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The Soil Under our Feet - A Microbial Dark Matter 

 
“Essentially, all life depends on the soil ... There can be no life without soil and no soil without life; 

they have evolved together.”  

Kellog, C. E. (1938) 
 

These words, written by the soil scientist Charles Edwin Kellog in the first decades of the 19th century 

- there is no doubt - are weightly. But we still not yet care about the soil. We even don`t know, which 

broad biodiversity exists beneath our feet. "The number of microorganisms in a teaspoon of soil (1 × 

109) is the same as the number of humans currently living in Africa and the fraction of microbial 

diversity that we have sampled to date is effectively zero (cf. Microbiology by numbers, 2011)". More 

than 95% of soil microbial species are non-culturable, but metagenomic analysis of nucleic acids is 

transforming our ability to understand the breadth and diversity of soil microbial communities and their 

functional capabilities (Gupta, 1997). That this hidden world is non-culturable is the reason, why it`s 

often referred to as "microbial dark matter".  

 
Fig. 01: Extract of species from the soil biodiversity atlas (https://www.globalsoilbiodiversity.org/atlas-chapter-2) 

The Misunderstood Species 

The global soil biodiversity initiative wants to adjust by presenting an online atlas (Fig. 01), which tries 

to synthezise global soil biodiversity research and its importance to the living world (Orgiazzi, A et. al. 

2016). Showing pictures of the foreign invisible worlds is important, as many people feel strange and 

uncomfortable with microbiota - quite wrongly labelled, because human pathogens account for much 

less than 1% of the total number of microbial species on the planet (Microbiology by numbers, 2011). 

Media like the german tv show "VISITE" which describe microbiota in the garden compost as dangerous 

for causing life-threatening infections help to transport these framings.  
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Interesting in this context are the concepts of framing and attribution, which (Goffmann, 1974) 

introduced in his Book "Frame Analysis". He found, people try to organize their experiences by 

attribution of interpretations and meanings. These contextual frames are shared through communication 

media in society and generate common interpretation schemes. Frames help to locate, percieve, identify 

and label. The frameworks provided by media often are adopted from reciepients without questioning 

it. As Goffman stated: "The type of framework we employ provides a way of describing the event to 

which it is applied". Once established, a frame system is difficult to break up.  

Biologists Framings 

A completely different labelling is attributed by (Coleman et. al. 2018). The biologists describe detrital 

food webs with its complex interactions as basic functions to provide ecosystem services such as 

fostering nutrient cycling, ecosystem stability and long-term carbon balance. Other academic work 

points out, that the functional capacity of the plant microbiome is not equal to the sum of its individual 

components, since microbial species strongly and frequently interact with each other and form a 

complex network (van der Heijden, 2016).  

 
 
Fig. 02: Example for a small microbiome network and it`s interconnections by Connor, 2016 

These networks can be visualized by calculating correlations between the abundance of individual 

entities. Latest studies will engage, answering the question aided by machine learning and network 

research methods, whether microbiome functioning depends on organization, complexity and 

interconnectivity of microbial networks. The example of (Connor, 2016) shows a small microbiome 

network and its interconnections. Unfortunately the biologists framing occurs merely in the media 

world.  

The Ecosystem Service Approach 

"The ecosystem services approach looks at the environment from an angle of the benefits people obtain 

from ecosystems. These include provisioning services such as food, water, timber, and fiber; regulating 

services that affect climate, floods, disease, wastes, and water quality; cultural services that provide 
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recreational, aesthetic, and spiritual benefits; and supporting services such as soil formation, 

photosynthesis, and nutrient cycling. The human species, while buffered against environmental changes 

by culture and technology, is fundamentally dependent on the flow of ecosystem services." (Millenium 

Ecosystem Assessment, 2005) 

 
 
Fig. 03: Interactive pedospheric processes and their services, own work, contents taken from Lal, 2013.   

Interconnected and Crucial: How Microbiome Networks Teach us a More Holistic View 

Degraded soils with a lack of humus (and its associated species) would not provide enough ecosystem 

services any more. However, we couldn`t watch the microbial networks isolated from other systems and 

just concentrate on mitigation strategies when for example soil erosion leads to floodings or our 

groundwater get`s polluted. Across a whole ecosystem approach, the functioning of our basis of 

existence, depends on interconnections between different spheres which are heavily to understand in 

their complexity. (Lal, 2013) adds to the four well known spheres of earth a new one, called pedosphere. 

Its function is to provide ecosystem services. The whole system could only work, if all involved spheres 

are healty and interconnections can run without malfunctions. Is one sphere misbalanced, the state of 

balance would be destroyed and all the other spheres would be affected.  

Leaving Behind an Ego Centered World View as a Core Objective of the New Century 

The concept of anthroposphere was elaborated by (Baccini & Bader, 1996). It encompasses "our own 

sphere of life" and it`s metabolic processes. The relationships between Earth systems and 

anthroposphere were shown by (Prikryl et. al., 2016). In their concept the anthroposphere is consisting 

of technosphere and of social systems. Earth systems provide a habitat to all species of the world, 

including microbial communities as well as human societies and further more. From this angle, we start 



 3 

gaining a small clue, what sustainability is affected by. As men we have a big responsibility and for that 

we should leave behind an ego centered world view, considering only mankinds needs.  

 
 
Fig. 04: Ecosystem with its spheres. Own work, contents taken from (Prikryl et. al., 2016) 

A holistic view implicates that everyone has to practice active soil management. Instead of a dark matter, 

soil management as a crucial part of ecosystem must become a matter of course, which is harmonious 

embedded in our technospheres as well as our social systems. We all have to pay more respect to this 

hidden worlds. The humus layer, also referred to as topsoil, can reduce soil erosion and work as a carbon 

storage. It`s between ten and thirty centimeters deep. Depending on soil quality and kind of land usage 

the humus content in the topsoil differs (cf. Düwel 2007). It`s estimated, that soil organic matter consists 

58 % of carbon (Doran, 2012).  

The Technology-Profit-Nexus 

Perfect Soil Management with Precision Farming Systems 

Effective land use would not be avoidable, but to gain or to obtain a climate smart soil biodiversity it`s 

crucial to understand how to manage and protect this dark and secretive world. Important target groups 

for active soil management are land owners, e.g. the farmers. Precision farming could be a chance to 

bring us a decisive step closer towards achieving these targets. (Gupta, 1997) explains conservation 

agriculture (CA) as a kind of land management, where food webs and trophic levels are intact and the 

biodiversity of microorganisms is high. It has four basic elements: reduced or no-tillage; retention of 
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plant/crop residues; diverse rotations; and precision agriculture including controlled traffic. Each of 

these elements greatly impact soil microbial communities, their function and system productivity.  

 
 
Fig. 05: Own work, inspired by a talk from Prof. Dr. Peter Pickel at Hülsenberger Gespräche (Pickel, 2018). 
             vectors modified, partially own work, partially taken from https://www.freepik.com 

Precision farming, (Bach & Mauser, 2018) find, is an important step towards sustainable agriculture. 

Talking fields e.g. are information products with different analysis functions like yield potential maps 

or biomass maps. The monitoring system gives farmers the possibility to react accurately with site-

specific farming techniques and also satisfy foreseeable future needs. Combining earth observation and 

navigation satellites input with information from ground sensors (provided by roboters, drones or fixed 

devices), allows to analyze correlations between different indicators: crop types, biomass development, 

current growth status, development of the cultivated crop, water holding capacity, soil properties, yield 

or nitrogen uptake and many more. In-field differences can be displayed and considered, an achievement 

which facilitates exact fit fertilization. Precision Farming leads to lower production costs, as resources 

such as water, seeds and fertilizer are not wasted. Sustainability can be succeded. Less fertilizer is 

leached to the ground water, what prevents from overfertilization. 

Challenging Attributions to the Innovative Concept for Refining Technosphere 

Precision farming to gain more sustaniability would be a great idea. Wouldn`t it? Looking at the media, 

there are indicators that the framing of the discussion has a different direction. Using a monitoring tool 

which provides information analysis across sources and media channels, a web search was implemented 

by the author of this article. The monitoring encompassed web entries from the whole globe. It ran from 
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27 February 2021 to 27 March 2021. Two searches were created. The first extracted all entries in which 

the terms "precision farming" and "profit" simultaneous occured, the other showed occurences of the 

terms "precision farming" and "rural development". The profit-nexus had 355 entries while the rural-

development or service-nexus only had 65 entries. This points out first indications, that the worldwide 

discussion is mainly driven by a profit-nexus. To confirm more findings are necessary. At a first step 

the question raises: Could profit-nexus in Precision Farming be a worldwide framing?  

 

  
Fig. 06: Own work, web search with the social media monitoring programme ubermetrics 

If we`ll attribute precision farming in our heads with profit and even don`t have a clue, how it can foster 

ecosystem services and rural development, where would this lead to? Imagine what would happen, when 

these powerful new technologies are used mainly in a profit oriented way? This would reinforce the 

worldwide tendency of exploiting natural resources, with aid of the new techniques much more strongly 

than ever before. 

Crossing the Borders: Reframing from Profit-Nexus to Service-Nexus  

„The challenge of reversing the degradation of ecosystems while meeting increasing demands for their 

services can be partially met under some scenarios that the MA has considered, but these involve 

significant changes in policies, institutions, and practices that are not currently under way.“ (Millennium 

Ecosystem Assessment, 2005) 

Since many years the EU Common Agricultural Policies (CAP) set up and try to establish sustainable 

development goals, but it`s very difficult to bring all these concepts dealing with sustainablity into 

practice. The factual grounds remaining undifferentiated. On the one hand it`s not to deny that the 

subsidies of the EU are payed per hectare, what leads to increasing yields for the big farming industries 

and exploitative land use, while small farms more and more dissappear. On the other hand, the different 
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countries don`t embed the goals of the CAP into their political programmes, what could be an indicator, 

that the service-nexus hasn`t come up in both the communication media and in the political landscape.  

 
Fig. 07: The nine key objectives of the CAP. https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-
policy/future-cap/key-policy-objectives-future-cap_en 

It`s not enough to set goals. Also the Federal Constitutional Court of Germany confirms and allows an 

appeal of young climate activists which call attention to the fact, that there are no mandatory stipulations 

which can lead to a quantifiable reduction of greenhouse gases. (Bundesverfassungsgericht, 2021) 

As Millennium Ecosystem Ascomesessment already in the year 2005 critizied, do existing institutions 

face significant barriers. More cooperation across sectors would be necessary. Intensified attention to  

transparency and accountability of government and private sector paired with increased coordination 

are crucial to make changes. If institutions and parliaments of the EU and their member states aren`t 

making any movement or stay in vague formulations, elimination of subsidies that promote excessive 

use of ecosystem services (and, where possible, transfer of these subsidies to payments for nonmarketed 

ecosystem services) will also the next years remain a dream of the future. Only Precision Farming 

concepts with computer applications and Satellite systems, which are not from the private sector, but 

institutional provided, in combination with revised political programmes, which are tailored to the needs 

of the new technology and create measurable results, could lead to an ecosystem friendly agriculture.  

Shed Light on all the Dark Matters 

Let`s roll up our sleeves and get started. There is a lot to do. We have, that is to say, to deal with another 

kind of dark matter: peoples thinking and what it`s attributed to. It is thus the right time for each of us 

thinking about our own frames and recheck if they are still up to date.  
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