irrigation.pdf
http://dsp-psd.pwgsc.gc.ca/Collection/Statcan/21-004-X/21-004-XIE2005006.pdf
http://dsp-psd.pwgsc.gc.ca/Collection/Statcan/21-004-X/21-004-XIE2005006.pdf
http://dsp-psd.pwgsc.gc.ca/Collection/Statcan/21-004-X/21-004-XIE2005006.pdf
http://www.notill.org/knowledgeBase/03_emphasisrotations_Beck.pdf
http://dx.doi.org/10.1016/j.iswcr.2015.05.002
http://www.dpi.nsw.gov.au/aboutus/news/agriculture-today/march-2008/defining-carbon-in-soil
http://www.dpi.nsw.gov.au/aboutus/news/agriculture-today/march-2008/defining-carbon-in-soil
http://www.dpi.nsw.gov.au/aboutus/news/agriculture-today/march-2008/defining-carbon-in-soil


www.ijaer.in Page 4057 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

11. De Alba, S. Borselli, F., Torri, D., Pellegrini, S. and Bazzoffi, P. (2006). Assessment of 

tillage erosion by mouldboard plough in Tuscany (Italy). Soil and Tillage Research, 85, 

pp. 123 – 142. 

12. Dazzi, C. (2006). Acque saline e qualità del suolo. Ital. J. Agron. 1 (Suppl 3), pp. 467-74. 

13. Dent, D. (2007). Chapter 3: Land. In: Report of the Millenium Ecosystem Assessment 

Panel on desertification, Section B: State and Trends of the Environment (1987-2007), 

pp. 82-114. 

14. Diaz, A.R., Sanleandro, P.M., Soriano, A.S., Belmonte Serrato, F., Faulkner, H. (2007). 

The causes of piping in a set of abandoned agricultural terraces in Southeast Spain, 

Catena, 69, pp. 282 – 293. 

15. European Environmental Agency (EEA) (2003). Environmental assessment report no. 

10, Chapter 9, Soil Degradation, Copenhagen, Denmark. 

16. EEB (European Environmental Bureau) (2006). EU soil policy “From neglect to 

protection”. The need for EU level legal protection. Available at 

http://www.eeb.org/activities/soil/documents/EEBpositionpaperonaSoilThematicStrategy 

_002. (Retrieved on April, 2008) 

17. European Commission (2006a). Communication from the Commission to the Council, 

the European parliament, the European economic and social committee and the 

committee of the regions. Thematic strategy for soil protection. (COM (2006) 231 final). 

European Commission, Brussels, Belgium. 

18. EGF (European Grassland Federation) (2007). Permanent and temporary grassland 

plant, environment and economy. Proceeding s of the 14th symposium of the European 

grassland federation Ghent, Belgium, 3 – 5 September 2007. Available at 

http://www.ilvo.vlaanderen.be/NGdec07/Boeken.htm. 

19. Eurostat (Statistical Office of the European Communities) (2007b). Different organic 

farming patterns within EU-25, an overview of the current situation. Statistics in focus, 

Agriculture and Fisheries 69, Available at http://www.epp.eurostat.ec.europa.eu. 

20. ECAF (European Conservation Agriculture Federation) (2008a). What is Conservation 

Agriculture? Available at http://www.ecaf.org/news.html#3. 

21. European Commission (2012). Report from the commission to the European parliament, 

the council, the European economic and social committee and the committee of the 

regions. The implementation of the Soil Thematic Strategy and ongoing activities 

(COM/2012/046 final). European Commission, Brussels, Belgium. 

22. FAO (Food and Agriculture Organization of the United Nations) (2000). Manual on 

integrated soil management and conservation practices, FAO land and water bulletin. 

Available at ftp://ftp.fao.org/agl/agll/docs/lw8e.pdf. 

 

 

http://www.ijaer.in/
http://www.eeb.org/activities/soil/documents/EEBpositionpaperonaSoilThematicStrategy_002
http://www.eeb.org/activities/soil/documents/EEBpositionpaperonaSoilThematicStrategy_002
http://www.ilvo.vlaanderen.be/NGdec07/Boeken.htm
http://www.epp.eurostat.ec.europa.eu/
http://www.ecaf.org/news.html#3
ftp://ftp.fao.org/agl/agll/docs/lw8e.pdf


www.ijaer.in Page 4058 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

23. FAO (Food and Agriculture Organization of the United Nations) (2003). Soil tillage in 

Africa: needs and changes. FAO soils bulletin 69. Available at 

http://www.fao.org/docrep/t1696e/t1696e/t1696e09.htm. 

24. Funk, R. and Reuter, H.I. (2006). Wind erosion. In: Boardman, J. and Poesen, J. (eds.), 

Soil erosion in Europe. John Wiley and Sons, pp. 563 – 582. 

25. FFTC (Food and Fertilizer Technology Center) (2007). Soil Conservation Practices for 

Slope lands. Available at http://www.agnet.org/library/pt/2001024/. 

26. Fenandez-Aparicio, M., Sillero, J.C., Rubiales, D. (2007). Intercropping with cereals 

reduces infection by Orobanche crenata in legumes. Crop Protection 26, pp. 1166 –  

1172. 

27. FAO (Food and Agriculture Organization of the United Nations) (2007). The Sate of 

Food and Agriculture. Available at http://fao.org/ag/ca/1b.html. 

28. FAO (Food and Agriculture Organization of the United Nations) (2008a). The main 

principles of conservation agriculture. Available at http://www.fao.org/ag/ca/1b.html. 

29. FAO (Food and Agriculture Organization of the United Nations) (2008b). Organic 

agriculture, frequently asked questions on organic agriculture. Available at 

http://www.fao.org/organicag/faq.jsp. 

30. FAO (Food and Agriculture Organization of the United Nations) (2008c). Soil 

Biodiversity Portal. Available at http://www.fao.org/ag/AGL/agll/soilbiod/soilbtxt.stm. 

31. Gilliam, J.W., Osmond, D.L., Evans, R.O. (1997). Selected agricultural best management 

practices to control nitrogen in the Neuse River Basin. North Carolina Agricultural 

Research Service, Technical Bulletin 31, North Carolina State University, Raleigh, NC. 

Available at http://www.soil.ncsu.edu/publications/BMPs/glossary.html. 

32. Goossens, D. (2003). On-site and off-site effects of wind erosion. In: Warren, A. (ed.). 

Wind erosion on agricultural land in Europe. European Commission, EUR 20370, pp. 29 

– 38. 

33. Ghosh, B.N., Dogra, P., Sharma, N. K., Bhattacharyya, R., Mishra, P.K. (2015). 

Conservation agriculture impact for soil conservation in maize–wheat cropping system in 

the Indian sub-Himalayas. International Soil and Water Conservation Research (In 

press), doi:10.1016/j.iswcr.2015.05.001 

34. Hauggaard- Nielsen, H., Andersen, M.K., Jornsgaard, B. Jensen, E.S. (2001). Density and 

relative frequency effects on competitive interactions and resource use in pea-barley 

intercrops. Field Crops Research, 95, pp. 256 – 267. 

35. Hurni, H., Meyer, K. (2002). A World Soils Agenda. Discussing the international  

Actions for the Sustainable Use of Soils. Prepared with the support of an international 

group of specialists of the IASUS Working Group of the International Union of Soil 

Science (IUSS). Centre for Development and Environment, Berne, 63 pp. 

 

http://www.ijaer.in/
http://www.fao.org/docrep/t1696e/t1696e/t1696e09.htm
http://www.fao.org/docrep/t1696e/t1696e/t1696e09.htm
http://www.agnet.org/library/pt/2001024/
http://fao.org/ag/ca/1b.html
http://www.fao.org/ag/ca/1b.html
http://www.fao.org/organicag/faq.jsp
http://www.fao.org/ag/AGL/agll/soilbiod/soilbtxt.stm
http://www.soil.ncsu.edu/publications/BMPs/glossary.html
http://www.sciencedirect.com/science/article/pii/S2095633915300721
http://www.sciencedirect.com/science/article/pii/S2095633915300721
http://www.sciencedirect.com/science/article/pii/S2095633915300721
http://www.sciencedirect.com/science/article/pii/S2095633915300721
http://www.sciencedirect.com/science/article/pii/S2095633915300721
http://dx.doi.org/10.1016/j.iswcr.2015.05.001


www.ijaer.in Page 4059 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

36. Hole, D.G., Pekins, A.J., Wilson, J. D., Alexander, I.H., Grice, P.V. and Evans, A.D. 

(2005). Does organic farming benefit biodiversity? Biological Conservation, 122, pp. 113 

– 130. 

37. Hassan, R., Scholes, R. and Ash, N. (eds.) (2005). Ecosystems and human well-being: 

current state trends, findings of the Condition and Trends Working Group. The 

millennium ecosystem assessment series1, Available at http://www.maweb.org 

38. Henriksen, C.B., Rasmussen, J., Sogaard, C. (2006). Ridging in autumn as an alternative 

to mouldboard ploughing in a humid temperate region. Soil and Tillage Research, 85, pp. 

27 – 37. 

39. Henriksen, C. B.,Molgaard, J.P. Rasmussen, J. (2007). The effect of autumn ridging and 

inter-row subsoiling on potato tuber yield and quality on a sandy soil in Denmark. Soil 

and Tillage Research 93, pp. 309 – 315. 

40. Haggar, J., Barrios, M., Bolanos, M., Merlo, M., Moraga, P., Munguia, R., Ponce, A., 

Romero, S., Soto, G., Staver, C., Virginio, E. de M. F. (2011). Coffee agro-ecosystem 

performance under full sun, shade, conventional and organic management regimes in 

Central America. Agroforest Syst, 82, pp. 285 – 301. DOI 10.1007/s10457-011-9392-5. 

41. ICRAF (International Centre for Research for Agroforestry) (1993). Annual Report 1993. 

Nairobi, Kenya, p.208. 

42. IIRR (International Institute of Rural Reconstruction) (2008). Sustainable Agriculture 

Extension Manual. Available at http://www.iirr.org/book.htm. 

43. Intercrop (2008). Project final report. Available at http://www.intercrop.dk/General.htm. 

44. IFAD (International Fund for Agricultural Development) (2008). Combating range 

degradation, the experience of IFAD. Available at 

http://www.ifad.org/lrkm/theme/range.htm. 

45. JRC (Joint Research Centre) of the European Commission (2008a). Institute for the 

Environment and Sustainability, Soil Action. Website. Available at 

http://eusoils.jrc.it/events/SummerSchool_2003/presentations%5Clll_SoilFunctions%5C 

LT07Contam_Galbiati.ppt. 

46. JRC (Joint Research Centre) of the European Commission (2011). The state of soil in 

Europe. Publication Office of the European Union, Luxembourg. p 78. 

47. Kawy, W.A.M.A., Ali, R.R. (2012). Assessment of soil degradation and resilience at 

northeast Nile Delta, Egypt: The impact on soil productivity. The Egyptian Journal of 

Remote Sensing and Space Sciences, 15, pp. 19–30. 

48. Kassam, A., Derpsch, R., Friedrich, T. (2014). Global achievements in soil and water 

conservation: The case of Conservation Agriculture. International Soil and Water 

Conservation Research, 2 (1), pp. 5–13. 

 

 

http://www.ijaer.in/
http://www.maweb.org/
http://www.iirr.org/book.htm
http://www.intercrop.dk/General.htm
http://www.ifad.org/lrkm/theme/range.htm
http://eusoils.jrc.it/events/SummerSchool_2003/presentations%5Clll_SoilFunctions%5C
http://www.sciencedirect.com/science/article/pii/S2095633915300095
http://www.sciencedirect.com/science/article/pii/S2095633915300095
http://www.sciencedirect.com/science/article/pii/S2095633915300095
http://www.sciencedirect.com/science/journal/20956339
http://www.sciencedirect.com/science/journal/20956339
http://www.sciencedirect.com/science/journal/20956339
http://www.sciencedirect.com/science/journal/20956339/2/1


www.ijaer.in Page 4060 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

49. Karamesouti, M., Detsis, V., Kounalaki, A., Vasiliou, P., Salvati, L., Kosmas, C. (2015). 

Land-use and land degradation processes affecting soil resources: Evidence from a 

traditional Mediterranean cropland (Greece). CATENA, 132, pp. 45 – 55. 

50. Li, G.Y., Zhou, W.F. (1999). Sinkholes in karst mining areas in China and some methods 

of prevention. Eng. Geol. 52:45-50. 

51. Labreuche, J., Lellahi, A., Deseau, A., Felix, I., Ganteil, A., Galienne, J., Gabrielle, B. 

and Reau, R. (2007b). Impacts des TCSL sur les gaz a effet de serre – bilans. Assessment 

of the environmental impact of non-inversion tillage methods in Franch, pp. 41 – 53. 

52. Mabbutt, J.A. (1984). A new global assessment of the status and trends of desertification. 

Environmental Conservation, 11, pp. 103 – 113. 

53. Mackenzie, F. T. (1995). Our Changing Earth: An Introduction to Earth System Science 

and Global Environmental Change, Prentice Hall. 

54. Melero, S., Ruiz Porras, J.C., Herencia, J.F. and Madejon, E. (2006). Chemical and bio- 

chemical properties in a silty loam soil under conventional and organic management. Soil 

and Tillage Research, 90, pp. 162 – 170. 

55. Monokrousos, N., Papatheodorou, E.M. and stamou, G.P. (2008). The response of soil 

biochemical variable to organic and conventional cultivation of Asparagus sp. 

SoilBiology and Biochemistry 40 (1), pp. 198 – 206. 

56. Munafo, M., Salvati, L., Zitti, M. (2013). Estimating soil sealing rate at national level - 

Italy as a case study. Ecol. Indic, 26, pp. 137- 140. 

57. NRCS (Natural Resources Conservation Service) (2008). Buffers, common-sense 

conservation. Available at http://www.nrcs.usda.gov/feature/buffers/BufrsPub.html. 

58. Oldeman, L.R., Hakkeling, R.T.A. Sombroek, W.G. (1990). Wageningen: International 

Soil Reference and Information Centre. The Netherlands. 

59. OECD (Organisation for Economic Co-operation and Development) (2001). 

Environmental indicators for agriculture - vol. 3: Methods and results, glossary, OECD 

Publ., Paris, France, 2, p. 410 

60. Pimentel, D. (1993). World Soil Erosion and Conservation. Cambridge University Press. 

61. Pimentel, D., Wilson, C., McCullum, C., Huang, R., Dwen, P., Flack, J., Tran, Q., 

Saltman, T. and Cliff, B. (1997). Economic and Environmental benefits of biodiversity. 

Bioscience, 47, pp. 747 – 757. 

62. Pagliai. M., Pellegrini, S., Vignozzi, N., Rousseva, S., Grasselli, O. (2000). The 

quantification of the effect of subsoil compaction on soil porosity and related physical 

properties under conventional to reduced management practices. Adv. Geoecol, 32, pp. 

305- 313. 

 
 

 
 

http://www.ijaer.in/
http://www.sciencedirect.com/science/article/pii/S0341816215001289
http://www.sciencedirect.com/science/article/pii/S0341816215001289
http://www.sciencedirect.com/science/article/pii/S0341816215001289
http://www.sciencedirect.com/science/article/pii/S0341816215001289
http://www.sciencedirect.com/science/article/pii/S0341816215001289
http://www.sciencedirect.com/science/article/pii/S0341816215001289
http://www.nrcs.usda.gov/feature/buffers/BufrsPub.html


www.ijaer.in Page 4061 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

63. Probst, M., Berenzen, N., Lentzen-Godding, A., Schulz, R. (2005). Scenario based 

simulation of runoff-related pesticide entries into small streams on a landscape level. 

Ecotoxicology and Environmental Safety, 62, pp. 145 – 159. 

64. Palma, J., Graves, A.R., Burgess, P.J., Vander Werf, W., Herzog, F. (2007b). Integrating 

environmental and economic performance to assess modern silvoarable agroforestry in 

Europe. Ecological Economics, 63, pp. 759 – 767. 

65. Plassart, P., Akpa Vinceslas, M., Gangneuxa, C., Merciera, A., Barrayc, S. and Lavala, 

K. (2008). Molecular and functional responses of soil microbial communities under 

grassland restoration. Agriculture, Ecosystems and Environment, pp. 286 – 293. 

66. Panettieri, M., Knicker, H., Murillo, J.M., Madejón, E., Hatcher, P.G. (2014). Soil 

organic matter degradation in an agricultural chromo-sequence under different tillage 

regimes evaluated by organic matter pools, enzymatic activities and CPMAS ¹³C NMR, 

Soil Biology and Biochemistry, 78, pp. 170–181. 

67. Reisner., Y., de Filippi, R., Herzog, F., Palma, J. (2007). Target region for silvorable 

agroforestry in Europe. Ecological engineering, 29, pp. 401 – 418. 

68. Robinson D.A., Lebron, I., Vereecken, H. (2009). On the definition of the natural capital 

of soils: a framework for description, evaluation, and monitoring. Soil Sci. Soc. Am J. 73, 

pp. 1904 – 1911. 

69. Szabolcs, I. (1974). Salt affected soils in Europe. Martinus Nijhoff, The Hague and 

RISSAC, Budapest, 63p. 

70. Spoor, G., Tijink, F.G.J. and Weisskopf, P. (2003). Subsoil compaction: risk, avoidance, 

identification and alleviation. Soil and Tillage Research, 73, pp. 175 – 182. 

71. Smith, P., Smith, J., Wattenbatch, M., Meyer, J., Lindner, M., Zaehle, S., Hiederer, R., 

Jones, R.J.A., Montanarella, L., Rounsevell, M., Reginster, I., and Kankaanpaa, S. 

(2006). Projected changes of mineral soil carbon of European forests, 1990 – 2100. 

Canadian Journal of Soil Science, 86, pp. 159 – 169. 

72. Schou, J.S., Tybirk, K., Lofstom, P. and Hertel, O. (2006). Economic and environmental 

analysis of buffer zones as an instrument to reduce ammonia loads to nature areas. Land 

Use Policy, 23, pp. 533 – 541. 

73. Stathakos, T.D., Gemtos, T. A., Tsatsarelis, C.A. Galanopoulou, S. (2006). Evaluation of 

three cultivation practices for early cotton establishment and improving crop profitability. 

Soil and Tillage Research, 87, pp. 135 – 145. 

74. Schlinker, G., Sander, G., Decker, M., Kremer-Schilling, W., Burcky, K. and Koch, H.J. 

(2007). Ridge cultivation of sugerbeet – Recent experiences and experimental results 

from Germany. Zuckerindustrie, 132 (12), pp. 920 – 924. 

75. Schils, R., Kuikman, P., Liski, J., van Oijen, M., Smith, P., Webb, J., Alm, J., Somogyi, 

Z., van den Akker, J., Billett, M. (2008). Review of existing information on the 

 

http://www.ijaer.in/
http://www.sciencedirect.com/science/article/pii/S0038071714002612
http://www.sciencedirect.com/science/article/pii/S0038071714002612
http://www.sciencedirect.com/science/article/pii/S0038071714002612
http://www.sciencedirect.com/science/article/pii/S0038071714002612
http://www.sciencedirect.com/science/article/pii/S0038071714002612
http://www.sciencedirect.com/science/journal/00380717/78/supp/C


www.ijaer.in Page 4062 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

interrelations between soil and climate change. CLIMSOIL, Final Report. 16 December 

2008. Available - http:// ec.europa.eu/environment/soil/pdf/climsoil_report_dec_2008.pdf 

76. SoCo (Soil Conservation) Project Team (2009). Addressing soil degradation in EU 

agriculture: relevant processes, practices and policies. In: Louwagie, G., Gay, S. H., 

Burell (eds.), A. Report on the project sustainable agriculture and soil conservation 

(SoCo). JRC scientific and technical reports. JRC European Commission, EUR- 23767 

EN. 

77. Smith P, Davies C.A., Ogle S., Zanchi G., Bellarby J., Bird N., Boddey R.M., 

McNamara, N.P., Powlson, D., Cowie, A., van Noordwijk, M., Davis, S.C., Richter, 

D.D.B., Kryzanowski, L., van Wijk, M.T., Stuart, J., Kirton, A., Eggar, D., Newton- 

Cross, G., Adhya, T.K., Braimoh, A.K. (2012). Towards an integrated global framework 

to assess the impacts of land use and management change on soil carbon: current 

capability and future vision. Global Change Biology, 18, pp. 2089- 20101. 

78. Stephen, D. J. (2014). Land degradation and agriculture in the Sahel of Africa: causes, 

impacts and recommendations. J. Agric. Sci. Appl., 3 (3),PP. 67-73 DOI: 

10.14511/jasa.2014.030303 

79. Terzoudi, C.B., Gemtos, T.A., Danalatos, N.G., Argyrokastritis, I. (2007). Applicability 

of an empirical runoff estimation method in central Greece. Soil and Tillage Research, 

92, pp. 198 – 212. 

80. Toth, G. (2008). Updated map of salt affected soils in the European Union. In: Toth, G., 

Montanarella, L., Rusco, E. (eds.). Threats to soil quality in Europe. EUR 23438 - 

Scientific and Technical Research series. Office for Official Publications of the European 

Communities, Luxembourg, pp. 61-74. 

81. Truu, M., Truu, J., Ivask, M. (2008). Soil microbiological and biochemical properties for 

assessing the effect agricultural management practices in Estonian cultivated soils. 

European Journal of Soil Biology, 44, pp. 231 – 237. 

82. USDA (United States Department of Agriculture) (1996). Conservation crop rotation 

effects on soil quality. Natural Resources Conservation Service, Soil quality Institute, 

Technical note 2, Available at http://soils.usda.gov/sqi/management/files/sq_atn_2.pdf. 

83. UNEP/CBD/SBSTTA/13/2 (2007). In-depth review of the implementation of the 

programme of work on agricultural biodiversity. Biodiversity in agricultural soils. 

84. Van-Camp, L., Bujarrabal, B., Gentile, A.R., Jones, R. J. A., Montanarella, L., Olazabal, 

C. and Selvaradjou, S.K. (2004). Reports of the technical working groups established 

under the thematic strategy for soil protection. Office for Official Publications of the 

European Communities, Luxembourg (EUR- 21319 EN/3). 

85. Van Oost, K and Govers, G. (2006). Tillage erosion. In: Boardman, J and Poesen, J. 

(eds.). Soil erosion in Europe, pp. 599 – 608. 

 

http://www.ijaer.in/
http://soils.usda.gov/sqi/management/files/sq_atn_2.pdf


www.ijaer.in Page 4063 Copyright © IJAER 2017, All right reserved  

International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:06 "November-December 2017" 

 

86. Warren, A. and Barring, L. (2003). Introduction. In: Warren, A. (ed.). Wind erosion on 

agricultural land in Europe. European Commission, EUR 20370, pp. 7 – 12. 

87. Whitmore, A.P. and Schroder, J.J. (2007). Intercropping reduces nitrate leaching from 

under field crops without loss of yield: A modeling study. European Journal of 

Agronomy, 27, pp. 81 -88. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

http://www.ijaer.in/

	International Journal of Agriculture and Environmental Research
	ABSTRACT

	International Journal of Agriculture and Environmental Research (1)
	1. INTRODUCTION

	International Journal of Agriculture and Environmental Research (2)
	Figure 1: Soil degradation zones in the World (Mackenzie, 1995)
	Figure 3: Soil degradation causes (Dent, 2007; Hurni and Meyer, 2002)
	3. SOIL DEGRADATION PROCESSES UNDER AGRICULTURE

	International Journal of Agriculture and Environmental Research (3)
	3.1 Erosion
	3.1.1 Water erosion
	3.1.2 Wind erosion


	International Journal of Agriculture and Environmental Research (4)
	Table 1: On-site and off-site damages caused by water erosion in Europe and Mediterranean regions (Source: SoCo Project Team, 2009)
	3.1.3 Tillage related erosion


	International Journal of Agriculture and Environmental Research (5)
	3.2 Declining soil organic carbon (SOC)
	3.3 Compaction
	3.4 Salinisation, sodification and alkalinisation
	3.5 Contamination
	3.6 Declining soil biodiversity
	4. PRACTICES TO REVERSE THE DEGRADATION PROCESS

	International Journal of Agriculture and Environmental Research (6)
	4.1 Conservation agriculture (CA) and organic farming
	4.2 Other farming practices

	International Journal of Agriculture and Environmental Research (7)
	International Journal of Agriculture and Environmental Research (8)
	5. CONCLUSION

	International Journal of Agriculture and Environmental Research (9)
	REFERENCES

	International Journal of Agriculture and Environmental Research (10)
	International Journal of Agriculture and Environmental Research (11)
	International Journal of Agriculture and Environmental Research (12)
	International Journal of Agriculture and Environmental Research (13)
	International Journal of Agriculture and Environmental Research (14)
	International Journal of Agriculture and Environmental Research (15)
	International Journal of Agriculture and Environmental Research (16)

