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Abstract 

This report examines agricultural soil degradation and its effects on food security and 

environmental resilience, whilst offering design concepts and recommendations to 

address these related issues.  

The report begins by exploring the literature around the topic of global soils. In 

particular, it draws attention to the environmental and metabolic health issues related 

to its degradation, outlining why certain soil structures affect our environmental and 

metabolic health. It also briefly discusses the effects of soil degeneration on climate 

change, global food security and agricultural resilience. 

Primary research was conducted with local farmers and contemporary growers in 

Tayside, Angus and Perthshire. The pre-selection of these participants was based 

primarily on the differences in farming structure, size, type, scope of offerings, and 

length-of-time in business. Site Visits and semi-structured interviews were used to gain 

insights and perceptions about each participant’s individual style, approach and 

benefits to farming. 

A comparison between several agricultural practices was also conducted, detailing the 

positives and negatives of each respective practice. The results suggested benefits to 

each respective practice, highlighting aspects that should be employed to address 

issues such as sustainability, economics, labour, environment, yield and profitability. 

The report concludes with a series of design concepts and recommendations for further 

study in the field of regenerative organic agriculture and sustainable farming.   
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Executive Summary  

Most people acknowledge that we now live in an age where environmental issues and 

concerns have a major impact on our lives.  Some would also argue that these issues 

are directly attributed to human interference. 

In today’s society, climate change remains a major talking point, especially in relation 

to issues around food security and environmental resilience. This report, in part, briefly 

discusses the interconnections between these issues and how they relate to soil as an 

active tool for migrating global carbon stocks. According to some, the global carbon 

cycle is no longer in equilibrium. Due to anthropogenic influences the climate is 

changing and this is having a catastrophic effect on many terrestrial systems, including 

agriculture. Soil has the ability to hold more carbon than the oceans and all of the 

earth’s life combined. So, is it possible to return the carbon back into the soil and fuel 

the efficient growth of our agricultural produce? 

Soil is the baseline staple of all life. Without it there would be no means to transfer the 

vital minerals and nutrients needed to sustain the growth of all things living on earth. 

The holistic cycles present in the soil, render it an almost unseen presence, performing 

its tasks out of the mind of most people. Soil Humus accounts for a large proportion of 

all soils nutrient and water retention, and an increase in soil organic matter can be 

directly associated with an increase in crop productivity and resilience. Degenerative 

land reformation is resulting in the loss of a large quantity of soil humus, resulting in 

mass carbon release into the atmosphere. Regenerative means of agriculture should be 

implemented if we are to maintain our ability to grow produce effectively. Soil life 

plays the invaluable role of creating the valuable soil humus that allows for soil to 

build environmental resilience and can be associated with every major role played by 

the soil. The question now is, can agriculture be used to act as an environmental tool to 

better our current global predicament?  

It could be argued that agriculture (the world’s main food production industry) is the 

greatest of the pillars that holds modern society together. The threat of environmental 

change offers agriculture a great challenge but also has the power to alter one of the 
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systems that we rely on most heavily. However, recent studies have been made into 

the environmental challenge and it has been suggested that through agriculture there 

may be an answer. By detailing the major contemporary practices within agriculture, 

this report compares the benefits and fall-backs of each. The resulting conclusion posits 

that regenerative organic agriculture, a practice aimed at regenerating the soil, will be 

able to heal our planet through the sequestration of atmospheric carbon. There are 

however constraints that follow the mass adoption of this newly emerging practice. 

Through regenerative organic agriculture, it is possible to generate a future that can 

support a growing population and secure both our metabolic and planetary health. 

However, there are some sceptics who have pointed out problems and issues with the 

adoption of a worldwide approach. The three diagnosed issues that hold back the mass 

adoption of this practice are: Perceptions, Soil Monitoring and Economics. Consumer 

perceptions paired with today’s society, constantly apply pressure to those producing 

organic foods. This coupled with the lack of knowledge within scientific aspects of the 

growing industry make the mass adoption of Regenerative Organic Agriculture (ROA) 

a difficult task.    

Through the use of primary and secondary research techniques, such as literature 

reviews, interviews and product reviews, this report provides an overview of the 

diagnosed problem area and then presents a series of concept designs that aim to 

address the problems. Recommendations and the need for further study are then 

outlined, providing research areas that will act to support this small exploratory study.   

In an increasingly uncertain world, we find ourselves situated at the tipping point of 

two divergent futures. Through this report the degenerative nature of industrialised 

agriculture has been made evident, applying emphasis on its ability to drive us to a 

level of environmental uncertainty that we cannot anticipate. It has however been 

made clear that through the effective utilisation of holistic management practices, 

agriculture can be the answer to its own environmental emissions.  
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has instilled in me a love and deep appreciation of nature and our role in it. Growing 
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deep user research and thinking through making, thereby allowing me the skills and 

knowledge to manage projects from ideation through to implementation and delivery. 
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Glossary and Abbreviations 

 

Aerobic bacteria: 

A bacterium that lives in an oxygenated environment. 

 

Anaerobic bacteria: 

A bacterium that can live in an environment void of oxygen. 

 

Aggregates:  

A soil mass that is formed through the combination or joining of several soil aspects, 

commonly minerals and nutrients.  

 

Anthropogenic:  

Originating through direct human activity. 

 

Carbon stocks:  

Quantity of carbon stored in any one place. 

 

Carbon sequestration:  

The process in which carbon is removed from one place and stored in another, often in 

solid or liquid form.  

 

Cation exchange capacity:  

The total capacity of a soil to hold exchangeable positively charged ions or cations by 

electrostatic force. A high cation exchange capacity results in a more fertile material, 

due to many minerals such as magnesium and potassium existing as cations.  

 

Compaction:  

A reduction in the pore space of a soil, resulting in reduced traffic of water and air.  

 

Cover crop:  

A layer of crop that are planted over an area to perform the specific task to protect the 

soil from weathering and to maintain functional soil ecosystem.  

 

Exudates:  

A substance secreted by a plant. 
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Fallow: 

Land left for a period of time in order to regain its fertility. Often necessary if the land 

has been subjected to heavy cropping.  

 

Food security:  

A state that is achieved when all people at a global, regional or national level have 

access to enough, safe and nutritious food, to meet there needs in living a healthy life.  

 

Glomalin:  

A glycoprotein produced by the hyphae of the arbuscular mycorrhizal fungi.  

 

GM crops:  

The use of crop seeds that have been genetically manipulated to perform more 

efficiently or be less susceptible to disease. 

 

Green revolution:  

A post WWII phenomenon that saw the mass increase of crop production through the 

use of chemical fertilizers and pesticides.  

 

Green manure:  

The product that is created from cutting down and composting plant matter such as 

that produced by the harvesting of cover crops.  

 

Green waste:  

Organic waste such as vegetables and fruit that has been composted for use as a 

fertilizer.  

 

Holistic:  

An approach that considers something as part of a greater system.  

 

Human scale farming:  

A hand on approach to farming that usually involves a very small area of land.  

 

Humus:  

The resulting compound produced by the decomposition of organic matter by 

microbiota. Its primary use is the effective storage of nutrients and minerals for the 

growth of further life, primarily plants.  
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Hyphae:  

The branching filaments of a fungus. 

 

Irrigation:  

The artificial addition of water to the soil to promote efficient produce growth.  

 

Legume:  

A plant type that is grown primarily in agriculture as livestock feed or to act as green 

manure for soil enrichment.  

 

Lipids:  

A group of molecules that include fats, monoglycerides and waxes. They can be 

excreted by plants in exchange for microbial activity in the soil.  

 

Microbes:  

A subset of microorganisms that include bacteria and act to decompose organic matter.  

 

Microbiome:  

The collection of all microorganisms that are present within an ecosystem. 

 

Monoculture:  

The act of only growing one crop or plant within a field at any one time, reducing the 

chance of the crops having to compete for nutrients.  

 

Mycorrhiza fungi:  

A symbiotic fungus that works with the plant to exchange food in return for aid in the 

uptake of soil mineral nutrients.  

 

Nitrification:  

The biological oxidation of ammonia or ammonium to nitrite followed by the oxidation 

of the nitrite to nitrate. 

 

Nitrogen fixation:  

The process in which atmospheric nitrogen is transformed into organic compounds by 

bacteria.  

 

NPK fertilizer:  

Nitrogen, Phosphorous and Potassium based chemical fertilizer. 
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NO-till system:  

A farming system that does not practice the act of tillage. 

 

Permaculture:  

The act of mimicking or utilizing the already established ecosystems present in nature. 

Conducting a permaculture approach is to have the mind-set that through utilizing 

nature you can solve any ecological problem.  

 

Photosynthesis:  

The act performed by plants and some bacteria of transforming CO2 and water into 

glucose. Oxygen is also a core by-product of this process. 

 

Soil organic matter:  

The aspect of soil that consists of decomposing organic matter produced by the soils 

biota.  

 

Soil security:  

A state that is achieved when all people at a global, regional or national level have 

access to enough fertile soil to meet their needs in producing enough food to achieve 

food security.   

 

Substrate:  

A method of growing plants without soil, in mineral rich synthetic baskets or water 

basins. The most popular of these is hydroponics which allows the grower to inject the 

perfect cocktail of minerals and nutrients to produce a highly designed crop.  

  

Terrestrial:  

In relation to the plant earth. 

 

Tillage:  

The use of machinery for mechanical agitation of the soil such as ploughing to facilitate 

crop seeding.   

 

Troposphere:  

The lowest layer of the earth’s atmosphere, starting at the earth’s surface and reaching 

up to around 7 to 20km above sea level.  
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Xenobiotic:  

A substance that is considered to be alien to the system, mostly related to synthetic 

substances.  

 

AMF:  

Arbuscular Mycorrhizal Fungus. 

 

CAP:  

Common Agricultural Policy. 

 

ROA:  

Regenerative Organic Agriculture. 

 

SOM:  

Soil Organic Matter. 
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1 Introduction 

Many great struggles have afflicted humanity during its time in existence, all stemming 

from the unpredictability of nature. The environment remains a colossal force that will 

be ever untamed. However, we are now in an age where emerging environmental 

struggles can be directly attributed to human interference (Rodale Institute, 2014).  

Global environmental shifts have caused the rupture of environmental systems, 

resulting in the rise in global temperatures and other related factors. Considering the 

holistic effect that is caused by environmental disruption, these struggles have caused 

ripple effects that are now affecting humankind’s metabolic security. Humanity’s food 

and water security is now more at risk than ever (Sliva et al., 2014), and with the 

increase in global droughts and aridity (Gov.scot, 2016) a shift towards environmental 

regeneration must be achieved. Anthropogenic environmental strains can be broken 

down into many categories with one of these categories being agriculture.  

Over the years, the use of degenerative agricultural techniques such as tillage along 

with the introduction of chemical fertilisers has had a dramatic impact on both our 

food security and the environment (Magdoff, Foster and Buttel, 2000; Rodale Institute, 

2014).  There are many adverse consequences of these practices, primarily stemming 

from the degeneration of soil. Land, primarily soil, acts as one of the most efficient 

terrestrial carbon sinks, removing CO2 from the atmosphere better than any other 

known source after the oceans. Soil has indeed the ability to hold more carbon than the 

atmosphere and all of the world’s life combined (Swift, 2001). If we were to improve 

our soils ability to do this we can literally remove the carbon from our atmosphere and 

use it to fuel the efficient growth of our agricultural crops.   

It is widely known that we are living in an energy leeching society, a world that 

requires a great deal of energy at the expense of the environment. However, a great 

deal of our planets residents are simply unaware of what is causing this environmental 

degradation. A lack of attention towards the escalating energy intensity of agricultural 

production is being made. One of the greatest reasons for citizen naivety towards 

anthropogenic climate change is due to not considering agricultural systems 

holistically.    
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Aims & Objectives 

The aim of this small exploratory study is to investigate both agriculture and global 

environmental change with particular reference to the global degeneration of soil 

carbon stocks.  

The objectives are as follows: 

 To establish a context from the literature on agricultural soils and global 

environmental change.  

 To investigate the key practices used within the agricultural discipline, paying 

particular attention to the most commonly used techniques within conventional 

and organic practices.  

 To apply a number of research methods to gather feedback on the perceptions 

and opinions of local farmers and contemporary growers in Tayside, Angus 

and Perthshire on best farming practices.  

 To generate new design concepts to help promote awareness of soil 

degeneration and Regenerative Organic Agriculture (ROA).  

 To provide recommendations for further areas of study to be conducted into the 

areas of global soil degeneration and regenerative agriculture. 

 

1.1 Methods & Data Collection 

A literature review, questionnaire and semi structured interview with local farmers 

and contemporary growers were the primary methods used to help formulate a deeper 

understanding of the research topic.  

An initial literature review around the field of agricultural soil and global 

environmental change was conducted. This review analysed both the historic and 

contemporary points of interest in the fields focusing on the interrelationship between 

the two subjects. Particular focus was placed on understanding soil humus and the 
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properties it possesses in an attempt to understand how it can be used as a tool for 

environmental regeneration.  

Secondly, a selection of six agricultural growers, practicing a range of different 

techniques, were selected and invited for an interview and discussion. Taking into 

account the variety of practiced techniques within the agricultural field, a variety of 

participants were chosen. Using a semi-formal interview structure, the interview series 

asked questions around the theme of soil degradation and agricultural techniques. Due 

to the venue of each interview, a short field observation and farm tour was also 

conducted on four farms. Along with the interview series, the participants were asked 

to complete a short questionnaire. The results were later used to compile information 

regarding the participant’s technology habits and details on their growing practice.  

An accompanying semi-formal discussion was also held with an ecological soil 

scientist to gain further insights on global soil health from a scientific perspective.  
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2 Issues 

This section begins by providing a brief account of the role of soil carbon, paying 

particular attention to its effect on global environmental change and food security. It 

then goes on to focus more on the way environmental resilience as a pillar holds many 

of the systems we take for granted, such as food security and metabolic health, 

together.  

 

2.1 Carbon Cycle and Climate Change 

Most people would acknowledge that we now live in an age where environmental 

issues and concerns have a major impact on our lives. In today’s society, climate 

change remains a major talking point, especially in relation to issues around food 

security and environmental resilience, which are both factors of climate change. It is 

known that atmospheric carbon plays a vital role in the earth’s current climate 

predicament. From this we can surmise that through an understanding of the carbon 

cycle, a better understanding of our climate predicament can be generated.  

The carbon cycle shows us that under terrestrial conditions the quantity of carbon 

molecules have remained ever constant for millions of years. This process results in 

carbon being constantly obtained somewhere and disposed of somewhere else. It is 

commonly known that carbon travels through all layers of the planet from the ground 

up to the air, and that a constant balance is integral to the sustainability of our 

planetary health. From a holistic perspective, carbon shifts have a lesser known but 

equally large effect on both our metabolic and economic health.  

The two major carbon sinks on our planet, the ocean and the soil, sequester an almost 

uniform quantity of CO2 from the atmosphere as they release (Figure 1).  
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Carbon sequestration is the transferal of atmospheric CO2 into carbon sinks that store 

the carbon securely so that it is not immediately remitted into the atmosphere (Lal, 

2004). Before the industrial revolution our terrestrial carbon sinks would sequester the 

exact quantity of CO2 they produced from the atmosphere, in a constant sustainable 

equilibrium. However our sinks now need to work harder in order to create a balance, 

a task that they are currently unable to accomplish. Anthropogenic (human) influences 

are releasing carbon into the atmosphere without any way of removing it again (Figure 

1). This is the reason for anthropogenic climate change as well as why our carbon sinks 

must now work to sequester more carbon than they are themselves producing. This 

build-up of atmospheric carbon is commonly known as global warming or the 

greenhouse effect. In his review, “Soil Carbon Sequestration to Mitigate Climate Change”, 

Lal (2004) presented results from the Intergovernmental Panel on Climate Change 2001 

(IPCC, 2001) pointing out that the atmospheric concentration of CO2 has increased by 

31% since 1750 and continues to increase by 0.4% annually. In order to counteract this 

rise in global CO2 emissions, it is clear that we should do more than simply reduce 

emissions (see Section 7). Indeed, Roland (2014) informs us that to be sustainable is 

simply no longer enough.  

Soil can hold more carbon than the atmosphere and all the terrestrial above ground life 

combined (Swift, 2001). Unfortunately, soil sequestration is estimated to be at 50-66% 

of its potential capacity and has suffered an estimated loss of between 55 and 78 

Figure 1: Global Carbon Migration (Value: Gigatons of Carbon) 
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gigatonnes of carbon of late (Lal, 2004). The key to climate change reversal could be 

discovered if there was a way to migrate the atmospheric carbon back into the soil.  

 

2.2 Food Security and Environmental Resilience 

With an ever increasing global population, it is important to secure the growth of 

agriculture in parallel, in order to continue to strive for food security. The Wold Health 

Organisation (WHO) describes food security as follows: “Food security exists when all 

people, at all times, have physical and economic access to sufficient, safe and nutritious food that 

meets their dietary needs and food preferences for an active and healthy life” (Fao.org. 2016, 

p.1). However, according to UNCTAD, Trade and Environmental Review (2013) this is 

simply not the case, and to secure our global food security requires several steps to be 

taken: 

 A shift towards ecological intensification rather than industrialisation.  

 Build a system that works towards climate change adaption. 

 Increase soil carbon content. 

 Reduce direct greenhouse gas emissions. 

 Practice a closed nutrient loop system. 

 Build a holistic understanding of ecological systems. 

 While this behavioural shift towards implementing these steps has already begun, it 

has not yet been fully reached.  Furthermore, the review states that this new movement 

is tackling food security from the angle of productivity by maximising conventional 

agricultural production (UNCTAD, 2013). The reason for the world having not yet met 

its food security target is widely disputed. The fact that we currently produce sufficient 

calories to feed a global population of between 12-14 billion (UNCTAD, 2013) draws 
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the assumption that we have a global distribution problem, rather than perceived 

production issues.   

As well as a food security issue the agricultural sector is troubled by environmental 

problems linked to crop resilience and erosion (Lal, 2004). In many parts of the world 

the climate can change rapidly, a period of drought or a period of flooding can destroy 

an entire crop yield. Other such crop constraints take the form of disease and pest 

damage. Through the use of genetically modified seeds within conventional 

agriculture, crop yields can be protected from climate, pest and disease damage. 

However, these seeds are only resilient to the constraints that are currently known. So 

to fully sustain the crop resilience of agricultural yields, answers must be found 

elsewhere (Section 3.1 discusses how to address this issue through the generation of 

soil organic matter).  

Water retention is a significant issue within global agriculture. When considering the 

effects of floods, which are an increasing issue due to global warming, much of the 

valuable nutrients in the soil are washed away and deposited in our rivers as 

pollutants (Lal, 2004; FSP, 2015). Floods also have the ability to drown the crops and 

dramatically reduce yields during the season. On the other hand, there are similar 

issues in drought conditions. Droughts for instance, mean that there is not sufficient 

water in the soil to feed the crops, ultimately resulting in them being stunted or even 

wilting entirely. Clearly, solutions should be found to protect our agricultural crop 

yields from such devastating issues (Section 3.1 discusses how to address this issue 

through the generation of soil organic matter).  

Neilson (2016) detailed that there is a general perception that soil life and respectively, 

global soil carbon stocks are degrading:  

“Popular opinion would be that it is declining...” 

This is primarily due to the large uptake of industrial agriculture since its popularity 

around the mid-1940s. Degraded land requires greater inputs of artificial or chemical 

fertilisers to maintain crop yields. This form of production destroys the soil and creates 
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further issues for the environment. Taking into consideration the current percentage of 

agriculture that is degrading the land, there is an understandable call for a new way of 

farming that works towards sustainability and conservation.  

Section Insights 

 Carbon cycle equilibrium is no longer in balance due to anthropogenic influences. 

 Soil can hold more carbon than the atmosphere and all of the world’s biology combined.  

 There is a global food security problem, perceived to be due to distribution inefficiencies 

rather than production shortages.  

 The agricultural industry is facing environmental challenges due to global climate change, 

in the form of droughts, water retention, alterations in weather patterns and rise in disease. 

  Global soil carbon stocks are depleting, partly due to the rise of industrial agriculture. 
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3 Soil  

This section provides a detailed description of soil and how through its incubation it 

could act as a natural deterrent to the current global environmental issues. The section 

then goes on to discuss the effect that the life in the soil has on the development of vital 

soil attributes, and how through soil life conservation, environmental issues can be 

addressed.  

 

3.1 Organic Matter and Humus 

Soil is the baseline staple of all life. Without it there would be no means to transfer the 

vital minerals and nutrients needed to sustain the growth of all things living on earth. 

The holistic cycles present in the soil render it an almost unseen presence, performing 

its tasks out of the minds of most people. Soil is the mixture of minerals, organic matter 

and biota that together generate one of the most vital components to terrestrial 

existence, Soil Organic Matter (SOM). This substance has many components that make 

its bulk density - with humus being the most important. Humus is the darker matter 

(Waksman, 1925) that accounts for a large amount of the retention of nutrients and 

water in the soil (Figures 2 & 8). Generated by the natural decomposition of organic 

residues such as vegetation and animal matter (Whitehead and Tinsley, 1963), humus 

is often referred to as mature natural compost.   
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Humic materials make up around 60 -70% of all our terrestrial soil carbon (Griffith and 

Schnitzer,1975a) and therefore its role within the carbon cycle is of great importance. 

CO2 is absorbed from the atmosphere through plant life via photosynthesis, and is 

subsequently transferred into glucose. Marshall (2016) stated that when a plant is 

generating too much glucose and other lipids, it will excrete them into the soil as 

exudates: 

“...once the plant is doing really well the plant well have excess lipids and that is then 

excreted into the soil as a exudate. And these have a highly beneficial effect of the 

biology of the soil.” 

Humus plays a vital role in the release and retention of plant nutrients due to having 

the highest potential Cation Exchange Capacity (CEC) of all soils textures (Overstreet 

and DeJong-Huges, 2016). CEC determines the ability of a soil to hold plant nutrients 

and deter nutrient leaching. When SOM is incorporated into a cropping system it is 

evident why the resulting effect is that of increased yield, improved disease resistance 

and weather resilience. In his paper “Soil Carbon Sequestration Impacts on Global Climate 

Figure 2: Soil Humus  

Source: http://8ksfdeciduousforest.weebly.com/soil.html 
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Change and Food Security” Lal (2014) suggests that if there is an increase of only 1 ton of 

SOM in agriculture soils it may produce a crop yield increase of 20–40 kg per hectare 

for wheat. If this is implemented worldwide it could potentially solve the global 

hunger crisis.  

Moreover, Graham Sait of NutriTech1 points out that due to destructive practices such 

as deforestation and land reformation, our soils have been losing humus in large 

quantities for a long period. More specifically, this carbon has been released into the 

atmosphere and has created an unbalance that we call climate change. There is 

however hope, our soils have the potential to sequester a vast quantity of the carbon 

directly from the atmosphere and harness it to improve the health of our soils (Sait, 

2013).  

 

3.2 Soil life 

In one teaspoon of soil, around one billion individual organisms can be found, most of 

them living at a microbial level and belonging to roughly 10,000 separate species (Sliva 

et al., 2014). These organisms come in many forms, including microbes (bacteria & 

single-celled fungi), microfauna (protists & nematodes), mesofauna (microarthropods 

& mites) and macrofauna (earthworms & millipedes) (Bardgett, 2005). Soil life plays an 

important role in recycling the organic material (into soil humus) that is left by the 

above ground biota such as plants and animal. As we already know, soil humus is one 

of the most important factors in the soil nutrient cycle and is developed by the 

decomposition of organic matter. However, organic matter needs the soil life in order 

to decompose. The primary biota responsible for the recycling and breakdown of 

organic matter are microbes, such as the bacteria and fungi.     

                                                           
1
 Nutri-Tech is a solutions company that works to improve nutrition and agricultural 

sustainability, whilst maximising profits. For more information see http://www.nutri-

tech.com.au/  
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Fungi 

It is estimated that in one gram of healthy soil there is around 200m of fungal hyphae 

(hair like filaments) (FSP, 2005). In 1996  Sarah Wright, a researcher from the United 

States Department of Agriculture, discovered a glycoprotein called glomalin that is 

produced abundantly on the hyphae and spores of the Arbuscular Mycorrhizal Fungi 

(AMF). This glycoprotein has the ability to permeate organic matter and bind it to 

different soil textures such as clay and silt (Amaranthus et al., n.d.). This binding 

allows for the soil to form aggregates and build the structure of the soil. Glomalin 

contains 30-40% carbon and combined with the aggregate structure, it has the ability to 

keep carbon stored in the soil for up to 40 years (Amaranthus et al., n.d.). AMF has a 

symbiotic relationship with plant life and can be found in about 80% of our terrestrial 

plant species (Schüβler, Schwarzott and Walker, 2001; Gianinazzi-Pearson, 1996). The 

fungus absorbs carbon directly from the plant and uses it to grow and generate 

glomalin. The fungus then excretes the glomalin as well as other lipids into the soil to 

improve its structure and carbon retention. As the fungus has a symbiotic relationship 

it clings onto and penetrates the plant roots (Schüβler, Schwarzott and Walker, 2001). 

Using its hyphae, the fungus dramatically increases the reach of the plant root and, in 

turn, allows the root to absorb more nutrients than it would have previously been able 

to (Gianinazzi-Pearson, 1996; BBC Natural History Unit, 1995; Attenborough, 1995). 

Unfortunately, this valuable relationship between the plants and the fungi has been 

substantially reduced. Graham Sait of Nurti-tech points out that through conventional 

agricultural practices, we have lost a great deal of AMF worldwide (Sait, 2013). It is 

through chemical fertilizers, compaction, fallow and general disturbance of land, that 

this loss has occurred (Amaranthus et al., n.d.). 

 

Bacteria 

Bacteria, much like fungi play the role of decomposing organic matter through the 

production of extracellular enzymes. Bacteria are undoubtedly the most abundant and 
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metabolically driven of all soil life. This means that bacteria can play many different 

roles within the soil system by simply having an immense variety of species (Bardgett, 

2005). For example, bacteria has the ability to degrade many xenobiotic compounds 

that others cannot, meaning that it can breakdown aspects that would otherwise 

remain unrecyclable. One of the most valuable nutrients to plant life is nitrogen. While 

nitrogen makes up 78% of the troposphere, plants are unable to directly absorb any of 

the nitrogen nutrients when in its gaseous form. Clearly then, bacteria are the key 

contributors to the nitrogen cycle through a combination of nitrification, nitrogen 

fixation and denitrification. Bacteria absorbs nitrogen from the atmosphere and places 

it in the soil as ammonia. Aerobic bacteria then convert the ammonia to nitrates and 

permeate it through the soil to the plant roots. Finally, an anaerobic bacterium converts 

the ammonia back into nitrogen gas and the whole process starts again. Unfortunately, 

soil nitrogen is heavily affected by water erosion across the soil surface, due to nitrogen 

being heavily water soluble and the generation of nitrogen leeching. Nitrogen leeching 

occurs when the nutrients in the soil are absorbed deep into the soil and beyond the 

reach of the plant roots.  Through the development of soil humus water retention can 

be drastically improved, therefore helping to reduce leeching.  

 

Worms 

Worms play a vital role in the soil system and contribute to soil aeration and drainage, 

as states Neilson (2016): 

“...earthworms contribute to aeration, drainage and nutrient turnover,...” 

 As worms consume compost they produce waste known as vermicast or worm cast. 

This waste is nutrient dense and contributes to the effective aeriation and drainage of 

soil. In comparison to the natural aerobic process of composting, the addition of 

earthworms can increase the pace of decomposition by half (Sinha, 2009). In terms of 

agriculture, vermicast has the ability to significantly boost soil fertility and is 

considered 5-7 times more effective than conventional compost (Sinha, 2009). It also 
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has advanced numbers of nitrogen fixing bacteria, beneficial microbes (such as AMF) 

and most significantly, it increases the biological resistance in plants. This resistance 

means that plants are less susceptible to pests and disease.  

Although the three above contributors (fungi, bacteria and worms) are essential to the 

fertility of our soils, Neilson (2016) tells us that it is important to understand that we 

cannot truly isolate any one component. Together, the life in the soil creates a 

community that functions as one: 

“...you cannot isolate them it’s a community and the community is more import than 

any one component part.” 

Therefore, a continuous equilibrium is needed if a sustainable and effective soil 

ecosystem is to be maintained.  

Section Insights  

 Soil Humus accounts for a large proportion of all soils nutrient and water retention. 

 An increase in SOM can be directly associated with an increase in crop productivity 

and resilience.  

 Degenerative land reformation is resulting in the loss of a large quantity of soil humus, 

resulting in mass carbon release into the atmosphere. 

 Soil life plays the invaluable role of breaking down organic matter and converting it 

into soil humus.  

 Soil life can be associated with every major role played by the soil and can be considered 

invaluable within the soil system.  
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4 Agriculture  

This section discusses three major agricultural practices, conventional, organic and 

regenerative organic. A detailed comparison of these three practices is outlined, 

drawing upon insights gained from primary fieldwork. The section concludes with a 

short discussion on the practice that should be carried forward as an effective deterrent 

to the current environmental issues.    

It could be argued that agriculture (the world’s main food production industry) is the 

greatest of the pillars that holds modern society together. The threat of environmental 

change presents a great challenge to agriculture and has the power to alter one of the 

systems that we rely on most heavily. However, recent studies have been made into the 

environmental challenge and it has been suggested that through agriculture there may 

be an answer.  

 

4.1 Conventional Agriculture 

Conventional agriculture was born out of the industrial revolution. After the Second 

World War, technological advances such as chemical fertilizers emerged and allowed 

for the wide spread development of conventional farming. The World Bank estimates 

that around 80% of the world’s food production in the past 50 years is a result of 

conventional farming techniques rather than the increase in global acreage (Gold, 

2016). The United States Department of Agriculture (USDA) has defined conventional 

agriculture as: 

“The use of seeds that have been genetically altered using a variety of traditional 

breeding methods, excluding biotechnology, and are not certified as organic. 

Some conventional breeding methods have been used for thousands of years, often 

times to develop plants with faster growth, higher yields, pest and disease 

resistance, larger seeds or sweeter fruit” (USDA,2015). 
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Conventional farming primarily consists of large-scale monoculture with continuous 

inputs such as, synthetic chemical fertilizers, herbicides, fungicides and pesticides. 

Typical farming techniques consist of practices like intensive tillage and heavy 

irrigation. This form of agriculture suffers from being heavily reliant on resources and 

energy but produces a highly productive yield. Conventional farming provides great 

success in yield numbers as the practices involved remove as much natural elements as 

possible. In doing so, the farmer has complete control over the crop and can also 

remove its natural predators through synthetic augmentation and genetic modification. 

Taking advantage of advanced mechanisation, farmers running a conventional farm 

can control vast growing spaces with a limited number of labourers. A local farmer 

commented on the economic benefit of using machinery over hand tools, saying: 

“Using a seeder we can plant more seeds than we can by hand, even if we hire a lot of 

people to scatter them”  

While this approach saves on time, effort and labour costs, it also adds external 

complications such as soil compaction, soil habitat decimation and fuel costs.  

Interestingly, conventional farms like soft fruit farms, avoid growing in the soil all 

together. For instance, Stewart Arbuckle (2016) of Star Inns Farm in Angus uses 

substrate containers to grow their soft fruit, stating: 

“On the fruits we have probes in the soil, I say soil but it is mostly in substrate.”  

This form of growing is the final step in removing the growth of produce from the soil 

altogether. Through substrate or hydroponic growth the farmer can control every 

aspect of the growing cycle by directly injecting the minerals and nutrients that the 

plant needs to grow effectively, resulting in a product that has full protection from 

disease and one which can be produced in the exact form that the public has grown to 

expect. However, with this physical and economic success come the negative and 

unseen effects of chemical contamination and low nutritional value. Marshall (2016) 

states that: 
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“...it is just common sense that you cannot expect to get high quality produce form soil 

that is depleted and is lacking in micronutrients and is fed with NPK...”  

Underlying health defects and lack of nutrition in the population can be directly linked 

to the food we consume. A drive towards changing public perceptions about the food 

we eat should be implemented, in an attempt to show the public the value in eating 

naturally grown foods (Section 7.2.2 of this report details one way that this could be 

managed). 

Overcoming nature as its greatest competitor and to drive the rapid and efficient 

growth of produce with a focus on yield quantity over quality drives conventional 

farming, as an agricultural practice. It is important not to look at conventional farming 

as a negative process, but instead as one that focuses on mass production and 

economic benefits over other aspects. Due to this rising trend, the population has come 

to expect freely available and inexpensive produce all year round. 

 

Conventional Techniques: 

What follows are a selection of techniques used within the conventional agricultural 

practice:  

 Industrial tillage: The use of machinery for mechanical agitation of the soil 

such as ploughing to facilitate crop seeding.   

 Pesticides: Protects the crop from pests such as mites or caterpillars. 

 Fungicides:  Protects the crop form funguses such as mildew.  

 Herbicides: Protects the plants from pervasive weeds.  

 Synthetic NPK fertilisers: Provided the crop with the nutrients nitrogen (N), 

Phosphorous (P) and Potassium (K) via a synthetic nature.  
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 Mechanisation: Heavy use of machinery such as tractors in order to reduce the 

need for an extensive labour force. This practice increases efficacy and reduces 

labour cost.  

 Genetically modified (GM) crops: The use of crop seeds that have been 

genetically manipulated to perform more efficiently or be less susceptible to 

disease  

 Irrigation: The artificial addition of water to the soil to promote efficient 

produce growth.  

 Large scale monoculture: The act of only growing one crop or plant within a 

field at any one time. This reduces the chance of the crops having to compete 

for nutrients.  

These techniques generally work to overcome nature and manipulate produce growth 

in an attempt to promote higher crop yields.  

 

4.2 Organic Agriculture 

The Soil Association recognises organic farming to be “a ‘whole system’ approach to 

farming and food production. It recognises the close interrelationships between all parts of the 

production system from the soil to the consumer” (Soil Association, 2014). They have 

detailed their agricultural and environmental ethos through several “organic 

principles” as follows:  

Agriculture principles: 

 To produce food of high quality in sufficient quantity.  

 To work within natural systems and cycles throughout all levels from the soil to 

plants and animals. 

 To maintain the long term fertility and biological activity of soils.  
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 To treat livestock ethically, meeting their physiological and behavioural needs. 

To respect regional, environmental, climatic and geographic differences and to 

practice appropriate techniques that have evolved in response to them.  

Environmental principles:  

 To foster biodiversity and protect sensitive habitats and landscape features. 

 To maximise use of renewable resources and recycling. 

 To minimise pollution and waste. 

Unlike conventional agriculture, organic practices harness natural ecosystems in order 

to incorporate more holistic approaches to production. Using only naturally sourced 

fertilizers, such as, manure, legume cover crop or green compost, organic production 

does not invite the use of any synthetic or chemical inputs. Through the use of natural 

fertilizers like green manure (rotavated cover-crop) or green waste (composted organic 

matter), the soils organic matter or humus is increased. As a result of this, the potential 

level of carbon sequestration is increased, which acts to counteract climate change and 

increase the productivity of the planted crop. Other such benefits of increased organic 

matter include better aeriation, increased water retention, reduced surface erosion and 

improved resilience to weathering and nutrient leeching. The organic matter layer will 

also accommodate the growth and facilitation of biodiversity.  

Marshall tells us that one of the key factors to growing organically is to encourage 

natural biodiversity. 

“...it is about creating an eco-system so that you encourage beneficial predators.” 

As a resource cycling tool, soil life plays an important role in recycling nutrients 

through the soil in order to maintain a constant equilibrium. Organic farming aims to 

promote this soil life cycle through the active use of permaculture techniques. As 

organic farming revolves around a holistic approach it is important to create a balance 

between the techniques used.  
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Organic agriculture is also considered to yield produce of an increased natural quality, 

nutritional value and overall higher level of health benefits. When discussing organic 

produce Marshall (2016) tells us that: 

“As well as the (additional) antioxidants there is less instances of heavy metals toxins 

and chemical contaminants.”  

However, there is a direct relationship between organic produce and a high price tag. 

Organic produce tends to be of a higher price and for understandable reasons. By 

growing without chemicals, and with a deeper environmental care, results in an 

increase in labour cost and effort. This increase is reflected in the cost of the produce.   

Organic techniques: 

What follows are a selection of techniques used within the organic agricultural 

practice:  

 Crop cover and green manure: The planting of a cover-crop layer (clover, 

chicory, cocksfoot) between arable crop rotations allows the soil ecosystem to 

continue to function as well as prevent soil erosion and other such benefits. 

When it is time to plant the next rotation or arable crops, the cover-crops are 

sown into the soil or cut down and composted to create green manure. Green 

manure can be strategically chosen to enhance the nutrients needed for efficient 

produce growth.   

 Reduced tillage: Reduces the intensity of the tillage regime to maintain some 

topsoil and reduce the damage dealt to the soil structure.  

 Composting: The controlled natural process of decomposing green waste, such 

as leaves and plants, to generate organic matter or humus. This matter is then 

applied to the soil to increase fertility.  
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 Crop rotation: The strategic rotation of what crops are to be planted each year 

in a particular field. This reduces the amount of pests present in the soil due to 

most plants of the same taxonomic family having the same pests.  

 Biological pest control: This involves the farmer releasing, controlling or 

conserving the natural predators associated with the pests that are affecting 

their crops.  

 Permaculture: The act of mimicking or utilizing the already established 

ecosystems present in nature. Conducting a permaculture approach is to have 

the mind-set that through utilizing nature you can solve any ecological 

problem.  

 Non GM crops: The use of organically grown natural seeds in the growth of 

crops.  

These techniques work with nature in an attempt to produce crops with natural 

resilience. This nature first approach considers the natural cycles of agriculture 

holistically.   

 

4.3 Conventional vs Organic Agriculture 

There are many factors that need to be taken into consideration when deciding what 

practice is more appropriate. There is also no right answer, as it depends solely on 

what needs to be achieved as an end product. The ideal practice to supply hundreds of 

people with wheat will not necessarily be the ideal choice when considering how to 

tackle surface soil erosion. For example, a consideration of both the environmental 

impact and the production level should be taken into account in order to devise the 

most appropriate practice for sustainable future viability. 

The growth of produce, practiced by both conventional and organic agriculture is 

primarily perceived to be, on some level, a manipulation of nature, and like everything 
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in the natural world a holistic approach is imperative. There is a general perception 

that conventional agriculture puts produce yield and profit before the environmental 

and health factors, whereas the opposite is perceived of organic agriculture. Both of 

these approaches, if perceived correctly, are therefore unsustainable.  

The challenge of agriculture today is to supply enough food globally for an ever 

increasing population. Although there are a few sceptics, there is very little doubt that 

conventional agriculture is unlikely to be maintained (Wu and Sardo, 2010). Moreover, 

it is proven that high intensity practices are rapidly degenerating the soil to a point 

where it is unusable. The concept of an increasing population paired with decreasing 

soil fertility is irrational. This poses the question, is an organic approach any better?  

 

Produce Yield 

Global food resource needs are growing rapidly and it is understandable why the 

current perception is that we must increase agricultural growth in parallel. Indeed, 

Mueller et al., (2012) usefully point out that “… population growth and increasing 

consumption of calorie- and meat-intensive diets are expected to roughly double human food 

demand by 2050 “(p.1). Without considering the environmental impact of conventional 

farming, it could be considered a feasible way of meeting the demand. It is generally 

perceived that organic agriculture produces fewer yields than conventional. In fact, 

“Organic yields are globally on average 25% lower than conventional yields according to a 

recent meta-analysis, although this varies with crop types and species and depends on the 

comparability of farming systems.” (Gabriel et al., 2013, p.356). However, the Rodale 

Institute2 in Pennsylvania have suggested otherwise during their “Farming Systems 

Trial3”. The trial has been running continually since 1981, monitoring the effect on corn 

and soybean crops when subjected to three different agricultural systems: 1.) organic 

                                                           
2 The Rodale Institute is a global leader in Regenerative agricultural research, working to give 

farmers the necessary tools and knowledge to grow sustainably. 
3 To find out more about the Rodale Institute’s “Farming Systems Trial” follow: 

http://rodaleinstitute.org/our-work/farming-systems-trial/ 
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manure; 2.) organic legume; and 3.) conventional synthetic. Evidence indicates that 

organic yields, not only match conventional overall, but outperform them in years of 

drought (Rodale Institute, 2015). Furthermore, the trial documents that in the first three 

years of the experiment there was an initial decline in both of the organic systems yield 

quantity. However, each following year, the trial stated that the organic yields matched 

or improved upon the conventional yields (i.e. 31% greater yield in corn during years 

of drought) (Rodale Institute, 2015). Grain yield data gathered between 1986 and 2014 

also showed that conventional farming had a marginal lead in Bu/Acre (bushels per 

acre) compared to the organic manure system, both of which surpassed the organic 

legume (Figure 3). 

 It is generally acknowledged that the gap between both worldwide organic and 

conventional yield quantity is minimal. However, there is still some debate and a lack 

of accurate data to form a solid conclusion (de Ponti, Rijk and van Ittersum, 2012).  

 

Nonetheless, it is stated that through the soil, organic produce has a greater resilience 

to erosion and weathering, hence increasing yield quantities during times of harsh 

Figure 3: a visual comparison of profit and yield quantity between three major farming practices 
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environmental constraints. This allows for a greater uniformity to end yield production 

(Rodale Institute, 2014; Rodale Institute, 2015). Although there are conditions in which 

organic crops are favoured, conventional agriculture primary goal is to produce the 

highest yields possible.  The world’s longest standing agricultural systems trial (over 

150 years) shows that “wheat yields have averaged 3.45 tonnes per hectare on manured plots 

compared with 3.40 tonnes per hectare on plots receiving complete nitrogen, phosphorus and 

potassium (NPK) fertilizer” (Tilman, 1998, p.211).  

 

Soil Ecological and Biophysical Factors  

As discussed earlier, the role of soil humus and biodiversity within the agricultural 

system was noted. As an integral part to soil life and nutrient cycles, the effects that 

both conventional and organic practices have on these factors are significant. Soil 

erosion and the degeneration of SOM is one of the greatest challenges for agricultural 

practices (Gomiero et al., 2011). Indeed, conventional agriculture exacerbates these 

issues and also creates the dilemma that we currently face. While conventional 

agriculture has the ability to produce a mass amount of produce, it also degrades the 

soil that is needed to continue its production. So, to maintain a sustainable and reliable 

solution for the future of agriculture, we should work to regenerate the soil. This is a 

fundamental principle of organic agriculture (Ams.usda.gov, 2016; Soil Association, 

2014). 

There is no doubt that organic farming performs much better at preserving and 

regenerating soil quality in terms of biodiversity and humus generation (Reganold et 

al., 1987; PIMENTEL et al., 2005). Reganold et al, 1987 (as cited in Gomiero et al, 2011) 

indicates that organic soils showed a <75% loss of SOM compared to the maximum rate 

of soil erosion tolerated in the region without any loss of long-term crop productivity. 

Conventional soils, however, indicated a depletion that was three times larger than the 

regional tolerance.  
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An increase in SOM leads to an increase in soil resilience. Water can be absorbed more 

effectively during periods of flooding and can be held within the soil for longer during 

periods of drought. The SOM does this by increasing “soil macro-aggregates resulting in 

more micro and macro-pores in the soil” (Rodale Institute, 2015). These soil aggregates are 

generated by microorganisms in the soil that are fed by the SOM, and are used to 

create nets and glues that hold the soil together. So, is it possible the affect that soil 

aggregates have on the soils structure is the key reason that soil erosion is reduced in 

organic systems? SOM is capable of taking in 20 times in weight in water and this is the 

reason that water is absorbed into the soil instead of running along its surface, taking 

nutrients and valuable topsoil with it. This overall resilience factor allows the soil with 

higher SOM to produce crops under more extreme conditions. Clearly then, organic 

soils (with a higher SOM content) are more protected to soil erosion. Conventional 

crops are highly ineffective at maintaining the agricultural landscape and are therefore 

unable to keep up with and increasing global demand without the mass unrenewable 

depletion of land. The Rodale Institutes Farming Systems Trial shows an increase in 

SOM in both legume and manure systems (Figure 4).  

 

 

Figure 4: a visualisation of the overall SOM percentage within three major farming practices 
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The mass of soil cannot be generating without the soil biomass. Through the 

relationship of plants taking in CO2 and then leeching out 40% into the soil to the 

microbiome, the soil life is able to decompose matter that is all around it. This 

decomposition due to the soil life is what makes up soil. It is a well-known fact that soil 

rich in SOM plays an essential role to soil biodiversity population (Pimentel, 2006). 

Some studies have also show that microbial biomass increases under organic regimes 

and that the colonization of mycorrhiza fungi can be 40% higher (Gomiero et al., 2011). 

Conventional agriculture is the second largest contributor to the destruction of 

biodiversity, seconded only by urbanization. Through practices such as tillage, 

application of NPK fertilizers and land reforming biodiversity has suffered a dramatic 

effect from habitat destruction. Organic farming can offer a solution to stop and in 

places regenerate the biodiversity and its habitat. This is achieved through practices 

such as crop covering, no-till systems and natural green manure application (Gomiero 

et al., 2011).   

 

Emissions and energy use – carbon sequestration  

Organic production relies on natural holistic processes for input, and reused onsite 

nutrients and waste, to fuel fertility. This form of practice is resource low but labour 

intensive. On the other hand, conventional farming is low in labour intensity but high 

in resource use. Conventional farming requires an incredible amount of energy and 

resources to produce, prepare and distribute crops with no energy turnaround. This is 

mirrored in organic farming where the resources and energy required to grow the 

crops are then recycled back into the soil via, composting or nutrient turnover.  

The highest amount of energy use, and therefore emissions, comes from the production 

and transport of NPK fertilizers. This is due to the mass amount of fossil fuels that are 

burned to fuel the chemicals production and the fuel needed to transport it all across 

the world. Within organic systems, energy is taken primarily from within the farm 
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itself by using green manures and compost for fertilizers.  This creates a massive 

reduction on emissions in comparison to conventional farming.  

During his keynote speech at the “Food for Tomorrow” conference, Michael Pollan 

pointed out that for each calorie of energy that was put into our food we used to get 3 

calories back in food energy. Those extra 2 calories came directly from the sun and did 

not require anything else to be produced. Today’s agriculture produces one single 

calorie for every 10 we put in. These ten calories come from the fuel burned to run the 

tractor all the way to the fossil fuels burned to make the fertilizers. Pollan goes on to 

say that there are 55 calories of energy used to create each calorie of beef found in cow. 

This incredible energy loss is due to the practices that are currently being used in 

conventional farming all around the world. By reverting back to nature and only using 

natural means we can still achieve the 1 calorie in, to 3 out ideal. Through the correct 

organic practices, this is possible.  

Agriculture plays an important part in the debate on climate change.  It is now known 

that around 12% of all the anthropogenic emissions are directly due to agriculture 

(Niggli et al., 2009). Moreover, through appropriate generation of SOM and 

regenerative practices, carbon can be effectively sequestered back into the soil and out 

of the atmosphere. This in turn can reverse climate change and also fuel the effective 

growth of agricultural crops (Rodale Institute, 2014; Rodale Institute, 2015). When 

considering a comparison between conventional and organic agriculture there is a clear 

front runner when it comes to carbon sequestration. Organic farming produces a 

higher quantity of SOM, which is the vital ingredient in the sequestration of CO2. 

Therefore, organic agriculture is logically the way forward (Rodale institute, 2015).  

 

Economic cost 

Economic cost is the most disputed aspect when considering both organic and 

conventional practices. Conventional agriculture produces on average between 0% and 

25% higher yields than organic (Gabriel et al., 2013; Rodale Institute, 2015) in years of 
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regular environmental constraint. However, when subjected to harsher environments, 

organic yields can be as much as 31% higher than that of conventional yields (Rodale 

Institute, 2015). Taking only yield quantity into account, conventional farming would 

be considered the most economically viable. However, there are many other factors 

that contribute heavily to the overall economics of the typical farm. As discussed in the 

above section, the level of transport needed to run a conventional farm contributes a 

great deal to their emissions. Another side effect of transport is cost. To buy in and 

distribute fertilizers onto a field is costly, a cost that organic farmers do not have due to 

their in-house nutrient cycling.  

Another cost of farming is labour. Labour intensity is high in organic farming, ranging 

from between a 10% and 90% increase on conventional, with a general 20% overall 

(Gabriel et al., 2013). This labour cost contributes a great deal of cost to organic farming 

and is replaced by a single worker with use of machinery. A local farmer indicated that 

he and his father are able to run their entire 14 acre farm with just the two of them and 

their machinery, thereby saving time, effort and money.  

From a financial viability perspective, the Rodale Farming Systems Trial stated that the 

profit on their organic manure system was greatly higher than that of the conventional 

system (Figure 3). So, when considering all factors of cost, organic farming is 

considered by some to be the most profitable form of agriculture (Rodale Institute, 

2015). 

In sum, both organic and conventional agriculture have their flaws and benefits. It can 

also be concluded that we cannot continue on the path that we are currently on if we 

intend to provide food for centuries to come. We must work to regenerate the soil and 

use it to foster a new era of natural cropping. The importance of soil regeneration for 

use within the sequestration of atmospheric CO2 is more valuable than ever, and 

through agriculture it is possible.  
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4.4 Regenerative Organic Agriculture 

Regenerative Organic Agriculture (ROA) is closely aligned to organic agriculture but 

with some minor variations. Robert Rodale coined the term “regenerative organic 

agriculture” to recognise farming practices that extend beyond the realm of 

sustainability. Rodale states that ROA “takes advantage of the natural tendencies of 

ecosystems to regenerate when disturbed” (Rodale institute, 2014, p.7). This notion of a 

regenerative systems approach is also reinforced by Ethan Roland, who suggested that 

we have now reached a level of climate chaos where “sustainable is simply not 

enough...We can’t just sustain climate change” (Roland, 2014). At the Rodale Institute it 

has been discovered that through ROA it is possible to build a system that can not only 

sequester all the anthropogenic emissions that we produce annually but also to move 

past the 100% mark and work to heal our atmosphere (Rodale institute, 2014).   

When considering the issue of global food security, it is important to factor the 

sustainable and resilient growth of produce. Conventional systems rely on being able 

to hold all factors steady, the environment, the seeds, the soil, and the nutrients. This is 

why conventional systems are not necessarily connected to nature, and instead harness 

overpowering human intervention. In a time of climate change, holding the system 

together in a sustainable way is not possible. ROA calls for a forfeit of a small amount 

of efficiency to build environmental resilience. Through sustainable agriculture, it is 

possible to farm the land both efficiently and to produce a system that builds upon 

itself each year, rather than depleting it. It has been evidenced through the Rodale 

Farming Systems Trial (Rodale Institute, 2014) that when it comes to crop yield and 

resilience, ROA outperforms conventional farming in almost all crops types studied 

(de Ponti, Rijk and van Ittersum, 2012). This suggests that through appropriate organic 

management systems, a higher crop yield can be produced in comparison to the 

current mass techniques.  

The economic viability of ROA is often disputed and operating margins seem to vary 

globally. Marshall (2016) stated that human scale farming distinguishes a form of small 
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scale farming that allows you to sustain your farm and yourself both economically and 

functionally. It is known that sustainable and regenerative agriculture both involve a 

great deal more manual labour and overall knowledge of the farming practice in order 

to produce an efficient crop. This in turn is one of the main reasons for a higher price 

point of organic produce. The common perception is that the higher price point of 

organic produce is due to the uneconomic viability of a human scale regenerative farm. 

Jean-Martin Fortier and his 10 acre micro-farm “Les Jardins de la Grelinette” provides 

an example of the falsity of this perception. Fortier manages a human scale farm under 

a regenerative system and “grosses more than $100,000 per acre with operating margins of 

about 60%” (The Market Gardener, 2016). By holding true to his ideal of “grow better, not 

bigger”, Fortier is able to make a comfortable living as well as produce nutritional and 

sustainable produce. Fortier also believes that the future of agriculture is in human 

scale regenerative farming and states that “it is time to replace mass production, with 

production by the mass”. So, it’s clear that a human scale ROA system approach can 

address our current climate predicament and also increase the profitability and 

resilience of arable crop yields.  

Section Insights  

Conventional agriculture:   

 High use of artificial inputs that accelerate the productivity and resilience of the 

produce at the expense of energy use and environmental degeneration.   

 A heavily controlled systematic practice based on a monoculture approach to 

productivity.  

 Heavily mechanised process, resulting in low labour cost and high speed of task 

delivery.  

 Accounts for 80% of all the worlds consumed produce.  

 

Organic Agriculture: 

 Uses a permaculture system to grow produce in a holistic manner, harnessing factors 

such as soil life facilitation, growth of a SOM layer, biodiversity introduction and the 

use of green fertilizers.  
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 Inability to use chemical fertilizers results in a lower means of control over produce 

growth. 

 Acts to have a neutral or beneficial effect on the environment. 

 High labour cost and effort, due to reduced mechanisation to other practices.  

 Smaller scale organisations and less market share.  

 Uses natural nutrient cycles resulting in a more environmentally resilient crop.  

 

Regenerative organic agriculture 

 Has the capability to reverse climate change through global carbon sequestration.  

 Forfeits a small amount of efficiency to build environmental resilience. 

 Builds a system that produces healthier crops each year, by working to build a strong 

SOM layer.  

 Has been proven to be highly profitable in implemented correctly.  

 

  



44 
 

5 Constraints of ROA  

Through ROA, it is possible to generate a future that can support a growing population 

and secure both our metabolic and planetary health. However, there are some sceptics 

who have pointed out problems and issues with the adoption of a worldwide ROA 

approach. This section discusses the constraints of regenerative organic agriculture, 

drawing upon the insights gained from the primary field research conducted with local 

farmers and contemporary growers. In particular, the section focuses on the three 

major constraints of the ROA practice: Perceptions, Soil Monitoring and Economics.  

 

5.1 Constraints of ROA: Perceptions 

The perceptions of both growers and consumers are highly important on the topic of 

organic viability. In order to mobilise large numbers of growers, consumers must be 

used as the driving force. This section again details insights gained through field 

research, supported by further reading.    

 

Consumer perceptions 

A supermarket can be compared to a green grocer much the same way as conventional 

can be compared to organic agriculture. Many supermarkets attempt to gain market 

share by focussing on convenience and low cost food. Along with conventional 

farming, supermarkets have affected the consumer’s perception of both where food 

comes from and how much it should cost. A consumer perception of organic growing 

is the high cost of produce. In the sense of fairness, organic produce does tend to be of 

a higher price point than conventional, but for understandable reasons. By growing 

without the influence of chemicals and with more environmental care, there is a 

resulting increase in labour cost and effort. This increase is reflected in the cost of the 

produce. So, it could be argued that the price of organic produce is a fair price to pay 
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for the product you receive. Looking at the situation from this point of view, it appears 

that the consumer’s perception of price is at fault. The consumer is used to a low cost 

conventional shop, and has been for many years. This false perception of how much 

food costs has created a consumer that demands produce for less than it is worth. 

Alistair Smith of Banana Links suggested that some supermarkets even sell produce for 

a loss, generating a poor consumer perception of the real value of food. According to 

some local growers, supermarkets sell at a loss as they are aware that the lower cost 

will draw customers into their store and they will make a profit on other products. This 

deception has generated a mass flaw in the perception of food as well as reducing the 

public knowledge of how food is grown.  

So, to some extent, a negative perception of food availability has been created by 

supermarkets. Conventional agriculture has the ability to modify its crop growth by 

artificially extending the shelve life and seasonal availability of some produce: 

“There is a farm, that grow strawberry’s for one of the multiples, and we tested the 

sugar content of their strawberry’s and the content in our strawberry’s and I think the 

content in theirs is not allowed to be over 7% I think. Because the higher the sugar 

content the less the shelve life”  

In doing so, consumers have come to expect some food out of season and this is 

something that organic producers cannot compete with.  

Another important point about ROA is the general lack of public understanding 

towards current environmental implications of not increasing our soil carbon stocks. 

The Rodale Institute (2015) brings to our attention the perception that people will be 

unable to address problems of climate change until a yet undiscovered technological 

messiah presents itself. A fundamental change in mind-set towards an agricultural 

shift is required.  
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Grower perceptions  

One of the most debated topics around the future of agriculture is concerned with how 

regenerative organic agriculture can produce sufficient food to feed the world. It is 

widely recognised that we are now facing a worldwide issue of food security. This is 

understandable given that around 1 billion people chronically suffer from starvation 

whilst a further one billion suffer from malnutrition. However, it is also acknowledged 

that we currently produce sufficient calories to feed a global population of between 12-

14 billion (UNCTAD, Trade and Environmental Review, 2013). While it is highly 

duplicitous to state that we have a global inability to produce enough food, we do 

however have problems regarding behaviour towards food like overeating and waste. 

So, if organic farming can produce equal and more resilient yield levels compared with 

conventional practice, it cannot be considered a real problem but rather a benefit to 

worldwide food security.4 

 

5.2 Constraints of ROA: Soil Life Monitoring 

Most farmers and growers understand the significance of soil health towards their 

produce efficiency, profitability and sustainability. According to Arbuckle (2016) most 

soil monitoring is completed within a lab by scientists:  

“They have the guys that come out and take samples of the soil. They take it to a lab and 

give back the basic chemical results, but no results on the biology of the soil. Mostly 

focusing on NPK and not trace elements.”  

Beyond the standard measurement data sets of pH, Potassium, nitrogen, and moisture, 

a number of farmers lack the fundamental understanding of scientific research and 

hence unable to see the value to their commercial practices.  

                                                           
4
 There are also related perceptions about poor economic viability, labour constraints and lack 

of produce monitoring, however these issues will be discussed further in the following sections.  
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From discussing the ways in which several growers monitor their soil, ranging from 

simple soil observations to complex lab tests it was clear that there was a general desire 

to understand and monitor the life in the soil. However, there was a lack of monitoring 

undertaken by farmers. Marshall (2016) pointed out that: 

“it is something that I would like to do more but right now we are doing most of our soil 

monitoring through just observation when we are working with the plants”  

When asked what form of monitoring was conducted on their farm, the general 

feedback from the interviews was that some growers physically observed the soil while 

they worked the land. This form of monitoring is effective in the sense that through 

observation you can gain some general insights. However, there is no way to actually 

monitor if the soil aspects are changing overtime unless there is a system in place. 

Another issue with physical observation is that you are only really able to observe the 

larger aspects of the soil life, such as worms and larger arthropods.  Although the 

larger macro fauna play a pivotal role in the soil system, their presence only represents 

a small percentage of the total system. 

There are many other issues related to the monitoring of microbial soil life. For 

instance, microbes and microfauna are too small to be viewed by the human eye and 

physical observation like that performed in the observation of earthworms is often 

ineffective. McLean (2016) indicated that: 

“nematodes are things you can’t see with the eye but they are things that are a good 

sign for the soil”  

 In order to understand the soil life that can be found in a plot of land, a soil sample 

must be analysed by specialists in a lab using high cost and high skill equipment. This 

is a long and expensive task and is not something that can be achieved economically or 

functionally for the typical grower. Neilson (2016) stated that:   

“It is resource heavy, in terms of staff time.”...“and it is true that across the world there 

is a reducing skill set to identify a whole range of soil life to species.”  
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 Nevertheless, scientific institutes throughout the world continue to develop new 

thinking and techniques to monitor soil life. According to Neilson (2016) the most 

anticipated approach is a molecular catalogue database. 

“The emerging technologies that are being developed here are molecular based. If you 

were to think of genetic finger prints that are used in legal cases. It is not too different 

from that but we have developed a tool that focuses on nematodes” 

With the introduction of a molecular database, scientists are able to distinguish 

between microbial soil species without the aid of a soil scientist. Neilson continues:  

the declining skillset of taxonomy, you do not need to be a specialist to do molecular 

biology, all you have to do is be able to extract DNA, but don’t need to be a specialist in 

soil.”  

 This however still calls for a laboratory in order to monitor soil life, something farmers 

are unable to access. Clearly then, this is why soil life is often discarded as a system to 

monitor, even though it plays a vital role in the development of soil humus and is also 

considered to be one of the most valuable attributes to soil health.  

The lack of farmers monitoring their soil life could also be attributed to an absence of 

knowledge about how important soil life is to the soil system.  

 

5.3 Constraints of ROA: Economics 

ROA requires the generation of a Humus layer. This layer takes roughly three years to 

develop and will increase in size every passing year. The down side to this process is 

the initial poor yield that is produced in the first few years of the ROA practice. So, it is 

important to implement ROA practices from the first day of the farming cycle. 

However, the soil is likely to be in an initially poor state and will therefore take time to 

build the nutrients and resilience to make it effective. In most cases, this delay can also 

result in economic decline, which is anticipated for most start-up businesses. This is a 
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loss that most contemporary farms cannot risk and so they remain trapped in their 

high demand, high output conventional practices.  

ROA relies on human labour in place of mechanised productivity. This increases the 

time frame in which it takes to conduct some tasks. Comparing conventional and 

organic, a tractor and one worker can seed an entire field in a faster time frame than 

several teams in an organic labour cost. Although the cost of fuel is not a factor on an 

organic farm the costs of labour in most cases surpass that of fuel. Human scale ROA 

much like conventional farming has its own tools to reduce the labour intensive nature 

to agriculture. Marshall (2016) suggested that through the use of a selection of hand 

tools the workload applied to the labour force can be reduced; saying:  

“there are lots of hand tools that are being developed that are being designed very 

ergonomically that would of great benefit to the farm. I have a list of about fifty things 

that could massively improve our production.”  

These tools can however cost the farm a great deal financially. This is further 

intensified when the first few harvests are likely to be unprofitable. A small-scale 

farmer told the author that the practice of small scale farming creates a sense of 

community that you do not get from conventional farming. The community spirt 

allows the labour force to be happy and motivated; this could be used to combat the 

often intensive workload. Marshall (2016) stated that: 

“Farms used to be communities, because it took so many people to get the work done. I 

think that form an economic perspective have lots of smaller farm’s would contribute 

well to the economy and provide a very appealing career option for lots of people”.  

The combination of the heavy labour force, the high initial capital need to start a farm 

and the chance of a reduced yield in your first few years all add up to economic 

difficulty during the initial start-up of a ROA farm.  
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Section Insights  

 Consumer perceptions of what food costs have been altered by years of buying cross 

seasonally available industrial produce from supermarkets.  

 There is a general lack of understanding when it comes to the issues of soil carbon 

stocks. 

 Even if a mass uptake of ROA is to produce less food than its conventional rival, there 

would still be sufficient food to feed the entire world with extra to spare.  

 There is lack of knowledge in the importance and practice of soil monitoring. 

 The level of detail achieved within most current soil life monitoring is not gathering 

enough data to inform appropriate action.   

 There is an initial few years of poor yields following the beginning of a ROA system. 
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6 Product Investigation 

Over the years, farmers have not adopted ROA as an alternative to current and more 

accepted agricultural systems. Nonetheless, a rise in awareness has allowed for several 

products/services to emerge into the marketplace. This section therefore investigates a 

range of products currently on the market that attempt to tackle issues discussed in 

section 5. In particular this section looks into current products that address customer 

and grower perceptions, lack of soil life understanding and economic agricultural 

constraints.  

 

6.1 Product Investigation: Perception 

It is clear that in order to promote ROA some of the currently held consumer 

perceptions must be redirected. There are several products and campaigns that are 

already in the public domain attempting to alter these perceptions.  

A popular Campaign after its appearance in the 2015 Design of the Year competition is 

the Inglorious Fruits and Vegetables Campaign by Intermarche (Figure 5) 

(Itm.marcelww.com, 2016).  

Figure 5: Intermarche’s Inglorious Fruit and Veg Campaign 

 



52 
 

This French supermarket chain developed an identity and marketing stratagem to sell 

produce that would usually be refused by supermarkets and therefore thrown away by 

farmers. The campaign sold the “inglorious” produce along with tasters of fruit juice 

and soup made from the disfigured produce, thereby encouraging consumers to buy 

the lower cost but nutritionally equivalent products. Similar examples also exist in the 

UK within leading supermarkets like ASDA and TESCO. Indeed, ASDA has started to 

sell “Wonkey Veg Boxes” at lower costs to consumers, claiming that each box can feed 

a family for a week (Your Asda, 2016). These low cost alternatives are not only 

educating the public about how much food we produce globally but also how much 

waste is produced in the UK.   

The rise of convenience food has also adversely affected the produce market. More 

people are buying “ready meals” and “stick in the oven” dishes that require little or no 

preparation or raw ingredients. There are several website and app based companies 

like ‘Gusto’ that now offer home deliveries of local, seasonal and organic ingredients 

chosen by the consumer from a previously determined recipe (Figure 6) (Gousto, 2016).  

Such companies have addressed the issue of convenience as well as offering choice to 

cook from scratch. The service connects consumers with fresh seasonal produce but 

still prevents them from seeing where the food actually comes from. A further step 

must be taken to educate the consumer about how their food is produced.  
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Figure 6: A Gousto food hamper 

Many consumers are simply unaware of farming techniques used in the production of 

the food they eat. Furthermore, even less is known about the impact of these practices 

on the environment. There are a variety of campaigns and awareness events that 

attempt to educate the public about such issues. However, there is no real incentive for 

the public to attend. Only people generally interested in such issues are likely to attend 

and typically for support rather than for educational purposes.  An event title like 

“Permaculture: Ecological Themes + Bio Nutrients Food Production” can easily 

discourage people to attend. On the other hand, there are many educational institutes 

that continue to teach the younger public about these issues as part of their curriculum. 

Furthermore, many schools provide farm visits with an aim to educate pupils about 

food genesis. The education issues related to food genesis and farming techniques are 

considered the weakest part of public educational awareness. 
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Generally, there are limited tools in place to invoke an interest in the subject of ROA or 

agricultural practices. However, several tools are currently being used to inform the 

public about their personal energy output and carbon footprint.  Web based 

applications such as the WWF Footprint Calculator (Footprint.wwf.org.uk, 2016) 

require the user to answer several lifestyle questions, with the goal to discover their 

biggest areas of resource consumption. The application then informs the user of their 

carbon footprint in relation to the 2020 global footprint goal. This tool can encourage 

positive thinking and a new outlook on consumer lifestyle or can act as a way to mark 

progress towards desired goals. This type of tool uses a subtle form of gamification to 

encourage behavioural change. The web based applications tangible visualisations, 

such as, electrical usage meters also allows the user to keep a constant track of their 

energy usage. This visual prompt is an effective way to alter behaviour and encourages 

the user to drive for personal improvement.   

Although there are some similarities between ROA and the products described above. 

However, using these examples to inform the design process, a more effective outcome 

can be achieved. Each of these examples described above, to some extent, tackle issues 

similar to the ones faced within ROA consumer perceptions.  With a degree of 

repurposing can they inform a design outcome? Some issues not tackled in the above 

examples include an incentive to buy locally, and a lack of knowledge into where food 

comes from. The development of a tool that allows for the education of farming 

practices may have something useful to offer (Aspects of this issue are tackled in 

sections 7.2.2 & 7.2.3).  

 

6.2 Product Investigation: Soil Life Monitoring 

There is a lack of soil life or soil biodiversity monitoring tools available to farmers who 

wish to measure soil life on site. As discussed previously, there are some techniques 

that allow the grower to physically observe and count the separate biology in the soil 

(i.e. a worm count). However, these techniques only allow for the observation of the 
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much larger inhabitants and cannot be classified as accurate. There are millions of 

organisms in each tea spoon of soil and yet there does not seem to be an effective way 

to even observe a fraction of these.   

The “Medaphon” Project is an example where a soil biology monitoring prototype (The 

Edapholong system) has been put in place (Medaphon.hu, 2016). The Edapholong 

system uses a geographic information system to map out its global position and 

connects to other Edapholong devices, thereby creating a large scale map detailing soil 

problem areas. The system is able to detect problem areas by means of determining the 

biology in the soil. The device captures and counts larger organisms as well as 

detecting the microbiota through molecular profiling.  The team behind the system also 

developed an innovative molecular monitoring method that genetically characterizes 

the DNA of the microbiota and other soil organisms. This information is then 

displayed through an internet based map server, detailing problem areas. It is worth 

noting that the Edapholong system functions on a biomass population basis, thereby 

suggesting a direct relationship between the biomass quantity and the soil quality.  

 

Figure 7: The Medaphon Project’s Edapholong system 
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The Organic Research Centre (Organicresearchcentre.com, 2016) is involved in an 

ongoing Associations GREATSoils project and has recently published several soil 

assessment techniques that have been evaluated and rated by growers. The techniques 

range from a simple spade diagnosis (digging up 30cm of soil and observing the biota) 

(Figure 8) to enzymatic activity tests that require a high level of skill and interpretation. 

What can be understood from these recommended techniques is that on farm 

techniques are low tech, simple and information poor compared to the information 

rich, high skill and lengthy processes of lab tests.  

 

Figure 8: The author and Bryde Marshall preforming a simple spade diagnosis 

 

A study called “The Tea bag Index” (Figure 9) by a PhD student called Sarah 

Duddigan from the International Institute for Applied Systems Analysis (IIASA) is a 

monitoring method for measuring the decomposition rate in soil, and hence the 

activity of soil biota (The Tea Bag Index - UK, 2016). This simple tool measures the 

activity of the soil life rather than measuring the population, a mistake that many 

current monitoring tools make. Roy Neilson, an Ecological scientist pointed out that: 
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 “If the biomass has changed is that an issue? It is really the function that is important 

not necessarily the numbers” 

He continued: 

“Organic matter decomposition is another traditional way to monitor the soil. The 

assumption being that the higher the organic matter the better the soil quality. But this 

does not take into account the type or level of organic matter. You can have high organic 

matter but low quality which is worse than low organic matter and high quality.”  

This details the importance of soil life activity, over soil population. The Tea Bag Index 

asks for the participant to weigh a teabag, bury it in the ground and then dig it up and 

weight it again after a period of time. The resulting weight loss details the activity of 

the soil biology.  

 

Figure 9: The Tea Bag Index 

 

These soil life techniques all provide some form of relevant and useful information. 

However, there is no way to gather a full detailed analysis of the soil biology on site. 

Further thought is needed into how this could be accomplished.  
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6.3 Product Investigation: Economics 

The economic issues related to ROA are known to those utilising the practices. A 

common issue comes from the labour intensity of ROA driving away any potential 

labourers. According to farmer, Bryde Marshall, her ROA practice would be made 

much less labour intensive if she had access to a variety of hand tools (Figure 10). Jean-

Martin Fortier, the author of “The Market Gardener” lists in his book a selection of 

hand tools that he uses to cultivate his farm at a reduced cost, in comparison to other 

widely used methods.  The book directs the reader to his website where a 

recommendation of what tools to buy and where to buy them. This book provides the 

reader with information on how to farm the land economically but how to do so 

without the intensity that can be seen in some other practices.  The selections of tools 

recommended by Fortier do however bring initial upfront cost and so purchasing these 

tools can be unviable for many start-up farms, especially with the known fact that ROA 

requires a few year to build the SOM. The resulting low yields combined with upfront 

tool cost can be an issue that can be difficult to overcome.  
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Figure 10: Martin Fortier and college using two different varieties of hand hoes 

 

Nonetheless, there are capital funding options available to farmers through the EU 

Common Agricultural Policy (CAP) (The EU Explained: Agriculture, 2016), as well as 

other funding available through the application of carbon credits and “The Kyoto 

Protocol”. The reformed CAP now offers training for farmers and assistance to young 

farmers starting up through the use of government subsidies.  CAP payments are 

released to all farming professionals as an act of support. The Kyoto Protocol is a 

mechanism to reduce carbon emissions on a global scale (Unfccc.int, 2016). The Kyoto 

Protocol takes into account all the countries that have agreed to its terms and 

subsequently sets an emission standard for them to meet within a given time frame. If 

the country has reduced its emissions below the desired threshold, it is then awarded 

with carbon credits. In contrast, countries that have been unable to meet their targets 

need to purchase the necessary carbon credits from other countries that have exceeded 

their target. This dynamic trading allows for the countries that have been awarded 

carbon credits, and hence funds, to fuel even greater environmental change. This 



60 
 

carbon credit system could be scaled down and implemented into any governmental 

area on a farm to farm basis. Polluters would therefore pay for credits and the financial 

resources flow into the farms that are practicing low emission practices.   

In order to gain the highest profit from a yield, the farmer must produce the highest 

quality produce possible. This is possible when the farmer is able to monitor and 

organise their business effectively but the larger the farm the more difficult this can 

become. Mobile applications such as “FarmLogs” (Farmlogs.com, 2016) act to allow the 

farmer to map and track growth development in one easy to use place (Figure 11). The 

application tracks rainfall, soil composition nitrogen and crop health and can make 

recommendations to protect the produce yield. Using application like these can allow 

farms to reduce their waste, remove the chance of nitrogen erosion and increase yield 

potential. Most of all application like these allow the farmer to keep track of what areas 

need attention and offers the chance to react to changing weather before it is too late.  

 

Figure 11: An example of the mapping system available through the FarmLogs application 
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7 Outcomes 

In order to tackle the issues that ROA faces, the following section begins by providing a 

brief overview of some of the problems areas before proposing a number of ideas and 

concept designs that could address some of these issues. The section then concludes 

with a series of recommendations for further study.  

 

7.1 Uncovered problems 

Through this small exploratory study many problems have been uncovered. These 

problems can be categorised under the following headings: 

Perceptions  

 A lack of understanding towards the current environmental implications of 

degraded soil carbon (see Section 7.2.1). 

 A false perception of how much food costs (see Section 7.2.2). 

 A false perception of food seasonality (see Section 7.2.2). 

Soil Life Monitoring  

 A lack of understanding of soil life as an important asset to agricultural 

business (see Section 7.2.1). 

 Limited availability to microbial soil life monitoring tools (see Section 7.2.1). 

 Limited knowledge on how to classify the microbial life in the soil (see Section 

7.2.1). 

 A significant skills gap between the farmer and the lab based tools used for soil 

analysis (see Section 7.2.1). 
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Economics  

 Approximately three years of poor yields during the generation of a SOM layer. 

 A high chance of economic loss in the initial years of production. 

 An economic uncertainty in conventional farming that prevents the transition 

to ROA. 

 A lack of role models to pursue careers in agriculture (see Section 7.2.3) 

 High expenditure in the initial years, especially in relation to tools and new 

machinery.  

 All of the above problems are, to some extent, interrelated and interconnected and 

require different knowledge domains to come together for their resolution. However, 

in the context of this small study, what now follows are some initial ideas and tentative 

suggestions for new concepts that could possibly address some of these problems. Of 

course, these concepts need to be developed further.   

 

7.2 Concepts 

What now follows are three design concepts aimed at tackling each of the detailed 

issues that face ROA: Perceptions, Soil Monitoring and Economics.  

7.2.1 Soil Life Digital Mapping System  

Soil life is an important agricultural tool for increasing crop resilience, effective soil 

nutrient cycling and many other aspects on a farm. There are however, as previously 

discussed, several constraints that deter farmers from adopting these tools. Some of the 

setbacks that are currently held are limited subject knowledge, limited availability to 

the tools needed and a lack of funds to invest in a specialist lab analysis. Moreover, 

there is a global need to map the soil quality in agriculturally populated areas to allow 

for a real-world visualisation and documentation to monitor changes (Figure 13).  
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A large-scale digital mapping program could be established to map a fusion of soil 

aspects taking into account the functional nematode and nitrogen fixing community. 

This program could be carried out by ecological scientific institutes and funded by 

intergovernmental organisations such as the EU. Farmers could receive a subscription 

to the service, thereby allowing them a yearly soil analysis and recommendations for 

actions that must be taken for the season ahead. The soil analysis could be published 

online to a large-scale digital map, allowing for the monitoring of soil decomposition 

or regeneration. The map could also be used for scientists to map the transitions in 

particular areas and recommend or flag where there are likely to be future 

degenerations.  

The concept could be highly scalable and function on a country by country basis 

leading towards an established global system. The digital map could also act as a 

visualisation tool to engage people in critical debates about the current soil related 

issues we face worldwide. Hopefully, the tool would create awareness and 

subsequently lead to behavioural change  

Figure 12 details the roles that must be played in order to allow a system, such as the 

one proposed here, to function. A relationship between the agricultural farming 

community and ecological scientists must be maintained in order to allow for mutual 

gain. The overall system would aim to address the needs of each stakeholder (see 

Figure 12), a task that is more easily achieved through mutual cooperation. Both parties 

(farmers and scientists) would place a soil sensor at each necessary site, and 

recommendations would then be made by the ecological scientists and implemented 

by the farmer. An annual review and recommendation cycle would be actioned, 

allowing for an effective system to be established. During the yearly cycle, all soil data 

would be accessible to all via an online portal platform, thereby allowing ecological 

scientists to monitor global shifts, farmers to monitor their production and the general 

public to gain an awareness and understanding of global soil stocks.  
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Figure 12: A Gantt chart detailing the individual user’s interaction points.  
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Figure 13: A table detailing the needs of each user and how they can be addressed  
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7.2.2 Seasonal Food Delivery Service  

Food seasonality is a term that has almost been disappeared given the rise in mass food 

import and GM crops. This newly acquired mass perception is negatively affecting the 

local food industry. Due to their inability to produce food that consumers want all year 

round, small scale organic farms are unable to compete with larger farming 

organisations. Not only that, this also has a negative effect on local agriculture, mass 

import and GM crops impact on both our environmental and metabolic health.   

A recipe service could be put in place that consumers use to choose their meals for the 

coming week. Once the consumer has placed an order, the service could send the 

chosen ingredient list to the closest organic farm. The farm would then deliver the 

produce to the consumer, inviting a level of convenience to the weekly food shop. The 

available recipes would change with the seasons, educating the customer about food 

seasonality. This service would not only act to re-introduce the consumer back into a 

less meat dependant diet, one of the current health and environmental issues held in 

the developed world but also to reintroduce the consumer to locally grown and 

wholesome foods, thereby benefitting the local economy and environment. 

With the rise of online shopping, the service could scale in size to include other aspects 

of the weekly shop. Produce such as fruit, milk and cereals could also be included 

within the weekly deliveries, removing the need for any interaction with supermarkets. 

The service might result in an increased perception of where food comes from and a 

greater appreciation for fresh produce. 

Figure 14 details the four main functionalities of the service, if utilized through a 

digital application. The four steps are: 

1. The user first chooses the meals they desire, from a selection of weekly options. 

2. The service details from which farm each aspect of their meal will come from. 

3. Provides live updates on when the users produce will be delivered. 

4. The service provides a detailed guide to the preparation and cooking of the 

chosen meal options.  
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Figure 14: A series of 2D flattened application designs illustrating the four main 

functionalities of a speculative seasonal food delivery service.  



68 
 

7.2.3 Farming Community Campaign 

After the “Green Revolution” the population working in agriculture has decreased and 

continues to do so annually. With the rise of mechanical aids such as tractors and 

seeders, the need for human labour has also decreased. This drop in farm population 

has resulted in, to some extent, the end of the farm community, a factor that 

maintained the workplace enjoyment of the profession. Through conversations and 

interviews with local farmers and growers during this research, it was evident that this 

sense of community should somehow be returned to the occupation, especially if the 

career option for younger generations is to be considered desirable once again. One 

possible avenue to address this issue could be in the form of a awareness campaign.  

Improving awareness regarding the occupation could act to dispel the perception that 

farming is low-skill and low-pay. Through the public dissemination of inspiring tales 

and stories, a public drive into the agricultural profession could be achieved. 

Agriculture as a career option must be targeted at adolescents and those transitioning 

into adulthood. Social media plays an increasingly large part in the life of this target 

group and through its utilisation a larger reach could be achieved.  

There could be three campaign topics:  

Community – Working within a group to create an enjoyable work-life relationship. 

This topic was influenced by a comment made by Marshall (2016): 

“Farms used to be communities... have lots of smaller farm’s would contribute well to 

the economy and provide a very appealing career option for lots of people”. 

Food – Growing food that people want to eat, and the beauty of growing by hand. 

This topic was generated through a discussion with Arbuckle (2016): 

“All health comes from the soil. Not only is the food tastier by growing sustainably, but 

also healthier.”  

Nature – Working with your hands to nurture something is a valuable experience.  
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This topic was influenced by Marshall (2016): 

“the manual work, working with my hands... I think it is also where the magic is.”  

These campaigns could involve public events, school visits and digital resources. Social 

media could also be used to disseminate information and make it more accessible. 

Farmer personas could be generated (see Figure 15 & 16) in an attempt to humanises 

farming, and make it more approachable. I think you should insert the personas on this 

occasion. 
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Figure 15: Farmer Persona 



71 
 

  

Figure 16: Farmer Persona 
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7.3 Recommendations for Further Study 

On-site Molecular Monitoring  

How can the act of molecular soil life monitoring be utilized by the farmers first hand? 

There is an interest in the agricultural community to monitor microbial soil life. The 

effect of practicing in this way could allow for a reduced timescale and a reduction to 

resource use. The typical lab based process can take some time to present any results 

and can be costly to the farmer. Through the use of emerging molecular monitoring 

practices the act of microbial profiling could be put into the hands of anyone. Further 

study could be undertaken to investigate what form this tool may take and what level 

of education is required to equip farmers with this expertise. An evaluation of 

monitoring techniques that are currently popular with farmers would allow for the 

development of new insights into how to best appropriate the development of a 

molecular soil monitoring design (see concepts section 7.2.1). 

Soil Life Communication 

How can the importance of soil life as a tool be communicated to farmers? There is an 

ever-increasing perception within the organic field of agriculture that soil life plays an 

important role in the growth of crops. However, there are still sceptics that believe 

conventional practices are more effective. Not only that, most small scale soil life 

monitoring is carried out through physical observation of macrofauna such as earth 

worms. It is important that education of soil systems are implemented and made 

accessible to those within the agricultural community. Further research could be 

carried out to inform the agricultural community of the proven benefits of soil life and 

alternatives ways that observation of smaller soil life could be accomplished. A co-

design workshop could be hosted to gather both ecological scientists and farmers 

together in order to create a tool or service that will act to educate others around this 

theme. The AHRC’s Research Networking Grant could be applied for, allowing for 
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funding for the workshop. This grant is intended to support forums and workshop 

activities in order to generate lively debate and discussion around a particular theme5. 

 Economic Instability  

How can the economic trap that conventional farmers reside in be addressed? Due to 

the initial decline in yields, it is perceived that some farms will be unable to 

economically sustain themselves during a transition from commonly practiced 

conventional, to a ROA practice. For future studies, it would be useful to validate this 

claim and subsequently develop appropriate steps to alleviate the issues. From an 

environmental perspective, it is important that ROA becomes a wider spread 

occurrence. Without this form of agriculture being adopted by all, the wide spread 

implementation will likely be halted. Research into this field could also investigate the 

attitudes and opinions of current conventional farmers as well as those that are pre and 

post transition.  

Soil Degradation Awareness 

How can the issues related to the degradation of soil be disseminated and understood?  

There is a general lack of public awareness into how our food systems actually work 

and knowledge of issues around soil degeneration. This lack of knowledge allows the 

consumer to idly purchase produce that has, during its growth, acted to damage the 

environment. The act of purchasing such a product acts to fuel the continued 

deterioration of the natural environment. Research in this area could be conducted in 

order to understand if behavioural change is a by-product of gaining more knowledge 

on this subject.  A case study could be put in place to evaluate the lifestyle changes that 

are made after being exposed to new knowledge. A food diary could also be kept to 

monitor what the participant chooses to eat over the course of the study. 

                                                           
5 For more information, see: 

http://www.ahrc.ac.uk/funding/research/researchfundingguide/research-networking-

scheme/ 
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8 Conclusion 

In an increasingly uncertain world we find ourselves situated at the tipping point of 

two divergent futures. Through this report the degenerative nature of industrialised 

agriculture has been made evident, applying emphasis on its ability to drive us to a 

level of environmental uncertainty that we cannot anticipate. It has however been 

made clear that through the utilisation of holistic management practices, agriculture 

can be the answer to its own environmental emissions.  

This report outlines the degenerative effects that anthropogenic emissions have had on 

our environmental and metabolic health. By linking these emissions to the agricultural 

industry, the researcher offers a regime (ROA) that could be implemented worldwide 

to reverse these problems. By utilising the knowledge gained through a series of 

discussions and site visits, this report has also outlined a number of possible design 

concepts that intend to boost the consumer perception of produce, as well as the 

grower’s ability to practice with ease.    

This regenerative regime is not a new concept. However, it has drifted out of sight 

given the rise of industrialisation. Further study is recommended into other related 

aspects of the field of ROA, with a focus of consumer perception and ideals. The 

current perception of ROA may not be strong enough to instil the confidence required 

for mass adoption, but through appropriate education this ideal could still be reached.  

There are significant opportunities for development within the field of ROA. Through 

the reestablishment of small community farming, it is possible to regenerate the 

environment, produce more opportunity for work and shift the economic profitability 

back in to the hand of the growers. This idea of mass ROA population is also held by 

the Rodale Institute, who boast the longest running farming systems trial (Rodale 

Institute, 2014). Through their system trial, they suggest that we can indeed revert back 

to a pre industrial state through the mass application of ROA.  
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Through ROA we can sequester atmospheric carbon, and by doing so fuel the efficient 

growth of our agricultural produce. It is a proven remedy for global warming, and 

wide spread support must be reached if we are to reach the goal of global 

decarbonisation. We are at a stage now where it is possible to harness cutting age 

technology together with the power of natural ecosystems to arrive at a stable future, 

securing our environmental and food security.  
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