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Executive summary 

This Deliverable aims to describe a General review of conservative practices to be adopted with an 

“Agro-Ecological” vision. Agroecological service crops, compost, crop rotations, and diversification are 

described to give useful different solutions and to promote sustainable intensification of cropping systems. 

Finally, the deliverable briefly summarizes the cropping system management adopted in the FATIMA pilot 

case studies in order to promote integrative management solutions to reduce the expected impacts 

assessed by agro-environmental key indicators measured during the two-years of FATIMA experimental 

activities. 

1 Introduction to the Guidelines 

The principal aim of this document is to make a panoramic review of the new conservative practices to 

adopt in managing cropping systems and to minimize the negative impact of fertilizers. Indeed, during the 

development of FATIMA project some new management strategies were proposed to integrate and boost 

the main quantitative approach with precision farming techniques and EO tools. The best soil and crop 

management practices described in this document could be adopted together with precision farming to 

enhance the positive  environmental effects in a long term perspective.  

We reported the results of the FATIMA Italian experiment where alternative nitrogen management 

where compared: i) current synthetic nitrogen fertilizer application and ii) alternative source of nitrogen 

from organic fertilizers and from green manure of a leguminous cover crop in a processing tomato-wheat 2-

years rotation. The effects on the following agro-environmental indicators, Soil Organic Carbon (SOC), crop 

yields, Nitrogen Use Efficiency (NUE) and NO3
- leaching were measured.  

Moreover, we reported the synthetic results of the trials carried out in all FATIMA pilot farms, with a 

focus on the sustainability with respect to the effects on the above mentioned indicators. 

2 "Best soil and crop management practices": a review of 
new approaches and conservative practices  

Different types of approaches will be discussed and presented inside this section, as well as agro-

ecological service crops, conservative strategies, diversification/intensification. All these possible 

management strategies and the related benefits were tested directly with some experimental activities 
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through CREA international and national research projects, already concluded in a recent past or still on-

going. 

2.1 From cropping system to Agroecosystems: the “Agro-
Ecological” approach – Concepts 

The term agroecology was first used at the beginning of the 20th century. The first scientists interested 

in agroecology and agroecological studies were rooted in biological sciences, mainly zoology (Friederichs, 

1930 cited in Wezel et al., 2009), agronomy and crop physiology (Aizzi, 1928; Bensin, 1928). Azzi (Italian 

scientist and full professor of Ecology at Perugia University in 1924) defined agricultural ecology as the 

study of the physical characteristics of the environment, mainly climate and soil, in relation to the crop 

growth in terms of quality and quantity of yield and seeds. The entomological aspect was not included in 

the analysis (Aizzi, 1956). The Russian agronomist Bensin used the term agroecology to describe the 

adoption of ecological methods in research on cultivated crops (Bensin, 1928). Another important book on 

agroecology, published by the U.S. agronomist Klages (1942), analyzed the agroecological topic using a 

wider framework focused on the ecological, technological, socio-economic, and historical factors that 

influence the production. In the 1950s, the German ecologist/zoologist Tischler published several articles in 

which the term agroecology was used, and in 1965 he published the book titled agroecology (Tischler, 

1965). For the first time the terms ecology and agronomy were combined and the different agroecosystem 

components (plants, animals, soils, and climate), their interactions, and the effects of agricultural 

management practices on these components were analyzed. Thereafter, the definition and scope of 

agroecology developed significantly. This path can be related to the evolution of two disciplines from which 

agroecology is derived, agronomy and ecology, but also to other the knowledge such as zoology, 

botany/plant physiology, and their applications in agricultural and environmental issues (Wezel et al., 

2009). 

From the end of 1960s until 2000 an increasing interest in considering ecology as a crucial component 

to understand agricultural processes was markedly observed. The key concept of agroecosystems was 

firstly suggested by the ecologist Odum in 1971, who considered the agroecosystems as domesticated 

ecosystems (i.e. intermediate between natural and artificial systems). In the 1980s, agroecology emerged 

as a distinct conceptual framework with holistic methods for the study of agroecosystems. In 1987, Conway 

further developed this concept and identified the following four main properties of agroecosystems: 

productivity, stability, sustainability and equity. 

The numerous definitions and descriptions of agroecology show how this scientific discipline is strongly 

changed and evolved over time, moving beyond the field or agroecosystem scales (from 1930 to 1970) 

towards a larger focus on the whole food system (from 1970 to 2000), identified as a global network of 

food production, distribution and consumption (Gliessman, 2007). The agroecology is then defined as a 

method to protect natural resources, which provides guidelines for designing and managing sustainable 
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agroecosystems (Altieri, 1989; Gliessman, 1990). Further, Gliessman (2007, 2011) defined agroecology as 

the science of applying ecological concepts and principles to the design and management of sustainable 

agri-food systems. This dimension requires multiscale and transdisciplinary approaches, to focus the study 

on the complex interactions among the different technical and socio-economic components of the 

agroecosystems. To date, agroecology is considered a scientific discipline with an integration of social 

dimensions, where producers and consumers are directly and actively involved in the whole system. Finally, 

Francis et al. (2003) define agroecology as the integrative study of the ecology of the entire food systems, 

encompassing ecological, economic and social dimensions, or more simply the ecology of food systems. 

This entails a new and larger definition of the agroecology considered jointly as a science, a practice and a 

social movement, as summarized in Figure 1. Therefore, agroecology focuses on the study of the 

interactions among all the components of the system to improve the sustainability of the whole 

agroecosystem (Wezel et al., 2009). Agroecology recognizes that the whole is more than the sum of its 

parts, fostering interactions between actors in science, practice and movements, by facilitating knowledge 

sharing and action (Wezel, 2017). 

 

Fig. 1. Diversity of current types of meanings of agroecology (Wezel et al., 2009). 

 

This concept is completely accepted by the Agroecology Europe, the recently established European 

Association for agroecology promotion on the agenda of sustainable development of farming and food 

systems (www.agroecology-europe.org). Agroecology encompasses the whole food system from the soil to 

the organization of human societies. It is environmental, social and ethic values driven? and based on core 

principles: as a science, it gives priority to action research, holistic and participatory approaches, and 

transdisciplinary that is inclusive of different knowledge systems; as a practice, it is based on sustainable 

use of local renewable resources, local farmers’ knowledge and priorities, wise use of biodiversity to 

provide ecosystem services and resilience, and solutions that provide multiple benefits (environmental, 

economic, social) from local to global. As a movement, it defends smallholders and family farming, farmers 

and rural communities, food sovereignty, local and short food supply chains, diversity of indigenous seeds 

and breeds, healthy and quality food. 
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In 2009, the International Assessment of Agricultural Knowledge, Science and Technology for 

Development (IAASTD) published the Agriculture at a Crossroads report, positioning the agroecology 

concept in the worldwide food policy debate for the first time. Similarly, De Schutter in the report 

published in 2010 pointed out that the agroecology concept includes the participation and empowerment 

of food-insecure groups, because it is impossible to improving their situation without involving them in the 

process themselves. Both reports estimate that using agroecological methods, smallholders in marginal 

areas, which have only 20% of the land and produce more than 50% of global food products, could double 

their food production within the next 10 years. Many authors had since deepened the concepts and the 

techniques characterizing agroecology with respect to other agricultural disciplines. For example, according 

to Mendez et al. (2013) it is characterised by a transdisciplinary, participatory, and action-oriented 

approach. It was described as “the ecology of food systems”, based on connections among and beyond the 

agricultural “classic” disciplines going from the farm gate into the rural landscape and community and 

building bridges with sociology, anthropology, environmental sciences, ethics, and economics (Francis et 

al., 2003).  

Agroecology is increasingly becoming part of the debates of intergovernmental bodies and its 

approaches are repeatedly mentioned by the Committee on World Food Security. In the International 

Symposium on Agroecology for Food Safety and Nutrition, held in Rome in September 2014 at FAO 

headquarter, attended by more than 400 people, over 50 agroecology experts, including academic 

professors, researchers, private sector, government officials and leaders of civil-society organizations, 

deeply debated on the sustainable development goals of the United Nations and on the transition towards 

more ecologically intensive models to promote a common international framework able to encourage 

agroecology as a trajectory of sustainability in agriculture (FAO, 2015). During the closing round-table 

discussion, FAO Director-General José Graziano da Silva affirmed that agroecology approach continues to 

grow, both in science and in policies, addressing the challenge of ending hunger and malnutrition in all its 

forms, in the context of the climate change adaptation needed. Recently, FAO launched a web page 

dedicated to agroecology (http://www.fao.org/agroecology/en/), aiming at promoting an exchange process 

to support the global agroecological community. As stated during the World Forum on Agroecology held in 

Nyeleni (Mali) in 2015 (http://www.foodsovereignty.org/forum-agroecology-nyeleni-2015/), agroecology 

represents a crucial instrument of the agricultural, socio-economic and political-cultural global changes. 

Nowadays, it is widely recognized that industrialized, conventional agricultural systems, typified by the 

green revolution approach and based on specialized production, highly dependent on external inputs and 

energy of fossil origin, are in a profound crisis. These agricultural models is considered unsustainable from a 

social and environmental point of view, as well as unsuitable to solve the current challenges such as climate 

change, food security, decline of natural resources and loss of biodiversity, (Geiger et al., 2010; Godfray et 

al., 2010). In this context, efforts to improve agronomic techniques and the external inputs use efficiency 

seem to be poorly effective if the structure and functions of the whole system are not modified. As 
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reported by Tittonell (2014), the integrated agricultural model, widely promoted in Europe, is not able to 

reduce the dependence of agricultural production by external inputs and fossil fuel sources. Likewise, 

Gliessman (2016) in a recent editorial observes that the technologies referring to precision agriculture, 

generally focusing on single production techniques and/or inputs, cannot be considered pioneers of strong 

innovations. 

Transition towards sustainable food systems that rely on ecologically intensive, multifunctional 

landscapes requires both technological and institutional innovation (Fig. 2). The trajectory may not 

necessarily be rectilinear, as indicated in the Fig. 2 for the sake of simplicity. Optimisation of current 

practices without thorough reconfiguration of the agroecosystem is just the beginning (eco-efficiency). The 

influence of drivers such as consumer preferences or increased regulations may require further 

technological and institutional innovation to support input substitution models, which are most vulnerable 

to both external and internal factors. Further innovation may foster agroecosystem redesign to decouple 

agriculture from fossil fuel energy and to make it compatible with nature conservation. Ultimately, for such 

new systems to be sustainably integrated within food systems they must co-evolve with social mobilisation 

and governance mechanisms for territorial development (Figure 2-3). 

 

Fig. 2. Agro-food systems transition: The transition from an agri-food system to another could take place if technology 
and institutional innovation are jointly developed. The paths that are observed are not necessarily and strictly linear as 
indicated, for simplicity, in the graph. The dashed perimeter defines the domain of organic agriculture, indicating the 
agro-food systems that refer to it (Tittonel, 2014; Canali et al., 2017). 
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Fig.3 System re-design process, moving from cropping systems to agro-ecosystems closest to natural one’s (from Doré 
et al., 2011) 

2.2 Agro-Ecological Service crops (ASC) and new concept to join 
intensification and sustainability moving from traditional trough 
integrate to organic agriculture 

Different terms have been used so far to indicate the crops having several agro-environmental 

functions (i.e. catch crops, cover crops, complementary crops, green manure, etc.). Therefore, the new 

terminology of Agro-ecological Service Crops (ASC) is being introduced to overcome the lack of a 

comprehensive and all-embracing term, to include all crops used in the agro-ecosystem to provide or 

enhance its environmental functions (i.e. as buffer zones, living mulches and break crops), irrespective of 

their position in the crop rotation and/or independently of the method (green manure vs flattened crop) 

that can be applied to terminate them. Therefore, the ASC are not directly aimed to yield, even if they 

indirectly contribute to sustain agricultural production by a wide range of mechanisms. 

Figure 4 summarizes the pros and cons linked to the introduction of ASC in the traditional cropping 

systems. Under Mediterranean cropping systems, the diversification of farming systems is extremely 

relevant because it is often based on specialized systems. In this context, ASC are introduced as innovative 

and highly effective management strategies to reduce the dependency on external inputs and to positively 

influence soil health and environmental quality, limiting nutrients losses and weeds, and the occurrence of 

pests and diseases. To avoid competition with the subsequent cash crops, the growth of ASC is terminated 

before the cash crop is planted by the incorporation into the soil as green manure (GM) or by flattening 
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using the roller crimper (RC) technique. These alternatives present some inconveniences, requiring high 

level of knowledge of the cropping systems. Decrease incomes in the first implementation years may occur. 

PROS
• Maintaining soil fertility
• Limiting erosion and 

chemicals
• Reducing pest incidence
• Improving resource use 

efficiency
• Mitigating environmental risks

CONS
• High level of  knowledge and 

risks
• Performing farming practices

on range of  crops
• Effect varies on different

cropping areas
• Possible decrease of  incomes

in the first years of  
implementation

 

Fig. 4. Pros and cons linked to the introduction of agro-ecological service crops (ASC) in the traditional cropping 
systems. 

 

In sustainable farming systems, ASC represent a powerful tool for farmers to positively influence the 

agro-ecosystem, promoting the whole soil-plant system equilibrium in space and time (Wezel et al., 2014). 

The type and characteristics of the ASC greatly influence soil water availability, soil N and C pools, and  may 

have positive impact on soil fertility (Thorup Kristensen et al., 2012; Montemurro et al., 2013), occurrence 

of weeds (Bàrberi, 2002), diseases and pests (Masiunas, 1998; Patkowska et al., 2013). It has been proven 

that the use of ASC in agricultural systems can be considered a good strategy to increase soil organic carbon 

(SOC) sink potential (Mazzoncini et al., 2011), to reduce soil nitrate (NO3
-) and nutrient leaching (Kristensen 

and Thorup-Kristensen, 2004), improve system energy use efficiency (Gomiero et al., 2008; Canali et al., 

2013), and positively mitigate the greenhouse gas emissions Sanz-Cobena et al. (2014). 

2.3 Including ASC in the agro-ecosystems  

2.3.1 Buffer zones 

The introduction of ASC in agro-ecosystems is achieved by several complementary strategies that are 

considered in designing the cropping system. Accordingly, ASC can be cultivated as ‘ecological 

compensation areas’, in the border of the fields and/or in their immediate surroundings, using the parts or 

portions of a farm/field that are generally not destined to grow the cash crops (i.e. high slope areas, border 

of ditches as explained in Marshall and Moonen, 2002). This environmental structure may act as buffer 

zones (or strips) and they are functional in water quality improvement for both surface runoff and water 
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flowing into streams through subsurface or groundwater flow. Particularly, the attenuation of risk of NO3
- 

losses or denitrification from fertilization in the buffer zone is important. Buffer zones can play a role in 

lowering NO3
- contamination in surface runoff from agricultural fields, which would otherwise damage 

ecosystems and human health (Novara et al., 2013). The use of wetland riparian zones shows a particularly 

high rate of removal of NO3
- entering a stream, thus having a place in agricultural management (Vidon and 

Hill, 2004) 

2.3.2 Living mulches and break crops 

The ASC can also be introduced in the cropping system as living mulches (LM): ASC is intercropped with 

a cash crop and maintained as a living ground cover throughout the growth cycle. The living mulched 

systems are managed to let most of the system resources (i.e. water, nutrients, light) available for the 

harvestable crop. Simultaneously, the management of the ASC is optimized to provide its environmental 

services at field/farm level (i.e. increase nutrient availability, contribute to weed, pest and diseases 

management and pest control, biodiversity conservation, NO3
- leaching reduction, etc.) and to reduce 

competition with the cash crop (Swenson et al., 2004; Vanek, 2005; Bath et al., 2008; Theriault et al., 2009; 

Canali et al., 2014). However, many attempts to use LM in annual cropping systems have resulted in 

reduced yields for the cash crops (Hiltbrunner et al., 2007; Chase and Mbuya, 2008). According to Masiunas 

(1998) the success of such systems depends on the capacity to rapidly establish a ground cover and 

smother weeds, without competing for resources with the associated crop. 

Vegetables with a high nitrogen (N) demand, such as cauliflower, can cause intensive leaching of NO3- 

to the environment in conventional as well as in organic production (De Neve et al., 2012). In organic 

cropping system, the use of an in-season LM may decrease the risk of NO3
- leaching after harvest, when left 

to grow in the field to the end of the leaching season in spring. It has been recently demonstrated that the 

continued presence of LM in the field over winter may reduce the soil mineral N content compared to bare 

soil after the sole crop during the leaching season and, consequently, contribute to lower the NO3
- leaching 

risk from the horticultural systems (Kristensen et al., 2014). 

Another option to design sustainable cropping systems in accordance to agro-environmentally sound 

criteria, is based on the use of ASC as break crops. These crops are cultivated as sole crop in the rotation, 

between two subsequent cash crops. Low input/sustainable and organically managed agro-ecosystems for 

vegetable production that are widespread in the European environments are often designed introducing 

break ASC in the rotation. In Central and Northern Europe break ASC crops are mainly cultivated in the 

winter season to avoid direct competition for land with the cash crops which, conversely, are mainly 

cultivated during the warm season (Masiunas, 1998). In milder Mediterranean climatic areas (i.e. Southern 

Europe), vegetable cropping systems are based on rotations in which cash crops are grown either in the 

warm or in the cold winter season. From an economic point of view, these vegetable cropping systems are 

rather important, since they provide quality products to be consumed locally or exported to the Northern 
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European areas year-round. In the Southern European areas, the farmers grow the ASC in the rainy season, 

to exploit the rain water which is not a limiting factor in this season. Nonetheless, they would be interested 

in the possibility to design suitable cropping systems that include warm season break ASC, to optimize the 

rotations and to achieve the best economic and environmental performances (Butler et al., 2012). 

However, ASC and especially the grasses can take up all the available water in the soil, so there could be a 

lack of water for the following cash-crop, particularly during the summer, unless irrigation is used. 

In vegetable cropping systems, the break ASC contribute to the attenuation of risk of NO3
- losses 

principally because they take up mineral N from the soil that, in a certain period of the year, is left bare. 

This circumstance happens when the vegetable cash crops are not grown because of the adverse climatic 

condition (i.e. winter in Central and Northern Europe) and/or due to unfavourable market opportunity. The 

effectiveness of break ASC in lowering the risk of N losses is remarkable when they are introduced in the 

period of the year with high rain intensity, when the soil mineral N not used by the previous crop and/or 

mineralized during the bare period, is highly potentially leachable. The mineral N taken up by the break ASC 

and transformed into organic molecules of the plant tissue, is then returned to the cropping system when, 

after termination at the end of the ASC cropping cycle, the plant material returns to soil and mineralizes. 

According to the termination techniques utilized (see section 4), the mineralization rate of plant material 

may be opportunely modulated to synchronize the availability of soil mineral N with the N needs of the 

subsequent cash crop (Canali et al., 2013). 

2.4 The role of ASC genotype and mixtures of ASC 

A wide range of plant species belonging to different botanical families can be utilized as ASC. However, 

most of them belong to three families: Graminaceae (grasses), Brassicaceae (brassicas) and Leguminosae 

(legumes), and only a minor number of species belong to other families (i.e. Polygonaceae or Boraginaceae) 

(Canali et al, 2015). 

Since plants of the different families show differences in terms of physiology and agronomic 

characteristics, they have different attitudes to provide agro-environmental services. In relation to N, 

grasses and brassicas have great nutrient requirement, having the ability to take up large quantities of N 

during their cropping cycle. If this N is not available in the soil, their growth is limited. Conversely, the 

growth of legumes is not limited by N shortage in the soil since they get the element by biological nitrogen 

fixation (BNF). It is probably worth to underline that, similarly to the non-legume ASC, also the legumes use 

mineral soil N to grow if available, instead of activating the BNF processes (Moller et al., 2008; Zhou et al., 

2011). Therefore, all the ASC could behave as catch crop of the mineral N, if in excess, contributing to 

reduce the risk of NO3- leaching. According to Dabney et al. (2010), the average reduction in NO3
- leaching 

has been identified to be about 70% for grass or brassica and about 23% for legume covers. Nitrogen fixed 

(in the case of legumes) or taken up by the ASC is returned to the system after their termination, when the 

plant tissues incorporated into or posed onto the soil, mineralize and thereby release mineral N. The 
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mineralization process is controlled by either environmental (i.e. soil temperature and moisture) and 

intrinsic factors, as the plant materials characteristics (i.e. lignin and cellulose content, total and soluble N 

content, C/N ratio; Jensen et al., 2005). The C/N ratio of the plant material, even if considered only an 

approximate guide to the likely net mineralization, is often able to give a valuable prediction of N 

mineralization and can be effectively utilized in the current practice (Canali et al., 2011). In general, the 

legume ASCs have, at termination, a lower C/N ratio than the non-legumes crops. Grasses have the highest 

values of this parameter. For this reason, the legume plant materials are generally considered less resistant 

to mineralization and release the N in the inorganic form more promptly than the other crops families. 

Mineral N derived from the ASC plant materials is available to the subsequent cash crops and the 

prediction of the mineralization rate is a key aspect to synchronize it with the next crops needs. Indeed, if 

the mineral N release is not well synchronized with the crop needs, its nutritive efficiency is reduced. 

Moreover, if adverse environmental conditions (i.e., heavy rainfall) occur after the ASC termination, the 

nitric component of the mineralized N may be even leached (Neeteson et al., 2003). However, N 

mineralization from different organic sources can be opportunely managed if a mixture of residues with 

variable quality are used, including low N (high C/N ratio, as grasses tissue) and high N (low C/N ratio, as 

legume tissue) plant materials (Sikora and Enkiri, 2000; Nyiraneza and Snapp, 2007). Therefore, the 

selection of different ASC species and families, because of their different properties and potential 

mineralization rate, is an effective tool to manage N nutrition and the risk of NO3
- leaching. 

Farmers can decide to seed pure (100%) legume ASCs if high amounts of N in a short time are needed 

(i.e. nutrition of high demand vegetable crops) or, conversely, they may seed pure grasses in case of low N 

requirement of the next crop and/or, in their climatic conditions, high potential risk of NO3
- leaching. 

Moreover, sowing a combination (a mixture) of different proportions (i.e 50/50 or 30/70) of legume and 

non-legume ASC can determine a range of intermediate scenarios, useful to seek for the “fine-tuning” on N 

dynamic in the soil-plant system (Tosti et al., 2012). 

2.5 ASC management strategies 

2.5.1 Living mulches (LM) management 

As far as the management of the LM is concerned, recent scientific literature reports emerging 

evidences of the influence of several factors on the effectiveness of this technique in providing agro-

ecosystem services, e.g. by modulating the NO3
- leaching risk (Quemada et al, 2013 for irrigated crops, and 

Campiglia et al., 2010). One of these factors is the time of sowing of LM in respect to the transplanting of 

the associated cash crop (Adamczewska-Sowińska and Kołota, 2010). In addition, differences in terms of 

soil mineral N content and potentially leachable soil NO3
- have been observed between LM substitutive 

(reduction of cash crop plant density to leave room to LM) and additional design (same crop plant density), 

and these differences have been attributed to the different N uptake ability of the LM and the cash crop 
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(Canali et al., 2014; Kristensen et al., 2014). Figure 5 shows different LM design and management 

strategies. 

 

Fig. 5. Living Mulch different design and management strategies. 

2.5.2 Break crops: green manure vs roller crimper technology 

ASCs need to be terminated well in advance to the next cash crop planting in order to provide their 

services to the system and avoid competition. The phenological stage of the crop, the time and method of 

termination represent crucial management factors, especially in vegetable cropping systems where 

complex rotations and peculiar soil/plant interactions are in place. The traditional, and most widespread, 

technique used to terminate the cropping cycle of the ASC is the incorporation as green manure into the 

soil by tillage (i.e. plough and/or rotary tiller) (Watson et al., 2002). 

However, since tillage is energy and labor consuming and soil disturbing operation, in recent years, 

systems that use no/reduced tillage have received increasing interest (Triplett and Dick, 2008). In this 

perspective, the rolling crimper technology, which terminates ASCs by flattening, represents a promising 

choice (Mäder and Berner, 2012). The technique consists of one or two passages of the roller crimper, thus 

leaving a thick mulch layer into which the next crop is sown or transplanted (Teasdale et al., 2012). As 

reported in Figure 6, roller crimper is comprised of a steel cylinder (about 41–51 cm diameter) with steel 

blades welded perpendicular to the cylinder in a chevron pattern. Prior to ASC termination, the cylinder is 

filled with water to provide an additional weight to aid in mechanical termination (fig.6).  
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Fig. 6. Roller crimper machinery used to terminate Barely (a) and Vetch (b) ASC crops (CREA SUSVEG Project). 

Accordingly, due to the formation of this natural mulch on the soil surface, derived from the ASC plant 

materials, the potential capability of the roller crimping technology to control weeds, reduce soil erosion, 

maintain or increase soil organic matter content, as well as reduce labour use and fossil fuel energy 

consumption, has been acknowledged and evidenced of the potential of the roller crimper technology to 

provide vegetable cropping systems resistance to pathogens and pest attacks (Bryant et al., 2013). 

Furthermore, the roller crimper technology has been recently investigated as a potential technique to 

mitigate NO3
- leaching risk in vegetables production (Montemurro et al., 2013). Figure 7 shows an example 

of Vegetable crops following ASC terminated by roller crimper. 

 

Fig. 7. Vegetable crops following ASC terminated by roller crimper (CREA SUSVEG project). 

When an ASC is terminated by green manuring, its entire belowground and aboveground soil biomass is 

incorporated into the soil. According to the biomass amount and the N content of the plant tissue, it is 

likely that 50 to 200 kg ha-1 of organic N, ready to be mineralized, are incorporated into the soil. Depending 

on the characteristic of the plant biomass (i.e. C/N ratio), and soil moisture and temperature, 

mineralization rates vary greatly, up to very high values in favorable conditions. Indeed, in the case of break 

ASC green manure in spring or in early autumn, large quantities of mineral N may be rapidly released in the 

soil. If the subsequent cash crop is not ready to take up the mineral N (i.e. not yet in the fast growing 
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phenological phase), this mineral N is potentially leachable and/or can be subjected to re-immobilization 

processes in the soil, contributing in a limited extent to the cash crop N nutrition. On the other hand, when 

the break ASC is terminated by the roller crimper, the soil is no or minimally tilled and the ASC 

aboveground biomass is not incorporated into the soil. In these conditions, the mineralization of the 

organic matter, of the ASC plant material, occurs in the soil-mulch interface, and the mineral N release may 

proceed slower than in the green manure (Parr et al., 2014), due to the root biomass which may comprise 

as much as 12% of crop biomass amounts (Montemurro et al., 2013). 

2.6 Composting 

2.6.1 Soil fertility management: the use of compost 

As widely known, soil organic matter plays a key role in N supply and soil fertility management, and all 

the agricultural practices adopted to increase N availability for plants, start from soil organic matter 

building (Gaskell and Smith, 2007). While in organic farming the use of synthetic mineral fertilizers is not 

allowed, and soil fertility management requires an appropriate combination of all the other tools to allow 

farmers to both maintain soil fertility and avoid negative environmental impacts, in conventional and 

integrated cropping systems there are no specific limitations. In any case, whatever the system of 

production, organic amendments (such as compost amendments) play a key role in soil fertility 

management for its beneficial effect on soil physical, chemical and biological characteristics (Messiga et al., 

2015). 

According to Martínez-Blanco et al. (2013), the term ‘compost’ generally refers to plant-based bio-

waste or sludge materials used as soil amendments after aerobic decomposition under exothermic 

controlled conditions. . 

Consequently, compost has heterogeneous characteristics that vary widely in terms of physical, 

chemical, biochemical and microbiological properties according to: the quality and relative quantity of the 

raw materials that have been utilized to formulate the composting mixture, the technological approach for 

the process management and the age (maturity level) of the compost (Van der Wurf et al., 2016). As stated 

above, compost, as a product of recycling processes, can be a very appropriate input material for organic 

fertilization, provided the composting process is well-managed, the input materials are free of 

contaminants, and the resulting product is applied according to the system’s ecological needs. Compost is 

usually used to provide both the energy sources and the nutrients to sustain soil biodiversity and stable 

agroecosystems. A high biodiversity is needed in all agroecosystems to sustain ecosystem functions and can 

become important under stressing circumstances. Composts contribution to ecosystem functions of soils 

may be direct, through the addition of organic matter and nutrients to soil and, more importantly, indirect 

through the feeding of the organisms which support ecosystem functioning. 
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Compost application provides organic matter and influence long term soil fertility through changes in 

physical, chemical and physico-chemical soil properties. Unfortunately, due to the different origin and 

composition of the organic bio-waste materials subject to composting process, it is extremely difficult to 

standardize compost characteristics and to forecast the timing and rate of N mineralization (Montemurro 

et al., 2015). In some cases, the final material can have a detrimental effect on crop growth due to toxic 

substances (Zavattaro et al. 2014). 

So, the required synchronization between N availability in soil and N needs of cultivated plants is 

extremely difficult to reach. The definition of compost dose which better guarantees the trade-off between 

nutritional effect for cultivated crops and C sequestration is still an open issue. Figure 8 shows the 

agronomic pros and cons of compost as alternative practice according to the details reported by Lehtinen 

et al., 2016 and by Zavattaro et al., 2017). 

  

 

Fig. 8. Positive effects of composting and main constraints to be accounted for this practice. 

When compost is applied to soil together with an ASC, both potential positive and negative interactions 

should be considered and exploited according to the specific ecosystem function to strengthen. In any case, 

no strict procedures, but only general guidelines can be provided to farmers. Just as examples of possible 

combinations of ASC and compost amendments, the following two cases are reported as follow. In case the 

increase of soil organic matter and carbon sequestration are the main objectives, green manuring of 

species belonging to Poaceae botanical family (such as barley or rye) together with soil compost 

amendments are the best practices to adopt due to the favourable C/N ratio to enhance humification 

process (Popelau et al., 2015). In case the nutritional function (N availability in soil) plays a predominant 

role in the agroecosystem, green manuring of leguminosae species (such as vetch or fava bean) can better 
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satisfy the agronomic need of a rapid organic matter mineralization (Plaza-Bonilla et al., 2015), due to the 

highest leaf nitrogen content (LNC) and the consequent lower C:N ratio and then, the more rapidly N is 

released from cover crop residues after their incorporation into the soil, reinforcing the green manure 

function of cover crops, in particular for legumes having high LNC and low leaf dry matter content (LDMC). 

Timing and doses of compost application depend on expected yield of main crops, rotation, water 

availability, climatic condition in the area. Based on the results obtained in previous experiences, the 

application of fertilizers and/or organic amendments (i.e. compost) should be opportunely planned to 

optimize its efficacy (Tittarelli et al., 2007). Soil tillage represents an important factor to be considered in 

order to improve the effectiveness of soil amendments. Broadcasted application, which is a feasible and 

effective technique in tilled systems, should be followed by a complete incorporation to soil to avoid the 

formation of a thick layer of organic matter at few centimeters depth which hampers soil percolation, 

reduce the positive physical effects on soil aggregate stability and processes of organic matter degradation. 

Figure 9 shows an example of distribution and incorporation of compost. 

 

Fig. 9. Distribution and incorporation of compost phases, as planned in the “Improving agriculture productivity through 
sustainable soil management - SUSVEG” Project Italy– Israel 2011-2014. 

Finally, as stated above, compost amendment helps to close the material loops and it is an important 

management practice able to enhance soil quality. Before scaling up the compost agro-environmental 

benefits, the site-specific soil characteristics should be considered (Lehtinen et al. 2016).  
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2.7 Crop rotation and diversified cropping system 

Crop rotation is the practice of cyclically growing a sequence of different plant species on the same 

parcel of land following a defined order of the crop succession with a fixed length (Farina et al., 2017). This 

practice is one of the oldest and most effective strategy for pest and weed control. 

In Europe, crop rotations were first described by classical Roman writers between the second century 

BC and the first century AD. At that time, the prevalent practice in the Mediterranean Basin was likely the 

continuous monoculture of winter cereal crops (mainly wheat) and crop-fallow rotation, with a very low 

productivity (Karlen et al., 1994). Since then, crop rotation practice evolved as a strategy to increase 

harvestable yields in dryland environments by improving water-use efficiency, N fixation, and breaking 

disease cycles (Ryan et al., 2008). In the second half of the 20th century, considerable variations of 

agricultural practices driven by population pressure led to significant changes in cropping systems 

production, as well as to a more intensive land use (Karlen et al., 1994). 

In the EU around half of the land is farmed and agriculture sector covers an important economic role. 

Cereals dominate European arable landscape with a share of 75 up to 100% of the rotations (Figure 10). 

With a lower share in the rotation root crops (2%), oilseed crops (10%) and green maize (11%) are also 

represented. Normally the crops are changed annually, but they can also be multiannual. Regarding the 

length, the most common crop rotations in arable farming systems are 3-4 years long and normally do not 

include legume crops, present in only 0.6 % of the rotations (EuroSTAT at 

http://ec.europa.eu/eurostat/data/database). In conventional agriculture most crops are cultivated in 

monoculture (a single crop is repeated over time) or in short- mid-length rotation (2-5 years), while in 

organic agriculture mid- long-length rotation (up to 10-years) are common (ENV.B.1/ETU/2009/0026, 

2009).  

 

Fig. 10. Agricultural land use in Europe (Total agricultural utilized area is nearly 177 million ha) (from 
EuroSTAT at http://ec.europa.eu/eurostat/data/database) 

http://ec.europa.eu/eurostat/data/database
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Rotations including legumes are rare, short (2-4 years) and mostly present in humid or oceanic climate. 

Monocultures are normally limited, and they refer only to some crops such as rice in Italy; cotton in Greece, 

Spain and Portugal; barley, rye or oat in Northern EU; and durum wheat in Mediterranean regions 

(http://ec.europa.eu/eurostat/statistics-explained/index.php/Agricultural_production_-_crops). The 

number of cultivated crops is very limited. For example, in France 12 crops cover 50% of the cultivated land 

(EuroSTAT at http://ec.europa.eu/eurostat/data/database).  

Modern arable farming simplification produced significant environmental impacts such as changes of 

landscapes, plant and animal communities, loss of biodiversity, and deterioration in soil, water and air 

quality (Zalidis et al., 2002). In Table 1, the most important environmental impacts and the risks associated 

to agroecosystems simplification are reported.  

Table 1. Impact and risks associated with agroecosystems simplification 

Environmental impacts Vulnerability to Political, social and climatic risks 
Water pollution (nitrates) and contamination 
(pesticides) 

Excessive use of fossil fuel depending from countries 
outside Europe 

Soil degradation (erosion, sealing, contamination and 
pollution, soil organic matter reduction...) 

Food prices affected by market speculation  

Biodiversity loss Conflict in land use between food-feed crops and 
bioenergy crops 

GHG emissions  Climate change (change in temperature and 
precipitations) 

Excessive use of mineral fertilizers and pesticides Climate change (increase of pests and diseases) 
From Stoate et al, 2001, Bommarco et al., EC-DG-ENV, 2010  

 

The environmental consequences of modern agriculture are well known, and efforts are needed to 

reduce these impacts and maintain high productivity. Cropping systems especially in the Mediterranean 

Basin are generally intensive and oriented on high frequency of rainfed winter cereals (mostly wheat as 

main crop) cultivated in monocropping, in rotation with summer irrigated crops (such as maize and 

horticultural crops), or in succession with bare fallow (Di Bene et al., 2016). Generally, in these areas, where 

crop residues are removed, or external C inputs are not normally applied, the simplification of herbaceous 

cropping systems may reduce yield, arable soils are not able to maintain Soil organic carbon (SOC) stock in 

the long-term, causing significant consequences on environmental impacts. SOC is a crucial indicator of soil 

quality and crop production potential, widely used to assess the environmental performance of cropping 

systems. In conventional agronomic schemes, unsuitable agricultural practices, such as deep tillage, 

reduction in crop rotation length, and the removal of crop residues may have strong implications on SOC 

pool (Le Gal et al., 2010; Álvaro-Fuentes et al., 2011; Martiniello, 2011). As an alternative to conventional 

system, diversification practices such as crop rotation, conservation tillage, appropriate management of 

residues, organic material addition, and more efficient irrigation systems can act as potential C sink. 
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In cropping systems based on wheat monocropping, a good alternative is represented by the inclusion of 

good biomass production crops, such as grain sorghum, and good quality production crops, such as faba 

bean, alfalfa, or grass-clover mixture (Bonciarelli et al., 2016). With these rotations, the system reached the 

steady-state condition because wheat yield is maximized, the sensitivity to disease minimized and the 

increase in SOC optimal. Under irrigated condition, wheat is frequently rotated with maize or with 

processing tomato. In this crop rotation, the best options to increase crop yield, soil fertility, and water use 

efficiency are mainly linked to crop residue management, fertilization type, and irrigation systems. In the 

case studies where a more conservative management was adopted, such as all the cropping systems based 

on wheat recropping, cultivated in monocropping or in a high wheat frequency crop rotation, produced the 

highest amount of crop residues and SOC stock. Nevertheless, the capacity of soil to sequester organic 

carbon is quite site specific and influenced by soil management and environmental factors (VandenBygaart 

et al., 2002; Rodríguez Martín et al., 2016). In terms of diversification strategies, also conservation tillage 

(minimum tillage and no-tillage) can conserve soil fertility in the long run due to the lower mineralization 

than in conventional tillage. Likewise, the N concentration is significantly higher under wheat monoculture 

than under wheat in rotation. On the contrary, all the rotations that interrupt continuous wheat with maize 

every 3-6 years or with processing tomato are less efficient in terms of carbon sequestration in soil. The 

loss of SOC stock observed under rotations including irrigated summer crops may be due to the 

degradation of soil C favored by the combination of water availability and high temperatures. Finally, the 

use of mineral N fertilizer is the most extended management option adopted in case studies, mainly based 

on wheat and maize conventional system (cultivated as monocropping or in rotation with other crops). To 

contrast the higher mineralization rate of conventional systems and preserve soil fertility, it is necessary to 

increase C input by applying higher levels of N fertilization rate. Much of the studies reviewed, tested mixed 

fertilization management (i.e. mineral+residue, mineral+residue+cover crop, mineral+compost, 

mineral+manure, mineral+slurry) as an alternative option with respect to the conventional treatments. In 

particular, it was observed that a mineral-N fertilization plus compost strategy could be a viable option to 

maintain crop yield (Lehtinen et al., 2017) and to reduce the potential risk of soil and water pollution due to 

N mineral excesses. However, to setup the best mineral and compost combination, it is important to assess 

compost properties and quality to avoid the application of excess nutrients, trace elements, and/or heavy 

metals. Animal manure and slurry and their mixed combination with mineral fertilizer are excellent option 

in maize intensive-based systems, typical of Northern Italy (Triberti et al., 2008).  
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3 Applicability rate of sustainable management in 
cropping systems of the FATIMA Pilot Areas 

The assessment of the cropping systems studied, were based on the agro-environmental indicators 

coming from measured data collected during the 2-years field experimental activity in each pilot area. 

Overall evaluation of the strengths and weaknesses of the FATIMA trials was provided, and sustainable 

management strategies recommendations were suggested per each pilot area, considering the climate, the 

environment, and the socio-economical aspects. In this section, we summarized the main results of the 

project that are fully described and discussed in the deliverable 3.3.5 - Review report cropping and farming 

systems sustainability potential in pilot areas. Agro-environmental sustainability of cropping system is 

strictly specific and depends on: 

a) Local conditions (crops management, soil and climate). 

b) Experiment duration. 

c) Amount and type of inputs (e.g. N fertilizer, water). 

d) Skills and efforts of farmers. 

Best practices to be easily proposed in each pilot area can be: 

a) Use of cover crops as agroecological tools able to: 

• Increase soil quality in terms of soil organic C content. 

• Reduce N leaching, erosion, and weeds incidence. 

b) Use of organic source as fertilizers can: 

• Reduce external mineral N dependence and GHGs emissions. 

• Increase overall soil fertility (chemical, physical and biological) 

c) Crop rotation and diversification. 

In the long-term, all such alternatives can promote a more efficient system in terms of adaptation to 

climate change, and more stable income for farmers. 
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3.1 Pilots in Mediterranean Environments – Italy, Spain, 
Greece, Turkey 

3.1.1 Italian Pilot (Tarquinia) 

Location: Tarquinia, Coastal plain in Central Italy 

 
 

3.1.1.1 Description of field experiment and results 

 

A

B
 

In plot A (up-hill), rotation started with processing tomato as main crop, while in plot B (down-hill) the 

rotation started with durum wheat. To increase soil fertility and the N use efficiency (NUE), and to reduce 

the potential nitrate (NO3
-) leaching, the conservative N fertilization method (CONS) for processing tomato 

includes the cultivation of field bean (Vicia faba L.), in the autumn-winter period, to be green manured 

before the tomato transplanting together with an organic amendment, used as compost (derived by 

vegetal residues coming from local agro-forestry). For durum wheat, the CONS method includes the 

application of poultry manure as organic N fertilizer. As treatment control a synthetic N fertilization method 

(SYN) was used. Nitrogen fertilization details for processing tomato and durum wheat are shown in Tables 

2a and 2b, respectively. 

 

Table 2a. Nitrogen fertilization management for processing tomato crop. 

Treatment Time Type 
N% Quantity N 

 (w/w) kg/ha (ss) (Kg/ha) 

SYN 

Transplanting Grain fertiliser 12.0 200 24 
Top dressing 1 Grain fertiliser 15.0 600 90 
Top dressing 2 Liquid fertiliser - - 30 
Total       144 
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CONS 

Transplanting 1 Horse bean green manure 3.1 7260 226 
Transplanting 2 Green residues compost 1.6 6380 102 
Top 1 Grain fertiliser 12.0 200 24 
Top 2 Liquid fertiliser - - 30 
Total       382 

 

 

Table 2b. Nitrogen fertilization management for durum wheat crop. 

Treatment Time Type 
N% N 

 (w/w) (Kg/ha) 

SYN 

Sowing NP 18 40 

Top dressing 1 NH4+ NO3- 26 52 

Top dressing 2 NH4+ NO3- 26 39 

Total     131 
CONS Sowing Poultry manure 3 131 

 

Table 3 summarizes main agronomic and economic results obtained in the first year oft he experiment 

(2016). 

Table 3. Agronomic and economic results oft he first year of field experiment (2016). 

 
 

3.1.1.2 Impact evaluation of field experiment - Italy 

3.1.1.2.1 Soil organic carbon  

Despite the field experiment started only in 2015, we tried to assess the impact of conservative (CONS) 

N fertilization management on SOC concentration variations in comparison with the synthetic (SYN) N 

fertilization treatment, used as control. Table 4 shows the impact of conservative (CONS) and synthetic 

(SYN) nitrogen fertilization management on SOC concentration (g/kg) measured in the A/Ap horizon (0-10 

cm soil depth) for plot A and B trials, during the 2015-2017 period. 
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Table 4. Soil organic carbon (SOC) concentration (g/kg) measured in the A/Ap horizon (0-10 cm 
soil depth) for plot A and B trials, during the 2015-2017 period. 

 Plot A Plot B 

Sampling time SYN CONS SYN CONS 

T0 (beginning) 8.2 6.8 10.0 12.0 

T1 (harvest 1st year) 8.1 7.3 12.0 13.4 
T2 (sowing 2) 7.7 7.1 11.3 10.0 
T3 (harvest 2nd year) 7.1 6.8 11.5 13.5 
SYN: synthetic nitrogen fertilization management; CONS: conservative nitrogen fertilization 
management. 
T0: 18 October 2015 (in plot A, before plowing for tomato) and 15 December 2015 ( in plot B, 
before seedbed preparation for wheat). 
T1 (harvest 1st year): 1 August 2016 (in plot A, two-weeks before tomato harvest) and 21 June 2016 
(in plot B, two-weeks before wheat harvest). 
T2 (sowing 2): 15 December 2016 (in plot A, before seedbed preparation for wheat) and 1 
December 2016 (in plot B, before plowing for tomato). 
T3 (harvest 2nd year): 8 June 2017 (in plot A, three-weeks before wheat harvest) and 2 August 2017 (in 
plot B, two-weeks before tomato harvest). 
 

In plot A at the beginning of experiment, SOC concentration was 17% higher in SYN treatment than under 

CONS, while in plot B higher SOC concentration was observed under CONS Than in SYN. After two years no 

significantly differences between the two treatments was detected both in plot A and B. 

Main Highlights: 

• different trends in the two treatments (CONS & SYN)  

• SYN (mineral N) showed no change in SOC stock  

• The use of CC and organic fertilizers (compost +poultry manure) seems able to increase 

SOCX stock.  

• SYN C inputs offset C losses from the system. 

• Results need to be confirmed with longer experiments 

3.1.1.2.2 Crop yields (e.g. wheat, tomato) 

Results from the trials: 

Table 5. Durum wheat and processing tomato yield(Mg/ha) under synthetic nitrogen 
fertilization management (SYN) and conservative nitrogen fertilization management 
(CONS) at the Italian experimental trial during the 2015-2017 period. 

 Durum wheat Processing tomato 

Time SYN CONS SYN CONS 

2016 (marketable weight)* 6.79 4.34 104.94 69.96 
2016 (dry weight) 5.91 3.78 5.65 3.64 
2017 (marketable weight) 3.62 3.21 90.71 74.73 
2017 (dry weight) 3.18 2.84 4.72 3.89 
*Marketable weight: durum wheat (13%); processing tomato (95%). 
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Main Highlights: 

• CONS treatment decreased the yield both in wheat (-36% and -11% in 2016 and in 2017) and tomato 

(-11 and -18%)  

• CONS increased yield stability (variation among years 31% in SYN and 9% in CONS)  

• SYN was able to exploit favorable weather conditions in 2016 

3.1.1.2.3 Nitrogen Use Efficiency, Recover Efficiency and NO3 Leaching 

Table 6. Nitrogen use efficiency(NUE) assessment calculated for durum wheat 
and processing tomato rotation, during the 2015-2017 period. 

 Durum wheat Processing tomato 

NUE SYN CONS SYN CONS 

PAE 2016 0.42 0.26 1.00 0.25 
PAE 2017 0.51 0.14 - - 
RE 2016 0.05 0.03 0.04 0.01 
RE 2017 0.08 0.02 0.03 0.01 
SYN: synthetic nitrogen fertilization management; CONS: conservative 
nitrogen fertilization management. 

 

Fig. 11 NO3
- leaching from lysimeters at 0-30 cm for both 2016-2017 years in the two areas of the 

experiment 
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Main Highlights: 

• NUE is lower in CONS compared to SYN (lower rate for Tomato than Wheat); this trend is 

more evident especially in the second year with climatic restrictions (drought in winter-spring 

seasons) 

• RE: same trend also for the recovery efficiency, higher in SYN than in CONS, for both the 

crops 

• NO3 Leaching contrasting data looking at the single crop management stages, but 

cumulative lower values during all the cropping system rotation (Wheat-Tomato) for CONS 

respect to SYN treatment. 

  

3.1.1.3 Conclusions and suggestions to improve sustainable 
management 

Conservative strategies showed to be promising, but presented some critical aspects especially in 

tomato. A fine-tuning strategy to manage compost quantities should set up, also looking at precision 

farming maps. Irrigation management could be further implemented by using more efficient systems to 

enforce the N performance and prevent loss of water and Nitrate leaching. It should also be kept in mind 

that the field experiment was running for two years only, and in order to observe differences in soil 

characteristics, a decade of alternative management practice may be needed. 
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3.1.2 Spain Pilot 

Location: DEHESA_DE_LOS_LLANOS, CASA_JARA , CASA_DEL_MONTE (Albacete) 

 

3.1.2.1 Description of Casa Jara field experiment 

Variable application rate (VRT) based on “Potential Yield Maps” EO-based 

Conservation agriculture (Casa Jara) 

Table 7 summarizes the Casa Jara crop management description. 

Table 7. Crop Management plan for Dehesa Los Lanos – Conventional Intensive 

 
Table 8. Example of Crop Management plan for Casa Jara – Conservative (no tillage) 
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Date Manage type Field operations Land cover
Soil management No tillering. Previous crop maize Permanent soil cover

22/12/2014 Herbicides Herbicide aplication (Roundup plus, 2 l/ha) Permanent soil cover

29/12/2014 Fertilisation
Fertiliser application, (N-P-K, 11-28-23 ) at 183 Kg/ha, correspondig 

to 20 Kg N/ha Permanent soil cover
08/01/2015 Sowing Sowing of Bread Wheat (Variety Califa, 323 Kg seed/ha) Bread wheat

08/01/2015 Fertilisation
Fertiliser application, (N-P-K, 11-28-23 ) at 101 Kg/ha, correspondig 

to 11 Kg N/ha Bread wheat

10/03/2015 Fertilisation
Diferencial Fertiliser application, 100, 190 and 300 Kg/ha as Urea 

(46%), correspondig to 46, 87 and  138 Kg N/ha Bread wheat
04/04/2015 Herbicides Herbicide aplication (Mustang, 750 cm3/ha) Bread wheat
04/04/2015 Fungicide Fungicide aplication (Escolta, 200 cm3 /ha) Bread wheat

18/04/2015 Fertilisation
Fertigation application, (N32) at 185 Kg/ha, correspondig to 59 Kg 

N/ha Bread wheat

01/05/2015 Fertilisation
Fertigation application, (N32) at 140 Kg/ha, correspondig to 45 Kg 

N/ha Bread wheat
11/05/2015 Fungicide Fungicide aplication (Prosaro, 1 l/ha) Bread wheat
11/05/2015 Insecticide Insecticide aplication (Decis expert), 100 cm3 /ha Bread wheat

23/05/2015 Fertilisation
Fertigation application, (N32) at 107 Kg/ha, correspondig to 34 Kg 

N/ha Bread wheat
11/07/2015 Harvest Wheat harvest (Yield average 9218 kg/ha Bread wheat  

 

3.1.2.2 Impact on indicators 

Main Highlights of the results fully reported in Deliverable 3.3.5: 

• SOC: interannual variability, no trend (also for BD) 

• NUE*: trend of higher efficiency in lower N doses  

• N leaching: no influence of application rates 

• Yield: yield and quality lower in Dehesa Los Lanos  

 

3.1.2.3 Conclusions and suggestions to improve sustainable 
management  

Precision farming approaches (VR) by producing “Potential Yield Maps” EO-based are already applied 

and could be further implemented. However, some environmental constraints (water scarcity, cost of 

pumping water, ground water pollution) must be considered to plan more sustainable management 

strategies. Alternative crops (legumes, ASC) useful to enforce the loss of soil fertility in the areas mapped in 

low potential yield classes could be introduced in a long term prospective. Local varieties of rainfed wheat 

could be also introduced in rotation with irrigated one’s to mitigate water consumption and encompass 

problems in availability of this natural resource by groundwater overexploitation. 
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3.1.3 Greece 

Location: Larissa - Pinios River Basin Pilot 

 
 

3.1.3.1 Description of field experiment 

Comparison in full scale field experiments a prototype Variable Rate Nitrogen Application System for in 

season fertilization to conventional uniform applications, in wheat, cotton, and maize 
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Results of VRT applications: 

 

3.1.3.2 Impact on indicators (in comparison to uniform applications) 

Main Highlights from Deliverable 3.3.5 : 

• SOC: No impact  

• NUE: Increase by 25% in cotton, by 13% in Maize, by 31% in wheat  

• N leaching: Reduced top soil (0-20cm- 20-40cm) nitrates concentrations in 4 out of five 

experiments  

• Yield: No reductions  

3.1.3.3 Conclusions and suggestions to improve sustainable 
management 

Very promising precision agriculture technology that address field specific soil nitrogen sources and 

reduce total nitrogen fertilizer applications with no reduction of total yield. Also in this case-study it could 

be possible to enforce the VRT with some conservative agronomic strategies as add compost every 3-4 

years and/or alternative (rotation) crops to balance the VRT effects in mid-long term. 
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3.1.4 Turkey 

Location: Menemen Plain 

 

3.1.4.1 Description of field experiment 

Precision farming: focus on fertilizers rate and water, different crop trials: Winter wheat (W), maize (II crop) 
(M), cotton (C). 

Wheat & Maize

Cotton

Area: 40 da
Winter wheat: rainfed
Maize: Drip irrigation
Conventional Agricultural practices

Area: 17 da
Cotton: Drip irrigation
Conventional Agricultural practices

 

3.1.4.2 Impact on indicators 

Main highlights: 

• High effect of annual weather conditions 

• SOC: variability with trend depending on crop trials and water management 

Table 9. Menemen organic Carbon measured in the Plots (30 cm) 

  PLOT %OC at T0 time % OC after 1 year OC CHANGES 
          
cotton 1CIF 0.74 0.66 -0.08 
cotton 1ICU 1.00 0.98 -0.02 
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maize 1MIU1 0.86 0.77 -0.08 
maize 1MIU2 0.80 0.68 -0.12 
wheat 1WIF 0.83 0.86 0.03 
wheat 1WIU1 0.83 0.96 0.12 
wheat 1WIU2 0.74 0.80 0.06 

 

• SOM depletion for Cotton (C) and Maize (M) trials and Increment for Wheat (W). 

• NUE: W=> 39÷85% in farms, 69% in UTACEM; 

• C=> 42÷143% in farms, 225% in UTACEM; M=> 23÷273% in farms, 175% in UTACEM 

• N leaching: no data 

• Yield: no data 

3.1.4.3 Conclusions and suggestions to improve sustainable 
management 

Precision farming approaches can be applied to save water and reduce N application. Need of 

machinery implementation (if possible), to better manage VRT and use the proposed FATIMA tools. 

With the actual situation managed at low technological level by farmers, it’s important to optimize 

water use to prevent soil carbon depletion and let the system more sustainable. Surface irrigation showed 

a higher level of SOC mineralization as well known especially in Mediterranean climate, with problems of 

soil fertility loss in the mid-long term. Agronomic Service Crops could be used in rotation with irrigated 

crops to enforce the soil capability to retain water.  
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3.2 Pilots in Continental Europe Environment – Czech Republic, 
Austria 

3.2.1 Czech Pilot (Dehtare) 

Location: Dehtare - Želivka River Basin 
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3.2.1.1 Description of field experiment 

Variable application rate (VAR) 

6 doses of N fertilizers (from -70% to +120%) Vs uniform fertiliser rate (100%) 

 

3.2.1.2 Impact on indicators 

Main highlights from Deliverable 3.3.5: 

• High effect of annual weather conditions 

• SOC: not considered 
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• NUE*: +9% (2016) in VAR, 7% in 2017 

• N leaching: not influenced by application rates 

• Yield: +8% in VAR in 2016; no clear pattern in 2017 

 

3.2.1.3 Conclusions and suggestions to improve sustainable 
management 

Precision farming approaches on sloping fields with substantial soil heterogeneity represent a very 

promising system. Local problem of nitrate leaching and consequent low quality of drinkable water at basin 

level could be reduced by introducing buffer strips in the crop parcel design, according to the preferential 

water flow paths at bottom of slopes and soil local permeability. Depending of the severity, it could be 

possible to introduce a) not permanent buffer strips, mainly constituted by herbaceous  species 

associations and/or some crops with high degree of nitrates absorption (adopting green manure at the end 

of the season); b) permanent buffer strips (especially in the areas with waterlogging) with an association of 

herbaceous and forest species.  

 

3.2.2 Austria Pilot (Marchfeld) 

Location: The Marchfeld Region in Lower Austria 

 
 

Results of long-term field experiments – Austria 



D3.3.4 Guidelines for “best soil and crop management practices” 28/02/2018 v02 
 

  
 

  37 | 42 

3.2.2.1 Description of long term field experiment 

Management strategies:  

• different tillage systems (“conventional”, “reduced”, minimum), Spiegel et al. (2002, 2007); 

Franko &Spiegel (2016) 

• management of crop residues (incorporation, removal), Spiegel et al. (2018) 

• application of different composts (biowaste compost, green waste compost, cattle manure 

compost and sewage sludge compost), Lehtinen et al. (2017) 

• different amounts and forms of nitrogen (N) and phosphorus (P) fertilization (Spiegel et al., 

2001, 2010) 

In these field experiments selected elements of conservation agriculture, i.e. crop rotation, minimum 

soil disturbance (tillage) and permanent soil cover are addressed.In each experiment an adequate crop 

rotation is established. However, these experiments are managed conventionally.  

 

3.2.2.2 Impact on indicators 

Main highlights from deliverable 3.3.5: 

SOC can be maintained or slightly increased (0-25/30 cm soil depth) with minimum tillage 

 incorporation of crop residues 

organic fertilization with FYM and compost  

optimal mineral N fertilization compared to 0 N 

Crop yields (e.g. winter wheat, sugar beet, maize, barley)  

no significant changes after minimum tillage for >25 years, but afterwards (weed problems) 

combined organic (compost) and mineral fertilisation: higher yields compared to only organic fertilisation 

N losses (Nmin contents (0-90 cm), NO3 leaching, N2O emissions) 

lower Nmin with MT (compared to CT) due to permanent plant cover  

Higher Nmin after high mineral and very high compost fertilisation compared to adequate mineral N 

fertilisation  

Highest N2O emissions after combined organic and mineral N fertilisation 

3.2.2.3 Conclusions and suggestions to improve sustainable 
management 

Development of new methods to measure crop development via vegetation indices (N Pilot, LAI ground 

and Sentinel 2 based) in field experiments (with different stages of mineral N fertilization). Significant 

positive correlations of vegetation indices with crop yields (winter wheat). Basis for the development of 

VRT nitrogen fertilization strategies based on Sentinel data. 
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3.2.3 Conclusions 

Considering all the case studies, N leaching and SOC and soil fertility depletion could represent a 

problem in many pilot areas in the mid-long term. On average, in the short-term, the adoption of N input 

alternatives such as the use of cover crops or the VRT may not be completely efficient, but in the long-term 

positive effects under alternative systems might be expected in terms of crops yield and soil fertility 

parameters in comparison with the conventional system used as control. In fact, the increase of some soil 

fertility parameters such as SOC stocks needs time to show up the effect on yield was positive for VRT 

negative for CONS. Crop Water management (irrigation systems, scheduling and water efficiency) related to 

local water availability must be considered under the Climate Change prospective, adopting some 

agronomic strategies to reduce water consumption also introducing local crop varieties more resistant to 

drought.  

Linking of the pilots to the principles of agroecology (from the beginning of the deliverable) could be 

strengthened. 
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