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Content of the module 1 -  Introduction to sustainable agriculture 

 

Sustainable agriculture is a type of agriculture whose main objective is to produce long-term crops and 

livestock with minimal impact on the environment. This type of agriculture tries to find the right balance 

between the needs of food production and the maintenance of ecosystems in the environment. 

In addition to food production, there are several general objectives related to sustainable agriculture, 

including saving water resources, reducing the use of agrochemicals and promoting biodiversity in crops 

and ecosystems. 

Sustainable agriculture also focuses on maintaining the economic stability of the elementary standard and 

helping farmers to improve their skills and quality of life. 

The term sustainability is more than 300 years old and comes from forestry. According to sustainable forest 

use, no more wood should be cut that can grow back. In this way, the forest should be preserved and made 

useful for generations. However, the concept of sustainability did not celebrate its breakthrough as an all-

encompassing operating principle and globally recognised model until 1992 at the UN Conference on the 

Environment in Rio de Janeiro. The mission statement is essentially based on three pillars that must be 

reconciled for sustainable development: 

• Environmental compatibility 

• Economic performance 

• Social Affairs 
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Source: https://www.pexels.com/pl-pl/ 

 

Objectives and principles of sustainable agriculture: 

In order to implement sustainable agriculture, farmers also need to gain knowledge in design and planning. 

This is also reflected in current research on the adaptation of agriculture to climate change. The focus is 

on increasing the spatial and temporal diversity of the entire agricultural system. This can be done through 

various short- and long-term measures at different levels of the farming system: 

 

Soil cultivation 

Central to agriculture is the role of the soil. It must remain fertile for a long time. Depending on the 

conditions, different soil cultivation concepts should be used. The aim is to protect the soil from erosion, 

compaction, decomposition of organic material, reduction of soil life and drainage for protection purposes. 

The requirements for different types of cultivation and crop rotation should be carefully reassessed. 

Conservation tillage, in which the soil is not turned over, makes an important contribution to preserving 

and supporting soil structure, to strengthening soil biology and soil diversity. 

 

https://www.pexels.com/pl-pl/
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Crop rotation 

The benefits of crop rotation become apparent when it is carefully and diversely planned. For example, 

these include alternating fruiting and deciduous crops, as well as swapping overwintering crops for those 

with a summer season. A greater variety of species allows the crop to be better adapted to local conditions, 

resulting in less need for crop protection products and at the same time increasing nutrient use efficiency. 

 

Optimisation of nutrient management 

The nutrient cycle should be as closed as possible. Organic fertiliser not only provides the soil with the 

necessary nutrients but, unlike mineral fertilisers, has a beneficial effect on humus content, promoting a 

stable soil structure. In order to avoid the transport of fertilisers between regions with nutrient surpluses 

and deficiencies, it is necessary to return to closed operational cycles or to combine crop cultivation with 

animal husbandry. 

Features of nutrient management optimisation include:  

• Resource-efficient and environmentally-friendly use of fertilisers 

• Adjustment of application time and technology 

• Achieving a balanced nutrient balance 

• No fertilisation of field edge strips 

• Strengthening regional and internal nutrient cycles 

• Re-establishing the link between land and animal husbandry 

• Minimising contamination of fertilisers with heavy metals 

 

Environmentally friendly plant protection  

Plant protection should focus on promoting healthy crops with minimal impact on agricultural ecosystems. 

This includes the use of a varied and well-planned crop rotation mentioned earlier, the selection of 

varieties adapted to local conditions, the use of intercrop mixtures to protect against pests and weeds, 

proper fertilisation and the promotion of natural enemies of pests. Above all, priority should be given to 

biological, mechanical or thermal methods of plant protection. 

 

Diversity & Synergy 

Sustainable agriculture emphasises the importance of biodiversity in agricultural systems. Diverse crop 

and animal species, as well as genetic diversity within species, contribute to ecosystem resilience, pest 

control and nutrient cycling. 

Such practices seek to optimise synergies between different elements of the agricultural system. For 

example, integrating crops with livestock or trees can increase resource efficiency and productivity. 
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Efficiency 

Efficient use of water, nutrients, energy and other inputs helps to reduce environmental impact and 

improve economic returns. Innovative agroecological practices allow you to produce more with less 

external resources. 

 

Recycling 

Sustainable agriculture promotes the recycling and reuse of resources in agricultural systems. Organic 

matter, nutrients and energy are recycled through processes such as composting, incorporation of crop 

residues and biological nitrogen fixation, reducing environmental and economic costs. 

 

Human and social values 

Protecting and improving rural livelihoods, equity and social well-being are central to sustainable food and 

farming systems. Practices such as participatory decision-making, traditions and cultural heritage are 

valued as much as ecological and economic considerations. And by additionally supporting a healthy, 

diverse and culturally adapted diet, sustainable agriculture contributes to food security while maintaining 

the health of ecosystems.  

 

 

Source: https://www.pexels.com/pl-pl/ 

https://www.pexels.com/pl-pl/
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Agriculture and climate change: climate change adaptation and mitigation 

 

Agriculture also plays a key role in the context of climate change, both as a vulnerable sector and as one 

of the drivers of climate change. As climate change continues, such as rising temperatures, erratic rainfall, 

increased extreme weather events and increased frequency of droughts and floods, farmers need to adapt 

and take action to both adapt and mitigate. 

Adaptation is about implementing practices and technologies to better cope with adverse climatic 

conditions.  

 

Such practices are, for example: 

• Changes in cultivation practices - Farmers can make changes to sowing dates, choose more 

drought-tolerant crop varieties and grow species adapted to local climatic conditions. 

• Implementing sustainable irrigation systems - Optimising irrigation, using methods such as drip 

irrigation and rainwater harvesting, allows water to be saved and used more efficiently. 

• Soil conservation - The use of techniques such as mulching, no-till or cover crops helps to retain 

soil moisture, increase organic matter and reduce erosion. 

• Diversification of crops and livestock - Introducing a greater diversity of plant and animal species 

reduces the risks associated with unpredictable climatic conditions, making farmers more resilient 

to adverse events. 

 

Adaptation options exist in all sectors of the economy, but their benefits vary by sector and region. Some 

adaptation options applied in one sector are beneficial for many sectors. In addition, they will be more 

cost-effective if implemented as integrated measures with energy reduction, carbon reduction and carbon 

sequestration through land use sectors. 

 

Agriculture also has the potential to reduce greenhouse gas emissions and climate change impacts. To this 

end, it is worthwhile: 

• Use sustainable farming methods - By reducing the intensive use of mineral fertilisers, 

introducing composting, organic fertilisers and crop rotation, CO₂ and methane emissions can be 

reduced. 

• Soil carbon sequestration - involves adopting land management practices that increase the 

amount of carbon dioxide (CO2 ) in the soil, stored as organic matter. Practices such as growing 

perennial crops, agroforestry (incorporating trees into agricultural systems), leaving crop 



  

7 

residues in fields, or using cover crops are examples of this. Agricultural practices that lead to 

increased soil carbon storage are counted among the best management practices. 

• Reducing emissions from animal husbandry: Introducing innovations in animal nutrition, such as 

the use of higher digestibility feeds, can reduce methane emissions. Additionally, striving to 

optimise animal production helps to reduce the carbon footprint. 

• Use of renewable energy sources: Installing solar panels, wind turbines or biogas plants on 

agricultural land allows energy to be produced in a more sustainable manner, while reducing 

greenhouse gas emissions. 

• Better use of water 

An important aspect is to choose crops that are more adapted to the weather conditions of the 

region. For dry areas, crops should be chosen that do not require too much water. Well-planned 

irrigation systems should be used and, at the same time, phenomena such as river depletion, dry 

land and soil degradation should be counteracted. The use of rainwater harvesting systems 

through its 

storage can be used in drought conditions. In addition, municipal wastewater 

can be used for irrigation after being recycled. 

 

 

Source: https://www.pexels.com/pl-pl/ 

 

https://www.pexels.com/pl-pl/
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Agroecology: principles and practices of sustainable agriculture  

 

Agroecological transformation: many European countries are experiencing a shift towards more 

agroecological farming systems, characterised by diverse cropping patterns, agroforestry and integrated 

pest management. 

Policy integration: Efforts are being made to integrate agroecology into national agricultural policies and 

strategies, reflecting the growing recognition of its role in combating climate change, biodiversity loss and 

food security. 

 

The holistic approach to agroecology is based on 3 main principles: 

ENVIRONMENTAL 

1. Protection of biodiversity 

2. Better soil conditions 

3. Water conservation and quality 

4. Reducing the need for chemicals 

5. Reducing greenhouse gas emissions and increasing carbon sequestration 

 

ECONOMIC 

1. Cost reduction 

2. Greater resilience to market and climate fluctuations 

3. Added value and new market opportunities 

 

SOCIAL 

1. Food safety and nutrition 

2. Community involvement and knowledge sharing 

3. Health and well-being 
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BENEFITS of practising agroecology  

The introduction of agroecological practices can bring many benefits to smallholder farmers, enabling 

them to achieve more sustainable, resilient and profitable farming systems. Some of the key benefits that 

agroecology can bring to smallholder farmers include: 

• Lower production costs: By reducing the need for expensive inputs such as chemical fertilisers and 

pesticides, farmers can lower production costs and increase profitability. 

• Climate resilience: Agroecology can minimise the impacts of extreme weather events, such as 

droughts and floods, while maintaining productivity and livelihoods. 

• Increased food security: By diversifying crops and incorporating local and traditional knowledge, 

smallholder farmers can increase food security, nutrition and dietary diversity in their 

communities. 

• Empowerment and knowledge sharing: Agroecology fosters farmer-led innovation, participatory 

research and knowledge sharing, empowering people to become active agents of change at the 

level of their own farming systems, resilience and livelihoods. 

 

2. Crop case studies where to apply them 

 

Potoland organic farm 

Jarosław, POLAND 

 

POTOLAND Marek Potoczny is a 28 ha organic farm that has been in operation since 1999. Since 2001, 

recommendations for organic production have been successively implemented. 

The following practices are implemented on the farm: a balanced crop rotation is used, taking into account 

crops that improve the soil structure and increase its organic matter content, such as legumes; field 

fertilisation is carried out using locally produced fertilisers (compost, manure, green manure) to maintain 

soil fertility; weeds are controlled only mechanically, agrotechnical techniques such as appropriate crop 

rotation and intercropping are used, as well as biological plant protection products against diseases and 

pests; organic seeds and seedlings are used; animal welfare is ensured through adequate living space, 

access to open areas and grazing on pasture; animal nutrition is based on organically produced feed. 

Potoland farm is not bordered by industrial facilities within a 20 km radius. Arable land accounts for 54% 

of the farm's area, with the remaining 46% occupied by forest complexes. The farm offers a diverse range 

of products, including fruit, seeds and animal products. The organic food produced is certified to guarantee 
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compliance with the principles of organic agricultural production and processing. The certification process 

is carried out by the BIOEKSPERT body in accordance with Regulation (EEC) No 2092/91 of 24 June 1991 

on organic production and the Organic Farming Act of 20 April 2004. 

The organic farm gradually introduces new products, takes advantage of national support programmes 

and participates in competitions to assess the quality of the fruit, fodder and livestock produced, thus 

winning numerous prizes and awards. In addition, it places emphasis on local sales, promoting its products 

in the region. 

 

3. EU & national regulations 

The European Union has introduced a number of regulations on sustainable agriculture to promote 

practices that protect the environment, support biodiversity and ensure food security. Here are the most 

important of these: 

 

Common Agricultural Policy (CAP) 

• Regulation (EU) 2021/2115: This regulation establishes the rules of the Common Agricultural 

Policy for the period 2023-2027. It introduces a system of 'ecoschemes', which encourage farmers 

to adopt environmentally friendly practices such as organic farming, agroforestry or biodiversity 

conservation. 

• Green CAP Architecture: Includes mechanisms such as 'cross-compliance' that link agricultural 

payments to compliance with environmental, climate and animal welfare requirements. 

 

Farm to Fork strategy 

• It is a key element of the European Green Deal, which aims to make the EU food system more 

sustainable. It envisages, among other things, a 50% reduction in the use of chemical pesticides, a 

20% reduction in the use of fertilisers and increasing the share of organic farming to 25% by 2030. 

 

Biodiversity Strategy 2030 

• It aims to restore and protect biodiversity on EU farmland. One of its objectives is to set aside 10% 

of agricultural land for landscape elements beneficial to biodiversity, such as hedgerows, ponds or 

flower strips. 
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Organic Farming Regulation (EU) 2018/848 

• It regulates organic production standards in the EU, promoting production methods that are more 

environmentally friendly, preserve biodiversity and reduce the use of chemical plant protection 

products and fertilisers. 

Directive on the sustainable use of pesticides (2009/128/EC) 

• It introduces the principles of sustainable use of plant protection products, requiring farmers to 

minimise their use, apply integrated pest management practices and ensure safety for humans, 

animals and the environment. 

 

4 Links and Internet resources of interest  

https://ios.edu.pl/  

https://www.wwf.pl/  

https://www.europarl.europa.eu/factsheets/pl/sheet/294068/rozporzadzenie-o-planach-strategicznych-

wspolnej-polityki-rolnej  

https://www.gov.pl/web/ijhars/strategia-farm-to-fork  

https://rolnictwozrownowazone.pl/rolnictwo-zrownowazone/co-to-jest-rolnictwo-zrownowazone/  

https://www.fao.org/climate-change/en/  

https://www.ipcc.ch/  

https://www.farmer.pl  

https://www.agrofakt.pl/  

https://agriculture.ec.europa.eu/sustainability/environmental-sustainability/sustainable-agricultural-

practices-and-methods_pl  

 

 

 

 

 

 

https://ios.edu.pl/
https://www.wwf.pl/
https://www.europarl.europa.eu/factsheets/pl/sheet/294068/rozporzadzenie-o-planach-strategicznych-wspolnej-polityki-rolnej
https://www.europarl.europa.eu/factsheets/pl/sheet/294068/rozporzadzenie-o-planach-strategicznych-wspolnej-polityki-rolnej
https://www.gov.pl/web/ijhars/strategia-farm-to-fork
https://rolnictwozrownowazone.pl/rolnictwo-zrownowazone/co-to-jest-rolnictwo-zrownowazone/
https://www.fao.org/climate-change/en/
https://www.ipcc.ch/
https://www.farmer.pl/
https://www.agrofakt.pl/
https://agriculture.ec.europa.eu/sustainability/environmental-sustainability/sustainable-agricultural-practices-and-methods_pl
https://agriculture.ec.europa.eu/sustainability/environmental-sustainability/sustainable-agricultural-practices-and-methods_pl
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5 Glossary 

 

Agroforestry 

Agroforestry is a land use that combines the care of forest trees and shrubs with agro- and zootechnical 

activities on the same land, taking into account simultaneously or in successive periods the economic, 

ecological and cultural functions of the land. 

Long-term crops 

Long-term crops are those with a life cycle of five years or more. 

Soil fertility 

Soil fertility refers to the ability of the soil to sustain the growth of agricultural crops, i.e. to provide plant 

habitat and result in a sustained and consistent yield of high quality. 

Cover crops  

Cover cropping involves sowing plants that cover the soil between the main crops, protecting it from 

erosion, moisture loss and improving its structure and fertility. Cover crops such as clover, phacelia or rye 

also help to reduce weed growth, enrich the soil with nutrients and promote biodiversity on the farm. 

Composting 

Composting is a method of producing organic fertiliser - compost. We use organic waste for this process, 

which, when dumped in the composter, is transformed during composting by the micro-organisms it 

contains into simple compounds that enrich the soil for growing plants.  

The humus supplied from the compost makes the soil plump, fertile, airy and absorbent. Compost has no 

harmful effects on plants or animals. It is 100% natural. 

 

6 Questions 

1.What are the three pillars of sustainable development? 

a) Ecology, humanity and social issues 

b) Ecology, economy and social issues  

c) Ecology, psychology and social issues 
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2. What are the principles for optimising management in sustainable agriculture? 

a) All types of fertilisation - organic and mineral - are acceptable  

b) Preference is given to resource-efficient fertilisers  

c) Choice of fertilisation technology is not important  

 

3. What are the methods of soil sustainability? 

a) Ensuring soil fertility 

b) Year-round development of chive cultivation in fields  

c) Provision of breaks in ground cover  

 

4 What does the term 'sustainable agriculture ' mean? 

a) Introduction of exotic products into cultivation in new areas 

b) Improving the quality of the environment and the natural resource base on which farming depends 

c) No use of non-renewable resources on the holding  

 

5. What are the advantages of sustainable agriculture? 

a) Low or no environmental pollution 

b) Help to conserve biodiversity 

c) Promoting recycling  
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1. Content of the module 

Module: Sustainable fertilization and plant protection 

 

Chapter 1: Introduction to Fertilization and Plant Protection 

 

1.1 Definition and Importance 

Fertilizing plants should be aimed at providing nutrients that are necessary for their growth and proper 
development. These ingredients are supplied in the form of fertilizers, which can be organic (natural, e.g. 
compost, manure) or mineral (artificial, chemically produced). 

Proper fertilization should balance the nutritional needs of plants, which is manifested in providing plants 
with the right amount of nutrients without contributing to the creation of too high reserves of nutrients 
in the soil – the basis of proper fertilization is to create conditions where the cycle in the fertilizer-soil-
plant system is closed as much as possible.  

Mineral fertilization should only supplement the nutrients already available in the soil according to the 

needs of plants, and not replace soil fertility. 

The use of fertilizers is aimed at: 

• Improving plant development 
• increasing plant yields 
• regulation of soil pH 
• extension of the growing season of plants 
• supporting plants in difficult stress conditions (droughts, frosts, etc.) 
• enriching crops with the necessary nutrients. 

 

The main problem is to properly adjust fertilization to the crops so as not to lead to a situation of excessive 
fertilizer use. The effect of excessive use of fertilizers is a decrease in the quality and size of crops of 
cultivated plants, environmental pollution and economic losses caused by increased costs incurred for the 
purchase of means of production. The problem of properly selected fertilization is also the use of too low 
a dose of any of the ingredients necessary for plant development.  
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Źródło: https://agrosmartlab.com/wp-content/uploads/2019/02/Zaopatrzenie-ro%C5%9Blin-w-Ca-i-
B.pdf) 

 

A deficiency of even one nutrient contributes to incomplete use of the production potential of plants, 
reduced efficiency of the use of other macro- and micronutrients, decreased yield and deterioration of the 
quality of plant raw materials, and may affect the reduction of fertility and soil degradation. Balanced 
nutrition with macro- and micronutrients is a guarantee of proper development and yield of plants. 

 

1.2 Risks of improper fertilization 

 
Intensification of agriculture, understood as an increase in expenditure on yield-forming plant production 

means such as fertilizers, on the one hand, increases potential soil productivity, but on the other hand, it 

can lead to undesirable side effects. An example would be the use of too high nitrogen fertilization, which 

is not absorbed by the plant. The consequence is the accumulation of excessive amounts of nitrates in 

both the soil and the plant. The nitrate form, which has not been absorbed by the plant, washes out very 

quickly and penetrates deep into the soil profile, and consequently penetrates into groundwater. Excessive 

nitrate accumulation in drinking water, food or animal feed can have a negative impact on human and 

animal health. One of the risks of accumulation of nitrates and the formation of nitrites is the formation 

of carcinogenic compounds. The content of nitrites in the blood also causes a reduction in hemoglobin, 

which in turn causes disorders in the distribution of oxygen in the body. Excessive mineral fertilization 

contributes to soil acidification, and this is mainly due to nitrogen fertilizers. Too high a concentration of 

mineral nitrogen inhibits the growth of beneficial soil microorganisms. Improper phosphorus fertilization 

can also contribute to environmental pollution, including water with phosphates. Nitrogen and 

phosphorus compounds entering the water cause eutrophication (mass bloom of algae and 

cyanobacteria), which in turn leads to the degradation of waters and the limitation of their use for 

economic, living or recreational purposes, as well as a decrease in oxygen levels and the death of aquatic 

organisms. Irrational fertilization practices are difficult to reverse and often impossible. Incorrect 

fertilization can result in damage to plant roots. Too much mineral salts from fertilizers can cause root 

burns, which limits their ability to absorb water and nutrients. Although the purpose of fertilisers is to 

nourish and provide compounds necessary for growth and development, paradoxically, their excessive 

amount can slow down plant growth. Plants may develop poorly and their leaves may turn pale, yellowing 

or brown at the edges. Overfertilizing plants disturbs the natural balance of plants, which increases the 

susceptibility of plants to diseases and pest attacks. As a result of excessive use of fertilizers, it may also 

happen that plants develop too luxuriantly at the expense of flowering and fruiting. Too much fertilizer 

can also lead to the accumulation of toxic substances in the soil, which translates into soil quality and plant 

health. 

 

1.3 Rules for fertilizing plants 

 

https://agrosmartlab.com/wp-content/uploads/2019/02/Zaopatrzenie-ro%C5%9Blin-w-Ca-i-B.pdf
https://agrosmartlab.com/wp-content/uploads/2019/02/Zaopatrzenie-ro%C5%9Blin-w-Ca-i-B.pdf
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Balanced fertilization is aimed at satisfying the nutritional needs of plants at the level  of obtaining 
profitable, high-quality crops and reducing threats to the natural environment and humans. 

Plant fertilization should focus on the issues of proper plant nutrition, but also take into account 

environmental and economic issues, therefore it is necessary to follow the following principles: 

• Soil fertility should be maintained at an appropriate level while maintaining a positive balance of 

organic matter, optimal pH for a given soil and cultivated plants, and at least an average 

abundance of macro and microelements. 

• Application of fertilization with the use of both natural and mineral macro- and micronutrient 

fertilizers. 

• Fertilization preceded by soil analysis in terms of macro- and micronutrient content, pH, humus 

content. 

• Determination of fertilization doses based on the planned yield level, quality parameters, soil type, 

fertility, position in terms of rotation, level of fertilization used for the forecrop, weather course 

and stress conditions.  

• Precise assessment of the nutritional status of plants during vegetation. 

• Providing conditions for maximum use of nutrients from all possible sources. 

• Paying more attention to the participation of leguminous plants in crop rotation - leguminous 

plants, thanks to symbiosis with nodule bacteria, fix atmospheric nitrogen and use it and leave it 

to successor plants. Some of them can use hard-to-find phosphorus and potassium compounds, 

which improve the balance of nutrients.  

• Use of natural and mineral fertiliser application techniques to ensure optimal use of nutrients and 

minimize environmental hazards. 

• Compliance with the legal regulations governing fertilization 

 

 

 

 

 

 

 

 

 

 

 

 

maintaining the 
right proportions 

N : P : K 

mineral fertilization should be 
used with rational natural 

fertilization 

doses adjusted to 
plant requirements 

Fertilization rules 

 



  

17 

 

 

 

 

 

 

 

 

 

Source: Prof. Cezary Podsiadło https://nawozy.eu/wiedza/porady-ekspertow/nawozenie/jak-

wybrac-nawoz-npk 

 

 

1.4 Fertilization site in precision agriculture 

 

Precision farming is defined as a set of technologies that make up an agricultural system that adapts all 
elements of agricultural technology to changing conditions on individual fields.  

Precision fertilization means the application of fertilizers in doses precisely tailored to the fertilization 
needs at a given point in the field. 

Precise fertilization is subject to very dynamic development. This is related to advances in the field of 
satellite navigation, variable fertiliser application, yield mapping and precise machine guidance. The basis 
is a management strategy based on the use of data and their processing, and then making operational 
decisions on this basis. A complete set of data on a given field is obtained by measuring the size of the 
crop, electromagnetic scanning of the soil, soil samples, satellite remote sensing or using drones. To 
process the data, appropriate computer programs are required, in which application maps are created, 
indicating fertilizer doses assigned individually to each zone of the field. 

The basis for precise fertilization is therefore a base in the form of a map showing the diversity of the field. 
Differentiation can be analyzed in terms of yield and soil variability. Based on this data, fertilization and 
plant protection treatments are planned.  

The main task of precision agriculture is to minimize inputs, protect the environment, protect natural and 
human resources, and stabilize yields.  

 

setting fertilization 
doses according to soil 

fertility 

the use of modern 
precision fertilization 

techniques 

appropriate agricultural 
technology 

maintaining optimal 
soil pH 

https://nawozy.eu/wiedza/porady-ekspertow/nawozenie/jak-wybrac-nawoz-npk
https://nawozy.eu/wiedza/porady-ekspertow/nawozenie/jak-wybrac-nawoz-npk


  

18 

 
Photo. 1 Optical sensors for precision fertilization placed in the heads on the right and left side 

arm mounted on the front suspension of the tractor. Source: Precision Fertilization 
Poznań 2018 

 

1.5 The difference between conventional and conventional fertilization 

 

In conventional farming, the production field is treated as a homogeneous unit. The level of fertilization is 
determined on the basis of soil fertility, and this is determined as the average of several soil samples. At 
the time of high soil variability in the field, the same doses of fertilization are applied to the entire area. 
The consequence is local growth/accumulation of nutrients in the soil, resulting in the risk of leaching. The 
lack of consideration of the varying volume of the field and the application of the same dose in all places 
is reflected in the varying level of yield. 

The basis of precision fertilization is the proper recognition of spatial variability of the content of 
assimilable nutrients by increasing the number of soil samples taken. The introduction of the precision 
fertilization system allows to adjust the doses of nutrients to their content in the soil and the demand of 
plants, allowing to reduce the expenditure on the purchase of fertilizers and to obtain higher and 
qualitatively better yields than in traditional agriculture. Therefore, the primary goal of precision 
fertilization is to make optimal use of the ingredients contained in fertilizers, as well as in the case of plant 
protection products, to minimize their use. 

 

 

 

Chapter 2 Use of plant protection products 

 

2.1 Basic definitions  
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Plant protection products are substances or compositions of chemical substances and living organisms. 
Their feature is the ability to control specific groups of pests by eliminating them or limiting the possibility 
of development. These are preparations that affect the cultivated plant, strengthening its characteristics 
that promote growth. The division of plant protection products depends on which group of living 
organisms it eliminates or limits its expansion or how it stimulates the plant. There are 4 main groups of 
products that are most important: 

• herbicides – herbicides that are used to eliminate undesirable vegetation in the crop 

• fungicides – are preparations designed to combat pathogenic fungi 

• insecticides – plant protection products that have been shown to control pests 

• growth regulators – they work on various levels so that the growth of the plant is not disturbed by 
unwanted lodging of plants, which reduces the efficiency of harvesting. 

Plant protection is a field of agricultural practice in which a number of decisions are made, on which plant 
health and economic effect depend, but also the safety of the treatments performed for humans and the 
environment. The development of various plant protection methods is aimed at reducing the use of 
chemical agents, but despite this, they are still the most important tool in reducing the population of 
organisms harmful to crops. 

The widespread use of plant protection products has made it possible to better use and stabilize the yield 
potential of plant varieties, as well as to identify threats and take action to minimize the negative effects 
of their use. One of such activities is the implementation of the principles of good plant protection practice. 

 

2.2 Integrated Pest Management 

 

Activities in integrated pest management can be divided into strategic and tactical. The first step is 

strategic action aimed at prevention, consisting in the use of all non-chemical protection methods in the 

first place. Increasing the share of non-chemical methods in integrated pest management means reducing 

the negative impact of humans on the environment. Chemical plant protection, on the other hand, is 

classified as the so-called tactical operations. 

According to the applicable principles of integrated protection, the chemical method can be used only 

when necessary, at the time of a significant threat or after exceeding the threshold of economic 

harmfulness of the controlled pest. When protecting plants, it should be noted that not all insects, weeds 

and other living organisms need to be controlled. Some of them have no negative effect on plants, and 

sometimes they are even useful. The aim of integrated protection is not to ruthlessly fight harmful 

organisms, but to control the number in such a way as to minimize their impact on the amount and quality 

of the crop.  

2.3 Use of plant protection products in precision farming 

Weed control in precision farming requires precise determination of its severity and type throughout the 
field. Taking into account sustainable operations, the fastest and most objective assessment can be 
obtained by using cameras located at the front of the tractor, which analyse weed infestation in real time. 



  

20 

On the basis of this data, the dose of herbicide applied by the nozzles of the sprayer mounted on the rear 
of the tractor is determined.  

Chemical protection against diseases is usually a must. However, the infection of plants by diseases varies 
from one part of the field to another. Often, the disease spreads locally from the site of the original 
infection. Due to environmental protection and economic considerations, the use of protection only in 
such places is the most rational action. 

Remote sensing methods are used to assess infestation by diseases.  The most popular are satellite, aerial 
and terrestrial infrared images. Plants with symptoms of disease infestation show lower absorption in the 
red wave range. The decision on the dose of the protective agent, in addition to taking into account the 
infestation map, should be based on the height and density of the crop.  

Assessment of the occurrence of pests on the plantation requires the use of more traditional methods in 
the form of entomological traps and nets or plant observation.  However, the introduction of precision 
farming technology in the protection of plantations against pests requires the development of less 
laborious and costly methods in the future.  

 

 

Pic.2 A sprayer with a spray control system for precise application of agents. Source: 

https://www.topconpositioning.com/content/dam/topcon_digital_asset_hub/collateral/brochures/Crop

Spec_Broch_7010-0957_TEAM_EN_US_HiRes.pdf 

 

 

2. Crop case studies where to apply them 

 

https://www.topconpositioning.com/content/dam/topcon_digital_asset_hub/collateral/brochures/CropSpec_Broch_7010-0957_TEAM_EN_US_HiRes.pdf
https://www.topconpositioning.com/content/dam/topcon_digital_asset_hub/collateral/brochures/CropSpec_Broch_7010-0957_TEAM_EN_US_HiRes.pdf
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CASE STUDY 1: WINTER WHEAT CULTIVATION IN EUROPE 

1. Balanced fertilization: 

 

• Challenges: Winter wheat is one of the most important crops in the world, one of the main 

sources of flour for bread, and a staple ingredient in many processed products. The right level 

of fertilization affects the quality of the obtained grain. Improper agricultural practices, such 

as excessive use of artificial fertilizers and lack of crop rotation, lead to soil degradation  

• Practice: 

▪ Soil analysis to determine nutrient content and avoid over-fertilization 

▪ Organic fertilization – the use of compost, manure, green manure (catch crops) to enrich 

the soil with organic matter 

▪ Precision fertilization techniques – application of fertilizer in the places of plant demand  

▪ Application of nitrogen in divided doses – after the spring start of vegetation and during 

earing in order to reduce nitrogen leaching into groundwater 

 

2. Sustainable plant protection: 

 

• Challenges: The main threat to wheat crops is susceptibility to the occurrence of destructive 

diseases such as brown and yellow rust, fusarium ear disease, septoriasis, which cause a 

significant reduction in yields. Pests such as aphids, horsetail beetles or the corn beetle are an 

additional threat.  

• Practice: 

o Proper crop rotation: Growing legumes before wheat, for example, reduces pest and 

disease pressure, as well as improving soil fertility. 

o Integrated pest management - combining biological, mechanical and chemical 

methods. Examples: Using natural predators (e.g. ladybugs) to control aphids. 

o Systematic monitoring of crops to quickly detect pests and disease outbreaks to 

minimize the use of chemical crop protection products 

o Natural fungicides and insecticides such as nettle or garlic are used, which do not have 

a harmful effect on the environment. 

 

CASE STUDY 2: GREENHOUSE CULTIVATION OF TOMATOES 

1. Balanced fertilization: 

 

• Challenges: Growing tomatoes in greenhouses creates ideal conditions for growth if fertiliser is 

applied properly.  A precise approach to fertilization becomes necessary. Greenhouse tomatoes 

require large amounts of nutrients, especially nitrogen, phosphorus and potassium, but they are 

very sensitive to their excess. 

• Practice:  
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o Tomatoes grown in a greenhouse often benefit from fertigation systems that combine 

fertilization with irrigation. Nutrients are delivered precisely and in controlled quantities 

according to demand, without excessive soil stress leading to salinization.  

o The use of organic fertilization provides organic matter, which improves the structure of 

the soil and increases its water capacity. Organic fertilizers have a positive effect on 

increasing the activity of soil microorganisms. 

o Constant monitoring of the substrate composition allows you to adjust fertilization and 

reduce losses caused by plant sensitivity to excessive doses of nutrients. 

 

2. Sustainable plant protection: 

 

• Challenges: The main threats to tomato greenhouse crops are pests and diseases. The 

greatest threat among pests is caused by: Greenhouse whitefly (Trialeurodes 

vaporariorum), spider mites (Tetranychus urticae), thrips (Thrips tabaci), Aphids 

(Aphididae), Tomato Miniri (Tuta absoluta). Among the diseases that affect tomatoes, 

there are fungal diseases – Potato blight (Phytophthora infestansv), Gray mold (Botrytis 

cinerea), Powdery mildew (Leveillula taurica), bacterial diseases - Tomato bacterial 

mottling (Pseudomonas syringae), Bacterial canker (Clavibacter michiganensis) and viral 

diseases - Tomato mosaic virus (TMV), Tomato brown spot virus (TSWV) 

• Practice: 

o Regularly checking the screed for pests and diseases 

o Biological protection of tomatoes in the form of natural enemies of pests. 

Beneficial insects (Amblyseius swirskii) as natural predators contribute to the 

control of spider mites, thrips and greenhouse whitefly. Ladybugs or parasitoid 

hymenopterans can be used to combat aphids. 

o Introduction of entomopathogenic nematodes into the substrate to combat pest 

larvae 

o The use of microorganisms (fungi and antagonistic bacteria) such as Bacillus 

subtilis, Trichoderma helps in protection against soil diseases and fungal 

pathogens. 

o Use of pheromone traps to monitor and reduce pest populations 

o Use of protective nets to protect against insects that can transmit diseases 

o Use of microbial preparations and plant extracts  

o Use of chemicals only as a last resort, using available selective agents, thanks to 

which losses to the environment will be minimized.  

 

 

3. EU & national regulations 

1. Nitrates Directive (Directive 91/676/EEC) 
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It aims to protect water quality across Europe by preventing nitrates from agricultural sources from 

entering groundwater and surface water and encouraging good agricultural practice. 

 

2.  Regulation (EU) 2019/1009 on fertilisers  

It contains rules for the marketing of fertilisers, which cover mineral, organic and organic-mineral 

fertilisers. The regulation established common quality standards for fertilisers placed on the EU market 

and introduced the use of environmentally friendly fertilisers, i.e. fertilisers that reduce greenhouse gas 

emissions and soil pollution. In addition, the regulation promotes the circular economy. 

3. Green Deal and Farm to Fork Strategy 

As part of the Green Deal, the European Union aims to reduce the negative impact of agriculture on the 

environment. The "Farm to Fork" strategy assumes a reduction in the use of fertilizers by 20% by 2030, 

increasing the use of organic and biological fertilizers, and promoting precision farming.  

4. Directive 2009/128/EC – Sustainable use of pesticides 

The basic assumptions are: integrated pest management (IPM), the obligation for farmers to have 

training and certificates to use plant protection products in an environmentally safe way, reduction of 

the use of pesticides, and monitoring and reporting by Member States of the use of pesticides and 

their impact on the environment and public health. 

 

5. Regulation (EC) No 1107/2009 on plant protection products 

It concerns the possibility of placing on the market active substances that have undergone a detailed 

assessment of their impact on human, animal and environmental health. The regulation phases out certain 

hazardous substances and promotes alternative plant protection methods.  

 

4. Links and web-based resources of interest (associations, courses, 

national agencies) 

Literature 

1. Ekielski A. et al., Precision and Smart Agriculture – State and Prospects for Implementation., 

Warsaw 2023 

2. Kapsa J, Sustainable chemical protection of potatoes in integrated pest management, Ziemniak 

Polski 2015 No. 3 

3. Samborski S. (ed.) (2018). Precision farming. Warsaw: Wydawnictwo Naukowe PWN. 

4. Skudlarski J. (2017). Precise mineral fertilization. AgroProfil, 1 
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5. Piwowar A., AN OUTLINE OF THE PROBLEMS OF FERTILIZATION IN THE SUSTAINABLE 

DEVELOPMENT OF AGRICULTURE IN POLAND, Economics and Environment • 1 (44) • 2013 

6. Przeździecki Z, Biological effects of environmental chemization, Wyd. Naukowe PWN, Warsaw 

1980,  

 

 

Websites: 

7. https://www.cdr.gov.pl/images/Brwinow/wydawnictwa/2018/PRECYZYJNE%20NAWOZENIE%20

DODRUK%202018.pdf Gaj R. (2018). Precise fertilization of crops. Agricultural Advisory Centre in 

Brwinów, Poznań Branch (accessed: 05.09.2024). 

8. https://www.gov.pl/web/infrastruktura/pytania-i-odpowiedzi-do-programu-

azotanowego(accessed 01.09.2024) 

9. https://nawozy.eu/wiedza/porady-ekspertow/nawozenie/jak-wybrac-nawoz-npk 

10. https://www.topconpositioning.com/content/dam/topcon_digital_asset_hub/collateral/brochur

es/CropSpec_Broch_7010-0957_TEAM_EN_US_HiRes.pdf 

11. https://agrosmartlab.com/wp-content/uploads/2019/02/Zaopatrzenie-ro%C5%9Blin-w-Ca-i-
B.pdf) 

 

 

 

5. Glossary 

Fert ilizat ion -  the use of  fertil izers to  mainta in or increase the content of  nutrients 

needed by p lants in the so il  (ma inly n itrogen,  potass ium, phosphorus)  and to  improve the 

chemical  and phys icochemica l properties  of  the soi l.  

Precis ion agr iculture  is a set of technologies that create an agricultural system that adapts all elements 
of agricultural technology to changing conditions on individual fields.  

Precision fertilization - application of fertilizers in doses exactly matched to the needs of fertilization at a 
given point in the field. 

Plant protection products - also known as phytopharmaceuticals or pesticides, are various types of 

substances whose task is to protect plants against pests, i.e. fungi, insects and weeds. 

Liebig's law of the minimum – one of the basic laws of classical ecology, stating that the factor that is the 

least (is in the minimum) has a limiting effect on the organism or the entire population. 

https://www.cdr.gov.pl/images/Brwinow/wydawnictwa/2018/PRECYZYJNE%20NAWOZENIE%20DODRUK%202018.pdf
https://www.cdr.gov.pl/images/Brwinow/wydawnictwa/2018/PRECYZYJNE%20NAWOZENIE%20DODRUK%202018.pdf
https://www.gov.pl/web/infrastruktura/pytania-i-odpowiedzi-do-programu-azotanowego(dostęp
https://www.gov.pl/web/infrastruktura/pytania-i-odpowiedzi-do-programu-azotanowego(dostęp
https://nawozy.eu/wiedza/porady-ekspertow/nawozenie/jak-wybrac-nawoz-npk
https://agrosmartlab.com/wp-content/uploads/2019/02/Zaopatrzenie-ro%C5%9Blin-w-Ca-i-B.pdf
https://agrosmartlab.com/wp-content/uploads/2019/02/Zaopatrzenie-ro%C5%9Blin-w-Ca-i-B.pdf
https://pl.wikipedia.org/wiki/Ekologia


  

25 

Integrated plant protection - a method of protecting plants against harmful organisms, consisting in the 

use of all available plant protection methods, in particular non-chemical methods, in a way that minimizes 

the risk to human health, animals and the environment. 

 

6.  Quest ions  

Question 1.What amount of minerals should be applied to the soil to ensure proper growth and 

development of the plant? 

A) Below the amount necessary for the plant to grow and develop properly 

B) Above the amount necessary for the plant to grow and develop properly 

C) Applying additional nutrients to the soil does not affect the growth and development of plants 

D) The amount applied should be consistent with the possibility of its use by plants 

 

Question 2. What is the effect of over-fertilizing plants? 

A) Increase in yield 

B) Increase resistance to diseases 

C) Greater susceptibility to diseases 

D) Increase economic benefits  

 

Question 3. According to the principles of Integrated Pest Management, what actions should a farmer 

take first after detecting a pest on a plantation? 

A) Use chemical plant protection products 

B) Remove the plantation  

C) Apply biological methods in the form of natural enemies of pests  

D) Perform additional nitrogen fertilization  

 

Question 4. What are chemical plant protection products? 

A) Agents intended for the chemical control of plant diseases and pests 
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B) Means used to supply plants with nutrients 

C) Substances used in agriculture that do not have a negative impact on humans and the environment  

D) Substances that are legally prohibited for use in agriculture 

 

Question 4. What is plant fertilization used for? 

A) Pest control 

B) Increase the content of phosphorus and nitrogen in water 

C) Restrictions on plant growth and development  

D) Increase in plant yield 

Correct answers: 1-D, 2-C, 3-C, 4-A, 5-D. 
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1. Content of the module 

Module: Organic farming methods 

Organic agriculture is a holistic approach to farming that focuses on maintaining and enhancing the health 

of soil, ecosystems, and people. It emphasizes the use of natural processes and materials, fostering 

biodiversity, ecological balance, and the natural cycles suited to local conditions.  

What is organic agriculture based on? Organic farming is based on the use of renewable resources such as 

compost and organic fertilizers to maintain soil fertility and support natural cycles. This reduces 

dependence on non-renewable resources and supports the natural processes of environmental 

regeneration. 

Organic farming avoids or largely excludes the use of synthetic inputs like pesticides, chemical fertilizers, 

and genetically modified organisms (GMOs). Instead, it relies on techniques such as crop rotation, 

composting, and biological pest control to maintain soil fertility and control pests. The main goal of organic 

agriculture is to create sustainable and resilient agricultural systems that produce healthy food while 

preserving and protecting the environment. 

 

Figure 1: Free Canva image on organic farming 

Why choose organic farming today?  
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Organic farming promotes practices that minimize pollution and reduce negative impacts on soil, water 

and air. For example, using organic fertilizers and compost helps improve soil health without adding 

harmful chemicals. By encouraging crop diversity and using crop rotation methods, organic farming 

supports biodiversity conservation and helps maintain ecosystem balance.  Organic farming often favors 

small and medium-sized farms that are more integrated into local economies, contributing to the 

development of rural communities and job creation. 

It encourages education and awareness about the impact of food choices on the environment and health, 

providing consumers with informed and responsible choices. Through education and research promoted 

by ecological organizations and educational institutions, organic agriculture contributes to the 

development of new practices and technologies that support sustainability in agriculture. 

The core principles and techniques of organic farming are crucial because they promote sustainable 

agricultural practices that positively impact both the environment and society. Among these, it is 

important to emphasize: 

• Principle of health 

• Principle of ecology 

• Principle of equity 

• Principle of precaution 

The principle of health highlights that organic farming aims to maintain and improve the health of soil, 

plants, animals and people. Ecological practices ensure proper nutrition and prevent disease by using 

natural methods and avoiding synthetic chemicals. 

The principle of ecology involves managing agriculture in such a way as to be in harmony with the natural 

cycles and processes of ecosystems. Emphasis is placed on the conservation of biodiversity and natural 

resources, adapting agricultural practices to local conditions. 

The principle of equity demonstrates that organic farming promotes equity in human relationships and 

the environment. This principle emphasizes the importance of fair working conditions, access to resources 

and fair sharing of the benefits resulting from agriculture. 

The principle of precaution shows that in the face of uncertainties and risks, organic farming favors 

prudence and responsibility. The use of technologies and substances with unknown or harmful effects on 

the environment and health is avoided, adopting a prudent approach to the management of resources 

and technologies. 

The respect for the environment strives to show that organic farming aims to minimize the negative impact 

on the environment by using methods that protect the soil, water and air. Avoiding pesticides and 

synthetic fertilizers reduces pollution and protects natural ecosystems. 

Organic farming is known to encourage biological diversity through crop rotation, the use of cover crops 

and the maintenance of natural habitats. These practices promote a healthy ecosystem, reducing the need 

for pesticides and improving resistance to pests and diseases. 
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Sustainability is another basic principle in organic farming. By promoting practices that conserve natural 

resources and maintain soil health, organic farming contributes to long-term sustainable agricultural 

systems. Sustainability practices include the responsible management of resources and the adoption of 

environmentally friendly technologies and techniques. 

In organic farming, a range of practices and techniques are used to promote sustainability, soil and 

ecosystem health, and the production of higher quality food. Among the most important we mention: 

Crop rotation - It is based on alternating different crops on the same land from one season to the next.   

Why is crop rotation important? Crop rotation helps prevent soil depletion of specific nutrients, reduces 

pest and disease pressure that pest build up if the same crop is planted repeatedly, improves soil structure 

and helps maintain long-term fertility. 

Composting – It is the process of controlled decomposition of organic materials (such as plant debris, 

manure, and food waste) to produce compost, a nutrient-rich natural fertilizer. 

Why is crop composting important? Compost improves soil structure, increases water-holding capacity, 

adds essential nutrients and beneficial microorganisms to the soil, reducing the need for chemical 

fertilizers. 

Organic fertilization – It is about using organic fertilizers (such as manure, compost and green manure) to 

provide nutrients to plants. 

 Why is organic fertilization important? Organic fertilization improves soil fertility naturally, supports 

biological activity in the soil, improves soil structure and promotes natural nutrient cycles, which reduces 

reliance on synthetic fertilizers. 

Integrated Pest Management - IPM is about the ecological approach to pest management that combines 

different strategies and practices to control pests in an economical and sustainable way. IPM is based on 

prevention, monitoring and natural control (such as natural predators, traps and repellent plants). IPM 

minimizes the use of chemical pesticides, thereby protecting the environment and human health, 

promotes biodiversity and helps maintain the natural balance in agricultural ecosystems. 

Sustainable irrigation refers to irrigation practices that use water efficiently and sustainably, such as drip 

irrigation, rainwater harvesting, and soil moisture management through mulching.  Sustainable irrigation 

conserves water resources, reduces the risk of erosion and desertification, maintains soil health and 

ensures adequate water supply for crops, thus contributing to green and resilient agriculture. 

Organic farming brings a number of benefits and has a significant impact on the environment, human 

health and economic aspects. These benefits contribute to a sustainable agricultural system and the 

creation of quality of life for people and communities. 

• Organic farming avoids the use of synthetic pesticides and chemical fertilizers, which reduces soil, 

water and air pollution. This helps protect natural resources and maintain healthy ecosystems. 
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• Ecological practices such as crop rotation and the use of green manures support biodiversity by 

promoting natural habitats and protecting plant and animal species. 

• Organic agricultural products are grown without the use of synthetic pesticides, herbicides and 

chemical fertilizers, reducing consumer exposure to harmful chemical residues. 

• Organic farming reduces the exposure of farmers and farm workers to toxic chemicals, lessening 

the risk of long-term health conditions and injuries. 

• Organic farmers can reduce costs associated with purchasing pesticides and chemical fertilizers. 

• Organic products are often sold at higher prices in local and international markets due to the 

increased demand for healthy and sustainable food. 

Organic farming may require more manual labor to manage crop diversity, soil care and natural pest 

control, which can lead to new jobs in rural communities. Organic farming practices that are more 

adaptable and resilient to climate change and market variability can help farmers maintain their incomes 

in the face of economic and environmental challenges.  

Organic farming offers significant benefits to the environment, human health and the economy. By 

promoting sustainable and responsible practices, organic farming contributes to a healthier and more 

equitable food system, while protecting natural resources and improving the quality of life for farmers and 

consumers. 

Challenges and future prospects in organic farming 

Despite the many benefits associated with organic farming, farmers who choose to adopt these practices 

face various challenges that can affect the viability and success of their operations. At the same time, there 

are also promising future prospects for organic farming as the demand for sustainable and healthy 

products increases.  

High production costs - Organic farming often requires higher initial investment in sustainable technology 

and equipment, organic inputs, and additional labor to manually manage crops and pests. 

Complex and expensive certification - The process of obtaining green certification can be complicated and 

expensive, requiring detailed documentation, regular audits and compliance with strict standards. 

Competitive market - Organic farmers face a competitive market where they have to compete not only 

with conventional products, which are often cheaper, but also with other organic products from various 

regions. 

Limited access to resources and technology - Organic farmers sometimes have limited access to 

specialized resources and technology, such as organic seeds, pest management tools, and soil 

improvement solutions. 

Limited awareness and education - Lack of knowledge and education about organic farming practices can 

be a significant barrier for farmers, especially in regions where access to training and information is limited. 

Future prospects for organic farming: 
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• Increasing demand for organic products 

• Government support and favorable policies 

• Advances in research and technology 

• Continuing education and training 

• Development of local and regional supply chains 

• Innovations in certification and labeling 

To sum up, although organic farmers face many challenges, including high costs, complex certification and 

a competitive market, the outlook for the future of organic farming remains positive. With the right 

support, education and continued innovation, organic agriculture can continue to grow and contribute to 

a more sustainable and healthy global food system. 

2. Crop case studies where to apply them 

Case studies in organic farming provide concrete examples of applying organic practices to different crops. 

These studies illustrate how ecological techniques can be implemented to achieve positive results in crop 

management. Case studies show how certain ecological practices, such as crop rotation, composting and 

integrated pest management, are applied on the ground and what their results are in terms of productivity, 

soil health and environmental impact. They highlight challenges organic farmers face, such as pest 

management, climate change and financial issues, and offer solutions based on practical experiences.  Case 

studies contribute to continuous learning and the development of new methods and techniques in organic 

farming, building on the experiences and lessons learned from other farmers. 

The practical application of organic farming techniques involves the integration of a set of methods and 

strategies that support soil health, ecosystem diversity and farm productivity in a sustainable way. Plan 

your crop rotation based on plant type, soil nutrient needs and pest risks. For example, follow a rotation 

that includes legumes (which fix nitrogen) and plants that require less nutrients. 

Collect plant debris, fruit and vegetable scraps, and other organic materials. Make sure the mixture 

contains a balanced proportion of green (nitrogen) and brown (carbon) materials. Make sure the compost 

is well aerated and kept at optimum humidity to speed decomposition. Apply organic fertilizers at the time 

of planting or during plant growth, according to the recommendations for each type of crop. 

Implement drip or micro-irrigation systems that deliver water directly to plant roots, reducing evaporation 

and runoff. Use rainwater harvesting and storage techniques to reduce water consumption from external 

sources. Check the soil moisture regularly to adjust the amount of water applied. 

Next, we will explore some relevant case studies that demonstrate the application of organic farming in 

different types of crops. 

Case study 1: BioLiebert - organic farm of the Liebert family 

Website and social network links: http://www.bioliebert.de/  

http://www.bioliebert.de/
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Context: BioLiebert is an organic demonstration enterprise. At the organic farm of the Liebert family, 

everything revolves around the goat's stable in Geratshofen. The enterprise managers have decided to 

present their animals in a new manner, since goats still hold a role of exotic creatures in Germany. The 

"Westerried nördlich Wertingen" (Western Northern Wertigen) was included in 2007 by the EU as area 

Nr. DE7329-371 in the European wide biotope network "NATURA 2000". Today, BioLiebert builds on 

already years long experience in the sector of the goat keeping, processing and marketing. BioLiebert 

offers space to come into contact with agriculture, landscape, food and nature. 

Through this kind of agriculture, the enterprise contributes to: 

• Preservation and strengthening of the biodiversity. 

• Preservation of traditional cultivation techniques. 

• Promotion of the value of the landscape. 

• Production of high-quality, safe and healthy food. 

• Active nature conservation. 

• Awareness raising for agriculture - landscape - nutrition. 

Case study 2: Production of herbs and vegetables by work of draught horses 

Source: https://www.itas.kit.edu/downloads/etag_meye09a_annex4.pdf  

Context: Vegetable and herb production is realized on relatively small areas. Tillage is mostly done 

mechanically. Sprinkler systems are often necessary and generally purchased. Weeding is  done by hand 

since mechanical solutions are usually not affordable. Nevertheless, labour input might be reduced by the 

utilization of workhorses. First experiences have already been published in Germany, which confirm 

equivalent quality of cultivation works realized by workhorses compared to tractor utilization in 

horticulture. Soukoup, Hoffmann & Herold [2008] report about investigations concerning the time needed 

for hoeing. 

The hoe is designed for use with a team of two horses. In these plans the horses are not only favoured for 

the presumed advantages regarding soil structure and yields, but also because of their potential in saving 

fossil energy, as well as producing manure very worthwhile for the farm. Finally, using horses on the farm 

is very popular with the public [Soukup, B, Hoffmann, H.; Herold, P. 2008]. 

 

 

 

 

 

https://www.itas.kit.edu/downloads/etag_meye09a_annex4.pdf
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Figure 2: Hoeing in four-row crops. 

Soukup, Hoffmann, Herold 2008, p.297 

Case study 3: Composting in vegetable culture 

Source: Published in ScienceDirect - Article on compost application in vegetable crops 

Context: An organic farm in Tuscany uses composting to improve soil quality and support vegetable crops 

(tomatoes, cucumbers, squash) 

Applied Practices: 

• Composting: Farmers collect plant debris, fruit peels, and other organic materials to produce 

compost, which is then applied to cropland. 

• Application technique: Compost is applied to the soil before planting and during vegetation to 

maintain a constant level of nutrients. 

Case studies from various corners of the world demonstrate how ecological practices can be effectively 

applied to different cultures. These examples illustrate the potential benefits of organic farming, including 

improving soil health, protecting the environment and increasing the quality of agricultural products. The 

implementation of these techniques can contribute to the development of sustainable and ecological 

agriculture in the long term. 
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Figure 3: Free Canva image on composting in vegetable culture 

3. EU & national regulations 

Organic farming is governed by a set of rules and regulations designed to ensure compliance with organic 

standards and protect both consumers and the environment. These regulations are set at European level 

and specifically implemented at national level. 

Regulation (EU) 2018/848 on organic farming:  It is the main legislative framework for organic agriculture 

in the European Union, replacing Regulation (EC) no. 834/2007. It sets the requirements for the 

production, labeling and control of organic products. All organic products must be certified according to 

EU standards and checked by authorized control bodies. It promotes strict rules on the labeling of organic 

products to ensure transparency and information for consumers. 

Regulation (EU) 2021/2115 on organic product certification systems: This regulation deals with the 

structure of the certification system and the specific regulations regarding imports of organic products. 

This entails rules for the import of organic products from third countries and equivalence requirements 

for these products and inspection and verification procedures to ensure compliance with organic 

standards. 

National regulations for organic farming vary significantly from country to country, but most countries 

follow a similar regulatory framework established internationally, particularly through European Union 

standards or other international bodies. For example, Law no. 345/2004 on organic agriculture in Romania 

regulates the practices and certification of organic agriculture in Romania. This ensures alignment with EU 

standards, but also includes local specificities. 
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Most countries require organic products to be certified by authorized bodies that verify compliance with 

organic standards. Certification involves regular inspections and checks on agricultural practices. The 

regulations specify the permitted methods of cultivation and soil management, including the prohibition 

of the use of pesticides and synthetic chemical fertilizers. 

Regulation (EU) 2018/848: This regulation sets the standards for organic farming in all EU member states. 

Includes requirements for certification, labeling and agricultural practices. 

Link: https://eur-lex.europa.eu/legal-content/RO/TXT/?uri=CELEX%3A32018R0848  

4. Links and web-based resources of interest (associations, courses, 

national agencies) 

To explore organic farming, there are many resources and organizations that offer valuable information, 

courses, and professionals. Web resources provide constant access to the latest regulations, research and 

innovations in organic farming. This is crucial in an ever-evolving field. Research platforms such as 

ResearchGate and eOrganic enable farmers and researchers to access new studies and data on organic 

practices and technologies. Here is a list of links and web resources of interest, including associations, 

national agencies and educational platforms: 

IFOAM - Organics International 

The International Organization for Organic Agriculture promotes and develops organic agriculture 

worldwide. 

Link: https://www.ifoam.bio/  

International Federation of Organic Agriculture Movements (IFOAM) - EU Group 

The European group of IFOAM, which deals with the promotion and development of organic agriculture in 

the European Union. 

Link: https://www.organicseurope.bio/?redirect=1  

Organic Trade Association (OTA) 

It is an American association that supports and promotes organic agriculture and trade in organic products. 

Link: https://www.ota.com/  

European Commission - Organic Agriculture 

Section of the European Commission website that provides information on European Union regulations 

and policies on organic farming. 

Link: European Commission - Organic Agriculture 

Ministry of Agriculture and Rural Development (MADR) - Romania 

https://eur-lex.europa.eu/legal-content/RO/TXT/?uri=CELEX%3A32018R0848
https://www.ifoam.bio/
https://www.organicseurope.bio/?redirect=1
https://www.ota.com/
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The official website of the ministry that includes information about national legislation and support for 

organic farming in Romania. 

Link: https://www.madr.ro/  

Organic Farming Research Foundation (OFRF) 

It is a non-profit organization that supports organic farming research and education. 

Link: https://ofrf.org/  

eOrganic 

Educational platform offering online courses and resources on organic farming. 

Link: https://www.eorganic.info/  

ResearchGate - Organic Farming 

It is a research platform providing access to studies and articles on organic farming. 

Link: https://www.researchgate.net/topic/Organic-Farming  

Sustainable Agriculture Research and Education (SARE) 

It is a program that provides resources and funding for research and education in sustainable, including 

organic, agriculture. 

Link: https://www.sare.org/  

5. Glossary 

Organic farming = Agricultural management system that aims to maintain and improve the health of soil, 

ecosystems and people by using ecological processes and biodiversity and minimizing synthetic inputs such 

as pesticides and chemical fertilizers. 

Compost = Decomposed organic matter used to improve soil quality and provide plant nutrients. Compost 

is a central element in ecological soil management. 

Organic certification = The process by which a certification organization verifies and confirms that 

agricultural products comply with established ecological standards, including production and processing 

methods. 

Pests = Organisms that can harm crops, such as insects or invasive plants. Organic farming uses integrated 

pest management methods to control pest populations without resorting to synthetic pesticides. 

Organic fertilization = The use of organic matter, such as compost, manure or other natural materials, to 

add nutrients to the soil, as opposed to synthetic chemical fertilizers. 

https://www.madr.ro/
https://ofrf.org/
https://www.eorganic.info/
https://www.researchgate.net/topic/Organic-Farming
https://www.sare.org/
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Sustainable irrigation = Irrigation practices that maximize water use efficiency and minimize waste, using 

technologies and methods that protect water resources and reduce environmental impact. 

Integrated Pest Management (IPM) = A holistic approach to pest control that combines biological, 

physical, cultural, and chemical (in last resort) methods to reduce pest populations to levels that are not 

harmful to plants. 

Crop rotation = The practice of alternating different crops on the same plot of land in different seasons to 

prevent soil depletion and the accumulation of crop-specific pests or diseases. 

Biodiversity = The variety of species of plants, animals and microorganisms in an ecosystem. Organic 

farming promotes diversity to support healthy and resilient ecosystems. 

Mulching = It is an agricultural technique used to cover the soil surface with an organic or inorganic 

material. 

Additional resources 

IFOAM - Organics International: IFOAM Dictionary 

Organic Trade Association (OTA): OTA Glossary 

eOrganic: eOrganic Glossary 

6. Quiz 

1. Which of the following is an essential practice in organic farming to improve soil health? 

a) Use of synthetic chemical fertilizers 

b) Chemical pesticides 

c) Crop rotation 

d) Use of genetically modified seeds 

Correct answer: c) Crop rotation 

2. What is compost in the context of organic farming? 

a) A synthetic chemical fertilizer 

b) A product derived from genetically modified plants 

c) A natural pesticide 

d) Decomposed organic matter used for soil improvement 

Correct Answer: d) Decomposed organic matter used for soil improvement 
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3. What practice is used for pest control in organic farming? 

a) Spraying with synthetic pesticides 

b) Introduction of natural predators 

c) Spraying with fertilizers 

d) Use of fertilizers with excess nitrogen 

Correct answer: b) Introduction of natural predators 

4. Why is organic fertilization important in organic farming? 

a) To accelerate artificial plant growth 

b) To reduce the price of products 

c) To reduce the number of employees 

d) To maintain soil health and avoid pollution 

Correct Answer: d) To maintain soil health and avoid pollution 

5. What is "integrated pest management" (IPM) in organic farming? 

a) Use of chemicals to eliminate pests 

b) Combining biological, physical and cultural methods for pest control 

c) Avoiding crop rotation  

d) Using chemical pesticide 

Correct Answer: b) Combining biological, physical and cultural methods for pest control 
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1.  Content  of the module 

Module: Resource Management in Agriculture: Optimizing Water, Soil, and Energy Use  

UNIT 1: INTRODUCTION TO RESOURCE MANAGEMENT IN AGRICULTURE  

1.1 DEFINITION AND IMPORTANCE 

Resource management in agriculture means planning how water, soil, and energy resources are used to 
optimize crop yield, guarantee economic viability, and reduce the impact on the environment. For 
maintaining agricultural productivity while preserving the environment and preserving resources for 
future generations, effective resource management is essential. Sustainable practices help keep the 
balance between protecting the ecosystem and satisfying the current food demands. 

Through the use of farming techniques that safeguard the environment, public health, human 

communities, and animal welfare, sustainable agriculture aims to produce food, fiber, and other plant and 

animal products. Without damaging the environment or destroying natural resources, this method aims 

to produce crops and livestock for a long time. 

1.2 GLOBAL CHALLENGES 

Water scarcity is one of the most pressing issues in agriculture today. Increasing demand for water, 

coupled with climate change, has led to a reduction in available freshwater resources. Agriculture is the 

largest consumer of water globally, accounting for about 70% of all freshwater withdrawals. Efficient water 

management practices are essential to ensure the sustainability of agriculture in the face of growing water 

scarcity. 

Soil degradation is another critical challenge. Intensive farming practices, deforestation, and improper land 

use have led to soil erosion, loss of soil fertility, and reduced agricultural productivity. Soil health is vital 

for plant growth and crop yield, making soil conservation and restoration practices necessary for 

sustainable agriculture. 

Energy consumption in agriculture is significant, with the sector relying heavily on fossil fuels for 

machinery, irrigation, and processing. This dependence on non-renewable energy sources contributes to 

greenhouse gas emissions and climate change. Transitioning to renewable energy and adopting energy-

efficient practices can help mitigate these impacts and promote sustainable farming. 

UNIT 2: WATER MANAGEMENT IN AGRICULTURE  

2.1 WATER RESOURCES AND AGRICULTURE 
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Agricultural water management involves optimizing the use of water resources to maximize crop 

productivity while minimizing environmental impact. The primary sources of water for agriculture include 

surface water (rivers, lakes, and reservoirs), groundwater (aquifers), and rainwater. Understanding the 

water cycle is essential for effective water management. The water cycle involves processes such as 

precipitation, infiltration, runoff, and evapotranspiration, which influence water availability for agricultural 

use. 

 

2.2 EFFICIENT WATER USE PRACTICES 

To conserve water and guarantee its availability for future agricultural demands, effective water use 

practices are essential. Various irrigation techniques vary in efficiency and suitability for various crops and 

soil types: 

Drip irrigation: A network of pipes, emitters, valves, and pipes supplies water directly to the plant roots in 

this method. One of the most effective irrigation techniques, it reduces water loss as a result of runoff and 

evaporation. Row crops, orchards, and vineyards are particularly well suited to drip irrigation. 

Sprinkler Irrigation: Water sprayed over the crops via sprinklers emulates natural rainfall in this system. In 

comparison to drip irrigation, it may have higher evaporation losses than drip irrigation, though it is 

capable of covering large areas. 

Surface Irrigation: Water is distributed over the soil surface by gravity. This traditional method includes 

furrow, basin, and border strip irrigation. It requires well-leveled fields to ensure uniform water 

distribution but can be less efficient due to significant water loss through evaporation and runoff. 

 

2.3 TECHNOLOGIES FOR WATER MANAGEMENT 

Technological advances have improved the efficiency of agricultural water management: 

 

Precision Irrigation with Sensors and Automation: Soil moisture sensors, automated irrigation systems that 

deliver water only when the crop needs it based on real-time soil conditions. These developments save 

water and money, minimize waste, boost crop yields. 

 

Rainwater Harvesting: If we store rain water for agricultural purposes, so it will have dual benefits first 

reducing dependency on external source and secondly reduce the scarcity of fresh sweet drinking water. 

They can be as simple as a rooftop collection, or much more complex with large storage systems. 

 

Water Recycling: Treatment and recycling of nutrient-rich agricultural runoff, household wastewater 

(greywater) for irrigation to potentially replace a portion of the freshwater resource consumption. With 
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the help of advanced treatment technologies, it can also be reused for irrigation but they ensure that 

water is safe. 

 

UNIT 3: SOIL MANAGEMENT 

3.1 UNDERSTANDING SOIL HEALTH 

The key to success in agriculture is soil health. Healthy soil = plant growth, water value and necessary 

nutrients The soil is made up of minerals, organic matter, air, and water. Stability, structure and fertility of 

soil depends upon its physical, chemical and biological properties. 

Contents of the soil: The contents located in a developed land are mineral debris (sand, silt, clay), organic 

matter consisting up with decomposed plant and animal substance,air & water. The ratios of these 

elements dictate soil texture and water storage supply. 

Soil Properties include such properties as pH (acidity or alkalinity), texture (proportions of sand, silt and 

clay particles in the soil) structure arrangement(s) between those particles making them into smaller 

structural units and fertility (how Nabu contented nutrients are). These traits also influence plant growth 

and soil management practices. 

3.2 SOIL CONSERVATION TECHNIQUES 

Soil Conservation – Urgent for Preventing Erosion, holding Soil Structure and Improving Fertility What are 

the soil conservation practices? 

Example: Rotating different crops on the same land can break pest and disease cycles,her improve soil 

structure, and increase nutrient cycling. For instance, leguminous crops fix nitrogen in the ground that may 

be beneficial to further crops. 

Cover Cropping — Planting cover crops (e.g. clover, rye) during the off-season prevents soil erosion and 

enriches it with organic matter to improve structure. They also suppress weeds and lessen pest pressures. 

No-till and Reduced-till Farming: Reducing soil disturbance can help to preserve soil structure, reduce 

erosion and increase water infiltration Reduced-till farming, as well (with reduced soil disturbance) 

utilizing a method called no-till farmings meaning planting crops directly into undisturbed land. 

3.3 SOIL FERTILITY MANAGEMENT 

Maintenance of Soil Fertility for Sustainable Crop Production The way to survival. Soil fertility management 

requires application of fertilizers and soil amendments. 
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Manure, compost and green manure are organic fertilizers that enhance soil fertility by adding humus to 

the ground. Provenance: Increasing soil structure, water retention and microbial activity. 

Artificial fertilizers give specific growth nutrients (e.g., nitrogen, phosphorus, potassium) for the plants. 

Although they help to alleviate nutrient deficiencies at rapid kinetics, however the overuse can result in 

soil degradation along with environment pollution. 

Soil Testing and Amendment: Conduct regular soil tests to determine nutrient levels and pH, which will 

help you decide on the best fertilizers or amendments. Lime is generally used to raise the pH of soils and 

gypsum improves its structure, as well quality of water. 

3.4 EROSION CONTROL 

Some erosion control practices help in avoiding soil loss and degradation. 

 

Shape Farming : While eliminating and growing plants water works, farming with the particular contours 

considering terrain helps reduce mineral water runoff (sciencedaily.com) It captures and temporarily slows 

the water instead of shedding it. 

 

Terraces Terracing steep land turns into the flat, stair-step fields They include terraces that reduce erosion 

by slowing the flow of water and catching soil. 

 

UNIT 4: ENERGY MANAGEMENT IN AGRICULTURE  

4.1 ENERGY USE IN AGRICULTURE 

Energy is a critical input in agricultural operations, from planting and harvesting to processing and 

distribution. The primary energy sources in agriculture include fossil fuels (diesel, gasoline), electricity, and 

renewable energy (solar, wind, biomass). Understanding energy consumption patterns helps identify 

opportunities for improving energy efficiency and reducing greenhouse gas emissions. 

 

4.2 ENERGY EFFICIENCY PRACTICES 

Improving energy efficiency in agriculture involves adopting practices and technologies that reduce energy 

use and enhance productivity: 

Efficient Machinery Use: Proper maintenance, calibration, and operation of agricultural machinery can 

significantly reduce energy consumption. Ensuring equipment is appropriately sized for the task and 

operated at optimal speeds improves fuel efficiency. 
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Renewable Energy Sources: Utilizing renewable energy reduces dependence on fossil fuels and lowers 

greenhouse gas emissions. Solar panels can provide electricity for irrigation pumps and farm buildings, 

while wind turbines generate power for various agricultural applications. Biomass energy, derived from 

crop residues and animal waste, can be used for heating and power generation. 

Greenhouse Gas Reduction: Strategies to reduce greenhouse gas emissions include minimizing fuel use, 

adopting low-emission technologies, and implementing conservation tillage practices that sequester 

carbon in the soil. 

 

4.3 TECHNOLOGICAL INNOVATIONS 

Technological advancements have revolutionized energy management in agriculture: 

Precision Agriculture: GPS and GIS technologies enable precise field management, reducing input use and 

improving efficiency. Precision agriculture includes variable rate technology (VRT), which applies fertilizers 

and pesticides only where needed, and precision irrigation, which optimizes water application. 

Smart Farming Tools: The Internet of Things (IoT) and sensor technology provide real-time data on soil 

moisture, weather conditions, and crop health. These tools enable farmers to make informed decisions, 

optimize resource use, and reduce energy consumption. 

UNIT 5: INTEGRATED RESOURCE MANAGEMENT 

5.1 SYSTEMS THINKING IN AGRICULTURE 

This type of thinking requires a multi-objective perspective, that is to pretend the agriculture as an open 
system and change in one part will affect others. Integrated management takes a holistic approach, which 
sees all resources such as water soil and energy are interconnected: 

Holistic Management: Water, soil and energy management practices are included to increase total farm 

system sustainability. For instance, cover crops are used to promote soil health and reduce water runoff 

while enhancing the soil's ability for higher infiltration; renewable energy systems decrease electricity 

costs along with environmental harms. 

5.2 AGROECOLOGY 

One example is agroecology— the application of ecological concepts and principles to action, design and 

research in agriculture that support biodiversity; enhance resource recycling between different 

components (water cycling from precipitation through swamps into rivers); reduce input/application s 

increasingly necessary under climate change conditions; increase resilience. 
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Agroecology Principles Agroecology revolves around integrated cropping systems, biological control of 

pests and disease without or with minimal use of external inputs like fertilizers/pesticides as well as soil 

fertility through recycling crop residues. The goal of agroecology is to create sustainable, adaptable 

farming systems that are consistent with ecological principles and socially beneficial. 

Agroecological Practices —Polycultures, agroforestry and organic farming are fundamental principles of 

being an agroecologist. Polycrop mixtures are made up of more than one crop species, increasing 

biodiversity and decreasing pest /disease pressures. Ecosystem service: Agroforestry, which brings trees 

and shrubs into agricultural landscapes, can enhance soil health benefits (see the figure), while providing 

additional sources of income. Whereas organic farming relies on a combination of natural processes to 

control pests and disease, traditional agriculture employs chemical fertilisers and synthetic pesticides. 

5.3 POLICY AND GOVERNANCE 

Effective policies and governance frameworks are essential for promoting sustainable resource 

management in agriculture: 

Role of Policy: Policies that support sustainable farming practices, provide incentives for conservation, and 

regulate resource use are crucial. These policies include subsidies for renewable energy, grants for soil 

conservation projects, and regulations on water use. 

International Agreements and Local Regulations: International agreements, such as the Paris Agreement, 

set targets for reducing greenhouse gas emissions and promoting sustainable development. Local 

regulations ensure compliance with environmental standards and encourage the adoption of sustainable 

practices. 

 

CONCLUSION 

This module provides an in-depth understanding of resource management in agriculture, focusing on 

practical techniques and innovative approaches to optimize the use of water, soil, and energy. Through a 

combination of theoretical knowledge and hands-on experience, learners will be well-equipped to 

contribute to sustainable agricultural practices. 

2.  Crop case studies  where to apply them 

CASE STUDY 1: TOMATO CULTIVATION IN MEDITERRANEAN REGIONS 

WATER MANAGEMENT 

• Challenges: Tomatoes require consistent moisture for optimal growth, but Mediterranean regions 

often face water scarcity and irregular rainfall. 



  

45 

• Practices: Drip irrigation systems deliver water directly to the root zone, minimizing evaporation 

and runoff. Scheduling irrigation during cooler parts of the day reduces water loss. 

• Technology: Automated irrigation systems with soil moisture sensors ensure precise water 

application, improving water use efficiency. 

SOIL MANAGEMENT 

• Challenges: Intensive tomato cultivation can lead to soil degradation, nutrient depletion, and 

increased susceptibility to pests and diseases. 

• Practices: Crop rotation with non-solanaceous crops prevents soil-borne diseases and pests. Using 

organic mulches improves soil moisture retention and adds organic matter. 

• Technology: Soil amendments based on soil test results optimize nutrient management. Biological 

pest control methods reduce the need for chemical pesticides, maintaining soil health. 

ENERGY MANAGEMENT 

• Challenges: High energy demand for greenhouse heating, irrigation, and processing affects tomato 

production costs and environmental impact. 

• Practices: Using renewable energy sources, such as solar panels, for greenhouse heating and 

irrigation pumps reduces energy costs. Implementing energy-efficient greenhouse designs 

minimizes heat loss and energy consumption. 

• Technology: Smart greenhouse technologies, including climate control systems and LED lighting, 

optimize energy use while maintaining optimal growing conditions. 

CASE STUDY 2: COFFEE CULTIVATION IN LATIN AMERICA 

WATER MANAGEMENT 

• Challenges: Coffee requires adequate moisture, but irregular rainfall and water scarcity can impact 

yield and quality. 

• Practices: Shade-grown coffee systems reduce water evaporation and maintain soil moisture. Drip 

irrigation ensures efficient water use during dry periods. 

• Technology: Rainwater harvesting systems capture and store water for irrigation. Automated 

irrigation systems with soil moisture sensors optimize water application. 

SOIL MANAGEMENT 

• Challenges: Coffee cultivation on steep slopes can lead to soil erosion and nutrient loss. 

• Practices: Agroforestry systems integrate trees with coffee plants, reducing erosion and improving 

soil fertility. Organic mulching enhances soil structure and moisture retention. 
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• Technology: Soil health monitoring tools provide data on soil conditions, guiding sustainable soil 

management practices. Erosion control structures, such as terracing, prevent soil loss on steep 

slopes. 

ENERGY MANAGEMENT 

• Challenges: Coffee processing involves energy-intensive activities, including drying, milling, and 

roasting. 

• Practices: Solar dryers reduce energy use and improve coffee quality. Energy-efficient processing 

equipment lowers energy consumption and operational costs. 

• Technology: Renewable energy systems, such as solar and biomass, power coffee processing 

facilities. Smart technologies monitor and optimize energy use throughout the production 

process. 

3.  EU & nat ional regulat ions 

EUROPEAN UNION REGULATIONS 

1. COMMON AGRICULTURAL POLICY (CAP) 

The Common Agricultural Policy (CAP) is the primary framework for agricultural policy in the European 

Union. It provides funding and regulations to ensure sustainable agricultural practices across member 

states, including Spain. 

• CAP Strategic Plans (2023-2027): These plans require member states to develop national strategies 

focusing on sustainability, including efficient water, soil, and energy management. The plans must 

align with EU Green Deal objectives, such as the Farm to Fork Strategy and Biodiversity Strategy. 

• Greening Measures: Under CAP, farmers receive direct payments contingent on adhering to 

practices that benefit the environment and climate. This includes maintaining permanent 

grasslands, crop diversification, and ecological focus areas to promote biodiversity and soil health. 

2. WATER FRAMEWORK DIRECTIVE (WFD) 

The Water Framework Directive (2000/60/EC) aims to protect and enhance the quality of water resources 

across the EU. It establishes a legal framework to achieve good water status for all European waters. 

• River Basin Management Plans (RBMPs): Member states must develop RBMPs that include 

measures for sustainable water use in agriculture. These plans promote efficient irrigation 

practices, reduce pollution from agricultural runoff, and protect aquatic ecosystems. 

• Polluter Pays Principle: The WFD enforces the principle that polluters should bear the cost of 

measures to prevent or reduce pollution, incentivizing farmers to adopt cleaner practices. 
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3. NITRATES DIRECTIVE 

The Nitrates Directive (91/676/EEC) focuses on preventing water pollution caused by nitrates from 

agricultural sources. 

• Action Programs: Member states must establish action programs in nitrate-vulnerable zones, 

which include measures such as nutrient management planning, appropriate fertilizer application, 

and maintaining buffer strips along watercourses. 

4. RENEWABLE ENERGY DIRECTIVE (RED) 

The Renewable Energy Directive (2018/2001/EU) promotes the use of renewable energy within the EU, 

including in the agricultural sector. 

• National Renewable Energy Action Plans: Member states must develop action plans to increase 

the share of renewable energy. These plans encourage the use of renewable energy sources in 

agriculture, such as solar, wind, and biomass. 

SPANISH NATIONAL REGULATIONS 

1. SPANISH AGRICULTURAL POLICY 

Spain aligns its agricultural policy with the EU's CAP while addressing national priorities through the 

Ministry of Agriculture, Fisheries, and Food (MAPA). 

• National Strategic Plan for the CAP (2023-2027): Spain’s strategic plan under the CAP outlines 

measures to enhance sustainability in agriculture. It includes specific interventions for water, soil, 

and energy management tailored to Spanish agricultural contexts. 

2. SPANISH WATER LAW 

The Spanish Water Law (Ley de Aguas, 1985) governs the management and protection of water resources 

in Spain. 

• River Basin Authorities: These authorities manage water resources at the river basin level, 

implementing RBMPs and ensuring sustainable water use in agriculture. 

• Water Rights and Permits: The law regulates water extraction for agricultural use, requiring 

permits and adherence to sustainable extraction limits. 

3. SOIL PROTECTION REGULATIONS 

Spain has enacted laws to protect soil health and combat desertification, in line with EU directives. 
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• National Plan to Combat Desertification: This plan includes measures to prevent soil erosion, 

enhance soil fertility, and promote sustainable land use practices. It encourages practices like 

afforestation, reforestation, and sustainable farming techniques. 

4. RENEWABLE ENERGY AND ENERGY EFFICIENCY REGULATIONS 

Spain promotes renewable energy use and energy efficiency through various national laws and incentives. 

• Law on Renewable Energy (Ley 24/2013): This law supports the development and integration of 

renewable energy sources. It includes incentives for solar, wind, and biomass energy projects in 

agriculture. 

• Energy Efficiency Plans: Spain’s national energy efficiency plans include measures to reduce 

energy consumption in the agricultural sector, such as promoting energy-efficient machinery and 

renewable energy installations on farms. 

IMPLEMENTATION AND MONITORING 

1. MONITORING AND ENFORCEMENT 

Both the EU and Spain have mechanisms in place to monitor compliance with agricultural regulations. 

• Inspections and Audits: Regular inspections and audits are conducted to ensure that farmers 

adhere to sustainable practices and comply with regulations. Non-compliance can result in 

penalties or withdrawal of subsidies. 

• Data Reporting: Member states must report data on water quality, soil health, and renewable 

energy use to the EU. This data helps assess the effectiveness of policies and identify areas for 

improvement. 

2. SUPPORT AND INCENTIVES 

Financial and technical support is available to help farmers adopt sustainable practices. 

• CAP Payments: Direct payments and rural development funds under CAP support farmers in 

implementing sustainable practices. 

• National Grants and Subsidies: Spain provides grants and subsidies for projects that promote 

efficient resource use, such as installing drip irrigation systems, adopting renewable energy, and 

conducting soil conservation projects. 

• Training and Advisory Services: Extension services and training programs are offered to educate 

farmers on best practices for water, soil, and energy management. 

CONCLUSION 

The regulatory framework at both the EU and national levels is designed to promote sustainable resource 

management in agriculture. Through policies, directives, and support mechanisms, these regulations aim 
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to ensure that agricultural practices are environmentally sustainable, economically viable, and socially 

responsible. Farmers are encouraged and supported to adopt practices that optimize water, soil, and 

energy use, contributing to the broader goals of food security and environmental protection. 

4.  Links and web-based resources of interest (associat ions, courses,  national agencies)  

BOOKS: 

• "Sustainable Agriculture" by John Mason: This book provides an overview of sustainable farming 

practices and principles. 

• "Water Management in Agriculture" by Megh R. Goyal: This book covers various water 

management techniques and technologies. 

ARTICLES AND JOURNALS: 

• Journal of Soil and Water Conservation: This journal publishes research on soil and water 

conservation practices. 

• Renewable Agriculture and Food Systems: This journal focuses on sustainable and renewable 

agricultural practices. 

ONLINE RESOURCES: 

• FAO (Food and Agriculture Organization) website: Provides extensive resources on sustainable 

agriculture and resource management. 

• USDA (United States Department of Agriculture) resources: Offers guidelines, research, and tools 

for sustainable farming practices. 

5.  Glossary 

Agroecology: The application of ecological principles to agricultural systems to promote biodiversity, 

resource recycling, and resilience. 

CAP (Common Agricultural Policy): The EU's primary framework for agricultural policy, providing funding 

and regulations to ensure sustainable agricultural practices across member states. 

Conservation Tillage: Agricultural practice that reduces soil disturbance by leaving crop residues on the 

field, which helps prevent soil erosion and retain moisture. 

Crop Rotation: The practice of growing different types of crops in the same area in sequential seasons to 

improve soil health, reduce pests and diseases, and increase crop yield. 
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Drip Irrigation: A water-efficient irrigation method that delivers water directly to the plant's root zone 

through a network of pipes, tubes, and emitters. 

Ecological Focus Areas: Areas within farmland that are dedicated to enhancing biodiversity and ecosystem 

services, such as field margins, hedgerows, and fallow land. 

Energy Efficiency: Using less energy to perform the same task or produce the same output, which helps 

reduce energy costs and environmental impact. 

GIS (Geographic Information System): A system that captures, stores, and analyzes spatial and geographic 

data, used for mapping and managing agricultural resources. 

Greening Measures: Environmental practices under the CAP that farmers must follow to receive direct 

payments, including maintaining permanent grasslands, crop diversification, and ecological focus areas. 

Nitrates Directive: An EU directive aimed at preventing water pollution caused by nitrates from 

agricultural sources by regulating fertilizer use and promoting nutrient management practices. 

No-Till Farming: An agricultural practice where the soil is not plowed, reducing soil erosion and improving 

soil health by preserving soil structure and organic matter. 

Nutrient Management Planning: The process of managing the amount, source, timing, and method of 

nutrient application to optimize plant growth and minimize environmental impact.  

Polycultures: Growing multiple crop species together in the same area to enhance biodiversity, improve 

soil health, and reduce pest and disease pressure. 

Renewable Energy Directive (RED): An EU directive promoting the use of renewable energy sources, 

including in the agricultural sector. 

Renewable Energy: Energy generated from natural resources that are continuously replenished, such as 

solar, wind, and biomass. 

Resource Management: The sustainable use and conservation of resources such as water, soil, and energy 

to maintain ecological balance and support agricultural productivity. 

River Basin Management Plans (RBMPs): Plans required under the EU Water Framework Directive that 

outline measures to achieve good water status in river basins. 

Smart Farming Tools: Technologies that provide real-time data on soil moisture, weather conditions, and 

crop health, enabling informed decision-making to optimize resource use. 

Soil Conservation Techniques: Practices that protect and improve soil health, such as contour farming, 

terracing, cover cropping, and reduced tillage. 

Soil Erosion: The removal of the top layer of soil by water, wind, or tillage, which can lead to loss of soil 

fertility and increased pollution. 
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Soil Health: The state of soil in terms of its biological, chemical, and physical properties, affecting its ability 

to support plant growth and ecosystem functions. 

Soil Testing: The process of analyzing soil samples to determine nutrient levels, pH, and other properties, 

guiding appropriate fertilization and soil amendment practices. 

System of Rice Intensification (SRI): A method of rice cultivation that increases yield while reducing water 

use and inputs by changing the management of plants, soil, water, and nutrients. 

Variable Rate Technology (VRT): Technology used in precision agriculture to apply inputs such as fertilizers 

and pesticides at varying rates across a field, based on specific site conditions. 

Water Framework Directive (WFD): An EU directive that establishes a legal framework to protect and 

enhance the quality of water resources across Europe. 

Water Management: The practice of planning, developing, distributing, and managing the optimum use 

of water resources. 

Yield Monitors: Devices used in precision agriculture to measure and record crop yield data during harvest, 

helping farmers make informed decisions about field management. 

6.  Quest ions  

Question 1. Importance of Resource Management in Agriculture: What is a primary goal of resource 

management in agriculture? 

A) Maximizing crop yield at all costs 

B) Ensuring short-term profits for farmers 

C) Achieving sustainable agricultural productivity while minimizing environmental impact 

D) Reducing the use of all agricultural inputs 

 

Question 2. Water Management Techniques: Which irrigation method is considered the most efficient for 

minimizing water loss due to evaporation and runoff? 

A) Surface Irrigation 

B) Drip Irrigation 

C) Flood Irrigation 

D) Sprinkler Irrigation 
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Question 3. Soil Conservation Techniques: Which soil conservation practice involves growing different 

crops in sequential seasons on the same land to improve soil structure and reduce pests?  

A) Crop Rotation 

B) No-till Farming 

C) Contour Farming 

D) Mulching 

 

Question 4. Energy Management in Agriculture: What is one of the primary benefits of using renewable 

energy sources in agriculture? 

 

A) Increased dependence on fossil fuels 

B) Higher energy costs 

C) Reduction of greenhouse gas emissions 

D) Decreased crop yield 

Question 5. Agroecology Principles: Agroecology promotes which of the following practices? 

 

A) Monoculture farming 

B) Integration of biodiversity and resource recycling in farming systems 

C) High chemical pesticide use 

D) Maximum mechanization of all farming activities 

 

Correct answers: 1-C, 2-B, 3-A, 4-C, 5-B. 
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1. Content of the module 

1.1 INTRODUCTION TO EU BIODIVERSITY STRATEGY 2030 
Biodiversity includes not only species but also ecosystems and genetic differences within a single species. 

Species coexist and rely on one another all over the planet. Every life form, including humans, is a part of 

these complex networks of interdependent relationships known as ecosystems. Healthy ecosystems clean 

our water, purify our air, keep our soil in good condition, regulate the climate, recycle nutrients, and 

provide us with food. They supply raw materials and resources for pharmaceuticals and other uses. They 

are the foundation of all civilizations and the lifeblood of our economies. It's as simple as that: we couldn't 

exist without these "ecosystem services." They are referred to as natural capital. However,  biodiversity is 

in crisis, from habitat loss and fragmentation, unsustainable agriculture, and climate change Therefore, it 

is necessary to build our societies resilience to fight against those threats. 

Ιn May 2020 the European Commission published the EU Biodiversity Strategy 2030- “Bringing Nature 

Into Our Lives.” This strategy, along with the EU Farm to Fork Strategy aims to put Europe's biodiversity 

on a path to recovery by 2030 with benefits for people, the climate and the planet. Its goal is to build our 

societies’ resilience to future threats such as climate change impacts, forest fires, food insecurity or disease 

outbreaks, including by protecting wildlife and fighting illegal wildlife trade. A core part of the European 

Green Deal, the Biodiversity Strategy will also support a green recovery following the COVID-19 pandemic. 

 

Objectives and Actions of the EU Biodiversity Strategy 2030 

The EU Biodiversity Strategy 2030 sets out a comprehensive framework with concrete targets to stop and 

reverse biodiversity loss. Some of the key objectives and actions include: 

- Establishing a larger EU-wide network of protected areas on land and at sea: The EU will 

enlarge existing Natura 2000 areas, with strict protection for areas of very high biodiversity and 

climate value. 

- Launching an EU nature restoration plan that will establish effective restoration measures to 

restore degraded ecosystems, especially those potentillas to capture and store carbon and to 

prevent and reduce the impact of natural disasters. 

- Increasing organic farming by 25%. 

- Restoring at least 25,000 km of rivers to a free-flowing river. 

- Protecting at least 30% of the EU’s land and 30% of its sea. 

- Incorporating biodiversity reporting into businesses and guiding investments toward greener 

options. 

 

Other initiatives that are linked to Biodiversity strategy include the Farm to Fork strategy, the circular 

economy action plan, the EU strategy on adaptation to climate change, and the Common Agricultural 

https://ec.europa.eu/environment/nature/natura2000/index_en.htm
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Policy. These integrated policies aim to create a sustainable, climate-resilient economy that supports 

biodiversity conservation. 

In conclusion, the EU Biodiversity Strategy 2030 outlines an innovating approach designed to prevent 

further biodiversity loss and set nature toward rejuvenation. The objectives of this strategy seek to reduce 

environmental pollution, promote sustainable farming practices, protect and restore ecosystems, and 

finally strengthen international cooperation. The overall goal is to build a society that is resilient and 

capable of coexisting with the environment. 

 

1.2 AGRICULTURAL BIODIVERSITY 
Agricultural biodiversity, often referred to as agrobiodiversity, is a broad term that includes all 

components of biological diversity of relevance to food and agriculture, as well as the different elements 

that constitute the agricultural ecosystems, also named agro-ecosystems. This includes the variety and 

variability of animals, plants and micro-organisms, at the genetic, species and ecosystem levels, which are 

necessary to sustain key functions and processes of agro-ecosystems.  

Agricultural biodiversity is the outcome of the interactions among genetic resources, the environment and 

the management systems and practices used by farmers. These interactions are shaped by both natural 

selection and human innovation, developed over millennia. This complex interplay ensures the resilience 

and adaptability of the agricultural systems, which makes them capable of surviving the continuous 

environmental changes and human demands. 

Agricultural biodiversity incorporates several dimensions:  

1. Genetic resourced for food and agriculture: This includes a wide variety of genetic resources 

crucial for agriculture, such as: 

 

• Plant genetic resources: Crops, wild plants harvested and managed for food, trees on 

farms, and species found in pastures and rangelands. 

• Animal genetic resources: Domesticated animals, wild animals hunted for food, wild and 

farmed fish, and other aquatic organisms. 

•  Microbial and fungal genetic resources: Microorganisms and fungi play an important role 

in soil health, plant growth and fermentation processes. They are essential for processes 

such as nitrogen fixation, decomposition of organic matter, and the production of food 

items like bread, cheese, and yogurt. 

These resources represent the primary units of production in agriculture, including cultivated and 

domesticated species, managed wild plants and animals, and wild relatives of these cultivated and 

domesticated species. 
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2. Components of biodiversity that support ecosystem services on which agriculture is based. These 

includes a variety of organisms that contribute to the nutrient cycling, pest and disease regulation, 

pollination, pollution and sediment regulation, maintenance of the hydrological cycle, erosion 

control, and climate regulation and carbon sequestration, operating at several ecological scales. 

 

3. Abiotic factors, such as local climatic (e.g. temperature, rainfall, etc.) and chemical factors (e.g. 

soil Ph) and the physical structure and functioning of ecosystems (topography, soil texture), which 

have a determining effect on agricultural biodiversity. Abiotic factors determine the suitability and 

productivity of agricultural systems by affecting soil composition, water availability, and 

temperature ranges. 

 

4. Socio-economic and cultural dimensions. Agricultural biodiversity is influenced by human 

activities and management practices. It is an essential part of the sustainable livelihoods of many 

communities. This dimension includes traditional and local knowledge of agricultural biodiversity, 

cultural practices, inclusive management processes and activities such as agro-tourism linked to 

agricultural landscapes. 

These dimensions underline the complex and interlinked nature of agricultural biodiversity and its key role 

in supporting sustainable agriculture and livelihoods. Recognizing and promoting agricultural biodiversity 

is essential for adapting to changing environmental conditions, ensuring food security, and maintaining 

the ecological balance necessary for life on Earth. 

 

1.2 THE IMPORTANCE AND THREATS TO AGRICULTURAL BIODIVERSITY 
  

Biodiversity is the foundation of agriculture. It has allowed the farming systems to evolve since agriculture 

was first developed. It is the origin of all species of crops and domestic animals and the variety within 

them. Biodiversity is also the basic of ecosystem services essential to preserve agriculture and human well-

being. Today’s crop and livestock biodiversity are the results of many thousand years of human 

intervention. 

Biodiversity and agriculture are codepended because not only is biodiversity important to agriculture, but 

agriculture also plays a vital role in the conservation and sustainable use of biodiversity. Preserving the 

biodiversity is essential for the sustainable production of food and other agricultural products . The benefits 

of biodiversity to humanity include optimal food security, improved nutrition, and the provision of 

livelihoods. 

Agricultural biodiversity provides humans with food and raw materials for goods, such as cotton for 

clothing, wood for shelter and fuel, plants and roots for medicines, and materials for biofuels. It also 

supports incomes and livelihoods, including those coming from subsistence agriculture. In addition, 
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agricultural biodiversity performs critical ecosystem services, such as soil and water conservation, soil and 

habitat fertility and pollination, which are essential for human survival. 

Moreover, there are many separate features that distinguish agrobiodiversity from biodiversity. Such 

features are that:  

✓ Agricultural biodiversity is essential for meeting basic human needs for food and livelihood 

security. 

✓ Agricultural biodiversity has been - and continues to be - shaped and developed through 

generations of human activities and practices. Farmers' communities play a key role as custodians 

and managers of agricultural biodiversity. This is why local and traditional knowledge and culture 

are seen as integral parts of agricultural biodiversity management 

✓ Due to the degree of human management, the conservation of agricultural biodiversity in 

production systems is closely linked to sustainable use. 

✓ A large part of agricultural biodiversity is nevertheless currently conserved ex situ in gene banks 

or in breeding materials. 

✓ For crops and domestic animals, within-species diversity is at least as important as between-

species diversity and has expanded significantly through agriculture. 

✓ Many agricultural systems rely on alien crop species introduced from elsewhere; this creates a 

high degree of interdependence between countries in terms of genetic resources for food and 

agriculture. 

✓ The interaction between the environment, genetic resources and management practices that take 

place in situ within agroecosystems often contributes to maintaining a strong landscape of 

agricultural biodiversity. 

Agricultural Biodiversity Threats 

In terms of biodiversity, agriculture has two main challenges: maintaining ecosystem services and 

agricultural biodiversity, as well as reducing the detrimental effects of agricultural practices on biodiversity 

in adjacent ecosystems as well as within agricultural systems. To address these challenges, agriculture 

must consider a number of change - drivers:  

• Indirect drivers: These include population growth, increasing costs of food worldwide, trade and 

globalization as economic forces, sociopolitical variables like consumer preferences, and scientific 

and technological developments. 

• Direct drivers: These include changes in land use, overuse of agricultural pesticides, depletion of 

natural resources (especially water), and climate change. 

Together, these drivers contribute to the loss of biodiversity, affecting food security, ecological 

sustainability, and human well-being. Agriculture is a major factor in biodiversity loss even though it can 

help conserve it. The ability of agricultural systems to respond to environmental changes is been 

challenged by the rapid loss of biodiversity, which could threaten the security of food and livelihood. 

Modern agricultural practices effects 
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In an attempt to fulfill the rising worldwide demand for food has promoted a transition from traditional to 

modern intensive agricultural systems. Although this transition has increased food production, it has also 

led to a significant biodiversity loss, mainly because of: 

• Conversion of natural habitats into agricultural land. 

• Extent use of water and chemical inputs (fertilizers, pesticides), along with the cultivation of non-

native species, has resulted in pollution, environmental degradation and nutrient loading. 

• The homogenization of agricultural practices and the focus on a specific number of high-yielding 

crops and animal breeds has led to significant genetic erosion. 

• The unsustainable use of water, excessive grazing and chemical contamination can cause problems 

like eutrophication and habitat loss which affect other ecosystems. 

Farmers play a critical role in preserving biodiversity, but they also require policy support for maintaining 

a balance between conservation efforts and the growing demand for food.  

 

1.3 CONSERVATION METHODS  

A collection of farming techniques known as agricultural conservation preserves soil quality and integrity, 

water levels, and other environmental aspects while optimizing the utilization of existing resources. Even 

if conservation-based agriculture is currently one of the biggest trends, many of its methods have their 

origins in the history of agriculture.  

In the current ecological situation, conservation of all forms has become a primary need. Therefore, all 

farmers should be careful not to further damage the ecosystem in which they live. The soil is above all and 

every farmer must strive to protect its quality. 

A few conservation agriculture methods that can be adopted in the farming process are: 

• Cover cropping 

A simple technique that involves planting, mainly, non-commodity crops such as leafy vegetables 

in between harvest periods. Usually, cover cropping takes place between fall and spring, but this 

depends on the harvest periods. Cover cropping helps with maintaining soil quality, increases 

nitrogen levels in the soil, reduces erosion, and also helps combat weed problems. Cover cropping 

is also considered to be a healthy alternative to fertilizers and herbicides. 

 

• Crop rotation 

This includes planting a certain order of crops throughout the year to ensure nutrients remain 

intact within the soil. Crop rotation also helps reduce insects and plant diseases. Crop rotation is 

a very old conservation farming strategy that can be employed to some extent by any farmer.  

 

• Controlled drainage 
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As water is one of the main resources for any farmer, therefore the more effectively they manage 

it, the more conservationist their process will be. The objective of controlled drainage is to collect 

and reuse all runoff water by building a drainage system around and through the field. This has a 

significant effect on soil nitrogen concentration, which is primarily lost through runoff from water. 

 

• Rotational grazing 

Rotational grazing involves moving livestock across fields in a planned manner to promote pasture 

regeneration. Proper grazing management practices enhance the fields’ ability to absorb water 

and minimize runoff, leading to more drought-resistant pastures. This approach offers water-

saving benefits, as it can increase soil organic matter and improve fodder coverage, leading to 

improved water retention in the soil. By carefully managing grazing patterns, farmers can optimize 

pasture water use, improve pasture quality, and enhance drought resilience, ultimately 

contributing to sustainable livestock management and better water resource utilization. 

 

• Fertilizer management 

Fertilizer use does not have to be entirely disregarded. However, the selection of non-chemical 

alternatives and minimizing its use it something feasible. After all, the soil quality is affected by 

both the time and the quantity of fertilizer is applied. Alternatively, using manure to boost soil 

fertility is a long-standing custom. 

 

• Continuous No-Till  

No-till farming is a method of cultivation without disturbing the soil by ploughing. Instead of 

completely turning over the soil, farmers apply shallow tillage, using disc harrows. This approach 

helps to retain moisture, prevent soil erosion and promote soil health by maintaining soil structure 

and organic matter. It is considered a conservation practice that can benefit both the environment 

and crop yields. 

 

• Compost and mulch 

The combination of compost and mulch can be highly effective in improving soil health and 

fertility. Compost is incorporated into the soil prior to planting, while mulch is applied around 

plants after they have been established. Both compost and mulch can be produced on-farm, 

making them a cost-effective technique for farmers to enhance soil quality. Compost enriches the 

soil with organic matter and nutrients, while mulch helps conserve moisture (by slowing 

evaporation), suppress weeds, and moderate soil temperature. 

 

• Organic farming 

Organic farming involves a set of agricultural techniques that prioritize the use of natural methods 

and materials to promote soil fertility, reduce dependence on synthetic chemicals and conserve 

water. For example, crop rotation helps diversify the types of crops grown in a field over time, 
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reducing the risk of nutrient depletion and pest build-up, and promoting healthier soils that can 

better retain water.  

In conclusion, agricultural conservation techniques are critical for preserving biodiversity, soil health, and 

water retention. They also play a key role in ensuring the sustainability of farming practices in view of 

growing environmental challenges. By implementing methods like rotational grazing, cover crops, crop 

rotation, etc., farmers can protect their land while making the best use of their resources. These methods 

reflect each farmer's responsibility to the environment as well as their commitment towards long-term 

food security and ecological stability. 

 

2. Crop case studies where to apply them 

CASE STUDY 1: FOREST GARDENS AT BEC-HELLOUIN, FRANCE: A MODEL OF 

REGENERATIVE AGRICULTURE 

Bec-Hellouin, a small farm in Normandy, France, is an excellent example of how regenerative agriculture 

can restore traditional farming methods. Founded by Charles Hervé-Gruyer and Perrine Hervé-Gruyer, 

the farm is structured around the principles of permaculture—a design philosophy that mimics natural 

ecosystems, promoting sustainability and resilience. 

Picture retrieved from: 

https://www.fermedubec.com/la-

permaculture/  

 

 

 

 

 

 

At the heart of Bec-Hellouin is the concept of the "forest garden," where plants coexist in a layered 

system similar to a natural forest. This tiered approach includes a canopy of trees, a middle layer of 

shrubs, and ground-level crops, allowing diverse plant species to thrive together while also supporting 

wildlife. The system aims to copy a forest ecosystem, where each layer plays a role in enhancing 

biodiversity, improving soil health, and supporting the natural balance between plants and animals. 

https://www.fermedubec.com/english/
https://www.fermedubec.com/la-permaculture/
https://www.fermedubec.com/la-permaculture/
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A key feature of this approach is multi-cropping—the practice of planting a variety of crops together in 

random arrangements. This diversity enriches soil nutrients, fosters natural pest control, and reduces the 

need for synthetic fertilizers. Animals on the farm also contribute to soil fertility through natural 

fertilization. Charles describes the method as being similar to hunter-gathering, where minimal 

intervention is needed, particularly in reducing the need to till and plough the soil, which helps prevent 

soil disruption. 

The farm’s results have exceeded expectations in terms of productivity. With only 1.8 hectares of land, 

Bec-Hellouin produces around 800 varieties of vegetables, fruits, and herbs, demonstrating that small-

scale regenerative farming can be both productive and sustainable. Although the benefits were not 

immediate, Charles now enjoys more freedom as a farmer, with fewer constraints than those typically 

experienced by conventional farms that rely heavily on constant investment and mechanization. 

An economic viability study conducted by the French National Institute for Agricultural Research (INRA) 

between 2011 and 2015 found that the productivity of Bec-Hellouin's regenerative methods was 

comparable, if not superior, to traditional farming methods. According to Charles, “Nature tends towards 

complexity, while modern agriculture simplifies ecosystems. By bringing together trees, animals, and 

cultivated plants, this complexity allows the ecosystem to function with less human intervention.” 

Bec-Hellouin is a testament to the power of regenerative agriculture, showing that by working with 

nature, farmers can create systems that are not only productive but also more sustainable and self -

sufficient. 

CASE STUDY 2: REGENERATIVE AGRICULTURE IN ALVELAL, SPAIN: 

RESTORING LANDSCAPES AND LIVELIHOODS 

The Alvelal Project in southern Spain offers a powerful example of how regenerative agriculture can 

restore degraded landscapes while supporting local communities. Located in the semi-arid region across 

five districts, covering more than 1 million hectares, the project aims to combat desertification and 

improve sustainability. Supported by the Commonland Foundation, Alvelal uses a combination of 

agroforestry, water management, and sustainable farming techniques to revitalize the land and local 

economy.At the heart of the project is the practice of agroforestry, which integrates trees with crops and 

livestock. This system boosts biodiversity, improves soil structure, and reduces water evaporation by 

providing shade for crops and animals. Additionally, the trees play a critical role in carbon sequestration, 

helping to reducing the impact of climate change. By combining different types of vegetation, the region’s 

resilience to drought and extreme temperatures has been enhanced. 

. 

https://alvelal.es/unete-a-alvelal/
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Picture retrieved from: https://commonland.com/landscapes/reversing-desertification-with-regenerative-practices/ 

Water management is another key component of the project, addressing the region's water scarcity 

challenges. Farmers have implemented water-harvesting techniques such as swales and terraces to 

capture rainwater and reduce soil erosion. These methods improve water retention in the soil, making it 

possible to grow crops with less irrigation—a vital adaptation in a dry climate. 

To further improve soil health, cover cropping and mulching have been widely adopted. Cover crops are 

planted between main crop cycles to protect the soil from erosion, fix nitrogen, and increase organic 

matter. Mulching, which involves applying organic material to the soil surface, helps retain moisture and 

suppress weeds. 

Rotational grazing is another key practice, where livestock are moved between different pastures to 

prevent overgrazing. This method promotes natural fertilization and increases biodiversity within 

grasslands. By carefully managing grazing patterns, the Alvelal farmers have improved soil fertility and 

contributed to healthier, more resilient ecosystems.  

The results of the Alvelal Project have been impressive. Once-degraded lands are now more fertile, water 

retention has improved, and biodiversity has increased significantly. Local farmers have reported higher 

yields and enhanced resilience to climate variability. Furthermore, the project has had a positive socio-

economic impact by creating sustainable jobs in agriculture, agroforestry, and ecotourism. 

An important part of Alvelal’s success lies in its emphasis on local knowledge and community engagement. 

The project works closely with local farmers to ensure that the practices adopted are culturally relevant 

and economically sustainable. By empowering communities, Alvelal has fostered a deeper connection 

between the land and the people who depend on it. 

Alvelal’s approach has attracted international attention as a model for large-scale landscape restoration, 

showing that regenerative agriculture can be both economically viable and environmentally beneficial. 

https://commonland.com/landscapes/reversing-desertification-with-regenerative-practices/
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CASE STUDY 3: AZIENDA AGRICOLA DA SCHIO 

Azienda Agricola da Schio is a small family business, runed by Francesco and his son Berardo, both 

professional agronomists. The farm is located in Norden Italy, with about 70 hectares of land distributed 

between Cambio di Villadose (RO) and the territory of Vicenza, which includes both plains and the Berici 

hills. The farm practices and promotes sustainable agriculture, with diversified production of arable crops 

(such as cereals, legumes, brassicas), trees, hedges, woodlands, honey, cured meats and wine from organic 

grapes.  

A key priority of the farm is to fight against soil erosion, which has been a major issue in their region. To 

address this, the family has adopted a few conservation methods that they have not only improved the 

health of the soil but also drastically reduced water consumption, while promoting biodiversity.  

 One of the main techniques implemented, for more that 15 years ago, is no-till farming. Cause of adopting 

this technic was that his soil used to blow away with the wind and wash away due to traditional 

tillage. With no-tillage farming, the soil remains undisturbed, reducing erosion and retaining moisture. 

Additionally, this practice helped the family to reduce their operational costs by minimizing the fuel 

consumptions, as smaller horsepower tractors are now needed, save water and farm more efficiently, all 

while boosting yields. 

Azienda Agricola da Schio also supports biodiversity through the continuous cultivation of flowers. By 

ensuring that many species are blooming from February to October, the farm creates a habitat that allows 

the bees to stay permanently. This practice is particularly beneficial for their honey production, as it allows 

the bees to thrive year- round. The honey is later harvested naturally and left unprocessed, preserving its 

nutritional and therapeutic properties. 

In addition to honey, the farm’s organic vineyards are full of life, with flowers, insects and even deer roam 

the area. The land is ideal for vine development and their organic cultivation methods allow the grapes to 

reach their full potential. By maintaining a balance withing the ecosystem, the vineyard produces high 

quality organic wine, with surrounding biodiversity that promotes both vine health and soil fertility. 

Lastly, the farm raises outdoor pigs in their effort to offer the animals a level of well-being that cannot be 

reached in the traditional stables. These pigs have a healthy, natural diet and are raised in a stress-free 

environment, which eventually enhances the quality of their meat. Reflecting both the farm's commitment 

to animal welfare and the benefits of outdoor farming, the resulting cured meats are exceptional. 

Through these practices, Azienda Agricola da Schio demonstrates how sustainable farming can contribute 

to both agricultural productivity and environmental conservation. Their commitment to no-till farming, 

biodiversity enhancement, organic wine production, and outdoor livestock farming is a testament to how 

small farms can thrive both economically and ecologically, ensuring a legacy for future generations. 

https://agricoladaschio.com/home
https://agricoladaschio.com/home
https://agricoladaschio.com/home
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Picture retrieved from: https://agricoladaschio.com/le-immagini  

 

3. EU & national regulations 

Regulation (EU) 2018/848 on organic production and labelling of organic products and repealing Council 

Regulation (EC) No 834/2007. 

Nitrates Directive (91/676/EEC) to protect water quality across Europe by preventing nitrates from 

agricultural sources from contaminating water bodies. 

Sustainable use of pesticides. Directive 2009/128/EC aims to achieve a sustainable use of pesticides in the 

EU by reducing the risks and impacts of pesticide use. 

Pesticide residues in food and animal feed EC 396/2005, sets the maximum quantities of pesticide residues 

permitted in products of animal or vegetable origin intended for human or animal consumption.   

Common agricultural policy (CAP) helps the EU’s farmers to provide a secure supply of safe, healthy and 

affordable food by providing income support to farmers.  

Regulation (EU) 2021/2115 , rules on support for Strategic Plans drawn up by EU countries under the 

common agricultural policy. 

 

 

https://agricoladaschio.com/le-immagini
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018R0848
https://environment.ec.europa.eu/topics/water/nitrates_en
https://food.ec.europa.eu/plants/pesticides/sustainable-use-pesticides_en
https://eur-lex.europa.eu/EN/legal-content/summary/pesticide-residues-in-food-and-animal-feed.html?fromSummary=03
https://eur-lex.europa.eu/EN/legal-content/glossary/common-agricultural-policy-cap.html
https://eur-lex.europa.eu/eli/reg/2021/2115/oj
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4. Links and web-based resources of interest (associations, courses, national 

agencies) 

• The 2030 EU Biodiversity Strategy 

• Farm to Fork strategy 

• WHAT IS AGROBIODIVERSITY? 

• YouTube video: Agrobiodiversity 

• How to practice Conservation Agriculture? 

• No-till in northern, western and south western Europe: A review of problems and opportunities 

for crop production and the environment 

• The common agricultural policy at a glance 

• Eco-schemes 

 

5. Glossary 

• European Green Deal: a plan of action to make the EU’s economy sustainable by turning climate 

and environmental challenges into opportunities across all areas of policy in a way that is fair and 

inclusive. 

• EU Biodiversity Strategy 2030: A strategy aimed at reversing biodiversity loss in the EU, protecting 

30% of land and sea, restoring degraded ecosystems, and promoting sustainable agricultural 

practices. 

• Farm to Fork Strategy: Part of the European Green Deal, this strategy aims to create a fair, healthy, 

and environmentally-friendly food system through sustainable agricultural practices and reduced 

pesticide use. 

• Agrobiodiversity: The variety and variability of plants, animals, and microorganisms that are used 

directly or indirectly for food and agriculture. It includes genetic resources for crops and livestock, 

as well as species that support ecosystem services, such as pollinators and soil organisms. 

• No-till: (also known as direct drilling and zero tillage) is a system in which crops are sown without 

any prior loosening of the soil by cultivation other than the very shallow disturbance (< 5 cm) which 

may arise by the passage of the drill coulters and after which usually at least 30% of the surface 

remains covered with plant residues. 

• Permaculture: A set of design principles that simulate the patterns and relationships found in 

natural ecosystems to create sustainable agricultural systems. 

• Regenerative Agriculture: A system of farming principles and practices that seek to rehabilitate 

and enhance the entire ecosystem of the farm by prioritizing soil health, biodiversity, and the 

ecosystem services that sustain agriculture. 

https://audiovisual.ec.europa.eu/en/video/I-191439?&lg=EN
https://ec.europa.eu/food/system/files/2020-05/f2f_action-plan_2020_strategy-info_en.pdf
https://www.fao.org/4/y5609e/y5609e01.htm
https://www.youtube.com/watch?v=NniDVPsjDoI
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/spi/scpi-home/managing-ecosystems/conservation-agriculture/ca-how/en/
https://agroparistech.hal.science/file/index/docid/956463/filename/NO-TILL_PAPER_REVISED_HAL.pdf
https://agroparistech.hal.science/file/index/docid/956463/filename/NO-TILL_PAPER_REVISED_HAL.pdf
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/cap-glance_en
file:///C:/Users/Marco%20Piscitelli/Downloads/Eco-schemes


  

65 

• Rotational Grazing: The practice of moving livestock between different pasture areas to allow 

fields to regenerate, improve water retention, and maintain healthy plant growth. 

• Water Conservation: Practices aimed at reducing water use in agriculture through efficient 

irrigation systems, cover cropping, and soil moisture retention techniques. 
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1. Content of the module 

Module: Integration of animals into cropping systems and production systems: promoting 

animal health and welfare 

1.1  Definition and Importance 

Integrating animals into cropping and production systems refers to the practice of combining 

livestock farming with crop cultivation to create a more symbiotic and sustainable agricultural 

system. While this approach has ancient roots, practiced by traditional farming communities for 

centuries, it is gaining renewed interest in modern agriculture as a response to the environmental 

and ethical challenges posed by industrial farming. This integration can take many forms, such as 

using livestock for grazing cover crops, managing manure to improve soil fertility, or rotating crops 

and grazing lands to prevent soil depletion. 

The promotion of animal health and welfare is central to this system, ensuring that animals are 

treated humanely and live in conditions that support their well-being. Healthy animals contribute 

to more efficient nutrient cycling, reduce the need for synthetic fertilizers, and improve soil 

structure, leading to enhanced productivity. Additionally, this system reduces dependence on 

external inputs, minimizes environmental degradation, and produces higher-quality food products. 

In the face of climate change and biodiversity loss, the reintegration of animals into cropping 

systems is increasingly seen as a necessary shift toward more resilient and sustainable 

agricultural practices that support both ecological balance and human needs. 

1.2  From traditional practices to modern systems  

The integration of animals into cropping and production systems has deep roots in human 

agricultural history. Long before industrial farming methods developed, ancient civilizations and 

medieval societies relied on mixed farming systems that combined animal husbandry and crop 

cultivation to maintain soil fertility, ensure food security, and promote the well-being of both 

livestock and land. As farming practices evolved over the centuries, this integration saw significant 

changes, particularly during the Middle Ages and the agricultural revolutions that followed the 

onset of industrialization. (White, 1975) 

In ancient times, many civilizations practiced a form of agriculture where animals and crops were 

intertwined in a mutually beneficial relationship. These early farmers understood the value of 

animals not just as sources of food but also as contributors to soil fertility and land management. 
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For example, in ancient Greece and Rome, livestock such as cattle, sheep, and goats were 

integral to agricultural systems. Cattle 

were often used to plow fields, while 

sheep and goats grazed on fallow 

land, contributing manure that 

enriched the soil for the next planting 

cycle. In turn, the animals were fed on 

crop residues like straw and chaff, 

creating a closed-loop system of 

nutrient recycling. (Robert, 1983) 

This practice of manure management 

was one of the earliest forms of 

sustainable agriculture, ensuring that 

soils remained productive over time. 

Sheep, especially, were valued for 

grazing on the rugged, mountainous 

terrains of southern Europe, keeping 

wild vegetation in check while 

enhancing the fertility of otherwise 

marginal lands. (Paul, 2005) 

In Northern Europe, the Celts and other early agricultural societies practiced similar mixed 

systems. For example, in what is now the United Kingdom and Ireland, pigs were commonly 

integrated into forested areas where they foraged for acorns and nuts, a practice known as 

pannage. This method was ecologically beneficial, as pigs helped manage woodland ecosystems 

while also enriching the soil with their droppings. Such integration of animals into land 

management was an early precursor to agroforestry, which continues to be a model of sustainable 

land use today. (Kruta, 2007) 

During the Middle Ages, European agriculture evolved significantly, particularly through the 

development of the manorial system. This system, which dominated much of medieval Europe, 

was based on large estates or "manors" that included both crop cultivation and animal husbandry , 
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often in well-coordinated, integrated systems. Animals were critical for plowing fields, producing 

manure for fertilization, and providing food, wool, and hides for the local population.  

 

One of the most notable examples of animal-crop integration during this time was the three-field 

system, commonly practiced in regions like France and Germany. In this system, land was divided 

into three parts: one for winter crops (such as wheat or rye), one for spring crops (such as barley 

or oats), and one left fallow, where animals grazed. Grazing livestock on fallow land helped 

naturally replenish soil fertility through manure while allowing fields to rest between cropping 

cycles. This rotation of crops and grazing land was key to maintaining soil productivity in the pre-

industrial era, reducing the risk of soil exhaustion that came with monocropping.  

In Scandinavia, the 

integration of 

animals into 

agricultural systems 

was adapted to the 

harsher climates of 

the north. Cattle and 

sheep were typically 

kept indoors during 

the long winters and 

fed on hay 

harvested in the summer. Their manure was collected and spread over fields in spring, helping 

prepare the soil for planting. In the short growing season, farmers took advantage of the nutrients 

in animal manure to maximize crop yields, demonstrating an early understanding of the balance 

between animal husbandry and soil health. (Skjalden, 2018) 

The Industrial Revolution, which began in the late 18th century, marked a profound shift in the 

way agriculture was practiced, especially in Europe. Technological advances such as the invention 

of the seed drill and mechanical plow increased the efficiency of crop production, while the use of 

synthetic fertilizers and chemical inputs began to replace the traditional reliance on animal 

manure. This shift led to the gradual separation of livestock farming from crop cultivation, as 

specialization became more economically advantageous. 

In England, the enclosure movement dramatically changed the landscape of rural agriculture. 

Common grazing lands, which had previously allowed for the integration of livestock with crop 

farming, were privatized and enclosed, pushing farmers toward specialized farming practices. 

Livestock were increasingly confined to separate areas, often in high-density conditions that 

prioritized production over animal welfare. This shift not only reduced the role of animals in natural 

nutrient cycling but also led to significant animal welfare challenges, as confinement systems and 

intensive breeding programs took root. (Overton, 1996) 
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However, not all regions followed this trajectory immediately. In Italy, particularly in the northern 

regions like the Po Valley, a form of integrated farming known as mezzadria (sharecropping) 

persisted well into the 19th century. Under this system, tenant farmers raised livestock alongside 

crops, with cattle often used for plowing and providing manure for fertilization. These small, 

diversified farms were an essential part of the local economy and managed to maintain the 

integration of animals and crops even as industrial agriculture gained ground elsewhere in Europe. 

(Museo dell'Agricoltura di Torino, 2019) As the 19th and early 20th centuries progressed, the 

agricultural revolutions brought about by mechanization, chemical inputs, and later industrial-scale 

livestock production led to further fragmentation of traditional mixed farming systems. The advent 

of factory farming and monocropping often isolated animals from the natural cycles they had once 

been part of, contributing to widespread environmental degradation and animal welfare concerns.  

1.3  Ecological Benefits 

Despite the modern isolation of animals in agriculture, a proper integration s into cropping and 

production systems is actually beneficial for both production, animals and the environment. 

Integrating animals into cropping systems offers significant environmental and agricultural 

advantages, fostering a healthier, more sustainable farming ecosystem.  

 One of the most profound benefits is the enhancement 

of soil fertility. Animal manure, rich in organic matter and 

essential nutrients like nitrogen and phosphorus, acts as 

a natural fertilizer, reducing the need for synthetic inputs. 

When animals graze on cover crops or crop residues, 

they help return vital nutrients to the soil, improving its 

structure, increasing microbial activity, and enhancing its 

capacity to retain water. This leads to more productive 

soils that can support higher crop yields over time. 

(Institute of Agriculture and Natural Resources, 2023) 

Moreover, the integration of animals into crop rotations 

can reduce soil erosion, as grazing animals help manage 

vegetation and prevent the bare patches of land that are 

more prone to erosion. 

Additionally, animals contribute to pest and weed 

management. By grazing on cover crops or foraging 

between planting seasons, they help control weed growth 

naturally, reducing the need for chemical herbicides. In 

systems where chickens or ducks are integrated, they 

can effectively manage insect pests, acting as natural 

predators to species that might otherwise damage crops. 

This leads to a reduction in pesticide use, which not only benefits the environment but also leads 

to healthier crop production. (Lewis & Page, 2023) 
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The integration of animals into cropping 

systems also helps boost biodiversity. 

Grazing animals stimulate the growth of 

diverse plant species, leading to more 

resilient ecosystems. For example, grazing 

cattle on grassland preserves open 

habitats that many bird and insect species 

depend on, while also allowing for varied 

plant life to flourish. Biodiversity helps 

create more resilient agricultural systems, 

making farms better able to withstand 

climate change, pests, and diseases. While 

the primary benefits of these systems focus on environmental and crop health, the welfare of 

animals is also significantly improved. Animals that are integrated into cropping systems are often 

allowed to roam and forage naturally, which lowers stress levels, reduces disease, and promotes 

healthier, more balanced diets. In contrast to confinement systems, these integrated environments 

support animals’ natural behaviors, contributing to both their physical and psychological well-

being. (Ji-Liang, Wei, Wen-Zhi, & Feng-Rui, 2018) 

1.4  Practical Implementation 

Adopting integrated animal-cropping systems 

requires careful planning and adaptation, but it 

offers immense benefits in terms of environmental 

sustainability, animal welfare, and farm resilience. 

Central to successful implementation are 

agroecological principles, which emphasize the 

balance between crops, animals, and the 

environment, promoting the health of both. 

A key practice in integrating animals with crops is 

rotational grazing, where livestock are moved 

between fields to prevent overgrazing and allow the land to recover. Animals graze on cover crops 

or crop residues, enriching the soil with organic matter and nutrients through their manure. 

Effective crop rotation and the use of cover crops like clover or rye are essential in maintaining 

soil fertility while providing natural forage for animals. Farmers must also adopt systems that align 

with agroecological principles, such as silvopasture (integrating livestock with trees) or 

agroforestry, which enhance biodiversity and soil health while providing shade and diverse 

foraging opportunities for animals. (Gabriel, 2018) 

Successful implementation requires investment in infrastructure like fencing for grazing areas and 

water systems to ensure livestock access to clean water. Efficient manure management is critical, 

turning animal waste into valuable organic fertilizer, reducing the need for synthetic inputs and 

protecting soil health. Grazing systems must ensure that animals are moved strategically to avoid 

overgrazing and promote crop-livestock nutrient cycling. Animals in integrated systems benefit 
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from access to diverse foraging environments, promoting natural behavior and reducing stress. 

Grazing on varied pastures and crop residues improves their diet, and the rotational grazing 

system prevents the buildup of parasites.  

Though initial investments can be high, integrated systems reduce costs over time by lowering 

reliance on external inputs like synthetic fertilizers and pesticides. Products from such 

systems, where animals are raised sustainably, often command premium prices in markets that 

value environmental and welfare-friendly farming. The system’s diversification reduces the risks 

associated with market and environmental volatility. Integrated farming systems, such as 

agroecological models, build long-term resilience by closing nutrient cycles, improving soil health, 

and promoting biodiversity. Practices like polyculture and agroforestry reduce the environmental 

impact and create more robust, adaptable farms capable of withstanding climate variability.  

(Gabriel, 2018) 

 

2. Crop case studies where to apply them 

CASE STUDY 1: Agroecology and Permaculture with Poultry 

Located in Normandy, Ferme du Bec Hellouin (https://www.fermedubec.com/)  is a leading 

example of a farm using permaculture principles to integrate animals into cropping systems. The 

farm combines organic vegetable production with poultry to manage pests, enhance soil fertility, 

and close nutrient cycles. Chickens are allowed to roam in designated sections of the farm, where 

they forage for pests like slugs and insects, reducing the need for chemical pesticides. Their 

manure naturally fertilizes the soil, enriching it with nitrogen and organic matter. The integration of 

poultry helps keep soil health and pest management in balance while reducing labor costs and 

external inputs. 

By aligning with agroecological principles, the farm creates a more sustainable ecosystem that 

benefits both crops and animals. The farm has been a model for ecological farming education, 

demonstrating that small-scale, diversified farming systems can be both profitable and 

sustainable. 

CASE STUDY 2: Agroforestry with Sheep and Iberian Pigs 

Located in Andalusia, Dehesa San Francisco 

(https://www.fundacionmontemediterraneo.com/gb/6-the-dehesa-san-francisco)   is an excellent 

example of a traditional Dehesa system, an agroforestry practice that integrates Iberian pigs and 

sheep into oak woodlands. The animals graze on native grasses and acorns, which not only helps 

manage vegetation and reduce wildfire risks but also fertilizes the soil with organic matter. The 

pigs are particularly valuable in processing and breaking down acorns, contributing to nutrient 

cycling in the system. 

https://www.fermedubec.com/
https://www.fundacionmontemediterraneo.com/gb/6-the-dehesa-san-francisco
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The integration of livestock 

into this Mediterranean 

farming landscape helps to 

preserve biodiversity, 

maintain healthy soils, and 

support high-quality, 

sustainable food production 

(notably for the region’s 

renowned Iberian ham). This 

system is a prime example of 

how traditional farming 

techniques can be adapted 

for modern, sustainable 

agriculture by integrating 

animals into a diverse 

agroforestry system 

CASE STUDY 3: Organic Dairy and Sheep Integration with Crops 

Located on the island of Lolland, Knuthenlund Estate is a leading example of large-scale organic 

farming in Northern Europe, integrating dairy cows and sheep with crop production. The farm uses 

rotational grazing, where animals graze on cover crops like clover and rye, naturally fertilizing the 

soil with their manure. This practice enhances soil fertility, reduces reliance on synthetic fertilizers, 

and supports crop health. 

Sheep also graze on fallow land, managing vegetation and preventing soil erosion, while both 

livestock and crops benefit from improved biodiversity due to varied grazing areas and diverse 

plant species. Knuthenlund’s animals are pasture-raised, ensuring high animal welfare standards.  
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Economically, the estate thrives by producing premium organic dairy products and lamb, meeting 

the growing demand for sustainably and ethically produced foods in Denmark and across Europe.  

(Heinzelmann, 2015) 

 

 

 

 

 

3. EU & national regulations 

The European Union has several regulations and directives that promote sustainable farming 

practices, including the integration of animals into cropping systems. These laws primarily 

focus on animal welfare, environmental sustainability, and organic farming. Some examples 

below: 

Common Agricultural Policy (CAP): The CAP is the overarching framework that governs 

agriculture across the EU. The CAP promotes sustainable farming, including the integration of 

livestock into cropping systems through its subsidy programs and eco-schemes, which reward 

farmers for environmentally friendly practices. Under CAP, farmers can receive financial incentives 

for integrating crop and livestock systems, promoting soil health, biodiversity, and reducing the 

environmental impact of farming. 
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Agro-environmental Measures (within CAP): These measures promote farming practices that 

support environmental protection, such as the integration of crops and livestock to improve soil 

quality, manage biodiversity, and reduce greenhouse gas emissions. The measures encourage 

farmers to adopt integrated systems that rely on animal manure as natural fertilizer and grazing 

systems that promote land regeneration. 

EU Organic Regulation (Regulation (EU) 2018/848): This regulation sets the standards for organic 

farming across the EU. It emphasizes the integration of crops and livestock to promote biodiversity 

and natural soil fertility. Organic farmers are encouraged to use livestock manure and integrate 

grazing animals to maintain soil health. The regulation also focuses on high animal welfare 

standards, requiring animals to have access to pasture and encouraging the use of multi-species 

systems that promote natural behaviors. 

Nitrates Directive (Directive 91/676/EEC). The Nitrates Directive aims to reduce water pollution 

caused by nitrates from agricultural sources. It encourages the efficient use of animal manure in 

cropping systems to prevent nutrient runoff. Farmers integrating animals with crops must manage 

manure responsibly, using it as a fertilizer in line with this directive to prevent water contamination 

and promote soil health. 

Animal Welfare Regulations (Council Directive 98/58/EC): This directive sets the minimum 

standards for animal welfare in farming systems. It ensures that animals have sufficient space, 

access to pasture, and are able to exhibit natural behaviors. Integrating animals into cropping 

systems can help meet these welfare standards, as livestock benefit from more natural, outdoor 

environments, aligning with the directive’s emphasis on ethical treatment.  

Sustainable Use of Pesticides Directive (Directive 2009/128/EC): This directive encourages the 

reduction of pesticide use through integrated pest management (IPM) techniques. Farmers 

integrating livestock into their cropping systems can rely on animals, such as poultry, for natural 

pest control, reducing their reliance on chemical pesticides in line with the directive.  

 

4. Links and web-based resources of interest (associations, courses, national 

agencies) 
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5. Glossary 

• Agroecology: A farming approach that applies ecological principles to agriculture, 

promoting biodiversity, sustainability, and the integration of crops and animals to create 

balanced ecosystems. 

• Dehesa: A traditional Spanish farming system that combines woodland with grazing 

livestock, often including sheep and Iberian pigs, promoting biodiversity and sustainability 

in Mediterranean climates. 

• Eco-Schemes: Programs under the EU Common Agricultural Policy (CAP) that financially 

reward farmers for adopting environmentally friendly practices, such as integrating 

livestock with crops or using sustainable land management techniques. 
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• Integrated Pest Management (IPM): A pest control strategy that uses a combination of 

natural predators, crop rotation, and minimal chemical interventions to manage pests 

sustainably. 

• Manure Management: The practice of handling livestock manure in ways that maximize 

its use as a natural fertilizer while minimizing environmental impact, such as preventing 

water contamination. 

• Multi-Species Rotational Grazing: A farming method that rotates different species of 

animals across grazing areas to optimize pasture use, reduce parasites, and naturally 

fertilize the soil. 

• Nutrient Cycling: The process of recycling nutrients, like nitrogen and phosphorus, from 

organic matter (e.g., animal manure) back into the soil to promote plant growth and 

maintain soil health. 

• Rotational Grazing: A method where livestock are moved between different grazing areas 

to prevent overgrazing, allow pastures to recover, and maintain healthy soil and 

grasslands. 

• Silvopasture: An agroforestry system that integrates livestock grazing with tree planting. 

It enhances biodiversity, provides shade and shelter for animals, and improves soil health.  

6. Questions 

1) What is one primary benefit of integrating animals into cropping systems? 

A) Increases the use of synthetic fertilizers 

B) Reduces soil fertility over time 

C) Enhances nutrient cycling and soil health 

D) Increases the need for pesticides 

 

2)Which of the following is an example of agroforestry? 

A) Growing monoculture crops year-round 

B) Keeping livestock in indoor facilities year-round 

C) Integrating livestock grazing with tree planting 

D) Using chemical pesticides to control pests 

 

What is a key feature of rotational grazing systems? 

A) Livestock graze in one area indefinitely 

B) Livestock are moved between different pastures to allow land recovery 
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C) Crops are grown year-round without resting the soil 

D) Only one type of animal is raised in the system 

 

Which European Union regulation sets the standards for organic farming and promotes 

crop-livestock integration? 

A) Nitrates Directive 

B) EU Organic Regulation (Regulation (EU) 2018/848) 

C) Sustainable Use of Pesticides Directive 

D) Council Directive 98/58/EC 

 

What practice involves rotating different types of crops to improve soil health and reduce 

pests? 

A) Monocropping 

B) Silvopasture 

C) Crop rotation 

D) Agroecology 
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1. Content of the module  7 

MODULE:  SUSTAINABLE MANAGEMENT OF ORGANIC RESIDUES AND COMPOSTING  

This module aims to provide an in-depth understanding of the sustainable management of organic 

residues in agriculture, emphasizing composting as a key method for enhancing soil health and fertility. 

Participants will explore the importance of managing organic residues such as crop residues and animal 

manure, learn about various composting methods, and understand their environmental benefits. Practical 

guidelines for implementing effective composting techniques in agricultural settings will also be covered. 

1.1 DEFINITION AND SCOPE OF ORGANIC RESIDUES 

Before diving into the practices of managing organic residues, it's important to understand what they are 

and why they matter. Organic residues encompass a wide range of materials left behind from agricultural 

activities, such as crop residues and animal manure.  

1. What Are Organic Residues? 

Organic residues are materials of biological origin that remain after agricultural, industrial, or natural 

processes. In the context of agriculture, these residues are primarily the by-products of crop production, 

animal husbandry, and agro-industrial activities. They are rich in organic matter and nutrients, making 

them valuable resources for soil fertility and plant growth when managed properly. 

Organic residues vary widely in their composition, depending on their source. They generally contain a mix 

of plant fibers, proteins, carbohydrates, fats, and minerals. These components determine how residues 

decompose and how they can be used in agriculture.  

• Types of Organic Residues: 

o Crop Residues: These include the parts of the plants left in the field after harvesting, such as 

straw, stalks, leaves, and husks. 

o Animal Manure: Manure from livestock, which includes feces and urine, is a rich source of 

nutrients and organic matter. 

o Green Manures and Cover Crops: Plants grown specifically to be plowed back into the soil to 

enhance fertility, such as legumes. 

o Agro-industrial By-products: These are residues from the processing of agricultural products, 

such as rice bran, molasses, and fruit pulp. 

o Other Organic Wastes: This includes kitchen waste, garden trimmings, and other 

biodegradable materials that can be composted and used in agriculture. 

2. Sources of Organic Residues in Agriculture 
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The sources of organic residues are as varied as the agricultural practices themselves. Each type of farming 

activity generates different kinds of residues, which can be utilized in various ways to improve soil health 

and crop productivity. 

• Crop Production: Harvesting generates residues like straw and stubble, which, if managed properly, 

can be reintegrated into the soil as a valuable resource. 

• Animal Husbandry: Livestock farming produces manure rich in nutrients such as nitrogen, phosphorus, 

and potassium. 

• Agro-industrial Processes: Processing crops into food products results in organic residues like bran 

from milling grains and pulp and peels from fruit juice extraction. 

3. The Role of Organic Residues in the Agricultural Ecosystem 

Organic residues play multiple roles within the agricultural ecosystem, contributing to soil health, crop 

productivity, and overall sustainability.  

• Soil Fertility Enhancement: Organic residues are a source of nutrients for soil microorganisms, which 

break down these materials and release nutrients in forms that plants can absorb.  

• Carbon Sequestration: By incorporating organic residues into the soil, farmers can enhance soil 

organic carbon levels, which is critical for carbon sequestration.  

• Biodiversity Support: Organic residues provide a habitat and food source for a wide range of soil 

organisms, including bacteria, fungi, earthworms, and insects. These are essential for nutrient cycling. 

• Waste Reduction and Resource Efficiency: Effective management of organic residues reduces waste 

and enhances resource efficiency in agriculture. Instead of discarding these materials, they can be 

recycled back into the system.  

4. Challenges and Considerations in Organic Residue Management 

While organic residues offer numerous benefits, their management also presents challenges that must be 

addressed to fully realize their potential in sustainable agriculture. 

• Variability in Residue Quality: The quality of organic residues can vary widely depending on their 

source, composition, and the conditions under which they were produced. This variability can affect 

how easily residues decompose, the nutrients they release, and their impact on soil health. 

• Logistical Issues: Managing organic residues often requires additional labor, equipment, and time. 

These logistical challenges can be a barrier, especially for smallholder farmers. 

• Environmental Risks: If not managed properly, organic residues can pose environmental risks. For 

instance, improper handling of manure can lead to nutrient runoff, water pollution, and greenhouse 

gas emissions.  

5. The Future of Organic Residue Management in Sustainable Agriculture  
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As the global demand for food increases and the need for sustainable agricultural practices becomes more 

pressing, the role of organic residue management will only grow in importance. 

• Innovation and Technology: Advances in technology, such as improved composting techniques, 

anaerobic digestion, and precision agriculture, offer new opportunities for more efficient and effective 

management of organic residues. 

• Policy and Education: Supportive policies and educational programs are essential for promoting the 

adoption of best practices in organic residue management. Governments, agricultural organizations, 

and educational institutions can play a key role in providing farmers with the knowledge. 

1.2 THE ROLE OF ORGANIC RESIDUE MANAGEMENT IN SUSTAINABLE AGRICULTURE  

This section will explore how well-managed residues contribute to soil fertility, prevent waste, and protect 

the environment, ensuring long-term agricultural sustainability. 

1. Nutrient Recycling and Soil Fertility 

One of the most significant roles of organic residue management is the recycling of nutrients within the 

agricultural system. Organic residues are rich in essential nutrients, such as nitrogen (N), phosphorus (P), 

and potassium (K), which are crucial for plant growth. 

• Nutrient Replenishment: When organic residues are returned to the soil, they decompose and release 

these nutrients gradually. This process reduces the need for synthetic fertilizers. 

• Enhancing Soil Fertility: Regularly adding organic residues boosts soil fertility by enhancing its cation 

exchange capacity (CEC). This improves the soil's ability to retain and exchange nutrients, making them 

more available for plant uptake and resulting in more productive soil.   

2. Maintenance and Improvement of Soil Organic Matter (SOM) 

Soil organic matter (SOM) is a key indicator of soil health, and organic residue management plays a vital 

role in maintaining and improving SOM levels. 

• Contribution to SOM: Organic residues decompose into humus, improving soil structure and fertility 

by enhancing physical properties. 

• Soil Structure and Aggregation: Organic matter from residues binds soil particles into aggregates, 

creating a porous environment that improves water infiltration, root penetration, and air movement 

while reducing compaction, erosion, and crusting. 

• Water-Holding Capacity: Soils with higher organic matter retain water better, which benefits crops in 

arid regions by reducing irrigation needs and increasing drought resilience. 

3. Reducing Environmental Impact 

Effective organic residue management contributes to the sustainability of agricultural systems by 

mitigating various environmental impacts. 
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• Reduction of Greenhouse Gas Emissions: Properly managed organic residues sequester carbon in the 

soil, reducing CO2 emissions and aiding climate change mitigation. 

• Prevention of Nutrient Runoff and Leaching: Incorporating organic residues minimizes nutrient runoff 

and leaching, preventing water contamination and ensuring nutrients are available to plants. 

• Enhancing Biodiversity: Organic residues support diverse soil organisms, which are crucial for nutrient 

cycling, decomposition, and soil health. 

4. Erosion Control and Soil Protection 

Organic residues are also important for protecting the soil surface from erosion, a critical concern in many 

agricultural regions. 

• Surface Covering and Erosion Prevention: Leaving crop residues as mulch protects the soil from 

raindrop impact and erosion, slows runoff, and enhances water infiltration. 

• Wind Erosion Control: In windy areas, residues act as a barrier that reduces wind speed at the soil 

surface, preventing topsoil loss and aiding in soil preservation. 

5. Enhancing Soil Biodiversity and Ecosystem Function 

Healthy soils are characterized by a diverse community of organisms that contribute to various ecosystem 

functions, such as nutrient cycling, disease suppression, and organic matter decomposition. 

• Promotion of Microbial Activity: Residue decomposition boosts microbial activity, leading to humus 

formation and nutrient release, which is vital for soil health. 

• Support for Beneficial Soil Fauna: Organic residues also benefit larger soil organisms like earthworms 

and arthropods, which aid in breaking down matter, improving soil structure, and enhancing nutrient 

cycling. 

1.3 CHALLENGES IN ORGANIC RESIDUE MANAGEMENT  

These challenges stem from the varying nature of organic materials, environmental conditions, and the 

practical aspects of integrating residue management into existing farming practices. Understanding and 

addressing these challenges is crucial for maximizing the benefits of organic residue management while 

minimizing potential downsides. 

1. Residue Accumulation and Volume Management 

One of the primary challenges in organic residue management is dealing with the sheer volume of residues 

produced, especially in high-yielding agricultural systems. Large quantities of crop residues, such as straw 

or stubble, can accumulate quickly and may be difficult to manage without proper planning.  

• Space Requirements: Storing or processing large volumes of residues can be challenging, especially 

on small farms with limited land. 

• Field Operations: Excessive residues can obstruct tillage, planting, and harvesting, affecting crop 

establishment and yield. 
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2. Decomposition Rates and Nutrient Release 

The rate at which organic residues decompose and release nutrients is highly variable and depends on 

several factors, including the type of residue, climate conditions, and soil microbial activity. This variability 

poses challenges in predicting nutrient availability and timing the application of residues to match crop 

needs. 

• Slow Decomposition: High carbon-to-nitrogen residues (e.g., straw) decompose slowly, potentially 

causing nitrogen deficiency in crops. 

• Rapid Decomposition: Quick decomposition can lead to nutrient loss through leaching and a surge in 

microbial activity that depletes other nutrients. 

3. Nutrient Imbalance and Soil Health 

Managing the nutrient content of organic residues is critical to avoid creating imbalances in the soil that 

can harm plant growth or contribute to environmental issues. 

• Excessive Nutrients: Overapplication of nutrient-rich residues can cause nutrient runoff, leading to 

water quality issues like eutrophication. 

• Nutrient Deficiency: Residues low in nutrients may not meet crop needs, increasing the need for 

additional fertilizers and impacting sustainability. 

4. Pest and Disease Management 

Organic residues can sometimes harbor pests and diseases that can affect subsequent crops. This is 

particularly a concern in monoculture systems or when crop residues are not properly managed. 

• Pest Habitat: Residues can harbor pests like insects and rodents, necessitating integrated pest 

management. 

• Disease Propagation: Residues from diseased plants can carry pathogens that infect future crops, 

causing crop losses. 

5. Labor and Resource Requirements 

Managing organic residues effectively often requires additional labor, time, and resources, which can be 

a significant burden for farmers, particularly in resource-constrained settings. 

• Labor-Intensive Practices: Composting, mulching, and incorporating residues are labor-intensive, 

which can be challenging in areas with scarce or costly labor. 

• Financial Costs: The cost of equipment for residue management can be prohibitive, especially for 

smallholder farmers. 

6. Environmental Conditions and Climate Variability 

Environmental factors, including climate variability, can greatly influence the effectiveness of organic 

residue management practices. 
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• Weather Dependence: Temperature, humidity, and rainfall affect residue decomposition and nutrient 

release, which can vary with climate conditions. 

• Climate Change Impacts: Changes in climate patterns can disrupt residue management practices, 

requiring farmers to adapt to extreme weather and shifting growing seasons. 

1.4 STRATEGIC APPROACHES TO EFFECTIV E ORGANIC RESIDUE MANAGEMENT  

Effective management of organic residues is essential for optimizing soil health, improving agricultural 

productivity, and ensuring environmental sustainability. This section provides a detailed exploration of 

various strategies to manage organic residues effectively, ensuring their benefits are fully realized while 

minimizing potential drawbacks. 

1. Assessment and Planning 

1.1. Assessment of Organic Residues 

Before implementing any management practices, it is crucial to assess the types, quantities, and quality of 

organic residues available on the farm. This assessment includes: 

• Residue Inventory: 

o Cataloging the types of residues generated, such as crop residues (e.g., straw, leaves), 

animal manure, and agro-industrial by-products. This inventory helps in understanding the 

volume and nutrient content of residues, guiding subsequent management decisions. 

• Nutrient Analysis: 

o Conducting a nutrient analysis of organic residues to determine their content of key 

nutrients such as nitrogen, phosphorus, and potassium. This information is essential for 

balancing residue applications with crop nutrient requirements. 

1.2. Developing a Residue Management Plan 

Based on the assessment, develop a comprehensive organic residue management plan that outlines: 

• Objectives: 

o Defining clear objectives for residue management, such as improving soil fertility, reducing 

waste, or controlling erosion. Specific goals help in selecting appropriate management 

practices. 

• Application Methods: 

o Choosing suitable application methods based on residue types and farm conditions, such 

as incorporation into the soil, composting, or mulching. The plan should detail how and 

when residues will be applied to achieve the desired outcomes. 

• Timeline and Resources: 
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o Creating a timeline for residue management activities and allocating resources such as 

labor, equipment, and financial investment. This ensures that practices are implemented 

efficiently and effectively. 

2. Composting and Decomposition 

2.1. Composting Methods 

Composting is a valuable process for converting organic residues into stable, nutrient-rich compost that 

can improve soil health. Key composting methods include: 

• Aerobic Composting: 

o Involves the decomposition of organic matter in the presence of oxygen. It typically 

requires turning the compost pile regularly to maintain aeration and speed up the 

decomposition process. Aerobic composting produces a high-quality compost. 

• Anaerobic Composting (or Anaerobic Digestion): 

o Takes place in the absence of oxygen, often in sealed containers or digesters. Anaerobic 

digestion produces biogas (methane) and a nutrient-rich digestate that can be used as a 

fertilizer. 

2.2. Compost Pile Management 

Effective compost pile management involves: 

• Pile Construction: Building compost piles with the right balance of carbon (e.g., straw) and 

nitrogen (e.g., manure) materials. 

• Temperature Monitoring: Regularly monitoring the temperature of the compost pile to ensure it 

reaches the optimal range for microbial activity, usually between 55°C and 65°C (130°F to 150°F).  

• Moisture Control: Ensuring the compost pile maintains adequate moisture levels, typically 

between 40% and 60%.  

2.3. Compost Maturation and Application 

• Maturation: Allowing the compost to mature for several months to develop a stable product. 

Mature compost should have a dark, crumbly texture and an earthy smell. 

• Application: Applying compost to the soil at appropriate rates and times, based on soil nutrient 

needs and crop requirements. Compost can be applied as a top dressing, incorporated into the 

soil, or used as a component in potting mixes. 

3. Incorporation and Utilization 

3.1. Incorporation into Soil 
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• Tillage Methods: Residues are incorporated into the soil using plows or disc harrows, with depth and 

timing tailored to residue type and soil conditions. Shallow incorporation is often used to minimize 

erosion and enhance soil structure. 

• No-Till and Reduced-Till Systems: Residues remain on the soil surface to provide cover and reduce 

erosion. These systems help preserve soil structure and moisture but may need adapted residue 

management practices. 

3.2. Utilization as Mulch 

• Mulching: Organic residues, such as straw, wood chips, and shredded leaves, are used to cover 

the soil surface, conserving moisture, suppressing weeds, and regulating soil temperature. 

• Application Techniques: Mulch should be applied evenly and at an adequate thickness, with 

material choice and application rate tailored to crop needs and environmental conditions. 

4. Integration with Crop Management Practices 

4.1. Crop Rotation and Residue Management 

• Crop Rotation: Rotating crops helps balance residue types and nutrient needs, optimizing soil fertility.  

• Cover Crops: Planting cover crops enhances soil structure, reduces erosion, and adds organic matter 

for decomposition. 

4.2. Residue Management in Different Farming Systems 

• Organic Farming: Organic residues are crucial for providing nutrients and maintaining soil fertility in 

systems that minimize synthetic inputs. Techniques include composting, green manuring, and 

integrating residues into soil management. 

• Conventional Farming: Organic residues are used alongside synthetic fertilizers and inputs. Proper 

management reduces costs and environmental impact while improving soil health. 

5. Monitoring and Evaluation 

5.1. Performance Evaluation 

• Soil Health Indicators: Regular soil testing helps evaluate the effectiveness of residue 

management practices and make necessary adjustments. 

• Crop Performance: Comparing performance data with previous years can provide insights into the 

benefits and areas for improvement. 

5.2. Feedback and Adaptation 

• Farmer Feedback: 

o Collecting feedback from farmers on residue management practices and their outcomes. 

This feedback helps identify challenges, successes, and opportunities for improvement. 
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• Adaptive Management: 

o Adapting residue management practices based on monitoring results and feedback. 

Continuous improvement ensures that practices remain effective and aligned with 

changing conditions and goals. 

2. Crop case studies where to apply them 

Crop Case Studies for Effective Organic Residue Management. 

CASE STUDY 1: CEREAL CROP SYSTEM (WHEAT)  

Background 

Wheat is a major staple crop grown in many regions, often producing significant quantities of crop residues 

such as straw. Proper management of wheat straw is essential for maintaining soil health and optimizing 

crop productivity. 

Residue Management Practices 

1.1. Assessment and Planning 

• Residue Type: After wheat harvest, substantial amounts of straw are left in the field. 

• Objective: Enhance soil fertility, improve soil structure, and reduce erosion. 

• Plan: Develop a plan for incorporating straw into the soil to benefit future crops and improve soil 

health. 

1.2. Composting and Decomposition 

• Method: Use a combination of aerobic composting and direct incorporation. Wheat straw is bulky 

and high in carbon, so it decomposes slowly. To speed up decomposition, combine straw with 

nitrogen-rich materials such as green manure or manure. 

• Management: Turn the compost pile regularly to ensure aeration and maintain temperature 

between 55°C and 65°C. Monitor moisture levels to keep the compost slightly moist but not 

waterlogged. 

1.3. Incorporation and Utilization 

• Incorporation: After composting, incorporate the decomposed compost into the soil using a chisel 

plow or similar equipment. This improves soil structure and adds organic matter to the soil. 

• Mulching: For fields where composting is not feasible, apply wheat straw directly as mulch. Spread 

a layer of straw over the soil surface to reduce erosion, retain moisture, and suppress weeds. 

1.4. Integration with Crop Management 
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• Crop Rotation: Rotate wheat with legumes (e.g., peas or lentils) to balance residue inputs and 

nutrient needs. Legumes fix atmospheric nitrogen, which can benefit subsequent wheat crops. 

• Cover Crops: Plant cover crops such as rye or vetch after wheat harvest. These crops will grow 

during the off-season and contribute additional organic matter when incorporated into the soil 

before the next planting. 

1.5. Monitoring and Evaluation 

• Soil Health Indicators: Regularly test soil for organic matter content, nutrient levels, and structure. 

Look for improvements in soil fertility and structure over time. 

• Crop Performance: Evaluate wheat yields and health in subsequent growing seasons to assess the 

impact of residue management practices on productivity. 

CASE STUDY 2: V EGETABLE CROP SYSTEM (TOMATOES)  

Background 

Tomato farming involves significant amounts of plant residues, including stems, leaves, and fruit remains. 

Effective management of these residues is essential for preventing disease, maintaining soil fertility, and 

optimizing production. 

Residue Management Practices 

2.1. Assessment and Planning 

• Residue Type: Tomato plants produce a variety of residues including leaves, stems, and old fruits. 

• Objective: Reduce disease incidence, enhance soil fertility, and manage nutrient cycling. 

• Plan: Develop a plan for managing tomato residues to minimize disease risks and improve soil 

health. 

2.2. Composting and Decomposition 

• Method: Use anaerobic digestion for high-moisture tomato residues. This method can handle the 

high water content of tomato residues and produce biogas along with a nutrient-rich digestate. 

• Management: Place residues in a sealed anaerobic digester. Monitor the system for proper 

temperature and moisture conditions to ensure efficient digestion and biogas production. 

2.3. Incorporation and Utilization 

• Incorporation: Apply the nutrient-rich digestate from anaerobic digestion as a soil amendment 

before planting the next crop. This adds valuable nutrients back into the soil and enhances soil 

organic matter content. 
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• Mulching: Alternatively, shred tomato plant residues and use them as mulch. This will help to 

suppress weeds, retain soil moisture, and gradually decompose to enrich the soil. 

2.4. Integration with Crop Management 

• Crop Rotation: Rotate tomatoes with non-solanaceous crops (e.g., beans or lettuce) to reduce 

disease pressure and balance nutrient inputs. This helps to break the cycle of soil-borne diseases 

and pests. 

• Cover Crops: Plant cover crops such as mustard or clover after the tomato harvest. These cover 

crops help to fix nitrogen, improve soil structure, and add organic matter when incorporated into 

the soil. 

2.5. Monitoring and Evaluation 

• Soil Health Indicators: Regularly test soil for organic matter levels, nutrient availability, and 

microbial activity. Monitor improvements in soil fertility and structure as a result of residue 

management practices. 

• Crop Performance: Track tomato yields and plant health in subsequent growing seasons to assess 

the effectiveness of residue management on overall productivity and disease reduction. 

 

3. EU & national regulations 

Effective management of organic residues is essential for sustainable agriculture in the EU, enhancing soil 

health, reducing environmental impact, and ensuring food safety. The EU has a robust regulatory 

framework for this purpose: 

- Regulation (EC) No 1069/2009 (Animal By-Products Regulation) sets health rules for handling and 

processing animal residues, including manure. It mandates treatment methods like composting and 

anaerobic digestion to reduce pathogens and contaminants, and requires proper storage, transport, and 

record-keeping. 

- Regulation (EU) No 1306/2013 integrates environmental and climate action into CAP funding. It requires 

farmers to manage organic residues in ways that protect soil and water quality as part of cross-compliance 

with CAP payments. 

- Regulation (EU) No 2019/1009 ensures that compost and digestate from organic residues meet safety 

and quality standards, covering nutrient content, contaminants, and product safety. It mandates 

certification and labeling to ensure products are beneficial for agriculture. 

- Waste Framework Directive (Directive 2008/98/EC) promotes waste management practices that 

prioritize prevention, reuse, recycling, and recovery of organic residues, including composting and 
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recycling. It includes end-of-waste criteria to ensure residues are safely used as compost or soil 

amendments. 

- Regulation (EC) No 834/2007 establishes standards for organic farming, including the use of organic 

residues as fertilizers or soil amendments, aligning with organic principles and supporting soil fertility and 

health. 

Overall, the EU regulatory framework aims to manage organic residues in ways that promote sustainability, 

protect public health, and enhance agricultural productivity. 

4. Links and web-based resources of interest 

1. International Compost Alliance   

(https://www.internationalcompostalliance.org/)   

Promotes composting worldwide, providing information on best practices and international standards. 

2. US Composting Council 

(https://www.compostingcouncil.org/) 

Provides resources, events, and training on composting in the United States. 

3. European Compost Network   

(https://www.compostnetwork.info/)   

European network working to promote composting and the use of compost in Europe. 

4. Zero Waste International Alliance   

 (https://zwia.org/)   

 Supports waste reduction and recycling, including composting as a key strategy. 

5. Composting 101 by The Composting Council   

(https://www.compostingcouncil.org/education-training)   

Basic course on composting offered by the US Composting Council. 

6. edX Composting Course   

(https://www.edx.org/course/composting-101)   

Online course on composting available on the edX platform. 

7. Sustainable Waste Management by Coursera   

 (https://www.coursera.org/learn/sustainable-waste-management)   

https://www.compostingcouncil.org/
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 Course covering various aspects of waste management, including composting. 

8. Agencia Española de Protección de la Salud   

(https://www.aemps.es/)   

Information on waste management in Spain. 

9. EPA Composting   

(https://www.epa.gov/sustainable-management-food/composting)   

Resources on composting and sustainable waste management in the U.S. 

10. DEFRA Waste and Recycling   

(https://www.gov.uk/government/organisations/department-for-environment-food-rural-affairs)   

Information on waste management policies and practices in the United Kingdom. 

11. Canadian Environment and Climate Change   

(https://www.canada.ca/en/environment-climate-change.html)   

Information on waste management and composting in Canada. 

12. The Composting Network  

[The Composting Network] (https://www.thecompostingnetwork.co.uk/)   

Resources and news on composting in the United Kingdom. 

13. IFOAM   

(https://www.ifoam.bio/)   

Global organization promoting organic agriculture and the use of compost. 

 

5.  Glossary 

- Aerobic Composting: The process of decomposing organic material using microorganisms that require 

oxygen. It produces compost in a few weeks and generates heat. 

- Anaerobic Digestion: A process where organic material is broken down by microorganisms in the absence 

of oxygen. It produces biogas (mainly methane) and digestate, which can be used as a fertilizer. 

- Biodegradable: A property of substances that can be broken down by microorganisms into natural 

components like water, carbon dioxide, and biomass. 
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- Biogas: A mixture of gases (mainly methane and carbon dioxide) produced by the anaerobic digestion of 

organic materials. 

- Decomposition: The natural breakdown of organic materials into simpler substances by microorganisms. 

- Green Waste: Organic waste that comes from garden or food waste, including grass clippings, leaves, and 

vegetable scraps. 

- Humus: The dark, nutrient-rich material that results from the decomposition of organic matter in soil, 

improving soil structure and fertility. 

- Organic Residues: Leftover organic materials from food, yard work, or other sources that can be recycled 

or composted. 

- Overcomposting: A condition where composting materials are left for too long or under improper 

conditions, leading to the production of unpleasant odors and incomplete decomposition. 

- Pelletized Compost: Compost that has been processed into small pellets for easier handling and 

application. 

- Resilient Compost: Compost that has been processed and aged to a state where it can improve soil health 

and structure even in challenging conditions. 

- Sustainable Waste Management: Practices and processes aimed at reducing, reusing, and recycling waste 

materials to minimize environmental impact and conserve resources. 

- Vermicomposting: Composting using worms (usually red wigglers) to break down organic material. This 

process results in worm castings, which are rich in nutrients. 

- Windrow Composting: A method of composting where organic material is placed in long, narrow piles 

called windrows. Aeration is provided by turning the piles periodically. 

- Zero Waste: A philosophy and approach that aims to divert all waste from landfills and incineration by 

reducing, reusing, and recycling materials. 

- Digestate: The solid or liquid material left after anaerobic digestion, which can be used as a fertilizer. 

- Green Manure: Plants grown specifically to be tilled into the soil to improve its fertility and organic 

content. 

- Leachate: Liquid that has percolated through compost or landfill material, which can contain dissolved 

organic and inorganic substances. 

 


