The role of microbiological indicators for soil quality and health: A perspective for sustainable

development and land management

Lorenzo Nolfi 12, Arianna Bindo!*', Luciana Di Gregorio 1 Manuela Costanzo !, Roberta Bernini?, Giovanna Cristina Varese 3, Ioannis Manikas®,

&% UNIVERSITA

= 2 T DEGLI STUDI DELLA
G LM hh‘} Y [J_ SC:[_Z &

Ansa Paloijirvi’and Annamaria Bevivino!
|

+ These authors contributed equally to this work.

1 ENEA, Italian National Agency for New Technologies, Energy and Sustainable Economic Development, Rome, Italy;
2 Department of Agriculture and Forest Sciences, University of Tuscia, 01100 Viterbo, Italy;

3Department of Agricultural, Forest and Food Sciences (DISAFA), University of Torino, Italy;

4Czech University of Life Sciences, Prague, Czech Republic; UNIVERSITA
SNatural Resources Institute Finland (Luke) FI-20520 Turku, Finland; DI TORINO
Backgound: e Soil e law CAP Analvsi
. : oll monitoring law nalysis:
 Importance of Soil Health: Fundamental for environmental B ANNEA Sl N , dg | dy
: o : .. 1SSIn indicators relate to
sustainability and agricultural productivity. Exframe Wacthar Evant. Wind, . & d; . 4
. . . . : : : Fungi, Pest, Drought, Floods, Rhizobacteria, Biopesticide, enetic 1versit taxa an
« Microbiological Indicators: Includes microbial biomass, N P,K, S, Tillage, Greenhouse, Wind, Fungi, Pest, Drought, Ok Banl st iy S o , S ’
> PRIVERS ' CoverCrops, Crop Rotation, (¥ oy e gt Breeding Techniques, Organic antibiotic-resistant genes. These

Pesticide, Tillage, Cover Crops,

Crop Rotation, Land Use, Water

Quality, Mitigation, Wastewater,
Ecosystem

Land Use, Feed, Water
Quality, Mitigation,
Greenhouse Gas, Carbon
Sequestration, Ecosystem,
Productivity

enzymatic activity, and microbial community diversity. Agriculture, Precision Farming,

Antibiotic Use, Microbioma,

e gaps highlight areas needing more
One Healt

- Study Focus: Investigates the application of microbiological

comprehensive monitoring and

indicators to evaluate soill management policies.

. European Initiatives: Emphasis on recent initiatives aimed at regulation to ensure soil health and

sustainability.
Desertification, SWI, CO2,

Carbon Cycle, Yield, Soil,

Genetic Diversity, Taxa,
Antibiotic Resistant Gene

Desertification, Earthworm, Soil

enhancing soil quality, particularly the Soil Monitoring Law. |
Moisture, Soi

E INDICATORS

Temperature
60-70%
Clear Soil Health Definiti
0 F E U S 0 I LS ngsmal chee?nrlca?[andet:aioggcaal l:::nlf;:on of lttlie soil
ARE NOT ety e LFaVINE Beosys e Ao ces . .
Big Data Thematic map:

HEALTHY : . : :
_ The thematic map organizes various soil

health topics their
(Centrality) and degree of development

soil organic
organic carbon
carbon soc

Meonitoring
Solid and coherent monitoring framework

based on relevance

microbial community
microbial communities
community structure

: soil health
climate change
-crepping systeeR produsction—
cover cropsi
conventional tillage

Sustainable Soil Management

rules for sustainable sail
management

(Density). This map i1s the result of a

o o e e e e e e o s e

bibliometric analysis of approximately 8000

soil quality scientific papers using Bibliometrix (RStudio
management practices

organic matter

Data Collection

Member States will monitor and assess soil
health, providing data for improved soil
management practices

Development degree
(Density)

Ver.4.3.1). It addresses existing gaps in the

soil samples
L quality index
. _principal component

Soil Monitoring Law. Key Findings:

I
I
I
Contaminated Sites :

« Microbial Communities: Specialized but

requiring Member States to identify,
map, investigate, and remediate them

well-developed area of research. This

Relevance degree

. suggests that microbial communities are of
(Centrality)

Agricultural Policy Vosviewer Analysis:

Despite 1ts peripheral position in the diagram, the term "microbiome" remains great interest and extensively studied,

despite being niche topics.
« Soil Health and Climate Change: Located

near the center, these topics show good

interconnected with crucial terms, underscoring its significant role 1n influencing
so1l health and agricultural productivity within European legislative discussions

on sustainability. This analysis was conducted using VOSviewer to examine

relevance and steady development,

various European policies.

« Microbiome's Connections: The diagram reveals that the microbiome 1is highlighting the growing importance of

linked to key concepts such as soil health, precision farming, water quality, these 1ssues in soil health research.

and crop rotation. These connections highlight its relevance in sustainable » Soil Quality and Management Practices:

As Basic Themes, they need more study to
the of Motor

emphasizing the need for further research

agriculture and environmental management.

reach level Themes,

o Integrated Approaches: The microbiome's interaction with terms like "One

Health" and "precision farming" suggests its potential to address both

human and environmental health. This indicates that microbiome research and development in these fundamental

can contribute to integrated approaches for holistic health solutions. areas.
 Legislative Implications: The visual representation emphasizes the necessity
of 1ncorporating microbiome research into the Soil Monitoring Law and
broader policy frameworks. >
2 Conclusion
=l Data Mining Analysis in EU Project:
ylela A . Broad Focus : The Soil Monitoring Law stands
soll organic matter - : . : . . o
_ out for 1ts comprehensive approach, emphasizing Soil Monitoring Law Gaps: The Soil Monitoring Law lacks
soil health 2 wide ranee of kevwords includine 'soil health' indicators related to genetic diversity, taxa, and antibiotic-
salinity g Y g ’ resistant genes. These omissions highlight the need for
y : : e e . :
- sustainability', and 'biodiversity'. This broad more comprehensive monitoring and regulation to ensure
ST : - - soil health and sustainability.
pollution focus 1ndicates a commitment to integrating
plant growth Frequency ecological health and sustainable practices within
ph 160 regulatory frameworks. Microbiological Indicators: Indicators such as microbial
_ H Health d Envi 11 biomass, enzymatic activity, and microbial community
O organic matter 120 uman ealth an nvironmental Impact diversity are essential for evaluating soil health. Integrating
g nitrification Unlike other projects, the Soil Monitoring Law these into the Soil Monitoring Law can enhance its
= : : N . effectiveness.
C microbiome 80 also prioritizes 'human health' and 'emissions'.
numan Eaki 10 This integrative perspective links soil quality
fungi directly with human well-being and broader Integration with European Initiatives: As part of broader
fertilizer . . 0 , , , , , European efforts to improve soil quality, the law integrates
——— environmental 1mpacts, showcasing its unique findings from extensive bibliometric analysis, highlighting
emissions '

crop growth

Comparative Emphasis In contrast to EU

management.

contamination projects  which concentrate on agricultural
hiomass productivity through keywords such as _ Microbiome's Central Influence: The microbiome is
Diodiversity fertilizer’, "biomass’, ‘ph', and 'vield', the Soil - (C PN Ciiiinabilty measures. s integration inthe taw undertines
bacteria Monitoring Law incorporates broader its _significance in advancing sustainable agricultural and

" : : iy : : environmental management.

£ £ 3 environmental and sustainability 1ssues. This —

% : % 2 z 5 % %ﬂ highlights its role as a regulatory framework >
o & = 3 @ 3 E é aimed at long-term environmental stewardship Framework for Future Legislation: The Soil Monitoring Law
% § 3 and soil ecosystemenhancement. exemplifies how integrating scientific research into

Acknowledgments: This research was supported by ECO-READY Project funded by the European

Union’s HORIZON-CL6-2022 research and Innovation programme under grant agreement

legislative frameworks can address both agricultural
productivity and long-term environmental sustainability,
setting a model for future policies.

Eco
Ready

DeliSoil

Delivering soil improvers from c:rculor food
production processes to boost soil health

N 107084201. https://www.eco-ready.eu

Delisoil Funded by the European Union under the Horizon Europe Program, Grant Agreement No.
107712855 (DeliSoil). https://delisoil.eu



