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Learning Unit 1: COMMON AGRICULTURAL 

POLICY (CAP) 

 

1. Introduction 

 

Launched in 1962, the EU’s common 

agricultural policy (CAP)1 is a partnership 

between agriculture and society, and 

between Europe and its farmers. It aims to: 

• support farmers and improve 

agricultural productivity, ensuring a 

stable supply of affordable food; 

• safeguard European Union farmers to make a reasonable living; 

• help tackle climate change and the sustainable management of natural resources; 

• maintain rural areas and landscapes across the EU; 

• keep the rural economy alive by promoting jobs in farming, agri-food industries and 

associated sectors. 

The CAP is a common policy for all EU countries. It is managed and funded at European 

level from the resources of the EU’s budget. 

Farming is unlike most other businesses, as the following special considerations apply: 

• despite the importance of food production, farmers’ income is around 40% lower 

compared to non-agricultural income; 

• agriculture depends more on the weather and the climate than many other sectors; 

• there is an inevitable time gap between consumer demand and farmers being able 

to supply – growing more wheat or producing more milk inevitably takes time. 

While being cost-effective, farmers should work in a sustainable and environmentally 

friendly manner, and maintain our soils and biodiversity. 

 
1 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-glance_en  

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-glance_en
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Business uncertainties and the environmental impact of farming justify the significant role 

that the public sector plays for our farmers. The CAP takes action with the following 

measures: 

• income support through direct payments ensures income stability, and remunerates 

farmers for environmentally friendly farming and delivering public services not 

normally paid for by the markets, such as taking care of the countryside; 

• market measures to deal with difficult market situations such as a sudden drop in 

demand due to a health scare, or a fall in prices as a result of a temporary 

oversupply on the market; 

• rural development measures with national and regional programmes to address the 

specific needs and challenges facing rural areas. 

The CAP is financed through two funds as part of the EU budget: 

• the European agricultural guarantee fund (EAGF) provides direct support and funds 

market measures; 

• the European agricultural fund for rural development (EAFRD) finances rural 

development. 

Payments are managed at national level by each European Union country. Information 

about the recipients of CAP payments is published by each country, in accordance with 

EU transparency rules. 
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2. The benefits of the CAP 

 

Putting food on Europe’s plate 

CAP gives Europe food security. Without it, we 

would be dangerously dependent on fluctuating 

imports. Farmers need the stability CAP provides. 

Left to the mercy of the market, they couldn’t 

invest in improvements to productivity, food safety 

or environment protection. CAP ensures Europeans 

have stable food supplies at reasonable prices. As global warming increasingly impacts on 

harvests it’s even more important to protect domestic food supplies. Without CAP, all EU 

nations would develop their own competing farm support systems, creating single market 

chaos. 

 

Protecting the rural communities 

Europe’s rural communities are under threat. With farmers’ incomes only about half the 

average EU wage, it’s no surprise that over the last decade agricultural employment fell by 

25 percent. Every year, Europe has 2 percent fewer farmers. Around 60 percent of the EU 

population lives in the countryside which covers 90 percent of the Union’s territory. The 

countryside is one of our greatest assets, and farmers need help to protect the rural 

environment and way of life. Today’s reformed CAP offers training for farmers, and 

assistance to young farmers starting up. Subsidies are increasingly orientated toward rural 

development. 

 

Tasty European food variety 

Europe has the world’s best food and CAP promotes quality and diversity. Under CAP, 750 

traditional local foods are protected along with 2,000 wines and spirits – from Newmarket 

sausages and Azores pineapples to Rioja and Beaujolais. Abolishing the CAP would put such 

delights under threat and put Europe on a diet of bland processed foods churned out by 

US-style factory farms. Recent reforms ensure the EU is a world leader in promoting food 

safety and the development of organic produce. 
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Protecting the environment, supporting development 

Increasingly, the CAP is used to protect the rural environment. Farmers get more if they 

sign up to agro-environment commitments – using fewer chemicals; leaving boundaries 

uncultivated; maintaining ponds, trees and hedges; protecting wildlife. EU food surpluses 

help developing countries by providing a source of cheap food. Still, the EU remains the 

world’s biggest importer of food, buying in €65 billion a year. Europe imports more food 

from developing countries than the United States, Japan, Canada, Australia and New 

Zealand put together. CAP also ensures that the EU is also the world’s second largest food 

exporter. 

The CAP defines the conditions that will allow farmers to fulfil their functions in society in 

the following ways: 

Food production 

• There are around 10 million farms in the EU and 22 million people work regularly in 

the sector. They provide an impressive variety of abundant, affordable, safe and 

good quality products. 

• The EU is known throughout the world for its food and culinary traditions and is one 

of the world’s leading producers and net exporters of agri-food products. Due to its 

exceptional agricultural resources the EU could and should play a key role in 

ensuring food security for the world at large. 

Rural community development 

• Within our countryside and its precious 

natural resources, there are many jobs 

linked to farming. Farmers need 

machinery, buildings, fuel, fertilisers and 

healthcare for their animals, also known 

as ‘upstream’ sectors. 

• Other people are busy in ‘downstream’ 

operations – such as preparing, processing, and packaging food, as well as in food 

storage, transport and retail. The farming and food sectors together provide nearly 

40 million jobs in the EU. 

• To operate efficiently and remain modern and productive, farmers, upstream and 

downstream sectors need ready access to the latest information on agricultural 
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issues, farming methods and market developments. During the period 2014-20, the 

resources of the CAP were directed towards providing high-speed technologies, 

improved internet services and infrastructure to 18 million rural citizens – the 

equivalent of 6.4% of the EU’s rural population. 

Environmentally sustainable farming 

• Farmers have a double challenge – to produce food whilst simultaneously protecting 

nature and safeguarding biodiversity. Using natural resources prudently is essential 

for our food production and for our quality of life – today, tomorrow and for future 

generations. 
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3. The New CAP 

 

To consolidate the role of European 

agriculture for the future, the CAP has 

evolved over the years to meet changing 

economic circumstances and citizens’ 

requirements and needs. 

On 1 June 2018, the European Commission 

presented legislative proposals for a new 

CAP2. The proposals outlined a simpler and more efficient policy that will incorporate the 

sustainable ambitions of the European Green Deal3. After extensive negotiations, the 

European Parliament, the Council of the EU and the European Commission reached an 

agreement on a new CAP on 25 June, 2021. The new CAP is due to be implemented from 1 

January 2023, pending final agreement between the European Parliament and the Council 

of the EU. 

In June 2021, the Council and the European Parliament reached a provisional political 

agreement on the future of the Common Agricultural Policy (CAP) in response to a legal 

proposal tabled in 2018 by the European Commission. 

In the context of the major COVID health crisis that demonstrated the resilience of the 

EU’s food sector, and against a backdrop of growing challenges in relation to climate 

change, biodiversity loss and management of natural resources, much is expected from the 

new CAP over the period 2023-2027. 

The provisional political agreement reached today by the European Parliament and Council 

on the new Common Agricultural Policy introduces a fairer, greener, more animal friendly 

and flexible CAP. Higher environmental and climate ambitions, aligned with Green Deal 

objectives, are to be implemented from January 2023. The new CAP will also ensure a 

fairer distribution of CAP support, especially to small and medium-sized family farms and 

young farmers. 

 

 
2 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/new-cap-2023-
27_en  
3 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal  

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/new-cap-2023-27_en
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/new-cap-2023-27_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal
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3.1. A greener CAP 

The policy will be an essential tool for 

contributing to achieving the ambitions of the 

European Green Deal – a wide-ranging and far-

reaching strategy for environmental, 

economic and social sustainability in the EU. 

Three out of nine of the CAP’s specific 

objectives4 directly concern the environment 

and climate – covering climate change, 

management of natural resources, and 

biodiversity.5 Taken as a whole, the CAP’s objectives will cover the three dimensions of 

sustainability (environmental, economic and social). 

The new CAP will support the transition towards more sustainable agriculture with 

increased ambition for climate, environment, and animal welfare. This will enable 

implementation through the National Strategic Plans in line with the Green Deal 6and its 

Farm to Fork7 and Biodiversity strategies8. It also introduces new tools that, combined with 

the new way of working, will enable a more efficient and better-targeted environmental, 

climate and animal welfare performance 

 

3.2. A fairer CAP 

At the same time, more than ever, the 

CAP must target better and address the 

specific needs of the farm sector and 

rural areas regarding fairness – in terms 

of the distribution of income support, 

as well as other tools and features of 

the CAP. The new CAP places a greater 

 
4 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/new-cap-2023-
27/key-policy-objectives-new-cap_en 

 
6 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-strategic-
plans_en  
7 https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en  
8 https://www.eea.europa.eu/policy-documents/eu-biodiversity-strategy-for-2030-1  

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/new-cap-2023-27/key-policy-objectives-new-cap_en
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/new-cap-2023-27/key-policy-objectives-new-cap_en
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-strategic-plans_en
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-strategic-plans_en
https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en
https://www.eea.europa.eu/policy-documents/eu-biodiversity-strategy-for-2030-1
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emphasis on fair distribution of support, working conditions and securing the future of a 

new generation of European farmers. 

For the first time, the CAP will include social conditionality, meaning that CAP 

beneficiaries will have to respect elements of European social and labour law to receive 

CAP funds. 

Redistribution of income support will be mandatory. Member States will redistribute at 

least 10% to the benefit of smaller farms, and must describe in their strategic plan how 

they plan to do this.   

Support for young farmers will have a new mandatory minimum level of 3% of Member 

States' budgets for CAP income support to young farmers (farmers up to 40). This could 

cover income support, investment or start-up aid for young farmers. 

 

3.3. An innovation-friendly CAP 

Finally, to help achieve these and other goals the CAP must continue to embrace 

innovation. Modernisation in agriculture and rural areas will be an explicit horizontal 

objective of the CAP – one which lies at the heart of all the others. Each Member State will 

have to set out in its CAP Plan its strategy for stimulating innovation and modernisation. 

Member States will also have to ensure that advice on a broad range of topics is available 

to farmers and other CAP beneficiaries covering the economic, environmental and social 

dimensions of land and farm management. The scope of the current farm advisory system 

will be widened, with a view to strengthening advice via AKIS activities which involve all 

public and private advisors. 

 

 

 

 

 

 

 



AgriSmart: Sustainability and digital skills  
for the agricultural sector  
2020-1-IT01-KA202-008399 

14 
 

4. CAP reform and the new model of agriculture and 

sustainability  

 

Few EU policies have received as much 

criticism as CAP has. The criticisms usually 

revolve around disproportionality of the CAP 

budget, the preferential treatment that 

farmers get, inequitable distribution of income 

support, and environmental damage. While 

there is some truth in these accusations, it’s 

easy to counter them and many have been addressed to some extent in the new CAP. The 

new post-2023 CAP provides more flexibility to member states to adapt the policy to their 

specific needs and priorities while respecting the overarching EU-level objectives. The 

cascade process from EU to national to regional level promises to be anything but 

straightforward. 

 

4.1. Criticisms of CAP  

 

Disproportionality: While farming is clearly important for ensuring Europe’s food security, 

the agricultural sector contributed only 1.3% to the EU’s GDP in 2020.  And yet CAP, until 

recently, accounted for 38% of the total EU budget.  

Preferential treatment: By ignoring the rules of supply and demand, CAP gives the 

agricultural sector an unfair advantage over other industries. Basically, critics are saying 

that farmers should learn how to survive on their own in a free market like any other 

business.  

Inequitable distribution: Some 20% of the largest farms receive around 80% of direct 

payments. Moreover, CAP subsidies have been linked to fraudulent practices, and a 2021 

report looking at the use of agricultural funds in Central and Eastern Europe found a clear 

inequality between fund allocations for big and small farms. The report noted that there 

are “systemic advantages” for big farms whose managers have close ties to the ruling 

political elite.  Companies linked to Andrej Babis, the billionaire Czech prime minister, got 
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€34 million one year. Such headlines typically provide CAP critics even more reason to 

argue that a more drastic reform is urgently needed.  

Environmental damage: In Europe and beyond, large-scale industrial agriculture has been 

criticised for its negative impact on the environment. It has been blamed for the increase 

in CO2 emissions and the growing pollution of soil and water through the use of pesticides 

and fertilisers. Because 80% of agricultural land in the EU is owned by just 20% of the 

farms, environmental groups, climate activists and green political parties all have 

criticised CAP on the grounds that it inadvertently contributes to such outcomes.   

Concerns about CAP’s poor environmental credentials are neither new nor do they 

exclusively focus on intensive farming. Biodiversity-loss has attracted considerable 

attention too. For example, in pre-Brexit Britain, UK farmers could not receive basic 

payments for land featuring ponds, wide hedges, salt marshes or regenerating woodland 

because such land is not suitable for production. Only land suitable for agricultural 

production is considered agricultural. Agricultural areas include arable land, permanent 

crops and permanent grassland. Farmers had to show that this land is either used for some 

form of agricultural activities or maintained in good agricultural condition. This led some 

critics to claim that the requirement to keep land in good agricultural condition (without 

growing anything on it) created perverse incentives for destroying elements critical to 

biodiversity e.g. woods, scrubland, reed beds, bogs.   

Perhaps the most damning assessment of CAP’s impact on biodiversity came from the 

European Court of Auditors.  They argued that CAP has failed to reverse the ongoing 

decline in biodiversity caused mainly by intensive farming. Further, the auditors 

highlighted how farmers were being paid to undertake environmentally friendly measures 

they would have done anyway, such as crop rotation, while governments handed out 

“green cash” with little oversight.  

 

4.2. In defence of CAP and farmers 

 

Just how valid are these criticisms? With regards to disproportionality, the share of EU 

budget dedicated to agricultural spending has been steadily declining over the years. In 

the 1980s, CAP represented a whopping 66% of the budget. In the last financial framework 
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(2014-2020) - 37.8%. In the next period running until 2027, the share will drop even 

further, to 31%.   

As regards favourable treatment, unlike many businesses, farmers are particularly 

vulnerable to climate change and adverse weather conditions. CAP provides the stability 

needed to protect food supply within the EU while ensuring food safety and at least some 

level of environmental protection.   

Farmers have been criticised for many years, with the Economist recently calling them 

“ludicrously privileged.”  In the eyes of the public, farmers essentially “get paid for doing 

nothing” because they no longer need to provide commodities to get a subsidy 

(decoupling).  Not only is this changing in the new legislation with the introduction of the 

concept of 'active farmer' (meaning that only those engaged in at least a minimum level of 

agricultural activity may receive certain EU support), this view is also overly simplistic. It 

ignores important work that farmers, in particular small ones, are doing. Besides food 

production, farmers contribute to the management of public goods (e.g. landscapes) and a 

wide range of ecosystem services that help urban areas mitigate the worst effects of 

climate change.  

On the 20/80 issue, the Commission has acted by putting in place measures to prevent 

unlawful spending of taxpayers’ money. These include individual inspections, audits and a 

new IT system that uses Earth Observation data to carry out checks for area-based CAP 

payments.  

The new CAP will ensure a fairer distribution of CAP support, especially to small and 

medium-sized family farms and young farmers. For the first time, redistribution of income 

support will be mandatory. Member states will need to redistribute at least 10% in favour 

of small farms.  Another mandatory requirement is the allocation of at least 3% of national 

budgets for CAP income support to young farmers. These novelties go some way to 

addressing past criticisms that highly profitable large industrial farms, despite being in no 

need of assistance, benefited significantly from high levels of CAP support, whereas small 

farmers, who really did need help, were not getting as much assistance as they required.  

To address environmental concerns, and in particular biodiversity loss, the enhanced 

conditionality under the new CAP requires that on every farm at least 3% of arable land is 

dedicated to non-productive elements. The conditionality also includes mandatory 

requirements and standards related to environmental management, as well as public, 

animal and plant health, which all farmers in receipt of direct payments must fulfill. At 
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least 25% of the budget for direct payments (€48 billion) must be allocated by member 

states for eco-schemes, providing stronger incentives for climate- and environment-

friendly farming practices e.g. organic farming, agro-ecology, carbon farming. ,   

Further efforts to restore ecosystems and reduce pollution are elaborated in the new 

Farm2Fork and biodiversity strategies.  The 2030 targets have been set for the reduction of 

pesticide use (50%) and fertiliser use (20%). The amount of land reserved for organic 

production should increase three-fold, to 25%.  

As is often the case, some critics believe these targets are not ambitious enough. A 

European Citizen Initiative, for example, calls for an 80% pesticide reduction target by 

2030.  There are also those who think the strategies fail to address some of the root causes 

driving climate-related and environmental challenges i.e. the excessive livestock 

production and over-consumption of meat and dairy.  In the EU, agriculture accounts for 

around 10% of the GHG emissions, of which around 70% is produced by livestock farming.  

While the Commission is not calling for a cut in the production and consumption of all 

meat products and dairy, some EU countries are seriously considering reducing the 

livestock numbers, much to the dismay of farming communities. One example is Ireland. 

The Taoiseach has suggested that stabilising cattle numbers could form part of the 

country’s strategy to curb carbon emissions.  Another is the Netherlands, which recently 

proposed radical plans to cut livestock numbers by almost a third to reduce ammonia 

pollution.   

There is some controversy around methane emissions from cattle. While animal agriculture 

deserves some blame for global warming, the industry’s impact on the environment might 

not be as bad as critics claim. A lot depends on how these emissions are measured.  The 

Irish Farmers Association goes so far as to claim that methane emissions from cattle are 

being overstated.  What is certain though is that reductions in livestock numbers, if 

realised, would have a devastating impact on the livelihoods of thousands of farmers.  
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4.3. CAP’s other novelties 

 

For the first time, CAP will include social conditionality, meaning that CAP beneficiaries 

will have to respect elements of European social and labour law to receive CAP funds. This 

adds a new social dimension to CAP, which may potentially become the program's third 

pillar (the first pillar is direct payments, the second - rural development). This 

conditionality was added to tackle social dumping and improve general working conditions 

on the farm. Social dumping basically means cheap labour. It happens when foreign 

workers are offered less pay and social protection than is required by law or collective 

agreement prevalent in the host country.  

For some, the ‘third pillar’ would be welcome news. But as with the CBAM, dealing with 

social conditionality could mean more red tape in a subsidy programme that is already 

quite complex. That said, the CAP’s social dimension will not start applying from day one. 

The new mechanism will be compulsory only as of 2025, and will start being implemented 

only by those EU member states who are ready from 1 January 2023.  

Under the new CAP, national administrations will play a more leading role in defining 

important aspects of the CAP implementation. The reform provides them with flexibility to 

better adapt CAP to the priorities and specific needs of rural areas. For example, under 

the “old” CAP, green direct payments were implemented by member states following a 

common set of practices and rules set at EU level. In the new, post-2020 CAP, the 

proposed eco-scheme offers member states more autonomy to determine the details and 

substance of environmental and climate actions.  

The practical consequence of this is that regions must now play a much more proactive 

role in the formulation of CAP policy, making sure that their interests are adequately 

represented in the national strategic plans, which all EU countries must prepare by the end 

of 2021. The European Commission will assess those, checking how they address objectives 

set out in CAP, Green Deal, Farm to Fork and Biodiversity strategies. Approved plans will 

enter into force in 2023. 
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Multiple Choice Questions and Answers 

1. When was the EU’s common agricultural policy (CAP) first launched? 

• In 1962 

• In 1945 

• In 2004 

 

2. Is the CAP a common policy for all EU countries? 

• YES 

• NO 

 

3. Through which two funds, as part of the EU budget, is the CAP financed? 

• European agricultural guarantee fund and European agricultural fund for rural 

development  

• European agricultural fund for rural development (EAFRD) and Cohesion Fund 

• European Structural and Investment Funds and Environment and climate action 

 

4. From what date is the New CAP introduced? 

• 1 January 2023 

• 1. July 2023 

• 1. January 2024 

 

5. What is European Green Deal? 

• a wide-ranging and far-reaching strategy for environmental, economic and social 

sustainability in the EU 

• EU strategy that takes an ambitious approach toward digital technological development 

• European strategy for genetic conservation of forest trees 

 

6. The new Common Agricultural Policy has the ambition to be: 

• fairer, greener, more animal friendly and flexible 

• fairer, more animal-friendly, expensive and flexible 

• fairer, greener, more animal-friendly and bureaucratic 

 

7. Will be the new CAP provide more flexibility to national administrations? 

• YES 

• NO 
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Glossary 

 

AKIS 

Agricultural Knowledge and Innovation Systems. The term Agricultural Knowledge and 

Innovation Systems (AKIS) is used to describe the whole knowledge exchange system: the 

ways people and organisations interact within a country or a region. AKIS can include 

farming practice, businesses, authorities, research, etc. and can vary a lot, depending on 

the country or sector. When developing new AKIS, technical, organisational and social 

dimensions should be taken into account (a “systems approach”), this helps bridge the gap 

between science and practice. 

 

Biodiversity 

The term biodiversity (from “biological diversity”) refers to the variety of life on Earth at 

all its levels, from genes to ecosystems, and can encompass the evolutionary, ecological, 

and cultural processes that sustain life. 

 

CAP 

The Common Agricultural Policy (CAP) is the agricultural policy of the European Union. It 

implements a system of agricultural subsidies and other programmes. 

 

CBAM 

Carbon Border Adjustment Mechanism- a climate measure that should prevent the risk of 

carbon leakage and support the EU's increased ambition on climate mitigation, while 

ensuring WTO compatibility. 

 

Climate change 

Contemporary climate change includes both global warming caused by humans and its 

impacts on Earth's weather patterns. The main cause is the emission of greenhouse gases, 

mostly carbon dioxide (CO2) and methane. 
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Crop rotation 

The growing of different crops in succession on a piece of land to avoid exhausting the soil 

and to control weeds, pests, and diseases. 

 

Culinary 

of or relating to the kitchen or cookery 

 

European Green Deal  

Climate change and environmental degradation are an existential threat to Europe and the 

world. To overcome these challenges, the European Green Deal will transform the EU into 

a modern, resource-efficient and competitive economy, ensuring: 

• no net emissions of greenhouse gases by 2050 

• economic growth decoupled from resource use 

• no person and no place left behind 

 

Farm to Fork  

The Farm to Fork Strategy is at the heart of the European Green Deal aiming to make food 

systems fair, healthy and environmentally-friendly. 

The Farm to Fork Strategy aims to accelerate our transition to a sustainable food system 

that should: 

• have a neutral or positive environmental impact 

• help to mitigate climate change and adapt to its impacts 

• reverse the loss of biodiversity 

• ensure food security, nutrition and public health, making sure that everyone has 

access to sufficient, safe, nutritious, sustainable food 

• preserve affordability of food while generating fairer economic returns, fostering 

competitiveness of the EU supply sector and promoting fair trade. 

Fertiliser 
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Any material of natural or synthetic origin that is applied to soil or to plant tissues to 

supply plant nutrients. 

 

Food safety  

Every European citizen has the right to know how the food they eat is produced, 

processed, packaged, labelled and sold. The central goal of the European Commission's 

Food Safety policy is to ensure a high level of protection of human health regarding the 

food industry — Europe’s largest manufacturing and employment sector. 

 

Subsidies 

A sum of money granted by the state or a public body to help an industry or business keep 

the price of a commodity or service low. 

 

Organic produce / organic products / organic farming /organic production 

An agricultural system that uses fertilizers of organic origin such as compost manure, green 

manure, and bone meal and places emphasis on techniques such as crop rotation and 

companion planting. 

 

Wildlife 

The native fauna and flora of a region. 

 

Young farmer 

According to the Regulation (EU) No 1305/2013 of the European Parliament and of the 

Council, “young farmer” means a person who is no more than 40 years of age at the 

moment of submitting the application, possesses adequate occupational skills and 

competence and is setting up for the first time in an agricultural holding as head of that 

holding. 
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Learning Unit 2: SUSTAINABLE 

AGRICULTURE 

 

 

Abbreviations 
 

APIs Application programming interfaces 

ARMS Agricultural Resource Management Survey 

FAO Food and Agriculture Organization of the United Nations 

DSS Decision support system 

EU European Union 

EUROSTAT is the statistical office of the European Union 

GIS Geographic information system 

GODAN Global Open Data in Agriculture and Nutrition 

GPS Global positioning system 

ICT Information and Communications Technology 

IoT Internet of things 

MSI: Multi-spectral imagery 

ODI Open Data Institute 

PDP Personal data protection 

QR code Quick response code 

SMS Short message service 

UN United Nations 

USDA United States Department of Agriculture 

USSD Unstructured supplementary service data 
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1. What is data, and why they are essential for farmers? 
 

1.1 What is data? 
That subchapter aims at introducing farmers to concepts related to data and their use in 

services connected to farms. 

Data is difficult to define, and thus, searching for it. Data is the lowest level of abstraction 

from which information and knowledge are derived. Traditionally, data is thought of as a 

spreadsheet or set of numbers that can be analysed somehow. On the web, such data is 

often shared via data portals simply as a file that can be downloaded. Some portals provide 

YouTube-like functionality where the data can be explored without downloading; however, 

the data itself is still a static resource, uploaded ready to be downloaded by someone else. 

Data could not have a specific meaning by themselves, is data processing data gives an 

information. 

While data remains a static resource, second-and third-generation web services are ideally 

suited to harvest metadata about these static resources and provide entries in search results. 

This approach suits the web of documents approach, where the metadata is still the 

fundamental way the data can be found, which means that existing search engines can be 

used to find data with the correct query. 

 

 

 

 

 

 

 

 

 

 

 

Agriculture is a field that crosscuts many data areas, and many different datasets exist in 
portals and websites (e.g. EUROSTAT, World Bank). Furthermore, beyond legal and 
administrative data referring to the farm, farmers have to manage data and information 
derived such as environmental aspects, water use, crop status and so on. 
Farm’s data about the structure of agricultural holdings, i.e. labour force, size of holdings, 

land use, livestock, inputs for farming, production gives the data helpful to develop 

databases at a local and global level and processing that data could give information that 

are fundamental for farmers to manage the enterprise and develop innovation in agriculture 

through technologies. Processing correctly data is fundamental for taking farm useful 

decision. 

INFO BOX_1 

Web 1.0 refers to the first stage of the world wide web revolution. Earlier, there were only a 

few content creators in Web 1.0 with a huge majority of users who are consumers of content. 

Personal web pages were common, consisting mainly of static pages hosted on private web 

servers, or on free web hosting services.  

Web 2.0 refers to worldwide websites which highlight user-generated content, usability, and 

interoperability for end users. Web 2.0 is also called the participative social web. It does not 

refer to a modification to any technical specification, but to modify the way web pages are 

designed and used. The transition is beneficial but it does not seem that when the changes 

occur. Interaction and collaboration with each other are allowed by Web 2.0 in a social media 

dialogue as the creator of user-generated content in a virtual community. 

Web 3.0 refers to the evolution of web utilization and interaction which includes altering the 

Web into a database. It enables the up-gradation of the back-end of the web, after a long time 

of focus on the front-end. Web 3.0 is a term that is used to describe many evolutions of web 

usage and interaction among several paths. In this, data isn’t owned but instead shared, where 

services show different views for the same web / the same data.  
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There is an exponential growth in data accompanying the digitalisation of agriculture 

through the proliferation of mobile technology, remote sensing technologies and distributed 

computing capabilities. The effective management of data for farms will open up new 

opportunities to improve the lives and livelihoods of farmers by lowering costs and reducing 

information asymmetries. In addition, data can support improving agricultural practices 

toward higher resource-use efficiency and reduced environmental impacts. 

 

However, for farmers, the lack of experience in data management or the adoption of data-

driven services can limit the possibilities of digital transformation of the agricultural sector. 

Data revolution in agriculture and information and communications technology (ICT) for 

agriculture services can support farmers in addressing their challenges and increasing their 

incomes and yields. 

Farmers could be independent users or be supported by professionals (e.g. Agronomist, 

Engineers) to access more services such as extension, trade, or financial services. Whatever 

the case, the farmer should understand the data source and the range of associated services. 

Today, these services can be provided at scale through ICTs. 

Future farming uses multispectral imagery, soil and micro-climate sensors, equipment 

telematics data, and GPS to drive yield-enhancing decisions. Investors in agro-tech startups 

support this trend. The amount of data collected from farms are multiplying, but little is 

known about how farmers leverage this data to make decisions. According to the USDA's 

Agricultural Resource Management Survey (ARMS), 61% of corn growers used a yield monitor 

in 2010, but only 34% used the data, for example, to generate a yield map. That fact 

indicates a disconnection between data collection and data use (Nathan DeLay et al. 2020). 

FAO (2021) summarised in figure 1 four main categories of services beneficial for farmers. 

That services are based on data information that could be enhanced through ICT and smart 

agriculture. The categories are: 

1) Production-related services: All the pre-to post-harvest assist farmers to extract the 

greatest value from their assets and combat any pest or disease that may endanger 

the harvest. 

2) Financial services: A range of financial services are essential to support agricultural 

activities, including traditional banking services, microfinance and subsidy schemes. 

3) Trade and market services: This area includes all services that enhance access to the 

market and support farmers in getting the best prices for their commodities. 

4) Registration services encompass cooperatives and farmers' group services for their 

members, including membership management and communication. 
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Figure 1 A model for data-driven services and related farmer profiles 

The services provided from intelligent agriculture to farmers are essential, but the cost of 

time and money for services fruition remains a crucial point for debating. 

 

1.2 Sharing data 
This section illustrates the principles of sharing data.  

Data exists on a spectrum, and it can be closed, shared or open. Datasets may include 

sensitive information for security, personal or commercial reasons. For instance, health 

records may cover sensitive data, which raises privacy issues. For these reasons, data can 

be closed or shared with limited persons or groups but not licensed to permit anyone to 

access, use and share it. The importance of data sharing for example with decision support 

systems (DSS) is related to top-level strategic decision making. 

The Data Spectrum in Figure 2, developed by The Open Data Institute (ODI), illustrates the 

degree of openness of data and helps understand the language of data. Data can be shared 

within a closed or partially closed group or even publicly on the web without being identified 

as 'open data. What makes it shareable is the structure of data and machine readability. 
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Figure 2 The ODI Data Spectrum: Agriculture 

Farmers share a lot of valuable data with several other actors in different data value chains, 

e.g. with technology providers for precision agriculture and decision support systems (DSS); 

with suppliers and distributors for data exchange in the supply chain; with farmers' 

associations for registration and service provision; with banks for financial assessment; and 

with governments for subsidy eligibility and compliance, etc.  

This data sharing is more frequently managed through digital technologies. New digital 

technologies – such as sensors, drones and the Internet of things (IoT) in general or the 

blockchain – create an automatic flow of data from the farmer to the data collectors, over 

which the farmer has very little control. Besides, such flows are designed in ways that are 

not clearly explained in contracts, and contracts are often non-negotiable. For this reason, 

farmers are often wary about the use of technologies like drones or sensors whose data is 

under the control of the technology provider. 

The table below provides a summary of challenges presented by sharing farm data. 

We suggest consul chapter 2, "Data sharing principles", to deepen the subject on FAO 2021. 
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1.3 Open data aims to introduce what makes data open and the benefits. The notion of open 

data has been around for some years. Today's considerable amounts of data are generated 

by the public sector, e.g. soil surveys, cultivar registrations, pesticide residues, healthcare, 

defence industries, infrastructure, public education, and telecommunications.  

Open data for agriculture, including individual datasets, are accessible on public portals. In 

addition to public data, for which there is a public demand for openness, private sector data 

is also becoming more important for decision-making. While making this data completely 

open is not always feasible, many open data principles (access, reuse, interoperability) also 

apply to sharing private sector data, even if under different access conditions. 

Table 1 Challenges of sharing farm data 
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Open access and data sharing are vital resources for food security and nutrition, and farmers 

drive them, researchers, extension experts, policymakers, governments, international 

agencies and other private sector and civil society stakeholders participating in 'innovation 

systems' and value chains. Lack of institutional, national and international policies and data 

openness limits the effectiveness of agricultural and nutritional data from research and 

innovation. Making open data and data exchange in the value chain work for agriculture 

requires a shared agenda to increase the supply, quality, and interoperability of data, 

alongside action to build capacity for the use of data by all stakeholders. 

From mobile technology used by health workers to open data released by government 

ministries, data is becoming ever more valuable, as agricultural business development and 

global food policy decisions are being made based upon it. However, the agriculture sector 

is also home to severe resource inequality. In fact, on a global scale, the largest agricultural 

companies make billions of dollars per year, in contrast to subsistence farmers growing just 

enough to feed themselves or farmers in a developed country who grow enough to sell on a 

year-by-year basis (Ferris and Rahman, 2016). 

The scarcity of available data prevents us from identifying and learning from real progress 

at the global and national levels. It also hides inequalities within countries, making it more 

difficult for governments to know about them or for others to hold governments fully 

accountable (IFPRI, 2016). 

 

1.4 Data quality and provenience 
The chapter aims to underline the importance of data quality and provenience. 

There are many ways to obtain data from the web, visible via a download button or available 

through public or hidden Application Programming Interface (API). Regardless of the data 

acquisition method, it is critical to check the following data's rights to use that method. 

Like the data itself, some rights statements will be only human-readable, some only 

machines are able, and some a combination of both. Commonly, however, service providers 

will have a human-readable version of their terms of use and/or data license that will cover 

both the terms of use of the service and rights to use data once acquired. Many government 

data portals will have the data license listed as metadata against the viewed record. For 

example, in data.gov.uk, all licenses are listed directly under the title of the dataset as a 

clickable link.  

In some conditions, it might be necessary to read the terms and conditions of the providers 

to ensure that method of access and rights to use the data are permitted as just because 

something is accessible on the web does not give everyone the right to use it. 

It is still early in the evolution of a 'data age' following the 'information age, and services 

specialising in fast data access are evolving. At the same time, the number of services 

providing data is also growing, mirroring the early days of the web. Data formats have also 

evolved and thus, so too have methods to discover and access data. Search engines are 

becoming much more intelligent and customised to perform highly targeted queries. At the 

same time, tools to help extract and work with data have evolved such that it is very easy 

to start working with data regardless of the format. 
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The evolution of mobile applications that demand instant access to data has also increased 

the number of available APIs, even if some remain hidden. 

Quality and provenance are two essential aspects that determine the usability of a dataset. 

The history or provenance dictate part of the quality of a dataset. Knowing that the data is 

from a reliable source and collected using reliable methods (or via methods with known 

constraints) can often be more important than having a dataset with a well-controlled 

vocabulary or schema. While data is technical, not all quality measures are technical; 

ensuring a dataset is machine-readable does not always mean it is usable; not all quality 

requirements are technical. The evolution of best practice guidelines reflects this.  

Assessing the quality of open data cannot be done quickly. Several community-based 

standards and quality marks can help assess the quality and usability of data. One of the 

first quality marks to emerge for open data is the '5-stars of linked open data' (Berners-Lee, 

2012). Awarding of each star is sequential and starts with applying an open license to data. 

The 5-star guideline is focused on the technical availability of data and lacks the non-

technical aspects that make up quality usable data. 

In order to deepen the topic, here are the lessons provided by the Data4Ag project of CTA 

with PAFO and FAO. (2020, February 12). Farm Data Management, Sharing and Services for 

Agriculture Development Online Course (Version v1.0). Zenodo. 

http://doi.org/10.5281/zenodo.3663553. Lesson link: https://aims.gitbook.io/farm-data-

mooc/unit-3-using-data/lesson-3.2-quality-and-provenance. 

 

1.5 Personal data protection 
That subchapter is introduced because farmers need to have personal data protection when 

the third part is profiling farmers and capturing farm-level data to build services for farmers 

to increase their production and income. 

Data, services and applications, profiling activity, can be conducted by different actors such 

as agribusinesses, farmers' groups, cooperatives, or ICT service providers. This activity is 

about collecting and storing data about farmers and farms that are, by their nature, 

classified as personal data. Personal data collection, storage, and management are regulated 

by specific national, regional, and/or continental levels in many countries.  

Some examples have demonstrated that the implementation of Personal data protection 

(PDP) measures, besides its ethical dimension, is also a powerful way to develop trust 

between farmers and organisations collecting and managing farm-level data. Therefore, it 

is strongly recommended that anyone implementing a farmer profiling platform or farmers' 

registry implement best practices and common approaches to PDP, even when the country-

specific law does not make those approaches mandatory. 

A common description of personal data is all information attributed to an individual living 

person. Data is also considered personal if combined with other data to make attribution to 

living individuals possible. This information can take various formats such as an identification 

number (e.g. social security number) or one or more factors specific to his/ her physical, 

physiological, mental, economic, cultural or social identity (e.g. name and first name, date 

of birth, biometric data, fingerprints, DNA etc.).  

http://doi.org/10.5281/zenodo.3663553
https://aims.gitbook.io/farm-data-mooc/unit-3-using-data/lesson-3.2-quality-and-provenance
https://aims.gitbook.io/farm-data-mooc/unit-3-using-data/lesson-3.2-quality-and-provenance
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Based on this definition, the process of collecting farmers' data, as soon as it includes 

elements such as name or phone number or address or GPS coordinates, falls into the 

category of processing of personal data. The figure below shows the types of data classified 

as personal. 

 

Figure 3 Data types classified as personal 

PDP is commonly defined as a law designed to protect citizens' personal information. As of 

2018, 120 countries worldwide had data protection/ privacy laws, and 40 other countries 

had pending bills or initiatives (Banisar, 2019).  

 

2. Data sources and how data is collected 
 

2.1 Data sources 
The subchapters aim to clarify the data sources considering that data could be collected on 

farms and off farms. Farm-level data is essential in delivering actionable tailored farmer-

centric services and information to individual farmers.  

The off farms' data are based on numerous datasets, which are potentially helpful to deliver 

information and services to farmers. Some datasets might be helpful at different stages of 

the crop cycle but with different requirements. Some datasets are available at the country 

level only, but others may be available in-country or at the regional or international level 

(e.g. weather data or satellite images). The datasets reported in Table 1 are frequently 

adopted from professionals connected with land use and farms.  
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Table 2 Categories of datasets, individual datasets and applications, n 1. Source FAO, 2021 

 

Tables 3 and 4 inform about datasets and applications useful for farm managers. 
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Table 3 Categories of datasets, individual datasets and applications, n 2. Source FAO, 2021 
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Table 4 Categories of datasets, individual datasets and applications, n 3. Source FAO, 2021 

 

Data-driven agriculture-led many opportunities; the Global Open Data in Agriculture and 

Nutrition (GODAN) partners produced a white paper that gave an overview of the vast 

opportunities and challenges of data-driven agriculture for smallholder farmers. The 

opportunities for farmers include the usage of data for different agri-food systems, in: 

1. Planning 

2. Monitoring and assessment 

3. Event management and intervention 

4. Autonomous actions 

5. Optimisation 

6. Forecasting 

7. Tracking and tracing 

8. Negotiating and market access 

While there are inherent advantages in data access for farmers, there are also data 

challenges. The most relevant ones are the different data streams – off-farm and on-farm 

data (figure 4). The paper identifies four data streams - localised data, imported data, 

exported data and ancillary data. The challenges were enumerated as: 

• Access challenges 

https://f1000research.com/documents/7-525
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• Usefulness of data 

• Affordability 

• Applicability 

• Appropriation 

• Effective use of data 

 

 

Figure 4 Streams of data from/to farm.  

 

2.2 How to collect data? 
That subchapter aims at clarifying the role of farmers and a third part in data collection. 

There are different ways to capture digital data. The definition of the goal and the scale of 

data collection is the first critical step. In addition, considering the inherent variability of 

climate, soil and management, it is essential to collect data for multiple years. Finally, 

combining different scales (field, farm, landscape) is essential to support decision making 

with the overarching goal of achieving sustainable agriculture.  

The figure below resumes the flow of digital agriculture data. 
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Figure 5 the flow of digital agriculture data (Basso and Antle, 2020). 

Smart Agriculture is part of the existing system based on high-level technology that 

permeates society. The data captured from devices and tools related to intelligent farming 

could be collected both from farmers and third part. Still, analysis and interpretation are 

often time-consuming and technological devices of farmers are not always suitable or 

available for data capture and management. Probably the disconnection between the 

presence of sophisticated technological devices for farmers and their effective use derives 

from: 

- The costs and practical use of tools and devices 

- The necessity of training 

- The capacity to analyse and interpret data 

Nathan DeLay et al. 2020, surveying farmers in the United States, underlined the low interest 

of farmers in approaching data collection mainly because it is too costly and there is 

uncertainty in using data. 

Summing up, when farmers should balance investing in new technology associated with 

sensors, drones, and other devices, they ask themselves how much time and resources I 

could spend to collect, analyse, and use my data? 
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Depending on the scale of a farm and the corporate hierarchy, the answer could be different. 

Farmers collect data (e.g. use of inputs, soil tillage) to organise the field work and 

understand the economic balance considering production per hectare. 

Usually, in an agrarian context where farmers invest in tools and devices to support the 

digitalisation of the farm are the third part who collect field and remote data offering 

services (e.g. organisation of fieldwork, improvement of inputs efficiency). Understanding 

and knowing how data are captured is valuable and helpful for farmers to manage better, 

e.g. crop fields irrigation, fertilisation, and animal feeding status. The main approaches for 

data collection are illustrated above. These options are usually complementary: 

1. Direct on-farm capture: The data is collected through human interaction by a data 

collector visiting the farmer. The data collection activity could be done on paper or with 

more advanced smartphone tools. 

2. Remote capture via mobile phone: Many farmers have a phone that can be exploited to 

collect data remotely. There are predominantly two ways to capture data: 

a. Direct capture through farmer contributions: Data is collected from farmers (as indirect 

on-farm capture) but remotely. Such collection can take different forms: a person-to-person 

call (via call centre), a basic phone application (voice-based application, unstructured 

supplementary service data (USSD), short message service (SMS), or smartphone application. 

b. Indirect capture through big data: Mobile operators can extract a large quantity of 

information from each of their clients, which includes, e.g. usage of their phone or usage of 

specific mobile services such as mobile money. 

This data is valuable and can complement other information in a farmer profile. Capturing, 

storing and exploiting this data requires partnership with mobile operators who are the only 

ones with access to this information. Of course, farmers have to be aware and consent to 

such data collection. 

3. Automatic capture using specific technologies: A series of new technologies can 

automatically capture some information. In particular, this includes drones for field mapping 

and analysis and sensors (also known as the Internet of things (IoT) technology. See 

FarmBeats, an initiative around IoT supported by Microsoft (Microsoft, 2015). The project 

aims to make farmers more efficient by arming them with data to help them increase farm 

productivity and reduce costs. FarmBeats project team builds several unique solutions to get 

data from the farm by using low-cost sensors, drones, and vision and machine learning 

algorithms. 

Other data capture technologies include significant data approaches used to analyse farmers' 

behaviour online (e.g., social media). Technologies such as satellites are more related to 

capturing global data. 

The different stages of the creation of any data collection and exploitation project are: 

Stage 1: Design of the data collection process; 

Stage 2: data collection; 

Stage 3: exploitation of data collected. 
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THEORY IN PRACTICE BOX_1 

In that unit are helpful, practical exercises for breaking the ice with farmers to understand: 

- The technological level of their farm 

- The farmer's availability and propensity in using technology 

Subsequently, the class could be divided into teams for working groups, e.g. 1) simulating 

GPS for delimitating their fields 2) where to find internet data useful for agriculture (e.g. 

EUROSTAT or annual government publication). 

 

3. Data analysis and visualisation 
That unit aims to demonstrate the basis of data analysis and visualisation to farmers. 

 

3.1 Data analysis 
Raw, unprocessed data is often messy and potentially not ready for visualisation. Data 

analysis looks at some techniques that can be used to turn data into information, including 

1) derivation and feature extraction; 2) dataset combining; 3) dataset enrichment. 

1_Derivation and feature extraction are similar in that they are designed to add to existing 

data without requiring external datasets. This results in additional columns (or features) 

being added to data based upon the existing data only.  

A derived data element is derived from other data elements using a mathematical, logical 

or another type of transformation, e.g. arithmetic formula, composition, aggregation. For 

example, source data might contain a series of columns of monthly expenditure. A total 

could be made overall months to add another column. This column is thus derived from the 

others. 

Feature extraction is similar to derived data but does not necessarily involve a function. For 

example, the city could be extracted from a list of unstructured address data, making the 

city a distinct feature of the dataset. Likewise, the colour of the centre pixel of an image 

could be extracted without using a mathematical function. 

Exercise:  A short tutorial on feature extraction is available for Excel (How to Extract Part 

of Text String from Cell in Excel? 2020). 

2_Combining datasets. In combining datasets, we are not referring to adding additional data 

onto the end of an existing dataset (a process known as consolidation) but rather adding to 

the existing data. E.g. If using a spreadsheet, the result of combining two datasets with 10 

columns each will be one dataset with 19 columns. Combining data can only be done in this 

way if there is a column in each dataset with a shared value. This column becomes the key 

upon which the combination can be performed. For example: take a dataset of roads and 

the numbers of cars during each hour of the day. Each hour period is a column, and each 

road is a row. If there were many data sources, e.g. sources with different hours individually 

collected, it could be keyed on the road name and combine all the data into a single dataset.  
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Exercise: Find out how to combine two datasets in Excel (Merge Two Excel Files Using a 

Common Column, 2020) or in Open Refine (Hirst, 2011). 

3_ Dataset enrichment. For example, enriching geographic data is much like combining data, 

where two datasets can be combined based upon a standard feature (e.g. road name); the 

same can be achieved with geographic data. One big difference is that it is possible to 

combine geographic data and place a geographic point inside a boundary. This process is 

known as a spatial join. A spatial join can be helpful when looking at features of different 

buildings or services and mapping them onto jurisdiction regions to see if any patterns 

emerge. 

Find out more about enriching and joining map data using the excellent guides provided by 

CartoDB (CARTO, 2020). 

Another essential stage in preparing geographic data for analysis is that of geocoding. 

Geocoding is the process of taking any reference or description of a physical location (like a 

street address) and adding the actual physical location coordinates (like latitude and 

longitude) to the data. Reverse geocoding is thus the opposite, extracting the description 

(e.g. London) from the coordinates. Geocoding can also refer to the process of transforming 

from one coordinate representation system (e.g. easting–northing) to another (e.g. latitude-

longitude). Geocoding is essential when analysing geographic data and performing other 

operations such as spatial joins. 

 

3.2 Data Visualisation  
A way to quickly interpret data is to visualise it. The human brain is more adept at consuming 

and understanding visual data than text. Data visualisation aims to communicate information 

clearly and efficiently to users. 

Most charts used in modern data visualisation derive from the original designs of William 

Playfair (1759– 1823), a political economist. Playfair invented several types of diagrams: in 

1786, the line, area and bar chart of economic data; and in 1801, the pie chart and circle 

graph, used to show part-whole relations.  

The choice of which visualisation technique to use depends on both the objective of the 

visualisation and the type of data to be visualised. According to Friedman (2008), the 

"primary goal of data visualisation is to communicate information clearly and effectively 

through graphical means. It does not mean that data visualisation needs to look boring to be 

functional or extremely sophisticated to look beautiful. However, designers often fail to 

achieve a balance between form and function, creating gorgeous data visualisations which 

fail to serve their main purpose – to communicate information." 

One of the main problems with data visualisation is that it covers a wide range of different 

visualisations designed for different purposes. Communication is only one goal of data 

visualisation. Data visualisations can also be used during the data analysis stage to help make 

sense of the data and guide analysis. If the primary goal of data visualisation is to 

communicate information, then the visualisation should be able to do this without the 

reader's need for explanatory text or additional knowledge. 

The figure below shows examples from Wikipedia's data visualisation page (Wikipedia, 2020): 

arguably, only the bar charts (top right) and treemap (bottom left) are good visualisations 
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for instant communication of data. Both of these charts use a visualisation trick called 'pop 

out'. 

 

 

 

Figure 6 Example of data visualisation 
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Data type Description Example visualisation is resumed in the table below. 

Table 5 Types of data 

 

Choosing the correct data visualisation depends on two key aspects: 

1. the type of data; 

2. the message to be conveyed. 

 THEORY IN PRACTICE BOX_2 

For example, take the data about cereal yields in Italy, France, Spain, and Germany as open 

data from the World Bank (World Bank, 2017). This data can be visualised in many ways due 

to its multivariate nature. The data available from the World Bank is available for every 

country dating back to 1961. We would have a time series dataset if the data were only 

about a country. If the data were only about one year, this would be a population dataset; 

however, both are available. Thus the dataset is a multivariate dataset. 

CURIOSITY 

Pop-out helps direct the eye to the correct place, instantly and the human eye is drawn 

towards brighter colours, more oversized items and things that stand out through 

difference. It is a feature that is programmed into the visual cortex. 

Inside the visual cortex, there are two streams, the ventral (what) stream and the dorsal 

(where/how) stream. The dorsal stream processes information from the eye about our 

surroundings in real-time, so we can instantly react in risk situations. The dorsal stream 

looks where things are and how they relate to other things that make pop out work so 

quickly. Conversely, the ventral stream is responsible for working out 'what' the thing is. 

This is a much slower process and is why a person might recognise another person's face 

but cannot name the person. 

The best data visualisations for communication appeal to the dorsal stream and make 

information pop. If a visualisation requires the use of the ventral stream to help 

contextualise the information, then there is a high probability that individuals will 

interpret the information differently. 

It is essential to get rid of any extraneous clutter that detracts from the message being 

conveyed in any visualisation. 

 

Pop-out helps direct the eye to the correct place, instantly and the human eye is drawn 

towards brighter colours, more oversized items and things that stand out through 

difference. It is a feature that is programmed into the visual cortex. 

Inside the visual cortex, there are two streams, the ventral (what) stream and the dorsal 

(where/how) stream. The dorsal stream processes information from the eye about our 

surroundings in real-time, so we can instantly react in risk situations. The dorsal stream 

looks where things are and how they relate to other things that make pop out work so 

quickly. Conversely, the ventral stream is responsible for working out 'what' the thing is. 

This is a much slower process and is why a person might recognise another person's face 

but cannot name the person. 

The best data visualisations for communication appeal to the dorsal stream and make 

information pop. If a visualisation requires the use of the ventral stream to help 

contextualise the information, then there is a high probability that individuals will 

interpret the information differently. 

It is essential to get rid of any extraneous clutter that detracts from the message being 

conveyed in any visualisation. 
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4. Using and exploring the potential of data 
As reported in the chapters, before farmers are exposed to technology, their approach to 

devices and data use is still not fruitful enough. After a brief resume of farmer profiling in 

that chapter, we will propose some practical exercises to make farmers aware of the 

potential of using data. The mash-up of farm-level data and global datasets allows the 

generation of a massive volume of information.  

New approaches, particularly blockchain (Sylvester, 2019), data science, artificial 

intelligence and machine learning, offer opportunities for the future of agriculture. These 

opportunities include predictive analysis, such as yield forecasts, that will inform all value-

chain actors, from public authorities with early warning on potential food security risks up 

to traders. 

These future approaches will be made possible through the greater availability of data. 

Farm-level data becomes more available as data collection becomes more automatised. For 

example, sensors start to spread at scale, and as governments, international organisations, 

and all actors, including the private sector, release more open datasets and increase access 

to significant data streams, the volume of data will grow exponentially. This will offer more 

opportunities for more advanced predictive automatic services. 

These services provide more significant added value and at lower costs than the current 

generation of ICT services, making them more impactful and sustainable. The trend is clear 

and is likely to lead to a new wave of ICT services in the coming years with both the 

availability and the development of data science capacities that are taking place in almost 

all countries worldwide.  

In Europe, where farmers have the capacity, infrastructure and equipment, they can manage 

their farm data collected directly or via sensors. Farmers can then select the services they 

need and share their data with the third. The figure below resumes the potentials of 

connections and activity of farmer data management to create farmer profiles. 

 

Figure 7 Farmer digital profiling connection 
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THEORY IN PRACTICE BOX_3 

In that unit practical exercise proposed could refer to deepening case studies such as: 

- Using Excel to understand the trend of incoming related to farm activity in the last three 

years on different case study farms 

- Combining field data collected from on-farm devices and remote sensing for mapping water 
stress in a vineyard 

- Combining field data from soil and culture, sensors and remote sensing maps for planning 
the suitable fertilisation 

- Develop a QR code that would tell the story of a specific product on the label 

 

Glossary 
API (Application Programming Interface):  a language and message format used by an 

application program to communicate with the operating system or some other control 

program such as a database management system (DBMS) or communications protocol. APIs 

are implemented by writing function calls in the program, which provide the linkage to the 

required subroutine for execution. Thus, an API implies that a driver or program module is 

available in the computer to perform the operation or that software must be linked into 

the existing program to perform the tasks. 

Artificial intelligence: yhe property of a machine capable of reason by which it can learn 

functions normally associated with human intelligence. 

Blockchain: an architecture that validates the integrity of digital data. A blockchain 

ensures that any alteration to a stored transaction is quickly detected. Because all data in 

a computer are nothing more than a collection of bits and bytes, they can be changed by 

anyone who can access the digital file. Even encrypted data can be altered if the private 

key is exposed. Blockchains are continuously verified from the very first transaction to the 

last by third parties, and any broken link is identified right away. 

Data: representation of facts, figure, values, concepts, or instructions in a formalized 

manner suitable for communication, interpretation, or processing by humans or by 

automatic means. Any representations such as characters or analog quantities to which 

meaning is or might be assigned. 

Databases: one or more large structured sets of persistent data, usually associated with 

software to update and query the data. A simple database might be a single file containing 

many records, each of which contains the same set of fields where each field is a certain 

fixed width. 

Decision support systems: Software tools to help with decision support e.g. farming model 

to implement strategic farm’s decision making (e.g. use of water or chemical inputs, best 

harvest period) 
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ICT: (Information and Communications Technology) an umbrella term for information 

technology (IT) and telecommunications. In the past, computers and telecom were 

separate departments within an enterprise. Starting in the 1990s, they began to merge into 

one entity. 

Information: the meaning that a human assigns to data by means of the known conventions 

used in their representation. Processed data. 

IoT: Internet of Things (IoT) includes home appliances, door locks, doorbells, thermostats, 

lighting, sleep monitors, security cameras, fitness bands, as well as sensors for traffic 

monitoring. It is estimated there will be trillions of IoT devices in the future. It is 

connecting the physical world to a computer or mobile device via the Internet. 

Machine learning: The ability of a machine to improve its performance based on previous 

results. Neural networks are one kind of machine learning. 

Metadata: a description of the data in a source, distinct from the actual data; for 

example, the currency by which prices are measured in a data source for purchasing goods. 

Metadata is data that provides information about other data. In the 21st century, 

metadata typically refers to digital forms, but traditional card catalogs contain metadata, 

with cards holding information about books in a library (author, title, subject, etc.).  

Multi-spectral imagery: The image of an object obtained simultaneously in a number of 

discrete spectral bands. Also called MSI. 

Remote sensing: deriving digital models of an area on the earth. Using special cameras 

from airplanes or satellites, either the sun's reflections or the earth's temperature is 

turned into digital maps of the area. In order to view the results, the data must be 

rendered by specialized image processing software (Copyright © 1981-

2022 by The Computer Language Company Inc). 

Web services: a collection of standard modular functional programming language (SML-

based standards) that enable electronic communication and interaction independently of 

the computer platforms or specific technologies used by the communication parties. 

Evaluation 
The farmers involved in the LU should try the exercises proposed during the lessons.  

The participation and results from the practical exercise will provide a score. 

Multiple choice questions. 

1. These are raw facts, figures, values or instructions with no specific meaning by 

themselves. 

a. Information 

b. Data 

c. Meaning 

 

2. Information is: 
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a. Data 

b. Processed Data 

c. Manipulated input 

d. Computer output 

 

3. Data by itself is not helpful unless: 

a. It is massive 

b. It is processed to obtain information 

c. It is collected from diverse sources 

d. It is properly stated 

 

4. For taking decisions, data must be: 

a. Very accurate  

b. Massive  

c. Processed correctly  

d. Collected from diverse sources 

 

5. New generation smart phone could be useful device for farmers in order to visualize 

farm-level data (true or false) 

a. true 

b. false 

 

6. Google earth observations of crop fields are not examples of open data 

a. true 

b. false 

 

7. Decision support systems are essential for  

a. Day-to-day operation of an organisation.  

b. Providing statutory information. 

c. Top-level strategic decision making.  

d. Ensuring that organisations are profitable 
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8. The different stages of the creation of any data collection and exploitation project are 

(numbers the stages in a consequential manner): 

a. Stage ….: data collection;  

b. Stage …..: exploitation of data collected;  

c. Stage ….: design of the data collection process; 

Correct: 1: c; 2: a; 3: b 

In addition, open questions such as: 

a) Explain a practical case study in which GIS software is helpful 

for a farm 

b) Explain a practical case study in which Satellitar technologies 

are beneficial for a farm 

c) What kind of data is essential to increase the added value of 

farm products? 
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Links 
 

https://dalberg.com/ 

https://ec.europa.eu/eurostat 

https://theodi.org/ 

https://www.oecdilibrary.org/sites/d2fbead0en/index.html?itemId=/content/component/

d2fbead0-en 

CARTO. 2020. Tutorials. https://carto.com/help/tutorials/your-account 
 
https://encyclopedia2.thefreedictionary.com/ 
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Learning Unit 3: WATER MANAGEMENT 

 

1. Introduction  
 

Water is a common good. However, it is an 

asset threatened not only by the worsening 

climate crisis but also by the way in which 

water resources are managed, which 

urgently and fundamentally needs to be 

improved. 

Fig. https://www.teraz-srodowisko.pl/aktualnosci/rekonstrukcja-rzadu-gospodarka-wodna-9300.html 

Water determines the social and economic development of regions and countries, 

and the amount of water resources in a given area, in a given quality, within a given period 

of time available for the needs of the environment, population and economy results first of 

all from the natural resources connected with the water cycle in nature. 

Water resources are surface waters in lakes, ponds, reservoirs and flowing waters in rivers, 

underground waters, i.e. waters located under the earth's surface, in the zone of saturation 

and direct contact with the ground and subsoil as well as deep waters isolated from them 

and saturated with various chemical compounds.  

Water covers 70,9% of the surface of our planet - almost 97% of the Earth's water is salty or 

otherwise unfit for drinking, 2% is water in glaciers and only 1% is water which meets 

agricultural, production and social needs. Water protection should come down, among other 

things, to limiting the inflow of pollutants, improving the quality of waters which have 

already been polluted and storing them, e.g. in retention reservoirs. 

Although the daily water requirement for a single person is only 2-4 litres, producing food 

with 1000kJ of energy requires an average of 83 litres of water. For example, it takes 70 

litres of water to produce one apple. 

The right agricultural technologies can help us save water in agriculture. Water 

conservation can be done directly, through better irrigation systems or by growing crops that 

need less water, or indirectly, by using products and methods that increase crop yields. Each 

year, between 20 and 40% of crops worldwide are killed by competing weeds, as well as by 

pests and diseases. Reducing these losses through optimized crop protection or increased 

drought tolerance of crops, achieved through the use of appropriate breeding techniques, 

would increase yields per unit of water (water use efficiency). 

On-farm water use and management is now an important aspect of agriculture. About 

70% of the world's total water withdrawals are used for agricultural activities. As much as 

60% of water for irrigation is lost due to leakage into the atmosphere, in ground runoff or 

through inefficient use. Smart solutions make it possible to closely monitor and adjust water 

use on the farm. 
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Saving water is also possible by changing our diet, thus switching to crops that need less 

water, and above all, avoiding wasting food, which is tantamount to wasting water used for 

agricultural production. 

2. Water in agriculture  
 

Agriculture needs special protection of 

water resources as it is a guarantor of food 

security. Protection of agriculture should be 

a priority when taking decisions on water 

management. Its needs should be 

subordinated to actions aimed at excessive 

river regulation, the development of the 

mining industry or the construction of road 

networks.  

Fig. 

https://ksow.pl/aktualnosc/ekspertyza-woda-w-rolnictwie-poznaj-diagnoze-

problemow-niedoborow-wody-w-polsce-oraz-propozycje-ich-rozwiazania 

Also, industrial livestock production and monoculture crops, as the agricultural production 

sectors with the highest water abstraction and the greatest impact on the ecological status 

of water, should not be favoured or supported. Ecosystem services connected with water 

may be the basis for diversification of inhabitants' incomes in rural areas. The preservation 

of landscape values and other elements of the socio-cultural and natural infrastructure of 

the countryside provides a basis for the quality of ecosystem services, which are increasingly 

sought after by urban residents. The sustainability and productivity of agriculture depends 

on the quantity of water resources and their ecological quality. Looking only for short-term 

solutions, such as the construction of deep wells or expansion of irrigation networks will not 

improve but even worsen the hydrological condition of our country. Perhaps even to such an 

extent that we will become witnesses of local conflicts over water. The answer - out of 

concern for the present and future generations - should be sought in the protection of 

ecosystems, with which sustainable agriculture can coexist and use them responsibly. 

Measures to improve soil retention, river restoration, agro-ecology, organic farming, 

protection of peatlands and soils, and animal welfare are the best instruments for ensuring 

long-term water security in agriculture.  

In recent years, there has been a progressive change in the climate, with increased 

temperature fluctuations and a shortage of precipitation during the growing season. Warm 

and almost snowless winters are becoming more and more frequent, so that already in spring 

the soil shows dryness. Increasing year-round droughts force a radical change in the 

traditional approach to water melioration. 

So far, the approach has relied mainly on drainage systems to remove excess water from 

agricultural land. The situation becomes complicated when water becomes a scarce 

commodity and we have to start managing it rationally. We should know that there is no 

perfect cure for drought and its consequences. Therefore, it will not be possible to eliminate 

the effects of drought completely, but it is possible to influence their mitigation. 
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In each case, there are two ways to go: 

1. Utilize available water resources by: 

• acquisition of available groundwater resources, 

• retention in rivers and drainage systems of water occurring during wet periods, 

• storing water in retention tanks, 

• storage of rainwater flowing unproductively over ground surfaces, e.g. artificially 

paved areas and roofs, 

• reuse of used water, e.g. run-off from sewers and sewage treatment plants. 

 

2. Adapt to change by: 

• introduction of water-efficient irrigation systems, eliminating inefficient water 

consumption, 

• application of agrotechnical measures reducing water evaporation from soil surface 

and measures increasing soil retention capacity, 

• adapting agricultural practices to limited water resources, 

• introducing water-efficient crop structures and plant species and varieties, 

• care for soils and their retention properties. 

 

3. Natural retention and restoration of watercourses as 

ways to combat drought  
 

Farmers should play an 

important role in solving the 

drought problem by contributing 

to the restoration of 

groundwater resources both for 

their own sake and for the sake 

of the general public and nature.  

Fig. https://sir.cdr.gov.pl/events/lokalne-partnerstwa-ds-

wody-2021-w-woj-lodzkim-powiat-lowicki/ 

Water storage in the landscape based on the potential of the ecosystem is the basis for 

preventing droughts and floods. Permanent grasslands, i.e. areas with permanent vegetation 

cover, are conducive to water retention (moistening of the soil profile). They are perfect 

for floodplains and as buffer zones between cultivated areas and watercourses, preventing 

crops from flooding, and inhibiting nutrients from entering waters. Strip tillage and 

conservation tillage, such as using a rich crop rotation, covering the soil with mulch or 

reducing ploughing, improve soil structure and protect against erosion. These are low-input 

practices that farmers can implement. However, institutional support, both at national and 

EU level, is key to enhancing their effectiveness. Renaturalisation of drained valleys and 

transformed rivers as well as resignation from maintenance works in their current form as 

they accelerate water outflow from the catchment area should also contribute to the 

improvement of retention.  

Natural water retention, i.e. retention of water in the soil, in natural water reservoirs 

(ponds, ponds, oxbow lakes) and retention of river valleys is particularly important for 
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agricultural areas. Forest, meadow-pasture and wetland habitats help to retain water. Water 

retention in the soil is an important element in mitigating the effects of precipitation deficits 

and rising temperatures in areas used for agriculture. A positive effect on the amount of 

water in the soil can be achieved, for example, by increasing the proportion of meadow and 

pasture land in the total area of agricultural land. The condition for increasing the amount 

of water in the soil profile in the past will be to stop the draining character of the drainage 

systems (ditches, drains), and in the areas of river valleys - to protect or restore the natural 

character of the watercourse and the dynamics of its flows. Permanent grasslands 

permanently covered with vegetation (in contrast to arable land, which is usually left 

without plant cover after the vegetation season of crops), provide good conditions for storing 

water in the soil, slow down surface runoff and allow greater water infiltration (including 

rainwater supply to aquifers). In addition, grasslands, by capturing nutrients from 

agricultural fertilizers, clean the water that feeds streams in the agricultural landscape, and 

thus reduce the eutrophication of surface waters.  

Grasslands should also be introduced as a buffer zone between lands under cultivation, 

especially intensively used. They increase the mosaic character of the landscape and help 

maintain natural water retention. They are areas covered with grass, shrubs or trees, located 

at the edges of fields, along roads and watercourses, as well as grass-sodden skips located 

within fields. Conservation tillage improves soil structure, reduces erosion, reduces 

evaporation from the soil, also improves water infiltration and, by reducing surface runoff, 

improves the physical and chemical status of water bodies. Adaptation to climate change, 

including drought, is facilitated by growing winter catch crops, leaving crop residues or 

introducing temporary grassland (single or mixed grasses or mixtures of grasses and 

broadleaved plants introduced for a certain period of time into field rotations). Another 

form of promoting natural retention that farmers can implement, especially in areas with 

steep slopes, is strip-till, also known as contour tillage. It consists in cultivating the soil 

along contour lines. Permanent covering of soil with plants slows down surface runoff during 

periods of increased precipitation, cleansing the water at the same time. These measures 

increasing the amount of water retained in the soil profile, protecting soil from erosion and 

surface waters from eutrophication, are the simplest way to mitigate drought. It can be 

implemented by farmers themselves and, in principle, does not require any legislative or 

infrastructural solutions.  

 

3.1. Low retention  
 

Small-scale retention consists in retaining water as close as possible to its source, i.e. in 

the highest possible parts of the catchment in relation to the valley bottom of the river 

draining this catchment. This applies to the entire catchment and its every tributary, even 

the smallest, up to the river mouth. It should be remembered that this form of runoff 

reduction does not replace natural retention. Small-scale retention should be treated as a 

support for reduced retention in a catchment when its full natural capacity cannot be 

restored. In today's popular communication small retention is reduced to the construction 

of various dams and barrages on water courses. The main potential to be recovered is the 

reduced soil retention capacity in the catchment and not in the watercourses themselves, 

from where it is difficult to restore water to the catchment without additional technical 

measures. 
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4. Water melioration 
 

Water and agricultural 

melioration are intended to 

improve agricultural 

conditions by diverting 

excess water from the soil 

or bringing water to areas 

where it is scarce.  

Fig. https://4bud.pl/melioracja-pol-co-to-jest-i-

co-trzeba-wiedziec/ 

Land melioration consists of a series of activities aiming at the optimal management of 

water resources for agriculture. Land melioration is an interference in the local hydrological 

system. If it is carried out in an improper way, i.e. by significantly accelerating water 

outflow, water resources decrease within the whole catchment area. Eutrophication 

(overfertilisation) of rivers caused by excessive nutrients of agricultural origin (from too high 

doses of fertilisers) also has a great adverse effect on water relations in the catchment.  

Drainage systems, consisting of a network of ditches and damming facilities, are designed 

to maintain proper water levels for agriculture. Rivers receive water from these systems and 

should deliver it for further distribution through ditch networks. They should also efficiently 

transfer excess water. While it may be assumed that the impact of land melioration is 

positive, or at least neutral, for agriculture, in the context of water circulation in the 

catchment land melioration completely disrupts a number of hydrological processes, ranging 

from infiltration to outflow, evaporation and retention. Land melioration is an interference 

in the local hydrological system. First of all, as a result of land melioration activities, the 

water resources of the landscape are reduced. This is due to the acceleration of surface 

runoff: water flows down a ditch faster than in a porous medium such as peat or sand. Of 

course, there is a whole range of tools to slow down runoff from drainage systems, but there 

is no case where water levels in an area are higher after drainage than before it. In the 

context of a catchment, land melioration is only the beginning of numerous hydrological and 

geochemical processes.  

The acceleration of runoff results in a disturbed retention of the catchment. Apart from 

transformations of drained organic soils, as a result of which they cease to be able to store 

water, the outflow of water after precipitation in reclaimed areas is faster than in areas 

with a similar soil type, but with natural soil structure, vegetation and landforms. 

Accelerated outflow of rainwater by drainage systems also increases the drainage of 

groundwater - infiltration is limited and the outflow of nutrients from the cultivated area 

increases. 
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5. Irrigation  
 

Agriculture currently uses 70% of 

freshwater resources globally. With 

an estimated 60% increase in food 

demand by 2050, irrigated cropland 

is expected to increase by more 

than 50%. 

Fig. https://www.okiemrolnika.pl/uprawa/item/73-woda-jest-bardzo-wazna-nie-tylko-w-rolnictwie 

The decision on when and how much to irrigate is most often taken by the farmer on the 

basis of an organoleptic assessment of the soil, which is imprecise and unreliable. Much more 

effective is the method based on the calculation of daily evaporation (evapotranspiration) 

on the basis of soil physicochemical parameters, plant species and growth phase, as well as 

meteorological measurements. Another method for determining the timing and rate of 

irrigation is direct measurement of soil moisture in the plant root zone. Using these effective 

methods for assessing soil moisture levels and plant needs, as well as precise irrigation, 

allows to reduce water demand and related costs. 

Normally, precipitation is often the only source of available water. Climate change, 

resulting in increased plant heat stress and drought risk, is exacerbating water deficits in 

crops, which require rainfall deficits to be made up through irrigation. The decision on how 

much to irrigate is usually based on the assumption of soil water saturation, i.e. irrigating 

to the full water capacity of the soil. Reaching it results in the appearance of stagnant water. 

For obvious reasons, the organoleptic method is far from perfect. Firstly, the farmer decides 

on the basis of his own experience that is not supported by any measurement of absolute 

soil moisture. Secondly, often after a dry period (rainless period or period with very little 

precipitation), rainfall moistens only the top part of the arable-soil horizon. Then an 

assessment of the soil surface moisture may suggest an abundance of water, while 5 cm 

below the moistened layer the soil profile is dry. Watering the crop until the soil is saturated 

is both uneconomical and environmentally damaging. Water from a saturated soil will usually 

drain away within 1 day to a moisture content equivalent to the field water capacity - a 

moisture content that will stabilise 1-2 days after the soil is fully watered. The farmer loses 

all excess water volume along with easily soluble fertilizers such as potassium and nitrogen, 

which end up in the groundwater and contaminate it. The permanent wilting point is the soil 

moisture below which the plant is unable to take up water through its root system.  
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6. Livestock production  
 

Water has important 

biological and physiological 

functions in every organism. It 

is not only a transmitter and 

solvent of nutrients, but is also 

essential for all physiological 

processes that take place in it.  

Fig. https://www.farmer.pl/produkcja-zwierzeca/bydlo-i-mleko/zuzycie-wody-i-pestycydow-w-produkcji-

zwierzecej-jak-to-jest,106343.html 

It not only influences normal metabolic processes, but also regulates body temperature and 

supports enzyme activity. It also has a moisturizing and protective function. In livestock 

farming, depending on the species, as well as on the physiological processes and states of 

the animals, the demand for water varies. Livestock do not have the possibility to 

accumulate large amounts of water in their bodies, so it is necessary to administer it 

constantly in specific doses and times of the day. Only cattle, due to their large stomach 

volume, can store larger amounts of water, primarily in the rumen. 

Animal watering and farm operations use 0.6% of the world's freshwater resources, while 

all animal production uses 8% of the world's total water consumption, which is 29% of 

agricultural consumption. In food production, livestock production is the largest consumer 

of water as it is used for processing in addition to animal consumption. In a slaughterhouse, 

for example, water consumption ranges from 6 to 15 litres per kilogram of meat from a cow 

or bull to be processed, or 1590 litres per bird. However, the largest share of water in 

livestock production is accounted for by the cultivation of fodder crops, which consumes 7/8 

of 8% of global water use. The water demand of animals of all species is strongly influenced 

by the rearing method, the ambient temperature and the type of feed. Particularly high 

water consumption characterises the entire production chain in industrial livestock farming. 

Tap water is the most common source of water for livestock farming, but its quality and 

chemical composition vary considerably within a country. Not only the source of water (large 

municipal waterworks or small community waterworks) is important, but also the age of the 

equipment and the frequency of water quality and microbiological testing. Research has 

shown that the pH of water is an important determinant of human and animal health. Acidic 

water with a pH lower than 5.1 can cause mild acidosis in cattle, while water with a pH 

higher than 9.0 can cause alkalosis. An important measure of water quality is its salinity 

level as determined by Total Dissolved Soil (TDS). As research suggests, levels below 1000 

milligrams per litre are ideal for ruminants. A level above 3000 mg/l significantly alters the 

taste of the water and therefore limits its uptake by animals. This directly affects the 

quantity and quality of raw material obtained from the animals, e.g. milk. High levels of 

nitrite and nitrate in water, as well as in feed, have a negative impact on animal health. 

Another problem is bacterial contamination of water. Unfortunately, the frequent 

occurrence of coliform bacteria is observed not only in groundwater wells but, above all, in 

surface water intakes.  
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Livestock producers want to ensure a safe, reliable supply of good quality water for their 

livestock and at the same time maximize the use of pasture for livestock production, 

especially maintenance of ruminants. Maximizing the grazing season under optimal 

zoohygienic and nutritional conditions significantly reduces rearing costs. Therefore, many 

farmers use remote water systems (water supply, small water infrastructure) adapting them 

to their needs and to the terrain in which they keep animals. Due to the problem of drought, 

it is recommended to create small reservoirs and ponds on grazing land for watering animals, 

and to use gravity-fed or pump-assisted watering on sloping pastures, where a reservoir or 

pond can be located at the bottom of the slope to intercept water runoff. It is also 

recommended to collect rainwater from the roofs of large livestock buildings, especially 

production and milking halls. The greatest caution should be exercised when constructing 

deep wells because their creation may disturb the hydrological relations occurring in a given 

area, consequently adversely affecting not only the interests of one producer but also of a 

larger number of farms. Drawing water for animal watering from a system of deep wells 

should be chosen only in exceptional cases. 

 

7. Protection of water resources in agriculture - summary  
 

Regulation of water relations in agriculturally used areas should have minimal impact on 

the local water system and catchment resources.  

The overriding requirement and priority direction of financial support for water 

conservation in agriculture should be:  

• maintaining the soil retention capacity of agricultural land,  

• remedial measures creating zones of increased retention within a drained area or an 

area where surface or groundwater resources are used for crop irrigation. 

In water management for agricultural purposes the principle of joint responsibility of all 

users for the quality and quantity of water in the catchment should be applied. It is necessary 

to prepare legal regulations guaranteeing effective monitoring of water abstraction which 

would make it possible to control the hydrological situation in the whole country and to 

monitor the resources and their consumption in rural areas. 

Land melioration is supposed to improve agriculturally used parts of the catchment, but 

not at the cost of reduction of ecosystem services and withdrawal of water from the 

landscape. A low-cost and effective way to slow down the outflow of water from a drainage 

basin is to use the existing drainage systems to restore limited retention in agricultural areas.  

Not every area has to be used for agriculture. The value of the ecosystem services 

provided by wetlands, including the floodplains of valleys, fully justifies their use as "green 

infrastructure" to prevent droughts and floods.  

Optimizing the use of irrigation water, matching the amount of water to the needs of 

the plant and soil species, allows to maintain the most favorable moisture levels for the 

plant and to reduce environmental damage. To calculate the timing and rate of irrigation, 

it is recommended to use online calculators that determine daily evaporation 
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(evapotranspiration) and to install automatic systems to measure soil moisture in the root 

zone. Irrigation scheduling based solely on organoleptic soil evaluation is discouraged.  

Proper shaping of landscape structure by introducing green infrastructure elements 

regulates the heat and water balance of agricultural land. Introducing anti-wind mid-field 

afforestation mitigates temperature fluctuations, reduces evaporation from the arable field 

surface, and slows down water losses caused by surface runoff. 

Water availability for crops is mainly increased by:  

• improving soil structure, 

• provision of organic matter with rationalisation of mineral use, 

• implementation of measures protecting against evaporation (simplified cultivation 

with permanent soil cover and introduction of a system of mid-field afforestation). 

Consistent and thoughtful implementation of good practices that maintain soil water 

resources can significantly improve the effectiveness of a farmer's adaptation efforts during 

a drought. 

Intensive, industrial animal production, as a method of breeding and rearing contributing 

on the one hand to the greatest water intake, and on the other to strong water pollution, 

should be limited and replaced by production characterized by high welfare of farm animals. 

Further development of intensive, industrial animal production carries a serious risk of 

water shortage, both for this sector and for other sectors of agricultural production. Priority 

should be given to ensuring the quality of water consumed by animals. Poor quality water 

fed to animals causes health problems that can lead to death. 

The development of grazing systems characterised by the greatest economy of water 

abstraction in livestock production should be encouraged. 

Water conservation based on extensive, ecological and welfare methods in the livestock 

and aquaculture sectors should be a priority in water resources planning and management. 
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8. Good practices  
 

WATER MANAGEMENT IN A BIODYNAMIC FARM IN JUCHOW, Poland  

The biodynamic farm in Juchów covers 

about 2,000 ha. Nearly half of its area has 

been irrigated. Cattle breeding (approx. 

700 animals) is carried out on a closed 

cycle basis, i.e. fodder (hay) is produced 

on site, and soil fertility is ensured by 

composted manure, green manure from 

residues originating from the farm's own 

crops and animal production and sowing of 

faba bean plants. In view of recurrent  

Fig. https://www.facebook.com/Juchowo/ 

periods of scarce precipitation during the growing season, a need to store more water has 

arisen. Over 13 years, 23 earth retention ponds and 14 damming structures were 

constructed; moreover, 7 portable sprinklers were purchased and underground pressure 

pipelines to the sprinklers were installed. Moreover, wells were drilled to supply water to 

retention ponds, from which water is taken for irrigation systems, and pumps were 

purchased to pump water to them. Great importance is also attached to agro-melioration 

treatments which improve physical and water properties of soils and increase their retention 

capacity. At present, the annual water retention per square metre on the farm is almost 

equal to the total annual rainfall in the region. It is worth mentioning that only 13% of the 

volume of water retained for irrigation is groundwater obtained through boreholes. They are 

used reluctantly because their use carries certain environmental risks and costs, and they 

are relatively unattractive from an agricultural point of view (due to low temperatures and 

lack of biological life). 

 

CULTIVATION PRACTICES PROVIDED FOR CONSERVATION OF WATER RESOURCES IN 

GOSPOD "OIKOS", Poland 

The Oikos farm conducts extensive beef 

cattle breeding. A number of 

environmentally friendly and climate change 

adaptation measures are being taken. The 

actions consist in planting trees and hedges 

with protective and productive functions, 

introduction of intensive  

Fig. https://www.facebook.com/oikos.krzywa 

rotational grazing, the creation of ponds and the introduction of biocarbon in pastures as a 

means of limiting the loss of fertiliser elements during the various stages of production and 

improving soil water retention. Introducing trees in the pastures provides shade for the 

cattle, promotes the development of the biodiversity of the fauna and flora and, inter alia, 

allows water to penetrate the soil profile and reduces surface run-off. Intensive rotational 

grazing on plots, based on an increase in the frequency with which animals are moved from 
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one plot to another and on stocking rates adapted to the grazing area, also helps to conserve 

soil and water by reducing water evaporation from the land, increasing soil carbon storage 

and rooting of the pasture sward, which facilitates water absorption and retention. 

 

9. Key terms  
 

Drought is a periodic shortage of water resulting from less than usual amount of atmospheric 

precipitation. It is a natural feature of climate, a phenomenon recurring in various regions 

of the Earth from time to time, even in regions perceived as extremely wet. It is a 

conventional concept, varying significantly in the amount of scarcity from region to region. 

A catchment area is an area of land bounded by a watershed, from which water flows into 

a single body of water, a river, a lake or sometimes a wetland. Due to differences in the 

water table between groundwater and surface water we distinguish a topographic catchment 

area for surface water and a hydrogeological catchment area for groundwater. 

RETENTION is the ability to retain and store excess water. Water can be retained by 

vegetation cover, soil, aquifers, depressions, and natural and artificial bodies of water. 

Experts define low retention as the extension of time and the circulation of water and 

pollutants in the environment and divide it into: 

• landscape - it is the shape of the land and its development and use, its size is affected 

by the limitation of surface runoff of snowmelt and precipitation water, 

• Soil water retention - the ability of a soil to retain water depends on the type of soil, 

with compact soils storing the most water and sandy soils storing the least. On 

compact soils we aim to increase permeability, on sandy soils to retain water, e.g. 

through cover crops, 

• groundwater and groundwater - they are formed by the waters of the first aquifer 

and waters lying at greater depths, they depend on the geological structure of the 

given region, they constitute over 90% of freshwater resources on the globe, 

• surface - it is storing water in natural and artificial water reservoirs, it includes all 

kinds of ditches, canals and watercourses on which there are structures enabling 

regulation of levels and outflows, 

• Snow and ice - in certain areas snow will be accumulated and its melting spread over 

time will have a beneficial effect on groundwater levels. 

MELIORATION is aimed at introducing desired changes in geographical ecosystems 

(agricultural, forest and water) which enable the increase of productivity of these 

ecosystems and ensure economic efficiency of management in them. Land melioration is 

mainly connected with the issues of construction and functioning of irrigation and drainage 

systems in order to adapt the environment to the needs of crop production. By draining 

excess water the agricultural usefulness of fields and meadows is increased and thus better 

conditions for animal breeding are created.  

 



AgriSmart: Sustainability and digital skills  
for the agricultural sector  
2020-1-IT01-KA202-008399 

63 
 

10. Bibliography  
 

https://www.youtube.com/watch?v=M3G5WSylJaY 

https://wmodr.pl/files/lzgVeUCvqQ44AzTm8wJLrUPkrWAotmpEdI5anhAd.pdf 

https://www.cdr.gov.pl/images/Brwinow/RFN/XIII_RFN/Romuald_Zmuda.pdf 

https://www.podrb.pl/doradztwo/ekologia/racjonalne-gospodarowanie-woda-w-rolnictwie 

Karaczun Z.M., Kozyra J. 2020. Impact of climate change on food security of Poland. SGGW 

Publishing House. Warsaw 

https://www.agro.basf.pl/pl/bioroznorodnosc/woda/ 

KLIMAT Project. Preparation of water needs assessment taking into account variant climate 

change projections, Task 3: Sustainable management of water, geological and forest 

resources of the country. IMiGW, Warsaw, 2010 

https://wody.gov.pl/nasze-dzialania/krajowy-program-renaturyzacji-wod-

powierzchniowych 

https://www.podrb.pl/doradztwo/ekologia/racjonalne-gospodarowanie-woda-w-rolnictwie 

Pawlaczyk P. (Ed.) 2020. Renaturisation of waters. Handbook of good practices for 

renaturalization of surface waters. PGW Wody Polskie. 

https://www.apgw.gov.pl/static/cms/doc/ Podrecznik_renaturyzacji.pdf 

Bartnik W., Bonenberg J., Florek J. 2009. Impact of the loss of natural catchment retention 

on the morphological characteristics of catchment and watercourse. Infrastructure and 

Ecology of Rural Areas. 

Ślusarczyk E. 1975. Determination of general and useful retention in basic species of arable 

soils in the years 1971-1975, published by IUNG, Puławy 

Kozyra J., Wawer R. 2018. The role of agrotechnology in improving water management in 

crop production. In: Wawer R. and Kozyra J. (eds.). Methods of protection and rational water 

management in agriculture and rural areas. Foundation for the Development of Polish 

Agriculture 

Wawer R., Matyka M., Łopatka A., Kozyra J. 2016. decision support systems in agricultural 

crop irrigation 

https://koalicjazywaziemia.pl/ekspertyza-woda-w-rolnictwie/ 

https://raport.togetair.eu/woda/susza-marnotrawstwo-wody-i-ekstremalne-zjawiska-

pogodowe/zasoby-wodne-w-procesie-zrownowazonego-zarzadzania 

 

 

 

 

https://wody.gov.pl/nasze-dzialania/krajowy-program-renaturyzacji-wod-powierzchniowych
https://wody.gov.pl/nasze-dzialania/krajowy-program-renaturyzacji-wod-powierzchniowych
https://koalicjazywaziemia.pl/ekspertyza-woda-w-rolnictwie/
https://raport.togetair.eu/woda/susza-marnotrawstwo-wody-i-ekstremalne-zjawiska-pogodowe/zasoby-wodne-w-procesie-zrownowazonego-zarzadzania
https://raport.togetair.eu/woda/susza-marnotrawstwo-wody-i-ekstremalne-zjawiska-pogodowe/zasoby-wodne-w-procesie-zrownowazonego-zarzadzania


AgriSmart: Sustainability and digital skills  
for the agricultural sector  
2020-1-IT01-KA202-008399 

64 
 

Learning Unit 4: SUSTAINABLE WEED AND 

PEST MANAGEMENT 

 

1. What is Sustainable Weed Management? 
 

Sustainable weed management is the use of weed control methods that are socially 

acceptable, environmentally benign, and cost-effective. An attempt has been made to 

review the different approaches used in sustainable weed control options, in this study. 

 

Figure 8 Cornflower Meadow 

 

2. Advantages of hoeing and weeding 
 

For the cultivated crop: 

•  Weeds are removed mechanically, which enables the crop to grow better 

•  Looser, damper soil promotes root growth in the cultivated crop 

•  Water is conserved through breaking up capillary action, which means more water for 

the cultivated crop 

•  Strain and leaf damage in the cultivated crop due to herbicide use is avoided 

•  Weeds in the row are covered in soil and the cultivated crop is earthed up 

For the soil: 

•  Aerating the soil and breaking up crusting after heavy rainfall boosts soil moisture 

•  Mobilisation of nutrients and promotion of mineralisation, thus greater microorganism 

activity 

•  Gentle humus cultivation – shallow cultivation of the upper soil layer 

•  Incorporation of (organic) fertiliser – fertiliser mineralisation e.g., incorporation of 

slurry, mineral fertilisers, and urea 

•  Release of nutrients: "Twice weeded/hoed = once fertilised" 

For the environment: 
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•  Avoidance/reduction of herbicides and active substances 

•  Reduced usage of active substances and removal of resistant weeds 

•  Improved soil fertility and healthier, more resilient soils 

•  Protection of waters  

•  Safeguarding of biodiversity 

 

Source: Einboeck, Handbook sustainable agriculture 

 

3. Methods of Sustainable Weed Management? 
 

Farmers have several preventive and cultural methods in 

their arsenal that they can put together to build up a good 

weed management strategy. The convenience of using 

one method instead of another depends on local attitudes 

and constraints such as availability of money and labour, 

access to technical means (e.g., seeds, fertilizers, 

herbicides), environmental, social, and economic 

features that may limit the range of feasible agronomic 

choices (e.g., length of the growing season, rainfall and 

temperature patterns, soil mineralization rate, farm and 

market structure, cultural heritage, existence of advisory 

services, etc.).  

However, highest diversification of the cropping system (i.e., crop sequence and associated 

cultural practices) based on agro-ecological principles is the key to effective long-term weed 

management in any situations. In this respect, the systematic inclusion of preventive and 

cultural methods for weed management must always be pursued. This obviously implies that 

farmers must be educated to acquire a higher level of knowledge and technical skills. Simple 

solutions, such as monocropping and reliance on herbicides as the only direct weed-control 

method may be successful in the short term but are never rewarding in the long term. 

 

3.1. Preventive measures 

• Crop rotation design 
 

In essence, understanding the context of crop rotation is crucial. Individual crop types should 

be selected based on their cultivation benefits rather than on pure economic or commercial 

aspects. As such, the crop rotation plan should be designed so that the available nitrogen 

can largely be utilised by the subsequent crops.  

Goals of crop rotation 

• Maintain soil fertility 

• Maximum nitrogen fixation 

• Weed control 

Figure 9 Strip Culture 
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• e.g. Grass-clover ley – controlling thistles 

• Disease prevention and pest defence 

• Nutrient mobilisation 

• Year-round ground cover (only possible with catch crops) 

 

• Variety selection 

Variety selection is the most important decision growers can make. It cannot be easily 

changed and affects all other decision a grower makes in how he manages the crop through 

the growing season. Fertilizer, herbicide, and insecticide application decisions will be based 

on the variety planted in each field. Differences in variety performance can be significant. 

It is common to see yield differences between varieties as great as 25 percent in replicated 

trials.  This can have a substantial impact on a grower’s bottom line. 

 

• Healthy seeds and propagating material 
Propagation material is an integral part of the crop production chain. The genetic 

constitution of the cultivar should guarantee optimal adaptation to the growing conditions 

and a good yield with the desired quality characteristics. Healthy and vigorous seeds, seed 

tubers, or transplants are essential for rapid establishment of the crop. Use of poorly 

germinating seeds or seed beers infected with pathogens results at least in losses but often 

Ill crop failure.  

 

• Sowing and Mulching 
 

The term "mulch seed" means sowing the main crop in the harvest residues of the pre-crop, 

catch crop or underseed, covering at least 30 percent of the soil. Non turning tillage can 

take place at a depth of 5 to 25 cm. Depending on requirements, the soil is first loosened 

deep to shallow. Tillage can affect the entire area or can only be carried out in strips.30 to 

70 percent of the soil surface is covered with plant residues. The harvest residues of the 

pre- or catch crops are partly incorporated superficially or remain as mulch material on 

the surface (straw, green manure). 

If at all, non-turning soil cultivation equipment for soil loosening (cultivators, disc harrows, 

PTO-operated devices) are used, which leave the soil structure largely intact. 

 

3.2. Mechanical weed control 
 

Various equipment is available to the farmer for mechanical weed control. All equipment is 

attached to the tractor either at the front or at the rear. In vegetable cultivation, hoes are 

often used in intermediate axis cultivation, as this allows better visibility and reaction. Some 

attachments can be controlled hydraulically and/or electronically. Some need an extra 

person to sit on the attachment and steer it. With other devices, the steering is done via the 

tractor, partly with the help of parallel driving systems that allow an accuracy of up to 2 
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cm. Most series-dependent devices work exclusively between the rows and therefore do not 

detect weeds that grow within a row. Among the few devices that can work within the series, 

there are now also camera-controlled devices that can detect whether it is a crop or weed 

based on the leaf color or the NIR spectrum. The knives are then automatically controlled, 

and the weeds are removed. However, camera technology is also used for chipboards that 

work between the rows. 

 

3.3. Weeding Technology Basics 
 

   

Figure 10 Rotative Weeder                                            Figure 11 Tines of a Weeder 

 Weeding fundamentals 
The correct and therefore optimal adjustment settings for a tined weeder depend on the 

soil and plant conditions as well as the prevailing weather conditions. The ideal tine pressure 

is achieved by correctly adjusting the tine tilt in accordance with the depth and speed 

settings. The success of a tined weeder in controlling weeds is primarily accomplished by it 

burying the weeds in soil at the cotyledon stage (50–70%) in addition to pulling the weeds 

out of the ground (30–50%) 

• Blind weeding 

Blind weeding is carried out between seed sowing and crop emergence. A deeper seed 
placement ensures that the seedlings are not damaged. Blind weeding is primarily 
recommended for crops such as broad beans, soybeans and maize (crops that are sown 
later anyway). As well as helping to control weeds, blind weeding also breaks open the  
soil crust, enabling a better crop emergence. When blind weeding, the tined weeder must 
be adjusted very precisely so as not to damage the seedlings. 
 

• Weeding post emergence 
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Figure 12 weeding post emergence 

https://www.youtube.com/watch?v=47-vE7xtHx0 

 

3.4. Hoeing devices 
 

Principle: Cutting, tearing out and spilling weeds 

Devices: various hacking tools, or combinations of these 

Use: series-dependent (between or in the rows), row-independent 

Objective: unprocessed strip in which the cultivated plants are located should be as 

narrow as possible to keep later weeding effort as low as possible 

Dry weather before and after chopping is crucial for the success of the hack, as the weeds 

dry up faster. 

a. Roller hoe (row independent) 
 

The only hoe that works independently of rows is the roller or rotor hoe. Stars with shovel-

like tips tear open the muddy ground and throw the Earth upwards. The lighter weeds 

remain in the air longer than the clumps of earth and thus lies on top and can dry up. In 

contrast to the stud, the device is clog-free and is suitable in combination with mulch 

seeds. The best effect is achieved with high driving speeds of 12 - 25km/h.  

b. Hoe (depending on rows – between rows) 
 

Apart from corn (75cm), sugar beet and winter rapeseed (50cm), many crops are sown with 
25cm between rows. These include mainly cereals, rapeseed, field beans and peas. For these 
crops, hoes with flocks of goosefoot on parallelograms are optimal.  
It is important for the hoe that the whole soil between the rows is cut. 
 

Parallelogram and hoeing section adjustments 
 

https://www.youtube.com/watch?v=47-vE7xtHx0
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The smaller the plants, the closer they should 

be hoed. The aim is to get the sweeps as close 

as possible to the crop without covering it with 

soil. The larger the plants, the farther away the 

sweeps must be fitted so as not to damage the 

roots and or assimilation surfaces. The 

parallelogram should be in the working position, 

parallel to or slightly sloping towards the 

ground. This enables the retraction spring of 

the hoeing parallelogram to be preloaded and 

guarantees penetration by the hoe sweeps, even on heavily crusted soils. In this position, 

the parallelogram also has the largest amount of scope to adjust upwards and downwards. 

In addition, a 3-stage adjustable retraction spring ensures that the parallelogram does not 

put increased pressure on the ground. On ground that is prone to erosion, a small trench 

with larger clods can be formed in the middle of the row by setting the last tine on each 

element lower. This should prevent shallow undercut earth from being washed away from 

hillside fields. 

 

• Einsatzzeitpunkt:  
 

Depending on the combination of tools, chopping between rows can be started at an early 

stage. If the culture is protected from spillage by a tunnel or mudguards, it can be started 

as soon as the culture becomes visible. However, it is important that the soil, as with all 

other mechanical weed control methods, is not too moist. The soil can thus stick to the 

flocks and influences the success of the work and possibly even causes damage to the crops. 

In addition, it is important that the days after processing are also sunny or at least dry, so 

that the torn-out weeds can dry up on the surface and not grow again. How long it is possible 

to regulate the weeds with chopping chips depends strongly on the culture. If this becomes 

so large that damage to the plant is caused by the frame of the device, it should not be used 

further. In most cases, however, the cultivated plants have also reached a sufficient size at 

this time to have sufficient competitiveness against the weeds. 

 

c. Fingerhacke (reihenabhängig – in den Reihen) 
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The finger hoe can also work 
within the row of plants to avoid 
manual work. The plastic fingers 
of the finger hoe reach from the 
side, around the plant and chop 
out the weeds there. Processing 
is thus possible 4-7 centimeters 
to the left and right of the 
cultural plants. In this area, 
there is also a relaxation. In this 
way, the area that conventional 
chipping machines cannot reach 
is processed. The finger 
chopping discs are set in motion 
by drive discs, which are 
screwed to them and reach into 
the soil. The finger hoes are 
usually used in combination with other hoes that remove the weeds between the rows. The 
finger hoe is already well established in vegetable cultivation, but it is also suitable for other 
crops such as corn, sugar beet, potatoes, or soy. So that the cultivated plant is not damaged 
in this process, it should have a significant lead over the weeds and already be firmly rooted. 
 

 

 

 

3.5. Driver assistance systems 
 

With today's machines, the exact guiding of the machine along the row is hardly possible for 

the driver and is very tiring in the long run. To make work easier and improve accuracy, the 

use of steering systems is recommended. 

• Steering systems with RTK accuracy 

• Camera Guided Hoes 
 

    

Figure 13 Camera guided Hoe                                       Figure 14 Steering systems with RTK accuracy 

https://www.youtube.com/watch?v=-9wpaib-uEs 
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Source: Einboeck, Handbook Sustainable Farming 

 

3.6. Autonomous field robots 
 

           

Figure 15 Naio Dino Oz  source:DEULA Nienburg  This solution for robotic mechanical weed control is a dynamically 
configured 

team of weeder bots, and automated maintenance barns for persistent 
autonomous weed control, leveraging collaboration, and local and remote 
data sources. 
Source: 

https://www.sciencedirect.com/science/article/pii/S0168169918312869 

 

https://youtu.be/ffr8iDicY9I 

Thermal application 

 

Figure 16 Flame ratrdant  

In thermal applications, flame flaming is particularly well established. Other devices are, 
for example, infrared burners and steam high-pressure devices. All devices achieve a clotting 
of the plant protein through heat, a resulting bursting of the cells and subsequently a wilting 
of the weeds.  

 

https://youtu.be/ffr8iDicY9I
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• Flame retardant 
Flaming devices are operated with gas, which is burned and destroy the structure of the 

weeds by the heat. The structure of the weeds is destroyed, and they begin to wilt. The 

flaming has no negative effects on the seeds and the soil should also be spared, as the heat 

does not penetrate deep into the soil. Treatment should only be avoided at dusk, as many 

beneficial organisms are nocturnal and could then be harmed. However, this also means 

that action is not optimally taken against Root weeds. Weeds that have particularly 

leathery or hairy leaves are somewhat more resistant. Grasses, such as couch grass or the 

multi-year-old panicle grass, are particularly heat-tolerant and therefore sprout again. 

Optimal is a flaming of the seed weeds up to the 4-leaf stage. This is particularly effective. 

 

• Infrared burners 

Infrared burners, unlike flaming devices, have no open flames. The fuel elements are 

operated by gas or electricity and generate infrared radiation that reaches a temperature 

of approx. 1000°-1070°C directly on the surface. There are no noises or smells. Also in this 

principle, the weeds are boiled at around 70 ° C, turn brown after 6-8 hours and die. In 

order for sufficient heat to reach the plants, the device must be guided close to the soil 

surface. This process is mainly used in gardening and landscaping, as most devices have a 

small processing width and are used on very flat surfaces. 
 

(Find more information about autonomous weed robots in Unit 5: Agriculture 4.0) 

 

 

SUSTAINABLE PEST MANAGEMENT 
 

4. What is Sustainable Pest Management? 
 

Sustainable pest management (SPM) also called as Sustainable pest control (SPC) is an eco-

friendly way to get rid of and control pests. It reduces the need for harmful chemicals. The 

goal of sustainable pest control is to target unwanted insects and rodents without getting 

rid of insects that may benefit the ecosystem. 

Sustainable pest management (SPM) is designed to meet society's current and future needs 

for the protection of human health and the environment to produce food, feed, and fibre, 

and for the use of natural resources. 

Integrated Pest Management (IPM) is a sustainable, science-based, decision-making process 

that combines biological, cultural, physical, and chemical tools to identify, manage and 

reduce risk from pests and pest management tools and strategies in a way that minimizes 

overall economic, health and environmental risks. 
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5. Principles of Integrated Pest Management 
 

 

 

Preventive plant protection 

5.1. Prevention through crop rotation 
• Return to wide crop rotations 

• Positive pre-crop effect on soil fertility, pathogens and weeding 

• Strongest effects when changing from leaf to stalk fruits 

5.2. Prevention through sowing 
• Objective of sowing healthy, competable and sufficiently developed plant 

populations 

• Smooth and rapid leakage 

• Observe late sowing tolerance and take weather influences into account 

      

5.3. Prevention through fertilisation 
• A fertiliser strategy adapted to the type of crop, weather conditions and location 

has a positive effect on the competitiveness and resilience of crops 

  

6. Decision support 

 

   

Figure 17 damage threshold concept       Figure 11 pest density control 
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6.2.1. Damage threshold concepts 
• Economic damage threshold 

• Control guideline value 

 

6.2.2. Stock controls 
• Weed density 

• Pest density 

• Infestation control 

 

6.2.3.  Early diagnosis/prediction/warning services 
 

   

Figure 18 Wether station                           Figure 19 StockControl 

 

• Crop protection services determine the current values and support users in the 

implementation 

• Guideline values: yield potential, price of the crop, loss of yield, costs of the 

control measure 

• Prognostic methods help to determine the optimal time of treatment 

 

7. Curative plant protection 
 

7.1. Organic 
 

Use of living organisms to reduce pathogens and weeds 

• Self-destructive 

• Use of beneficial organisms 

• Insect pathogens 
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Figure 20 Multicopter spreads Trichgramma 

 

7.2.     Biotechnical 

 

Figure 21  Barriers                              Figure 14a Traps                               Figure 14b Pheromon-Trap 

In addition to biological plant protection, biotechnical measures can also be used for 

infestation monitoring, prevention, and direct control of pests. 

• Barriers 

• Traps 

• Pheromones 

 

8. Organic Plant Protection 
 

Organic plant protection is an essential component of integrated pest management. 

Especially in fruit and vegetable cultivation, biological processes have established 

themselves as possible alternatives to the use of chemical pesticides and in closing control 

gaps. Biological plant protection methods play a special role in organic farming, as only a 

limited number of plant protection products are applicable here. Many biological crop 

protection processes have a high selectivity. 
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Figure 22 Lady Bird                              15b Bee provide                             15c Bee arrives Borago officinalis 

      

8.1. Processes in organic plant protection 
 

Organic plant protection processes are essentially based on two core elements: the 

promotion or application of natural antagonists and the use of natural products. 

• Promotion and application of natural antagonists 

Antagonists to pathogens and pests can be naturally occurring microorganisms, viruses, 

insects, mites, nematodes, or vertebrates (for example birds of prey). By creating suitable 

habitats on and on agricultural and horticultural land, these antagonists can be promoted. 

However, natural regulation is not always possible or sufficient. In these cases, control of 

harmful organisms may be possible through targeted application of antagonists. 

• Application of natural products 

Natural products are used on the one hand to regulate pathogens (natural product-based 

plant protection products such as potash soap, vegetable oils and plant extracts) and on 

the other hand as plant tonics. 

• Application of pheromones 

Pheromones are also used for the direct regulation of harmful organisms. Pheromones are 

species-specific and non-toxic. They are formed to find sexual partners within the same 

species. 

The "confusion method" is based on the release of synthetic pheromones in high 

concentrations, so that, for example, male grape moths become disoriented and do not 

find their way to the females. The reproduction of this specific pest is thereby inhibited. 

For the early detection and monitoring of harmful insects, "pheromone traps" are also 

used. 
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Figure 23 Pheromon Trap 

• Legal regulations in biological plant protection 

Microorganisms (including viruses), natural products and pheromones are considered active 

substances of plant protection products in accordance with the European Authorisation 

Regulation (EC) No. 1107/2009 when they are used against harmful organisms on plants, 

parts of plants or plant products. These biological products must therefore be tested and 

authorised as plant protection products. Excluded from this regulation are pheromones, 

which are used exclusively in traps for pest monitoring. In Germany, the Federal Office of 

Consumer Protection and Food Safety (BVL) is responsible for the authorisation of plant 

protection products. 

Individual natural products have also been classified as raw materials in accordance with 

Article 23 of Regulation (EC) No 1107/2009. Raw materials are those substances that are 

not primarily used for plant protection but are nevertheless useful for plant protection. 

This can apply, for example, to foods such as vinegar. 

Animal beneficial insects, such as predatory mites, hatching wasps or entomopathogenic 

nematodes, on the other hand, do not require approval. However, nature conservation 

concerns must be considered. The use of beneficial organisms must not endanger the 

native flora and fauna. The application of non-native, i.e., alien plants and animals into 

the wild is therefore restricted according to § 40 paragraph 4 Federal Nature Conservation 

(BNatSchG).  
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Multiple Choice Questions and Answers 
 

1. Which of the following statements is correct? 

 Crop rotations should be extended to 4, better 5 crops. 

 The natural regulation of pest populations is a direct plant protection measure 

 The change of stalk and leafy fruits should make up a crop rotation. 

 

2. Which of the following answers is part of the preventive plant protection measures? 

 Variety selection 

 Crop rotation 

 Flaming 

 

3. Which of the following responses is part of the direct plant protection measures? 

 Crop rotation 

 Weeding 

 Application of glue boards 

 

4. Which statement about beneficial organisms is true? 

 Beneficial organisms must be protected. 

 Beneficial insects can survive without pests without problems. 

 Beneficial organisms help to save crop protection products. 

 

5. What are insect pathogens? 

 Insecticides 

 Insect Hotels 

 Bacterial preparations 

 

6. Which of the following answers is a biotechnical measure? 

 Use of pheromone traps 

 Use of beneficial organisms 

 Green manure 

 

7. Why are fertilization strategies to be seen as a preventive plant protection 

measure? 

 A fertilization strategy has a positive effect on the competitiveness and resilience 

of crops. 

 A fertilizer strategy does not need to be adapted to the location. 

 Only liquid fertilizers are used in the fertilizer strategy. 
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8. What should be considered when determining the economic damage threshold? 

 Timely control of pests is required. 

 The infestation density of the pest is not to be considered. 

 A control guideline must be found out for yourself. 

  

9. Which measures are part of the physical plant protection measures? 

 Mechanical weed regulation 

 Thermal weed regulation 

 Total herbicide use 

 

10. Which statement about the basic principles of Integrated Pest Management (IPS) is 

true? 

 The principles of the IPS must be followed. 

 Late sowing of winter cereals promotes weed pressure through field foxtail 

(Alopecurus myosuroides) 

 It is always important to check whether a measure has been successful or not. 
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Glossary 
 

Beneficial insects 

Beneficial insects (sometimes called beneficial bugs) are any of several species of insects 

that perform valued services like pollination and pest control. The concept of beneficial is 

subjective and only arises considering desired outcomes from a human perspective. In 

agriculture, where the goal is to raise selected crops, insects that hinder the production 

process are classified as pests, while insects that assist production are considered 

beneficial. In horticulture and gardening, beneficial insects are often considered those 

that contribute to pest control and native habitat integration. 

Damage threshold 

It indicates the infestation density with pathogens, diseases, or the stocking with weeds 

from which control makes economic sense. Up to this value, the additional economic 

expenses caused by a fight are greater than the loss of revenue to be feared. If the 

infestation or weeding exceeds this value, the control costs are covered by the expected 

additional proceeds. 

Trichogramma 

Trichogramma hatching wasps are egg parasites, that is, they look for the laid eggs of moths, 

lay their own eggs in them, and instead of a moth larva, a useful hatching wasp hatch. This 

cycle repeats itself if moth eggs are present. If the hatching wasps no longer find moth eggs, 

they die. The beneficial insects are only about 0.3 to 0.4 mm small and hardly visible to the 

naked eye. 
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Links 
https://www.sciencedirect.com/science/article/pii/S0168169918312869 

➢ Nachhaltige Agrarproduktion 

(bmbf/de/forschung/energiewende-und-nachhaltiges-

wirtschaften/bioökonomie/nachhaltige-

agrarproduktion_node.html;jsessionid=C4F085A55AFB9621CACEABF0357F261.live381) 

 

➢ How to practise Integrated Pest Management? 

https://www.fao.org.agriculture/crops/thematic-sitemap/theme/spi/scpi/scpi-

home/managing-ecosystems/integrated-pest-management/ipm-how/en/ 

 

https://www.nachhaltigkeit.info/artikel/nachhaltige_landwirtschaft_1753.htm 

CORE – Organic Coordination of European Transnational Research in Organic Farming: 

www.coreorganic.org 

Organic Eprints, das internationale Archiv für wissenschaftliche Veröffentlichungen zum 

ökologischen Landbau: 

https://www.orgprints.org 

https://www.kiknet-syngenta.org/ 

https://researchgate.net 
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Learning Unit 5: AGRICULTURE 4.0 

 

1. What is Agriculture 4.0? 

 

1.1. Agriculture 4.0/Farming 4.0/Future Farming 

 

Agriculture 4.0 also called Farming 4.0 or digital agriculture, in the narrower sense, 

precision agriculture means the intertwining of 

• information and communication technologies (ICT), 

• decision support based on the processing of bigdata, 

• automation and robotization 

 

Technologies involved in smart farming, Beecham Research 

Source: Medium.com 

 

 

https://www.beechamresearch.com/downloads/
https://medium.com/sciforce/smart-farming-or-the-future-of-agriculture-359f0089df69
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1.2. A quick overview of the phases of agricultural production 

 

1. The first pre-industrial era of agriculture lasted from prehistoric times to the 1920s. 

In these self-sufficient, small, labour-intensive farms approximately one hectare 

was needed to meet one person's food needs. 

2. The second phase, industrial agricultural production was between 1920 and 2010. 

Tractors, combine harvesters, fertilizers and hybrid seeds made it possible to 

emerge large commercial farms. The productivity of the development resulted in 

half a hectare sufficient to supply five people. 

3. How can we sustainably feed 9 billion people by the year 2050? 

The third phase is now emerging, with large amounts of data required for 

production being made available by satellite systems or by plant and plant sensors. 

As part of these efforts, CLAAS, in collaboration with T-System, has developed a 

web-based intelligent harvesting system for the combine-tractor fleet. Like Industry 

4.0, it was called Agriculture 4.0. The combine and the tractor communicate via a 

network, which means that when the seed hopper is full, the combine 

automatically calls the tractor with the trailer to empty the hopper. With this 

option, the harvest operation is uninterrupted, which saves time and expense. 

These intelligent solutions can be extended to other areas. 

 

There are other approaches, for example Ulrich Adam (CEMA)9 talks about agricultural 

revolutions, the main chapters of which are: 

• mechanization, 

• fertilization, 

• industrial agricultural operations, 

• Farming 4.0 - Smart Digital Farming, Smart Digital Ecosystems 

 

Overview of the effects of agricultural development on mechanization 

Stages of development: 

 
9 https://www.clubofbologna.org/ew/ew_proceedings/2017_CR_S1_Munack.pdf 
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• Conventional Farming (Everybody knows this, does it, it does not want to be 

detailed) 

• Precision Farming  

• Smart Farming/Connected Farming 

• Farming 4.0/Future Farming 

 

Evolution towards Industry 4.0 

Source: ResearchGate 

 

1.3. Precision agriculture 

 

Precision agriculture is the start of a revolution in natural resource management, based on 

information technology, the integration of agriculture into the information age and the 

digital world (Hache, 2003). Precision farming is a combination of technical, information 

technology (IT) and crop technology applications that make crop production and 

agricultural machine management more efficient. At the same time, it supports 

environmental and sustainability expectations (Gebbers and Adamchuk, 2010). 

Precision agriculture involves technologies that retain the benefits of the "big" 

mechanization that is necessary in large fields, but recognize local changes (Rickman, 

2003). This management system will allow a way of management at the micro level, which 

https://www.researchgate.net/figure/Evolution-towards-Industry-40_fig1_319315066
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means the ability to properly manage each field operation at each location of the land, if 

it is technically and economically advantageous. 

Precision Agriculture is a system that can apply the right agricultural operation at the right 

place and time. Agri-informatics tools, systems, services are generally related to the 

concept of precision farming, which by its present definition is a complex farm 

management system that adapts production processes through the means of observation, 

measurement and intervention, according to time and geographical variations. 

 

Precision Agriculture: Key technologies and concepts 

Source: ResearchGate 

 

1.4. Smart Farming/Connected Farming 

 

As digitalization becomes common, precision farming is gradually transformed and the 

result of this process is Smart Farming. There is no clear dividing line between precision 

farming and Smart Farming. However, Smart Farming often refer to more integrated 

approaches for multiscale field, farm and landscape level management of agricultural 

systems. 

One of the features of Smart Farming is the concentrated collection, management and 

processing of large amounts of data called Big Data. Along with GPS and broadband 

internet, data processing will be key technology and focus on software. It is crucial for 

Smart Farming that the information generated during the various stages of production and 

https://www.researchgate.net/figure/Precision-Agriculture-Key-technologies-and-concepts_fig1_334251626
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processing can be linked to each other. Smart Farming covers and integrates the entire 

production process, so it is important to be based on standard solutions. 

Video:  

The Future of Farming https://www.youtube.com/watch?v=Qmla9NLFBvU&t=3s  

 

2. Digital technologies in agriculture 

 

2.1. Sensors 

 

For the proper operation of intelligent machine groups, it is important to have real-time 

knowledge of soil, plant, environmental and especially operational characteristics. This is 

provided by various sensor systems. In systems based on sensory measurement, the 

following types of sensors can be found: 

• soil sensors: electrical conductivity, soil salinity, soil moisture, soil temperature, 

etc., 

• plant sensors: stock characteristics, crop moisture, nutrient supply, etc., 

• environmental sensors: relative humidity, air temperature, precipitation, wind 

speed and direction, leaf humidity, solar radiation, etc., 

• Function monitoring sensors (machine). 

 

Smart farming sensors 

https://www.youtube.com/watch?v=Qmla9NLFBvU&t=3s
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Source: RFwireless 

Based on the measurement technology, several sensors are distinguished (examples apply 

to soil sensors, but can also be used for other types in terms of field of application) : 

• Electromagnetic: Used to measure soil, salinity, organic matter and moisture. 

• Optical: Optical sensors have reflectivity to characterize the soil. Used to predict 

the moisture content of clay, organic matter and soil 

• Air: measures the air permeability of the soil 

• Acoustic: Used to determine soil texture 

• Electrochemical: Measures soil nutrient and pH 

 

2.2. Soil sensing technologies 

 

Soil is an essential element of agriculture and an important factor in crop production and 

crop yields. It influences the quality of most agricultural products through its internal 

properties and external factors. 

Spectroradiometer 

Spectroradiometer is a hyperspectral sensor.  This type of sensor collects and processes 

information in the electromagnetic spectrum, which makes it possible to identify and 

measure soil characteristics. By further narrowing the spectral range, hyperspectral 

sensors can measure mineral composition, nitrogen, carbon, carbonate and organic matter 

composition in the upper soil layers, as well as soil moisture and vegetation status. 

Spectral analysis is a fast and inexpensive method. Hyperspectral images can be taken 

with: 

• satellite sensors e.g., MODIS on Terra and Aqua satellites 

• aircraft mounted sensor 

• hyperspectral cameras mounted on drones  

• field spectroradiometer 

Frequency-domain reflectometry FDR 

FDR and capacitance sensors developed for measuring soil moisture content. FDR and 

capacitance probes measure the soil dielectric constant using two or more plates or rods 

https://www.rfwireless-world.com/Terminology/Advantages-and-uses-of-Agriculture-Sensors.html
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which are embedded into the soil. They can be used to detect areas with high salinity and 

to measure the moisture content of sandy soils. It provides accurate and very intuitive 

information of soil water status. The data can be used to make a more accurate irrigation 

plan, which can lead to savings. 

Moreover, this type of sensor is also widely used in crop sensing. 

Penetrometer 

A penetrometer is a tool used to test the compaction level and tilt of your soil. 

Penetrometers measure the resistance of the soil, giving an indication of how compacted 

your soils are as an indication of the soil quality. The lower the resistance, the more 

oxygen is available for soil microbial life and the more easily the roots of plants, nutrients 

and water can penetrate through the soil. 

Shear strength sensor 

Soil shear strength is soil resistance to deformation by applied external shear forces, for 

example, during soil cutting process with different tillage tools. Sensors can measure the 

shear resistance of the soil in different depths as they pass through the field. These data 

provide valuable information on soil properties and can help support decision-making and 

make farming more economical. 

 

2.3. Crop sensing technologies 

 

Nutrition management, plant health, plant protection 
Sensors for nutrient management 

A wide range of sensors are available to produce vegetational indexes of plants that 

measure plant development and photosynthetic activity. Based on their principle of 

operation, there are two types, passive and active sensors. 

• Passive sensors measure the amount of sun energy reflected from the objects 

Passive sensors are mostly multispectral or hyperspectral. The collection and 

processing of information from the electromagnetic spectrum makes it possible to 

calculate several vegetation indices. Because these sensors rely on sunlight, data 

can only be recorded when the sun is illuminating the target area and cloud cover is 

minimal. 
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• Active sensors use their own modulated light at defined or fixed wavelengths. The 

sensor illuminates the object and uses photodiodes to measure the portion of light 

that is reflected. Active sensors are limited to mid-wavelength ranges, so they can 

only be used to calculate a few specific vegetation indices. One primary advantage 

of active sensors over passive sensors is their ability to obtain measurements at any 

time, regardless of the time of day or season, while removing the effects of sun 

angle and cloud cover. 

Sensors to detect plant stress 

The reduction of qualitative and quantitative losses of crop production and the 

achievement of higher yields largely depends on the early detection of various plant 

diseases and pests. Optical techniques such as RGB colour, multi - and hyperspectral 

imaging, heat maps, or chlorophyll fluorescence sensors can detect plant diseases at an 

early stage. The advantage of the images is that they are objective, can be repeated 

several times and can identify and quantify various plant diseases. 3D laser scanner 

technology can be used to monitor physiological changes in plants. With this technology, 

you can display even more useful data about plant condition, such as:  

• water requirements of plants 

• soil moisture content 

• quality and quantity of yield 

• nutrient content 

• weed tracking 

• monitoring plant protection interventions 

Various platforms, ranging from local to remote sensing, are available for multi-stage 

monitoring, which can analyse a given plant or part of a plant or entire fields. In general, 

sensor-based measurements and analyses are very well applicable in precision agriculture, 

displaying well the factors that influence the development of plants and the quantity and 

quality of the crop. 

Sensors for plant protection 

Factors that cause plant stress can be biotic or abiotic. Abiotic factors refer to non-living, 

physical and chemical elements of the ecosystem, e.g. elements from the atmosphere or 

the hydrosphere, such as water, air, soil, sunlight and minerals. Biotic factors are living 

organisms in the ecosystem. Factors, animals, birds, plants or fungi from the biosphere 

that can reproduce.  
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Various parameters such as plant height, moisture content, soil compaction, and dry 

biomass yield data can be extracted from a single field run and mapping using multiple 

sensors at the same time. 

Laser rangefinder sensors 

Laser rangefinders and laser scanners are widely used for industrial purposes and for 

remote sensing. In agriculture information about crop parameters like volume, height, and 

density can support the optimization of production processes. 

Time-of-Flight 3D camera 

These cameras also use a built-in light source, capable of simultaneously processing depth 

and intensity information on each pixel. Provides 3D images with an accuracy of 1 cm and 

a high frame rate. These sensors are suitable for studying the phenotype of plants.  

Hyperspectral imaging 

Spectral imaging is the detection of light reflected by the crop with the use of specialized 

sensors. Almost every farming issue (weeds, diseases, nutrient deficiency, etc.) changes a 

physiology of the plant, and therefore affects its reflective properties. Using hyperspectral 

imaging it’s possible to detect very small changes in the physiology of the plant and 

correlate it with spectrum of reflected light. 

Various plant diseases can cause significant losses in the agricultural sector, therefore 

continuous monitoring of plant health for damage detection is essential in order to rapidly 

reduce the spread of the disease. Information collected from monitoring can be used for 

effective interventions. 

Weed control 

Weed control can be done with real-time technology where weeds are detected and 

treated at the same time. Cameras mounted on the tractor take pictures across the field, 

then the computer evaluates the data and the controlled sprayer handles the marked 

spots.  

With offline method, weed mapping and intervention are separated in time. Based on the 

weed coverage survey, the resulting data is mapped to geographic positions (DGPS) and a 

weed map is prepared. Then, later, only sprayers are applied. 

Precision (sensor driven) cultivation 
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Precision cultivation enables inter-row cultivation. An autopilot ensures accurate 2 cm 

return accuracy for seeding (seeding) and row parallelism. The autopilot saves time, since 

the operator does not have to count the rows, and on the other hand, the optical sensor 

mounted on the cultivator ensures that the cultivator's blades do not cut the rows. These 

two security devices allow approx. 7 cm row approach and doubles tractor speed. 

Cultivating root crops can begin immediately after germination and emergence, when the 

sensor has already "seen" the rows. Source: https://www.biokontroll.hu/precizios-

megoldasok-a-gyomnoevenyek-ellen/ 

Pest management 

Scout crops for pest pressures, surveillance and management of pest insect populations is a 

key issue for successful plant protection. Farmers conduct periodic surveys of insect traps 

in their area, although this activity is labour and time consuming. Nowadays, low-cost 

detection systems are available that can remotely, accurately, and efficiently control 

pests. For example, battery-operated wireless image sensors, which accurately measure 

pest populations, transmit data, eliminating the need for human intervention during the 

monitoring process. 

 

2.4. Environmental sensors (meteorology) 

 

Agronomic practices try to manage the water content of the soil to fulfil the water demand 

of the plants with irrigation. There are many forms of water loss and evaporation. Water 

can be released into the atmosphere from the surface of soil, seas, lakes and rivers, as 

well as through the evaporation of plants and the breathing of living organisms. 

Evapotranspiration (ET) is the most important variable for agronomic management of 

water resources and irrigation planning  ET has two components:  

• evaporation from the soil surface 

• transpiration: release of moisture from plants 

One of the most difficult tasks in crop production is how to regulate ET and how to replace 

lost water. ET can cause significant loss of water. Its degree depends on the type of crops 

grown and the soil and also many more factors. The water transpirating from the leaves 

comes from the roots, which means that the deep-rooted plants transpirate more. Factors 
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that affect ET include the plant's growth phase, maturity level, percentage of land cover, 

sunlight, humidity, temperature and wind. If the  ET of an area is higher than the actual 

rainfall, the soil will dry out if not irrigated. 

Evapotranspiration (ET; mm / day) is a commonly used measure for determining how much 

water should be applied to a given area by estimating the amount of water lost from the 

soil and plants. Evapotranspiration is basically the sum of the water loss resulting from 

evaporation from the soil surface and the water loss of the plant. 

Irrigation sensors fall into two main categories: 

• Meteorology / climate-based controls 

• Signal-based sensors use publicly available meteorological data 

(temperature, sunlight, humidity) and calculate the ET value of the grass 

surface at a given location. The ET data is then transmitted wirelessly to 

the irrigation controller. 

• Traditional ET sensors use a pre-programmed water use curve based on 

water use in different regions. The curve can be adjusted as a function 

of temperature and sunlight. 

• Local meteorological sensors use weather data collected at a given 

location for continuous ET measurement and water volume calculation 

• Soil moisture-based sensors 

• Instead of using weather data, soil moisture sensors are located below 

the soil in the root zones of the plant to determine water demand. Soil 

moisture sensors provide estimates of soil water content. 

 

2.5. Sensors for Agricultural Machines 

 

There are many different sensing technologies in Agriculture 4.0 that provide data that 

help farmers monitor soil or plants to optimize processes and adapt to changing 

environmental factors. 

These sensors can be: 

• positioning sensors that use signals from GPS satellites to determine latitude, 

longitude and altitude 
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• optical sensors that use the properties of light to measure soil properties 

• electrochemical sensors that carry key information such as pH or soil nutrient 

supply 

• mechanical sensors for measuring the physical properties of soil 

• soil moisture sensors 

• air flow sensors that measure the air permeability of the soil 

• weather station sensors. 

Some applications in precision agriculture: 

• In yield mapping systems as part of harvesting machines. 

• For variable rate application with manual or automatic computer control. 

• For weed mapping with the help of visual recognition systems mounted on the 

working tool. 

• For variable rate spraying, optimizing the application rate by switching the nozzles 

on and off. 

• For high accuracy recording of topographic data and field borders with GPS 

technology. 

• For various control devices, lane keeping, automatic steering 

 

2.6. Sensors in Livestock 

 

Precision Livestock Farming (PLF) using advanced technology and with unique 

identification of livestock, enables continuous, automated, real-time monitoring of 

livestock health and welfare and its impact on the environment. With the use of livestock 

sensors, farmers can easily track changes, identify problems early and have the ability to 

act quickly, effectively. Livestock sensors are used mainly in ruminants, in more precise 

dairy farms, and in the pig and poultry sectors. Information collected by sensors provides 

valuable data to farmers, supporting decision-making with the following benefits: 

• improved animal well-being 

• improving product quality 

• minimizing adverse environmental effects 

• reduced use of antibiotics through preventive health measures 

• better profitability 



AgriSmart: Sustainability and digital skills  
for the agricultural sector  
2020-1-IT01-KA202-008399 

94 
 

• improving the quality of life of the farmer 

There are a number of sensors available on the market, which together form a complete 

toolkit for tracking the various activities and conditions of animal monitoring. 

Electronic identification 

Individual identification of animals is a prerequisite for implementing PFL. This is the 

"backbone" of all PFL systems. 

Foot mounted accelerometers 

These sensors are used in a number of areas, such as farm estrus detection, health 

monitoring, activity, steps, lying and standing behaviour. 
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Multiple Choice Questions and Answers 

 

1. Other designations of Agriculture 4.0 are: 

• Farming 4.0  

• Digital agriculture 

• Industry 4.0 

 

2. Precision agriculture allows for: 

• Better crop yield 

• Less technology 

• Slower production 

 

3. Sensors in digital agriculture are used for: 

• the proper operation of intelligent machine groups 

• only for monitoring of outside temperature 

• the monitoring of employee attendance 

 

4. What types of sensors do we distinguish by measurement technology: 

• electromagnetic, optical, air, acoustic, electrochemical 

• soil sensors, plant sensors, environmental sensors, function monitoring sensors 

• outdoor and indoor sensors 

 

5. What is the Penetrometer used in agriculture? 

• to test the compaction level and tilt of your soil 

• to test the groundwater level 

• to measure the depth of topsoil 

 

6. Evapotranspiration (ET) is important variable for agronomic management of water 

resources and irrigation planning 

• Yes 

• No 

 

7. Which of the following DO NOT belong to sensors for plant protection? 
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• Shear strength sensor 

• Laser rangefinder sensors 

• Time-of-Flight 3D camera 

• Hyperspectral imaging 

 

8. Is electronic identification important in precision livestock farming? 

• Yes 

• No 
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Glossary 

(The most relevant technical or special terms that are not explained in the text) 

Automation 

The use or introduction of automatic equipment in a manufacturing or other process or 

facility. 

 

Combine harvester 

An agricultural machine that reaps, threshes, and cleans a crop in one single operation. 

 

Conventional Farming  

Also known as traditional farming or industrial agriculture, refers to farming systems which 

include the use of synthetic chemical fertilizers, pesticides, herbicides and other continual 

inputs, genetically modified organisms, concentrated animal feeding operations, heavy 

irrigation, intensive tillage, or concentrated monoculture production. Thus, conventional 

farming is typically highly resource-demanding and energy-intensive, but also highly 

productive. 

 

Digitalization 

The use of digital technologies to change a business model and provide new revenue and 

value-producing opportunities. The purpose of digitalization is to enable automation, 

increase data quality, and collect and structure all that data. 

 

Evapotranspiration 

The process by which water is transferred from the land to the atmosphere by evaporation 

from the soil and other surfaces and by transpiration from plants. 
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Fluorescence 

The visible or invisible radiation produced from certain substances as a result of incident 

radiation of a shorter wavelength such as X-rays or ultraviolet light. 

 

GPS 

An accurate worldwide navigational and surveying facility based on the reception of signals 

from an array of orbiting satellites. 

 

Hardware 

The machines, wiring, and other physical components of a computer or other electronic 

system. 

 

Hyperspectral  

Relating to the imaging of remote celestial objects or regions of space by combining 

information from a large number of detected spectral bands, as of visible light, infrared, 

and ultraviolet frequencies. 

 

Phenotype 

The set of observable characteristics of an individual resulting from the interaction of its 

genotype with the environment. 

 

RGB colour 

The RGB colour model is an additive colour model in which the red, green, and blue 

primary colours of light are added together in various ways to reproduce a broad array of 

colours. The name of the model comes from the initials of the three additive primary 

colours, red, green, and blue. 
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Robotization 

The introduction of robots to carry out industrial tasks. 

 

Sensor 

A device which detects or measures a physical property and records, indicates, or 

otherwise responds to it. 

 

Software 

Software comprises the entire set of programs, procedures, and routines associated with 

the operation of a computer system. 

 

Telematics 

An interdisciplinary field that encompasses telecommunications, vehicular technologies 

(road transport, road safety, etc.), electrical engineering (sensors, instrumentation, 

wireless communications, etc.), and computer science (multimedia, Internet, etc.). 
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Learning Unit 6: DATA FOR SUSTAINABLE 

PRODUCTION 

 

Abbreviations 
 

APIs Application programming interfaces 

ARMS Agricultural Resource Management Survey 

FAO Food and Agriculture Organization of the United Nations 

DSS Decision support system 

EU European Union 

EUROSTAT is the statistical office of the European Union 

GIS Geographic information system 

GODAN Global Open Data in Agriculture and Nutrition 

GPS Global positioning system 

ICT Information and Communications Technology 

IoT Internet of things 

MSI: Multi-spectral imagery 

ODI Open Data Institute 

PDP Personal data protection 

QR code Quick response code 

SMS Short message service 

UN United Nations 

USDA United States Department of Agriculture 

USSD Unstructured supplementary service data 
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1. What is data, and why they are essential for farmers? 
 

1.3 What is data? 
That subchapter aims at introducing farmers to concepts related to data and their use in 

services connected to farms. 

Data is difficult to define, and thus, searching for it. Data is the lowest level of abstraction 

from which information and knowledge are derived. Traditionally, data is thought of as a 

spreadsheet or set of numbers that can be analysed somehow. On the web, such data is 

often shared via data portals simply as a file that can be downloaded. Some portals provide 

YouTube-like functionality where the data can be explored without downloading; however, 

the data itself is still a static resource, uploaded ready to be downloaded by someone else. 

Data could not have a specific meaning by themselves, is data processing data gives an 

information. 

While data remains a static resource, second-and third-generation web services are ideally 

suited to harvest metadata about these static resources and provide entries in search results. 

This approach suits the web of documents approach, where the metadata is still the 

fundamental way the data can be found, which means that existing search engines can be 

used to find data with the correct query. 

 

 

 

 

 

 

 

 

 

 

 

Agriculture is a field that crosscuts many data areas, and many different datasets exist in 
portals and websites (e.g. EUROSTAT, World Bank). Furthermore, beyond legal and 
administrative data referring to the farm, farmers have to manage data and information 
derived such as environmental aspects, water use, crop status and so on. 
Farm’s data about the structure of agricultural holdings, i.e. labour force, size of holdings, 

land use, livestock, inputs for farming, production gives the data helpful to develop 

databases at a local and global level and processing that data could give information that 

are fundamental for farmers to manage the enterprise and develop innovation in agriculture 

through technologies. Processing correctly data is fundamental for taking farm useful 

decision. 

INFO BOX_1 

Web 1.0 refers to the first stage of the world wide web revolution. Earlier, there were only a 

few content creators in Web 1.0 with a huge majority of users who are consumers of content. 

Personal web pages were common, consisting mainly of static pages hosted on private web 

servers, or on free web hosting services.  

Web 2.0 refers to worldwide websites which highlight user-generated content, usability, and 

interoperability for end users. Web 2.0 is also called the participative social web. It does not 

refer to a modification to any technical specification, but to modify the way web pages are 

designed and used. The transition is beneficial but it does not seem that when the changes 

occur. Interaction and collaboration with each other are allowed by Web 2.0 in a social media 

dialogue as the creator of user-generated content in a virtual community. 

Web 3.0 refers to the evolution of web utilization and interaction which includes altering the 

Web into a database. It enables the up-gradation of the back-end of the web, after a long time 

of focus on the front-end. Web 3.0 is a term that is used to describe many evolutions of web 

usage and interaction among several paths. In this, data isn’t owned but instead shared, where 

services show different views for the same web / the same data.  
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There is an exponential growth in data accompanying the digitalisation of agriculture 

through the proliferation of mobile technology, remote sensing technologies and distributed 

computing capabilities. The effective management of data for farms will open up new 

opportunities to improve the lives and livelihoods of farmers by lowering costs and reducing 

information asymmetries. In addition, data can support improving agricultural practices 

toward higher resource-use efficiency and reduced environmental impacts. 

 

However, for farmers, the lack of experience in data management or the adoption of data-

driven services can limit the possibilities of digital transformation of the agricultural sector. 

Data revolution in agriculture and information and communications technology (ICT) for 

agriculture services can support farmers in addressing their challenges and increasing their 

incomes and yields. 

Farmers could be independent users or be supported by professionals (e.g. Agronomist, 

Engineers) to access more services such as extension, trade, or financial services. Whatever 

the case, the farmer should understand the data source and the range of associated services. 

Today, these services can be provided at scale through ICTs. 

Future farming uses multispectral imagery, soil and micro-climate sensors, equipment 

telematics data, and GPS to drive yield-enhancing decisions. Investors in agro-tech startups 

support this trend. The amount of data collected from farms are multiplying, but little is 

known about how farmers leverage this data to make decisions. According to the USDA's 

Agricultural Resource Management Survey (ARMS), 61% of corn growers used a yield monitor 

in 2010, but only 34% used the data, for example, to generate a yield map. That fact 

indicates a disconnection between data collection and data use (Nathan DeLay et al. 2020). 

FAO (2021) summarised in figure 1 four main categories of services beneficial for farmers. 

That services are based on data information that could be enhanced through ICT and smart 

agriculture. The categories are: 

5) Production-related services: All the pre-to post-harvest assist farmers to extract the 

greatest value from their assets and combat any pest or disease that may endanger 

the harvest. 

6) Financial services: A range of financial services are essential to support agricultural 

activities, including traditional banking services, microfinance and subsidy schemes. 

7) Trade and market services: This area includes all services that enhance access to the 

market and support farmers in getting the best prices for their commodities. 

8) Registration services encompass cooperatives and farmers' group services for their 

members, including membership management and communication. 
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Figure 24 A model for data-driven services and related farmer profiles 

The services provided from intelligent agriculture to farmers are essential, but the cost of 

time and money for services fruition remains a crucial point for debating. 

 

1.4 Sharing data 
This section illustrates the principles of sharing data.  

Data exists on a spectrum, and it can be closed, shared or open. Datasets may include 

sensitive information for security, personal or commercial reasons. For instance, health 

records may cover sensitive data, which raises privacy issues. For these reasons, data can 

be closed or shared with limited persons or groups but not licensed to permit anyone to 

access, use and share it. The importance of data sharing for example with decision support 

systems (DSS) is related to top-level strategic decision making. 

The Data Spectrum in Figure 2, developed by The Open Data Institute (ODI), illustrates the 

degree of openness of data and helps understand the language of data. Data can be shared 

within a closed or partially closed group or even publicly on the web without being identified 

as 'open data. What makes it shareable is the structure of data and machine readability. 
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Figure 25 The ODI Data Spectrum: Agriculture 

Farmers share a lot of valuable data with several other actors in different data value chains, 

e.g. with technology providers for precision agriculture and decision support systems (DSS); 

with suppliers and distributors for data exchange in the supply chain; with farmers' 

associations for registration and service provision; with banks for financial assessment; and 

with governments for subsidy eligibility and compliance, etc.  

This data sharing is more frequently managed through digital technologies. New digital 

technologies – such as sensors, drones and the Internet of things (IoT) in general or the 

blockchain – create an automatic flow of data from the farmer to the data collectors, over 

which the farmer has very little control. Besides, such flows are designed in ways that are 

not clearly explained in contracts, and contracts are often non-negotiable. For this reason, 

farmers are often wary about the use of technologies like drones or sensors whose data is 

under the control of the technology provider. 

The table below provides a summary of challenges presented by sharing farm data. 

We suggest consul chapter 2, "Data sharing principles", to deepen the subject on FAO 2021. 
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1.3 Open data aims to introduce what makes data open and the benefits. The notion of open 

data has been around for some years. Today's considerable amounts of data are generated 

by the public sector, e.g. soil surveys, cultivar registrations, pesticide residues, healthcare, 

defence industries, infrastructure, public education, and telecommunications.  

Open data for agriculture, including individual datasets, are accessible on public portals. In 

addition to public data, for which there is a public demand for openness, private sector data 

is also becoming more important for decision-making. While making this data completely 

open is not always feasible, many open data principles (access, reuse, interoperability) also 

apply to sharing private sector data, even if under different access conditions. 

Table 6 Challenges of sharing farm data 
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Open access and data sharing are vital resources for food security and nutrition, and farmers 

drive them, researchers, extension experts, policymakers, governments, international 

agencies and other private sector and civil society stakeholders participating in 'innovation 

systems' and value chains. Lack of institutional, national and international policies and data 

openness limits the effectiveness of agricultural and nutritional data from research and 

innovation. Making open data and data exchange in the value chain work for agriculture 

requires a shared agenda to increase the supply, quality, and interoperability of data, 

alongside action to build capacity for the use of data by all stakeholders. 

From mobile technology used by health workers to open data released by government 

ministries, data is becoming ever more valuable, as agricultural business development and 

global food policy decisions are being made based upon it. However, the agriculture sector 

is also home to severe resource inequality. In fact, on a global scale, the largest agricultural 

companies make billions of dollars per year, in contrast to subsistence farmers growing just 

enough to feed themselves or farmers in a developed country who grow enough to sell on a 

year-by-year basis (Ferris and Rahman, 2016). 

The scarcity of available data prevents us from identifying and learning from real progress 

at the global and national levels. It also hides inequalities within countries, making it more 

difficult for governments to know about them or for others to hold governments fully 

accountable (IFPRI, 2016). 

 

1.4 Data quality and provenience 
The chapter aims to underline the importance of data quality and provenience. 

There are many ways to obtain data from the web, visible via a download button or available 

through public or hidden Application Programming Interface (API). Regardless of the data 

acquisition method, it is critical to check the following data's rights to use that method. 

Like the data itself, some rights statements will be only human-readable, some only 

machines are able, and some a combination of both. Commonly, however, service providers 

will have a human-readable version of their terms of use and/or data license that will cover 

both the terms of use of the service and rights to use data once acquired. Many government 

data portals will have the data license listed as metadata against the viewed record. For 

example, in data.gov.uk, all licenses are listed directly under the title of the dataset as a 

clickable link.  

In some conditions, it might be necessary to read the terms and conditions of the providers 

to ensure that method of access and rights to use the data are permitted as just because 

something is accessible on the web does not give everyone the right to use it. 

It is still early in the evolution of a 'data age' following the 'information age, and services 

specialising in fast data access are evolving. At the same time, the number of services 

providing data is also growing, mirroring the early days of the web. Data formats have also 

evolved and thus, so too have methods to discover and access data. Search engines are 

becoming much more intelligent and customised to perform highly targeted queries. At the 

same time, tools to help extract and work with data have evolved such that it is very easy 

to start working with data regardless of the format. 
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The evolution of mobile applications that demand instant access to data has also increased 

the number of available APIs, even if some remain hidden. 

Quality and provenance are two essential aspects that determine the usability of a dataset. 

The history or provenance dictate part of the quality of a dataset. Knowing that the data is 

from a reliable source and collected using reliable methods (or via methods with known 

constraints) can often be more important than having a dataset with a well-controlled 

vocabulary or schema. While data is technical, not all quality measures are technical; 

ensuring a dataset is machine-readable does not always mean it is usable; not all quality 

requirements are technical. The evolution of best practice guidelines reflects this.  

Assessing the quality of open data cannot be done quickly. Several community-based 

standards and quality marks can help assess the quality and usability of data. One of the 

first quality marks to emerge for open data is the '5-stars of linked open data' (Berners-Lee, 

2012). Awarding of each star is sequential and starts with applying an open license to data. 

The 5-star guideline is focused on the technical availability of data and lacks the non-

technical aspects that make up quality usable data. 

In order to deepen the topic, here are the lessons provided by the Data4Ag project of CTA 

with PAFO and FAO. (2020, February 12). Farm Data Management, Sharing and Services for 

Agriculture Development Online Course (Version v1.0). Zenodo. 

http://doi.org/10.5281/zenodo.3663553. Lesson link: https://aims.gitbook.io/farm-data-

mooc/unit-3-using-data/lesson-3.2-quality-and-provenance. 

 

1.5 Personal data protection 
That subchapter is introduced because farmers need to have personal data protection when 

the third part is profiling farmers and capturing farm-level data to build services for farmers 

to increase their production and income. 

Data, services and applications, profiling activity, can be conducted by different actors such 

as agribusinesses, farmers' groups, cooperatives, or ICT service providers. This activity is 

about collecting and storing data about farmers and farms that are, by their nature, 

classified as personal data. Personal data collection, storage, and management are regulated 

by specific national, regional, and/or continental levels in many countries.  

Some examples have demonstrated that the implementation of Personal data protection 

(PDP) measures, besides its ethical dimension, is also a powerful way to develop trust 

between farmers and organisations collecting and managing farm-level data. Therefore, it 

is strongly recommended that anyone implementing a farmer profiling platform or farmers' 

registry implement best practices and common approaches to PDP, even when the country-

specific law does not make those approaches mandatory. 

A common description of personal data is all information attributed to an individual living 

person. Data is also considered personal if combined with other data to make attribution to 

living individuals possible. This information can take various formats such as an identification 

number (e.g. social security number) or one or more factors specific to his/ her physical, 

physiological, mental, economic, cultural or social identity (e.g. name and first name, date 

of birth, biometric data, fingerprints, DNA etc.).  

http://doi.org/10.5281/zenodo.3663553
https://aims.gitbook.io/farm-data-mooc/unit-3-using-data/lesson-3.2-quality-and-provenance
https://aims.gitbook.io/farm-data-mooc/unit-3-using-data/lesson-3.2-quality-and-provenance
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Based on this definition, the process of collecting farmers' data, as soon as it includes 

elements such as name or phone number or address or GPS coordinates, falls into the 

category of processing of personal data. The figure below shows the types of data classified 

as personal. 

 

Figure 26 Data types classified as personal 

PDP is commonly defined as a law designed to protect citizens' personal information. As of 

2018, 120 countries worldwide had data protection/ privacy laws, and 40 other countries 

had pending bills or initiatives (Banisar, 2019).  

 

2. Data sources and how data is collected 
 

2.2 Data sources 
The subchapters aim to clarify the data sources considering that data could be collected on 

farms and off farms. Farm-level data is essential in delivering actionable tailored farmer-

centric services and information to individual farmers.  

The off farms' data are based on numerous datasets, which are potentially helpful to deliver 

information and services to farmers. Some datasets might be helpful at different stages of 

the crop cycle but with different requirements. Some datasets are available at the country 

level only, but others may be available in-country or at the regional or international level 

(e.g. weather data or satellite images). The datasets reported in Table 1 are frequently 

adopted from professionals connected with land use and farms.  
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Table 7 Categories of datasets, individual datasets and applications, n 1. Source FAO, 2021 

 

Tables 3 and 4 inform about datasets and applications useful for farm managers. 
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Table 8 Categories of datasets, individual datasets and applications, n 2. Source FAO, 2021 
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Table 9 Categories of datasets, individual datasets and applications, n 3. Source FAO, 2021 

 

Data-driven agriculture-led many opportunities; the Global Open Data in Agriculture and 

Nutrition (GODAN) partners produced a white paper that gave an overview of the vast 

opportunities and challenges of data-driven agriculture for smallholder farmers. The 

opportunities for farmers include the usage of data for different agri-food systems, in: 

9. Planning 

10. Monitoring and assessment 

11. Event management and intervention 

12. Autonomous actions 

13. Optimisation 

14. Forecasting 

15. Tracking and tracing 

16. Negotiating and market access 

While there are inherent advantages in data access for farmers, there are also data 

challenges. The most relevant ones are the different data streams – off-farm and on-farm 

data (figure 4). The paper identifies four data streams - localised data, imported data, 

exported data and ancillary data. The challenges were enumerated as: 

• Access challenges 

https://f1000research.com/documents/7-525
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• Usefulness of data 

• Affordability 

• Applicability 

• Appropriation 

• Effective use of data 

 

 

Figure 27 Streams of data from/to farm.  

 

2.2 How to collect data? 
That subchapter aims at clarifying the role of farmers and a third part in data collection. 

There are different ways to capture digital data. The definition of the goal and the scale of 

data collection is the first critical step. In addition, considering the inherent variability of 

climate, soil and management, it is essential to collect data for multiple years. Finally, 

combining different scales (field, farm, landscape) is essential to support decision making 

with the overarching goal of achieving sustainable agriculture.  

The figure below resumes the flow of digital agriculture data. 
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Figure 28 the flow of digital agriculture data (Basso and Antle, 2020). 

Smart Agriculture is part of the existing system based on high-level technology that 

permeates society. The data captured from devices and tools related to intelligent farming 

could be collected both from farmers and third part. Still, analysis and interpretation are 

often time-consuming and technological devices of farmers are not always suitable or 

available for data capture and management. Probably the disconnection between the 

presence of sophisticated technological devices for farmers and their effective use derives 

from: 

- The costs and practical use of tools and devices 

- The necessity of training 

- The capacity to analyse and interpret data 

Nathan DeLay et al. 2020, surveying farmers in the United States, underlined the low interest 

of farmers in approaching data collection mainly because it is too costly and there is 

uncertainty in using data. 

Summing up, when farmers should balance investing in new technology associated with 

sensors, drones, and other devices, they ask themselves how much time and resources I 

could spend to collect, analyse, and use my data? 
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Depending on the scale of a farm and the corporate hierarchy, the answer could be different. 

Farmers collect data (e.g. use of inputs, soil tillage) to organise the field work and 

understand the economic balance considering production per hectare. 

Usually, in an agrarian context where farmers invest in tools and devices to support the 

digitalisation of the farm are the third part who collect field and remote data offering 

services (e.g. organisation of fieldwork, improvement of inputs efficiency). Understanding 

and knowing how data are captured is valuable and helpful for farmers to manage better, 

e.g. crop fields irrigation, fertilisation, and animal feeding status. The main approaches for 

data collection are illustrated above. These options are usually complementary: 

1. Direct on-farm capture: The data is collected through human interaction by a data 

collector visiting the farmer. The data collection activity could be done on paper or with 

more advanced smartphone tools. 

2. Remote capture via mobile phone: Many farmers have a phone that can be exploited to 

collect data remotely. There are predominantly two ways to capture data: 

a. Direct capture through farmer contributions: Data is collected from farmers (as indirect 

on-farm capture) but remotely. Such collection can take different forms: a person-to-person 

call (via call centre), a basic phone application (voice-based application, unstructured 

supplementary service data (USSD), short message service (SMS), or smartphone application. 

b. Indirect capture through big data: Mobile operators can extract a large quantity of 

information from each of their clients, which includes, e.g. usage of their phone or usage of 

specific mobile services such as mobile money. 

This data is valuable and can complement other information in a farmer profile. Capturing, 

storing and exploiting this data requires partnership with mobile operators who are the only 

ones with access to this information. Of course, farmers have to be aware and consent to 

such data collection. 

3. Automatic capture using specific technologies: A series of new technologies can 

automatically capture some information. In particular, this includes drones for field mapping 

and analysis and sensors (also known as the Internet of things (IoT) technology. See 

FarmBeats, an initiative around IoT supported by Microsoft (Microsoft, 2015). The project 

aims to make farmers more efficient by arming them with data to help them increase farm 

productivity and reduce costs. FarmBeats project team builds several unique solutions to get 

data from the farm by using low-cost sensors, drones, and vision and machine learning 

algorithms. 

Other data capture technologies include significant data approaches used to analyse farmers' 

behaviour online (e.g., social media). Technologies such as satellites are more related to 

capturing global data. 

The different stages of the creation of any data collection and exploitation project are: 

Stage 1: Design of the data collection process; 

Stage 2: data collection; 

Stage 3: exploitation of data collected. 
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THEORY IN PRACTICE BOX_1 

In that unit are helpful, practical exercises for breaking the ice with farmers to understand: 

- The technological level of their farm 

- The farmer's availability and propensity in using technology 

Subsequently, the class could be divided into teams for working groups, e.g. 1) simulating 

GPS for delimitating their fields 2) where to find internet data useful for agriculture (e.g. 

EUROSTAT or annual government publication). 

 

3. Data analysis and visualisation 
That unit aims to demonstrate the basis of data analysis and visualisation to farmers. 

 

3.1 Data analysis 
Raw, unprocessed data is often messy and potentially not ready for visualisation. Data 

analysis looks at some techniques that can be used to turn data into information, including 

1) derivation and feature extraction; 2) dataset combining; 3) dataset enrichment. 

1_Derivation and feature extraction are similar in that they are designed to add to existing 

data without requiring external datasets. This results in additional columns (or features) 

being added to data based upon the existing data only.  

A derived data element is derived from other data elements using a mathematical, logical 

or another type of transformation, e.g. arithmetic formula, composition, aggregation. For 

example, source data might contain a series of columns of monthly expenditure. A total 

could be made overall months to add another column. This column is thus derived from the 

others. 

Feature extraction is similar to derived data but does not necessarily involve a function. For 

example, the city could be extracted from a list of unstructured address data, making the 

city a distinct feature of the dataset. Likewise, the colour of the centre pixel of an image 

could be extracted without using a mathematical function. 

Exercise:  A short tutorial on feature extraction is available for Excel (How to Extract Part 

of Text String from Cell in Excel? 2020). 

2_Combining datasets. In combining datasets, we are not referring to adding additional data 

onto the end of an existing dataset (a process known as consolidation) but rather adding to 

the existing data. E.g. If using a spreadsheet, the result of combining two datasets with 10 

columns each will be one dataset with 19 columns. Combining data can only be done in this 

way if there is a column in each dataset with a shared value. This column becomes the key 

upon which the combination can be performed. For example: take a dataset of roads and 

the numbers of cars during each hour of the day. Each hour period is a column, and each 

road is a row. If there were many data sources, e.g. sources with different hours individually 

collected, it could be keyed on the road name and combine all the data into a single dataset.  
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Exercise: Find out how to combine two datasets in Excel (Merge Two Excel Files Using a 

Common Column, 2020) or in Open Refine (Hirst, 2011). 

3_ Dataset enrichment. For example, enriching geographic data is much like combining data, 

where two datasets can be combined based upon a standard feature (e.g. road name); the 

same can be achieved with geographic data. One big difference is that it is possible to 

combine geographic data and place a geographic point inside a boundary. This process is 

known as a spatial join. A spatial join can be helpful when looking at features of different 

buildings or services and mapping them onto jurisdiction regions to see if any patterns 

emerge. 

Find out more about enriching and joining map data using the excellent guides provided by 

CartoDB (CARTO, 2020). 

Another essential stage in preparing geographic data for analysis is that of geocoding. 

Geocoding is the process of taking any reference or description of a physical location (like a 

street address) and adding the actual physical location coordinates (like latitude and 

longitude) to the data. Reverse geocoding is thus the opposite, extracting the description 

(e.g. London) from the coordinates. Geocoding can also refer to the process of transforming 

from one coordinate representation system (e.g. easting–northing) to another (e.g. latitude-

longitude). Geocoding is essential when analysing geographic data and performing other 

operations such as spatial joins. 

 

3.2 Data Visualisation  
A way to quickly interpret data is to visualise it. The human brain is more adept at consuming 

and understanding visual data than text. Data visualisation aims to communicate information 

clearly and efficiently to users. 

Most charts used in modern data visualisation derive from the original designs of William 

Playfair (1759– 1823), a political economist. Playfair invented several types of diagrams: in 

1786, the line, area and bar chart of economic data; and in 1801, the pie chart and circle 

graph, used to show part-whole relations.  

The choice of which visualisation technique to use depends on both the objective of the 

visualisation and the type of data to be visualised. According to Friedman (2008), the 

"primary goal of data visualisation is to communicate information clearly and effectively 

through graphical means. It does not mean that data visualisation needs to look boring to be 

functional or extremely sophisticated to look beautiful. However, designers often fail to 

achieve a balance between form and function, creating gorgeous data visualisations which 

fail to serve their main purpose – to communicate information." 

One of the main problems with data visualisation is that it covers a wide range of different 

visualisations designed for different purposes. Communication is only one goal of data 

visualisation. Data visualisations can also be used during the data analysis stage to help make 

sense of the data and guide analysis. If the primary goal of data visualisation is to 

communicate information, then the visualisation should be able to do this without the 

reader's need for explanatory text or additional knowledge. 

The figure below shows examples from Wikipedia's data visualisation page (Wikipedia, 2020): 

arguably, only the bar charts (top right) and treemap (bottom left) are good visualisations 
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for instant communication of data. Both of these charts use a visualisation trick called 'pop 

out'. 

 

 

 

Figure 29 Example of data visualisation 
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Data type Description Example visualisation is resumed in the table below. 

Table 10 Types of data 

 

Choosing the correct data visualisation depends on two key aspects: 

1. the type of data; 

2. the message to be conveyed. 

 THEORY IN PRACTICE BOX_2 

For example, take the data about cereal yields in Italy, France, Spain, and Germany as open 

data from the World Bank (World Bank, 2017). This data can be visualised in many ways due 

to its multivariate nature. The data available from the World Bank is available for every 

country dating back to 1961. We would have a time series dataset if the data were only 

about a country. If the data were only about one year, this would be a population dataset; 

however, both are available. Thus the dataset is a multivariate dataset. 

CURIOSITY 

Pop-out helps direct the eye to the correct place, instantly and the human eye is drawn 

towards brighter colours, more oversized items and things that stand out through 

difference. It is a feature that is programmed into the visual cortex. 

Inside the visual cortex, there are two streams, the ventral (what) stream and the dorsal 

(where/how) stream. The dorsal stream processes information from the eye about our 

surroundings in real-time, so we can instantly react in risk situations. The dorsal stream 

looks where things are and how they relate to other things that make pop out work so 

quickly. Conversely, the ventral stream is responsible for working out 'what' the thing is. 

This is a much slower process and is why a person might recognise another person's face 

but cannot name the person. 

The best data visualisations for communication appeal to the dorsal stream and make 

information pop. If a visualisation requires the use of the ventral stream to help 

contextualise the information, then there is a high probability that individuals will 

interpret the information differently. 

It is essential to get rid of any extraneous clutter that detracts from the message being 

conveyed in any visualisation. 

 

Pop-out helps direct the eye to the correct place, instantly and the human eye is drawn 

towards brighter colours, more oversized items and things that stand out through 

difference. It is a feature that is programmed into the visual cortex. 

Inside the visual cortex, there are two streams, the ventral (what) stream and the dorsal 

(where/how) stream. The dorsal stream processes information from the eye about our 

surroundings in real-time, so we can instantly react in risk situations. The dorsal stream 

looks where things are and how they relate to other things that make pop out work so 

quickly. Conversely, the ventral stream is responsible for working out 'what' the thing is. 

This is a much slower process and is why a person might recognise another person's face 

but cannot name the person. 

The best data visualisations for communication appeal to the dorsal stream and make 

information pop. If a visualisation requires the use of the ventral stream to help 

contextualise the information, then there is a high probability that individuals will 

interpret the information differently. 

It is essential to get rid of any extraneous clutter that detracts from the message being 

conveyed in any visualisation. 
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4. Using and exploring the potential of data 
As reported in the chapters, before farmers are exposed to technology, their approach to 

devices and data use is still not fruitful enough. After a brief resume of farmer profiling in 

that chapter, we will propose some practical exercises to make farmers aware of the 

potential of using data. The mash-up of farm-level data and global datasets allows the 

generation of a massive volume of information.  

New approaches, particularly blockchain (Sylvester, 2019), data science, artificial 

intelligence and machine learning, offer opportunities for the future of agriculture. These 

opportunities include predictive analysis, such as yield forecasts, that will inform all value-

chain actors, from public authorities with early warning on potential food security risks up 

to traders. 

These future approaches will be made possible through the greater availability of data. 

Farm-level data becomes more available as data collection becomes more automatised. For 

example, sensors start to spread at scale, and as governments, international organisations, 

and all actors, including the private sector, release more open datasets and increase access 

to significant data streams, the volume of data will grow exponentially. This will offer more 

opportunities for more advanced predictive automatic services. 

These services provide more significant added value and at lower costs than the current 

generation of ICT services, making them more impactful and sustainable. The trend is clear 

and is likely to lead to a new wave of ICT services in the coming years with both the 

availability and the development of data science capacities that are taking place in almost 

all countries worldwide.  

In Europe, where farmers have the capacity, infrastructure and equipment, they can manage 

their farm data collected directly or via sensors. Farmers can then select the services they 

need and share their data with the third. The figure below resumes the potentials of 

connections and activity of farmer data management to create farmer profiles. 

 

Figure 30 Farmer digital profiling connection 
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THEORY IN PRACTICE BOX_3 

In that unit practical exercise proposed could refer to deepening case studies such as: 

- Using Excel to understand the trend of incoming related to farm activity in the last three 

years on different case study farms 

- Combining field data collected from on-farm devices and remote sensing for mapping water 
stress in a vineyard 

- Combining field data from soil and culture, sensors and remote sensing maps for planning 
the suitable fertilisation 

- Develop a QR code that would tell the story of a specific product on the label 
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Glossary 
• API (Application Programming Interface):  a language and message format used by 

an application program to communicate with the operating system or some other 

control program such as a database management system (DBMS) or communications 

protocol. APIs are implemented by writing function calls in the program, which 

provide the linkage to the required subroutine for execution. Thus, an API implies 

that a driver or program module is available in the computer to perform the 

operation or that software must be linked into the existing program to perform the 

tasks. 

• Artificial intelligence: yhe property of a machine capable of reason by which it can 

learn functions normally associated with human intelligence. 

• Blockchain: an architecture that validates the integrity of digital data. A blockchain 

ensures that any alteration to a stored transaction is quickly detected. Because all 

data in a computer are nothing more than a collection of bits and bytes, they can 

be changed by anyone who can access the digital file. Even encrypted data can be 

altered if the private key is exposed. Blockchains are continuously verified from the 

very first transaction to the last by third parties, and any broken link is identified 

right away. 

• Data: representation of facts, figure, values, concepts, or instructions in a 

formalized manner suitable for communication, interpretation, or processing by 

humans or by automatic means. Any representations such as characters or analog 

quantities to which meaning is or might be assigned. 

• Databases: one or more large structured sets of persistent data, usually associated 

with software to update and query the data. A simple database might be a single 

file containing many records, each of which contains the same set of fields where 

each field is a certain fixed width. 

• Decision support systems: Software tools to help with decision support e.g. farming 

model to implement strategic farm’s decision making (e.g. use of water or chemical 

inputs, best harvest period) 

• ICT: (Information and Communications Technology) an umbrella term for 

information technology (IT) and telecommunications. In the past, computers and 

telecom were separate departments within an enterprise. Starting in the 1990s, 

they began to merge into one entity. 

• Information: the meaning that a human assigns to data by means of the known 

conventions used in their representation. Processed data. 

• IoT: Internet of Things (IoT) includes home appliances, door locks, doorbells, 

thermostats, lighting, sleep monitors, security cameras, fitness bands, as well as 

sensors for traffic monitoring. It is estimated there will be trillions of IoT devices in 

the future. It is connecting the physical world to a computer or mobile device via 

the Internet. 

• Machine learning: The ability of a machine to improve its performance based on 

previous results. Neural networks are one kind of machine learning. 

• Metadata: a description of the data in a source, distinct from the actual data; for 

example, the currency by which prices are measured in a data source for 

purchasing goods. Metadata is data that provides information about other data. In 
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the 21st century, metadata typically refers to digital forms, but traditional card 

catalogs contain metadata, with cards holding information about books in a library 

(author, title, subject, etc.).  

• Multi-spectral imagery: The image of an object obtained simultaneously in a 

number of discrete spectral bands. Also called MSI. 

• Remote sensing: deriving digital models of an area on the earth. Using special 

cameras from airplanes or satellites, either the sun's reflections or the earth's 

temperature is turned into digital maps of the area. In order to view the results, 

the data must be rendered by specialized image processing software 

(Copyright © 1981-2022 by The Computer Language Company Inc). 

• Web services: a collection of standard modular functional programming language 

(SML-based standards) that enable electronic communication and interaction 

independently of the computer platforms or specific technologies used by the 

communication parties. 
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Multiple Choice Questions and Answers 
 

The farmers involved in the LU should try the exercises proposed during the lessons.  

The participation and results from the practical exercise will provide a score. 

Multiple choice questions. 

1. These are raw facts, figures, values or instructions with no specific meaning by 

themselves. 

a. Information 

b. Data 

c. Meaning 

 

2. Information is: 

a. Data 

b. Processed Data 

c. Manipulated input 

d. Computer output 

 

3. Data by itself is not helpful unless: 

a. It is massive 

b. It is processed to obtain information 

c. It is collected from diverse sources 

d. It is properly stated 

 

4. For taking decisions, data must be: 

a. Very accurate  

b. Massive  

c. Processed correctly  

d. Collected from diverse sources 

 

5. New generation smart phone could be useful device for farmers in order to visualize 

farm-level data (true or false) 

a. true 
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b. false 

 

6. Google earth observations of crop fields are not examples of open data 

a. true 

b. false 

 

7. Decision support systems are essential for  

a. Day-to-day operation of an organisation.  

b. Providing statutory information. 

c. Top-level strategic decision making.  

d. Ensuring that organisations are profitable 

 

8. The different stages of the creation of any data collection and exploitation project are 

(numbers the stages in a consequential manner): 

a. Stage ….: data collection;  

b. Stage …..: exploitation of data collected;  

c. Stage ….: design of the data collection process; 

Correct: 1: c; 2: a; 3: b 

 

In addition, open questions such as: 

a) Explain a practical case study in which GIS software is helpful 

for a farm 

b) Explain a practical case study in which Satellitar technologies 

are beneficial for a farm 

c) What kind of data is essential to increase the added value of 

farm products? 
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Links 
 

https://dalberg.com/ 

https://ec.europa.eu/eurostat 

https://theodi.org/ 

https://www.oecdilibrary.org/sites/d2fbead0en/index.html?itemId=/content/component/

d2fbead0-en 

CARTO. 2020. Tutorials. https://carto.com/help/tutorials/your-account 
 
https://encyclopedia2.thefreedictionary.com/ 
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