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Abstract In the discussion about food and the environment, most focus is on climate and nutrients. Food in
relation to human health is an issue that gets much less
attention. But what is healthy food and how can we
couple food, health, and the environment more strongly
to reach a more integral approach from a system perspective? Here I will discuss the potential of a naturebased food system in relation to health and wellbeing. It
is hypothesized that for a healthy diet, both nutritious
food and nature-based foods are essential. Nature-based
foods contribute to maintaining a healthy human
microbiome and are therefore an essential part of diets
containing landless and ultra-processed foods. Furthermore, maintaining the essential microbiology has consequences for how and where we produce our foods.
Therefore, a conceptual framework is proposed for
nature-based food production.
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Introduction
With the growing population and the increased wealth in
large parts of the world, there is an ongoing concern
about food security, as the increase in the agricultural
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land is limited (e.g., FAO 2012). In history, mankind has
been worried about our ability to produce enough food
for the growing population. We refer often to Malthus’
“Essay on the Principle of Population, as it affects the
Future Improvement of Society”, published in 1798 and
to Sir William Crookes, who in his Presidential Address
to the British Association for the Advancement of Science in 1898 appealed to the chemists: “The fixation of
atmospheric nitrogen is one of the great discoveries,
awaiting the genius of chemists.” The invention of
chemical nitrogen fertilizer has without doubt contributed to increased world food production by resolving
the limitation of N in agricultural systems. After a period
of intensive research, the Haber-Bosch process was fit to
chemically produce ammonia on an industrial scale and
this formed the basis of fertilizer production. The chemical N-fixation and the industrial Haber-Bosch process
for ammonia production is now one of the most efficient
and most used processes in the chemical industry and
thereby one of the most important inventions in mankind (Smil 2001; Erisman et al. 2008).
Nowadays, again there is a strong appeal to scientists
to increase food production to feed our growing population (more than 9.8 billion in 2050, UN 2017) and to
improve the nutrition of almost one billion, that are
undernourished (FAO 2018). This time, however, the
call is not addressed to chemists to solve the nitrogen
issue, but much broader, to natural and social scientists
in general. Intensification of agricultural land to close
the so-called yield gap is seen as the basis for ending
hunger, the second Sustainable Development Goal of
the UN (SDG 2016). Many reports and papers address
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the issue of global food security, the closing of the yield
gaps, diets, and food waste (Bruulsema et al. 2009;
Tilman et al. 2011; Godfray et al. 2010; FAO, Foley
et al. 2011; Mueller et al. 2012). Others warn caution
against the environmental and climate consequences of
intensification of agriculture (e.g., Balmford et al. 2018;
Willett et al. 2019). There is also a growing awareness of
the relation between food/diet, lifestyle, and diseases,
such as obesity, cardio-vascular disease, etc. It is estimated that in the top 10 of death causes food related
diseases make up a large part (WHO 2018a).
The question is, if food quality is relevant in relation
to food security, lifestyle, and food safety to merit more
attention. This paper discusses the knowledge about
food quality in relation to human health and the value
of nature-based agricultural solutions. The paper starts
with an overview of the trends in food quality, followed
by a literature overview of potential explanations of
changes in food quality. Then the microbiology of food
and health is discussed in relation to land-based and
landless food and finally nature-based solutions are
proposed to support the microbiological aspects of food
and health.

Changes in food quality
There has been relatively little attention to the effect of
fertilization on food quality. The nutrient content of food
crops has decreased during the past decades in the USA
(Davis et al. 2004), UK (Mayer 1997) and Switzerland
(Pharmaceutical company Geigy 1985 (Switzerland);
Food Laboratory Karlsruhe/ Sanatorium Oberthal)
(Fig. 1). Climate change and the elevated levels of
CO2 in the atmosphere might have contributed to these
changes (Dietterich et al. 2015; Myers et al. 2014).
However, there are different other hypothesis. Davis
(2009) introduced the dilution effect, being the increases
in yield and decreases in nutrient content. There could
be an effect of fertilization on nutrient contents of crops.
However, there could also be an effect of crop breeding
focused on growth rather than quality of crops.
Food quality is basically a healthy diet as advised by
WHO (WHO 2018b). Food quality is defined here, as
the components humans need to be healthy and resilient.
Plants are biochemically complex organisms, capable of
synthesizing a nearly full complement of essential dietary micronutrients (the exceptions being vitamins D
and B12). These include the well-known components,

such as macro and micronutrients (essential fatty acids,
oils, vitamins, amino acids, antioxidants, fibers, minerals, trace elements). Furthermore, there is a range of
components in food where we suspect that they have a
function, but we do not know which. Research so far
focused on the function of individual components in
relation to health or healing properties. The interaction
between the components is unstudied and therefore
unknown. Furthermore, there is an open research area
about the relation between the microbiome in different
natural and human systems and its effects on health.

Land-based or landless food?
Diets play an important role in food security and ecological aspects (Foley et al. 2011; Willett et al. 2019). A
balanced diet rich in fruit and vegetables, regardless of
how these are produced, has been recommended
(Magkos et al. 2003; WHO 2018b). However, here it
is argued that from a health aspect, this recommendation
is incomplete. Recently a lot of research has been focused on the human microbiome and the relation to
diseases. The new DNA sequencing techniques made
it possible to study the microbiome of the human gut,
plants, soils, etc. A range of diseases are related to
distortion of the human microbiome (e.g., Blum 2017).
The human microbiome is closely related to the plant
and soil microbiome, and it is hypothesized that the
consumption of fresh land-based (nature-based) food
contributes to an adequate human microbiome. If so, a
diet composed of ultra-processed and/or landless produced food should at least be accompanied by a share of
fresh food to maintain and support good health. Through
the ultra-processing of food, the micro-biology is
changed and its functionality reduced and certain landless foods such as algae or weeds contains a different
microbiome than that of nature-based food. Therefore,
land-based food is essential in a diet to maintain the
microbiological cycle and therewith the resilience of
humans through a healthy microbiome. Research is
needed to demonstrate what the share of nature-based
food should be to maintain the human microbiome and
whether this should be of local and regional origin.
Furthermore, research should be done on the effect of
using chemicals in agriculture affecting the microbiology in soils and plants and therewith the human
microbiome (Tsiafouli et al. 2015; Blum et al. 2019).
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Fig. 1 Minerals and vitamins measured in three different years in mg per 100 g food. Source: Pharmaceutical company Geigy 1985
(Switzerland); Food Laboratory Karlsruhe/ Sanatorium Oberthal

The consequence is that land-based food should be
focused on the production of crops, dairy products, and
meat focused on safe nutritious food but also with an
adequate microbiology. For this, new approaches are
probably necessary, because it requires a whole new
research area, focused on a new component of food.
However, one might reason that biodiversity and food
produced with limited amount of chemicals is essential.
For this, we developed the nature based food production, which is good for biodiversity, diverse food, microbiology, and limiting environmental impacts.

Nature-based food production
Nature-based agriculture is a form of sustainable agriculture and part of a resilient ecosystem and food system. It makes optimal use of ecological processes and
integrates them into farming practice. Nature-based agriculture also directly contributes to the quality of the
natural environment itself, producing food within the
boundaries set by the environment and having a positive
impact on biodiversity. There are various connections
and interactions between these dimensions. They refer

to the four interconnected elements described in the
conceptual framework for biodiversity in sustainable
dairy farming (Erisman et al. 2016, Fig. 2):
1. Functional agro-biodiversity (aimed primarily at
soil quality, mineral cycles and plants).
2. Landscape diversity (in particular landscape elements on the farm itself, of benefit to functional
agro-biodiversity).
3. Source areas and wildlife corridors (in particular,
measures at landscape scale, coordination between
Nature Network Netherlands, management, exchanges between areas, etc.).
4. Specific species (additional measures for species
conservation and support). This level is, apart from
the first three, not connected to agricultural production rather than societal demands to restore and
maintain specific species.

Nature-based agriculture using and supporting the
microbiology requires a link between functional agrobiodiversity and natural values, such as landscape and
specific target species. The soil landscape and
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Fig. 2 Conceptual framework for sustainable dairy farming (Erisman et al. 2016)

hydrology determine the type of agriculture that fits best
in terms of using the natural microbiology and ecology
of the system. Healthy soil, which can hold and deliver
water and nutrients, sequester carbon, and maintain soil
life, is essential (Pilar 1 Fig. 2). The role of healthy soil
in agriculture is supported by landscape elements which
have a dual function: they form the basis for functional
agro-biodiversity, like pollination and pest control, and
support specific target species. These are species (such
as farmland birds and meadow birds) which represent
the natural quality of the agricultural landscape and are
dependent on specific habitats (Pilar 2 Fig. 2). Nature
and landscape quality can be further enhanced through
proper coordination within a region (Pilar 3 Fig. 2). The
foundation is thus laid for both a productive agriculture
and for target species. However, additional measures,
including postponed mowing dates for grass at the expense of production on the farm, are also needed in
order to protect and support those species (Pilar 4
Fig. 2).

Conceptual framework in practice
Nature-based agriculture has in the Netherlands contributed to financially resilient farms in practice: they are
low-risk because of the low financial burden because of
the limited inputs and are more resilient at all levels
(ecological and also economic), according to an initial
assessment (Erisman et al. 2016; Erisman and
Verhoeven 2019). While the biodiversity is high and
environmental burden of these farms is low, the microbiology has not been assessed and therefore it is unknown of the food from these farms can contribute to an
adequate human microbiome. More research is needed
to assess the relations between farm management and its
microbiology. Furthermore, more research is also needed to determine how the conceptual framework for
nature-based agriculture can help restore deteriorated
agricultural systems and/or build up productive agricultural systems in areas where there is a shortage of food
and production levels are low.
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It is relevant that nature-based farms in the Netherlands have a long-term vision. The conceptual framework
is now applied in the dairy sector by the major dairy
cooperation in the Netherlands, FrieslandCampina. It
introduced a Key Performance Indicator (KPI) system
based on the conceptual framework to integrally direct
the dairy farmer towards sustainability (Van Laarhoven
et al. 2018). The KPIs indicate a farm’s score on biodiversity and whether a farm is on track to meet the objectives set. The KPIs constitute an integrated set which
collectively reflect biodiversity and more general sustainable performance. This means that KPIs are not applied
individually; they balance each other out. KPI “percentage of protein produced on the farmer’s own land” is an
important KPI for Pillar 1 (“functional
agrobiodiversity”), but can also serve as an incentive to
increase grassland production per hectare, when in fact
this could have a negative impact on biodiversity. By
including the KPI “nitrogen surplus in the soil” and a KPI
for “herb-rich grassland” in the set of KPIs, this potential
negative side effect is offset. For dairy farmers focusing
on the KPI “carbon equivalents per kilogram of milk,”
efficiency-focused measures would be an obvious choice,
as increasing milk production while keeping the size of
the cattle population roughly the same and with the same
level of emissions will improve performance. A focus on
efficiency could initiate intensification, which could have
a negative effect on biodiversity and animal welfare. This
is balanced out by KPIs related to the degree to which
they rely on the land, e.g., the KPI “ammonia emissions
per hectare” and the percentage of protein produced on
their own land.

Conclusions
In this paper, I discuss nature-based agriculture as a way
to provide high quality and healthy food within the
limits of the environment. Healthy food is here defined
as being more than safe and nutritious food and also
includes the circularity of microbiology to provide a
healthy microbiome in each part of the food cycle.
Healthy diets require land-based food in order to maintain this microbial cycle. Landless food can contribute to
provide a part of the required nutritious food in healthy
diets, but it is hypothesized that nature-based food is
essential to also maintain an adequate human
microbiome.

Funding information This work was funded by the Louis Bolk
Institute.
Compliance with ethical standards
Conflicts of interest/competing interests Not applicable.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party
material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of
this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
Balmford A, Amano T, Bartlett H, Chadwick D, Collins A,
Edwards D, Field R, Garnsworthy P, Green R, Smith P,
Waters H, Whitmore A, Broom DM, Chara J, Finch T,
Garnett E, Gathorne-Hardy A, Hernandez-Medrano J,
Herrero M, Hua F, Latawiec A, Misselbrook T, Phalan B,
Simmons BI, Takahashi T, Vause J, zu Ermgassen E, Eisner
R (2018) The environmental costs and benefits of high-yield
farming. Nat Sustain 1:477–485 https://doi-org.vu-nl.idm.
oclc.org/10.1038/s41893-018-0138-5
Blum HE (2017) The human microbiome. Adv Med Sci 62(2):
414–420. https://doi.org/10.1016/j.advms.2017.04.005
Blum WE, Zechmeister-Boltenstern S, Keiblinger KM (2019)
Does soil contribute to the human gut microbiome?
Microorganisms 7:287
Bruulsema T, Lemunyon J, Herz B (2009) Know your fertilizer
rights. Crop Soils 42:3–18
Davis DR (2009) Declining fruit and vegetable nutrient composition: what is the evidence? Hortiscience 44(1)
Davis DRE, Epp MD, Riordan HD (2004) Changes in USDA food
composition data for 43 garden crops, 1950 to 1999. J Amer
Coll Nutr 23669682
Dietterich L, Zanobetti A, Kloog I et al (2015) Impacts of elevated
atmospheric CO2 on nutrient content of important food
crops. Sci Data 2:150036 https://doi-org.vu-nl.idm.oclc.
org/10.1038/sdata.2015.36
Erisman JW, Verhoeven FPM (2019) Kringlooplandbouw in de
praktijk: Analyse en aanbevelingen voor beleid. Rapport
2019–013 LbP. Bunnik, Louis Bolk Instituut 41 p. (in Dutch)
Erisman JW, Sutton MA, Galloway J, Klimont Z, Winiwarter W
(2008) How a century of ammonia synthesis changed the
world. Nat Geosci 1:636–639

Org. Agr.
Erisman JW, Van Eekeren N, Koopmans C, De Wit J, Cuijpers W
et al (2016) Agriculture and biodiversity: a better balance
benefits both. AIMS Agricul Food 1:157–174
FAO (2012) The state of food and agriculture. FAO, Rome ISBN
978-92-5-107317-9
FAO (2018) http://www.fao.org/news/story/en/item/1037253
/icode/. Accessed Feb 2020
Foley JA, Ramankutty N, Brauman KA, Cassidy ES, Gerber JS,
Johnston M, Mueller ND, O’Connell C, Ray DK, West PC,
Balzer C, Bennett EM, Carpenter SR, Hill J, Monfreda C,
Polasky S, Rockström J, Sheehan J, Siebert S, Tilman D,
Zaks DPM (2011) Solutions for a cultivated planet. Nature
478:337–342
Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D,
Muir JF, Pretty J, Robinson S, Thomas SM, Toulmin C
(2010) Food security: the challenge of feeding 9 billion.
People. Science 327:812–818
Magkos F, Arvaniti F, Zampelas A (2003 Sep) 2—3. Organic
food: nutritious food or food for thought? A review of the
evidence. Int J Food Sci Nutr 54(5):357–371
Mayer AM (1997) Historical changes in the mineral content of
fruits and vegetables/ Brit. Food J 99207211
Mueller N, Gerber J, Johnston M et al (2012) Closing yield gaps
through nutrient and water management. Nature 490:254–
257 https://doi-org.vu-nl.idm.oclc.org/10.1038/nature11420
Myers SS, Zanobetti A, Kloog I, Huybers P, Leakey ADB, Bloom
AJ, Carlisle E, Dietterich LH, Fitzgerald G, Hasegawa T,
Holbrook NM, Nelson RL, Ottman MJ, Raboy V, Sakai H,
Sartor KA, Schwartz J, Seneweera S, Tausz M, Usui Y
(2014) Increasing CO2 threatens human nutrition. Nature
510:139–142
Pharmaceutical company Geigy (1985) (Switzerland); Food
Laboratory Karlsruhe/ Sanatorium Oberthal Herbalife
website: http://www.herbalvitality.info/articles/nutrients_in_
food.html. Accessed Feb 2020
S D G
( 2 0 1 6 )
h t t p s : / / w w w . u n .
org/sustainabledevelopment/sustainable-developmentgoals/. Accessed Feb 2020

Smil V (2001) Enriching the earth. MIT Press
Tilman D, Balzer C, Hill J, Befort BL (2011) Global food demand
and the sustainable intensification of agriculture. Proc Natl
Acad Sci U S A 108:20260–20264
Tsiafouli MA, Thebault E, Sgardelis SP, de Ruiter PC, van der
Putten WH et al (2015) Intensive agriculture reduces soil
biodiversity across Europe. Glob Chang Biol 2:973–985
U N
( 2 0 1 7 )
h t t p s : / / w w w . u n .
org/development/desa/en/news/population/worldpopulationprospects-2017.html. Accessed Feb 2020
Van Laarhoven G, Nijboer J, Oerlemans N, Piechocki R, Pluimers
J (2018) Biodiversity monitor for the Dutch farming system
(http://biodiversiteitsmonitormelkveehouderij.
nl/docs/Biodiversiteitsmonitor_engel s.pdf). Accessed
Feb 2020
WHO (2018a) https://www.who.int/en/news-room/factsheets/detail/the-top-10-causes-of-death. Accessed Feb 2020
WHO (2018b) Healthy diet. Fact sheet no 394. https://www.who.
int/who-documents-detail/healthy-diet-factsheet394.
Accessed Feb 2020
Willett W, Rockström J, Loken B, Springmann M, Lang T,
Vermeulen S, Garnett T, Tilman D, DeClerck F, Wood A,
Jonell M, Clark M, Gordon LJ, Fanzo J, Hawkes C, Zurayk
R, Rivera JA, de Vries W, Majele Sibanda L, Afshin A,
Chaudhary A, Herrero M, Agustina R, Branca F, Lartey A,
Fan S, Crona B, Fox E, Bignet V, Troell M, Lindahl T, Singh
S, Cornell SE, Srinath Reddy K, Narain S, Nishtar S, Murray
CJL (2019) Food in the Anthropocene: the EAT–lancet commission on healthy diets from sustainable food systems.
Lancet 393:447–492
Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.

