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Every discussion benefits from a joint starting point 

based on a general agreement. We have two of such

points:

1. All land users agree that soils form a crucial element of

their operations. They have emotional affinity with the 

soil health concept.

2. Everybody agrees that sustainable development is

necessary for the future of the world. But there are

diverging visions as to how to achieve it. The UN

Sustainable Development Goals and the EU Green Deal 

define clear targets and indicators and that should be our

guide: our “point at the horizon”. All our governments

have signed a committment to the SDGs in 2015! 



First things first: what do we talk about? 

Soil health is the actual capacity of a particular soil to function, 

contributing to ecosystem services ( that, in turn, contribute to the 

goals of the Green Deal and the UN-Sust.Development Goals, the 

SDGs). 

Key issues:

1. “Particular soils”: every soil has a story to tell about its functions, 

potentials ,limitations and resilience ( just like people). It’s up to soil

scientists to articulate these complete stories! 

2. “Contributing to ecosystem services”, the latter are services 

provided by ecosystems to society ( here: biomass production

(SDG2), clean ground- and surfacewater (SDG6), carbon capture, 

limited greenhouse gas emissions (SDG11)and biodiversity

preservation; SDG15)

3. The SDGs and the Green Deal focus on Sustainable 

Development: our “point at the horizon”! 



How to measure soil health in a simple, reproducible manner? 

Existing systems use 20-plus soil physical, -chemical and –

biological indicators. Following the “one-out/all-out” principle, the 

barriers to be”healthy”are high. But problems can thus be

identified and corrective measures proposed. This is valuable.

Still, it is difficult this way to compare different soils and that is 

necessary for communication and to define policy objectives. 

That’s why we propose an additional method, to be discussed

later:

Bonfante, A.,  A.Basile and J.Bouma. 2020. Targeting the soil quality 

and soil health concepts when aiming for the United Nations 

Sustainable Development Goals and the EU-Green Deal SOIL 6,1-14. . 

(https://doi.org/10.5194/soil-6-1-2020) 

https://doi.org/10.5194/soil-6-1-2020


Our indicators for soil health: let the roots do the 

talking! 

But first define “unhealthy” in terms of pollution  by various 

chemicals such as heavy metals, PFAS, remnants of 

biocides, drugs, medicines etc. 

To make judgements we need threshold values that result 

from a comprehensive risk analysis. More research is 

needed to allow a meaningful selection process. 

In addition we have “unhealthy” in terms of soils that are too 

acid, salty or alkaline by nature, as defined by Soil 

Classification.  

Once these “unhealthy”soils are identified, we can move on: 



Our indicators for soil health: let the roots do the 

talking! 

(i) soil structure ( descriptions by soil survey;  bulk density, 

measured infiltration rates,  penetrometers). 

(ii) water and air regimes ( drainage class by soil survey , 

simulation SWAP, avoid “available moisture”) 

(iii) organic matter contents ( soil survey, proximal sensors)

Important, set thresholds for different soils!  

Note that: (i) already rough estimates can be made 

applying existing soil survey information. (2) nutrients are 

important but are applied in modern agriculture and 
contents change all the time. 



To get one health number for a given soil we applied the 

terminology of the “Yield- gap” program ( van Ittersum et al):

Yp = potential production, climate dependant, optimal water and 

nutrients. No pests and disease. A hard scientific value!

Yw = as Yp but with existing soil moisture regime (SWAP). 

Ya = actual yield.

Soil health = (Ya/Yw) x 100.   

Comparing soils in a region: (Yw/Yp) x 100. 

Comparing soils in the entire world: (Yw/Ymax) x 100.

Ymax is maximum production anywhere ( 20 tons/ha?). 

Will be further tested in the H2020 LANDSUPPORT program.
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These figures from Bonfante et al 2020 show Yw values for two
Italian soils, calculated with the SWAP model for four climate
scenarios ( defined by the IPCC) . Figures illustrate that the two
soils show quite different behavior. Next to Yw values for the 
undisturbed soils, Yw values were calculated for a hypothetical
higher organic matter content, for occurrence of erosion and of a 
plowpan. These values indicate soil effects on real yields Ya, that
may be low for other reasons as well. This way the “contribution
of soils to…” is defined. 

Important results are obtained on effects of climate change and 
an increase of the soil organic matter contents. 

They can be translated into soil health values in  a range of 1-
100, as described earlier ( see paper). 



The Mission Board of Soil Health and Food has formulated

the following overall objective:

By 2030 at least 75% of soils in each EU member State 

are healthy or show significant improvement towards

meeting accepted thresholds of indicators to support 

ecosystem services. 

The methods proposed allow this type of characterization. 



Is that all there is? Write papers on soil health, its

measurement,running models, questioning methods etc? 

The traditionl research route….

But how does all this match with what the stakeholders 

need and how do we connect with that? Because there is a 

major connection problem: The JRC-EU reports that 60% 

of EU soils are degraded ( after a hundred years of 

research! ) We often know what to do but it is not being

done. We need a new approach: joint work with land users 

in “Living Labs”and “Lighthouses”. A major point addressed

by the Mission. 

All farmers consider soils to be essential for their

operations. They are not particularly intrigued by defining

and measuring soil health but there are major concerns:



Stakeholder opinions and concerns (e.g. literature, LANDMARK, 

student challenge (www.wur.eu/soilchallenge) , reaction to
Veerman-Bouma video: https://youtu.be/AdNrijtP6yg

1.  concerns about the economic future.

2.  worries about unpredictable weather.

3.  disapproval of  current environmental laws : lack of

trust. 

4.  lack of accessibility of research results covering their

problems of a.o. soil degradation.

5.  lack of independant advisors with broad expertise.

6.  anger being portrayed as environmental criminals. 

Remember: sustainable development is about: economics, 

society and environment. Always consider these three elements!   

http://www.wur.eu/soilchallenge
https://youtu.be/AdNrijtP6yg


How can the science community contribute to addressing these 

concerns? No other option than to do so!

1. concerns about the economic future.

Explore the links with the CAP ( Common Agricultural 

Policy)2021-2027= 240 billion €, while R&I =80 billion€ !

Go for payments based on soil health and ecosystem services, 

rather than/ha.  Water quality, carbon capture, greenhouse gas 

and ammonia emissions, biodiversity as a function of 

management:  MEASURE indicators for these ecosystem

services , and not only model!!  New techniques offer new 

possibilities. [ 2 slides removed because of unknown copyright]

Carbon capture important for soil: 40% of the CAP has to go to

climate related items. 



Carbon capture important for soil: 40% of the CAP has to go to climate

related items. Not only model C-dynamics but do field work. There are 

thousands experiments in the field waiting to be discovered! Example: 

cHn23: coarse loamy, silicious, mesic Plaggantreptic Alorthod (Soil Taxonomy). Three 
phenoforms: old grassland (A), reseeded grassland (B) and maize (C).

• A: BD = 1.30 kg/m-3

OM = 8.1%

• B:  BD = 1.36 kg/m-3

OM =  6.3%

• C:  BD = 1.48 kg/m-3

OM = 4.8%

OM= 3.40-1.54 x Maize +0.19 x 
Old +0.55 xGWC. (R2=0.75) 
(50 farms)

Sonneveld, M.P.W., J.Bouma and A.Veldkamp. 2002. Refining soil survey information for a 
Dutch soil series using land use history. Soil Use and  Management  18: 157-163.

© J. Bouma



2.  worries about unpredictable weather.

I don’t think the future impact of climate change has as yet not

been fully recognized. In 2050, 9.7 billion world inhabitants

require 40% more food! NOBEL prize of peace 2020 for the 

World Food Program!! 

Many areas will become too hot and dry for agriculture, as fertile

soils near seas and rivers submerge due to sealevel rise and 

erosion increases because of heavier showers.

We should point this out and explore which soils in the world can

still be productive. A case for conserving soils in areas with a 

good climate in future ( the Netherlands qualifies, many other

countries don’t). [Two slides removed because of unknown

copyright]

Message to farmers”hang in there”, it will only get better!



3.  disapproval of  current environmental laws : lack of

trust. 

Rather than have means ( maximum fertilization rates etc) 

have clear goals in terms of indicators for ecosystem

services. If they are met: payment CAP. If not: no payment.

Farmers can again become entrepreneurs! 

This general approach also deals with avoiding the current

scatter of agricultural systems: biological, biological-

dynamic, regenerative, nature-inclusive, circular , precision

etc. 

They become semi-religious (“my system is best!”)  

distracting attention from what is really important and this

should be avoided by focusing on ecosystem indicators 

that apply the same methods to each system..



4.  lack of accessibility of research results covering

their problems of a.o. soil degradation.

Develop new ways to generate and communicate

research. The Mission Board  advocates research in on-

site living labs: joint learning with stakeholders; inter- and 

transdisciplinary approaches . Farmers are like circus 

artists: they have to keep four balls into the air at the same

time: production, water quality, climate mitigation and 

biodiversity preservation!  Multifunctional land use! 

Results to be discussed in groups and communicated as 

storylines using modern means of communication.  Every 

farmer is different and that is their strength. One size fits 

only one! Personal contact works best. 



5.  lack of independant advisors with broad expertise.

This is different from the classical extension system. 

Advisors of the future have no direct commercial interests

and broad expertise, including a network of colleagues in 

other professions and technical abilities.

Soil is an important relatively stable element of the 

ecosystem. but it has to be considered in a broader

economic, societal and environmental context to

adequately adress the issue of sustainable development. 
See point 4 



Three  afterthoughst based on my  visit to Oman two years ago. 

(1) brilliant students in soil and water and innovative curricula. 

© J. Bouma



(2) Field visit showing spots with vegetation in otherwise bare areas.  

Digging pits ( second picture from right) showed a loamy subsoil in 

vegetated areas explaining a higher water holding capacity. Many

had looked at this but nobody had seen the reason by initiating a 

follow-up. 

Research challenge: not only
look but see! 

© J. Bouma



(3) Soil physical measurements were made and this was 

followed up by a thorough modeling effort allowing generalization 

of results obtained. This analysis is now the basis for an 

innovative subsurface irrigation system for greens in the capital 

city Muscat , potentially saving 40% of water use.

This illustrates a principle advocated by the Mission Board: first 

use existing expertise when studying a problem. New research 

shouyld be focused on gaps in knowledge that show up: 

“focused curiosity”. 

A.Al-Mayahi, S.Al-Ismaily, A.Al-Maktoumi, H.Al-Busaldi, A.Kacimov, 

R.Janke, J.Bouma and J.Simûnek. 2020. A smart capillary barrier–wick 

irrigation system for home gardens in arid zones. Irrigation Science.      

(https://doi.org/10.1007/s00271-021-00666-3) 

https://doi.org/10.1007/s00271-021-00666-3


Final conclusion: the mission on soil health and food 

advocates strengthening of a crucial process, 

involving land users, researchers, politicians and the 

public at large in a ever continuing open and joint 

learning process. 


