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From soils to “soil systems”



What does “regenerative” mean?

Did you know that regenerative 
farming does not have to mean 

only traditional management, but 
also engineered systems?
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Sown Biodiverse Pastures (SBP)
A biodiversity engineering innovation

Permanent, as they are self-reseeding and can be 
maintained for at least 10 years (in some cases 25 years)

Sown, because high-yield native species are introduced 
into the pasture

Biodiverse, because up to 20 species or varieties of plant 
seeds are used

Rich in legumes, because many species are legumes that 
sequester nitrogen from the atmosphere and avoid the use 
of additional fertilizer

Each hectare of SBP 
- Avoids the use of approximately 0.5 hectares of farm land
(Higher yield -> Less concentrate feed consumption)



10-year average: 6,5 tCO2/ha/year

Carbon sequestration potential

Sown biodiverse pastures

Semi-natural pastures

Teixeira, R. F. M., Domingos, T., Costa, A. P. S. V., Oliveira,
R., Farropas, L., Calouro, F., ... & Carneiro, J. P. B. G.
(2011). Soil organic matter dynamics in Portuguese
natural and sown rainfed grasslands. Ecological
Modelling, 222(4), 993-1001.



10-year average: 6,5 tCO2/ha/year

Carbon sequestration potential

Sown biodiverse pastures

Semi-natural pastures

Per capita greenhouse gas emissions



Supported by the Portuguese Carbon Fund
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21%

76%

Medida agro-ambiental

Susbídio

Pagamento de um serviço ambiental

Producers see their role as service providers (76%) 
rather than receivers of a subsidy (21%) 

Farmers understood their role as service providers



Supported by the Portuguese Carbon Fund



How do we manage such a system?

Teixeira, R. F., Proenca, V., Crespo, D., Valada, T., &
Domingos, T. (2015). A conceptual framework for the
analysis of engineered biodiverse pastures. Ecological
Engineering, 77, 85-97.



A framework for effective “Agriculture 4.0”



New methods for data acquisition

Calibration of 
algorithms

Sampling and lab 
analysis

Field spectroscopy

Drone flights

Satellite data



Modelling can help make recommendations

Analysis and
interpretationStatistical modelling

+ Process-based
modelling

Development of
management 

recommendations
for farmers Monitoring of

results



Identifying pastures and grazing

Project “GrassData” 
(DSAIPA/DS/0074/2019)

Pasture Identification

XGBoost
ANN

Satellite data



Identifying pastures and grazing

Project “GrassData” 
(DSAIPA/DS/0074/2019)

Pasture IdentificationDrone data

Source: Vilar, P. et al. (2020). Object-based Classification Approaches 
for Multitemporal Identification and Monitoring of Pastures in 
Agroforestry Regions using Multispectral Unmanned Aerial Vehicle 
Products. Remote Sensing
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Object-based 
classification



Identifying pastures and grazing

Tracking animal movement and intake

Sensors in collars (GPS, temperature, 
accelerometer)

• Amount and quality of pasture ingested 
(in combination with satelite and drone 
images)

• Nutrient inputs to soil (with chemical 
analysis of faeces and urine)

Projects “GreenBeef” 
and “Sheep 4.0”



Estimating pasture yield and quality using satellites



Acting on the system – precision fertilization

Operational group 
“GO Fósforo”



Estimating soil organic carbon using satellites

Operational group 
“GO Solo”



Estimating soil organic carbon using satellites

Operational group 
“GO Solo”

Source: Morais, T. G., Jongen, M., Tufik, C., Rodrigues, N. R., Gama, 
I., Serrano, J., ... & Teixeira, R. F. Satellite-based estimation of soil
organic carbon in Portuguese grasslands. Frontiers in Environmental
Science, 11, 1240106.



Estimating soil organic carbon with digital photography

www.virtuacrop.com

http://www.virtuacrop.com/


Estimating soil organic carbon with digital photography



Take home messages

“Regenerative farming” can use sustainable intensification and engineered systems

Sown biodiverse pastures are an example of regenerative engineered systems

Technology can help manage complex soil systems

Technology and engineering can be allies of regenerative farming, not necessarily foes



Thank you!

ricardo.teixeira@tecnico.ulisboa.pt

Special thanks to Tiago Domingos, Tiago Morais, Nuno Rodrigues, Ivo Gama, 
Gonçalo Marques and Manuel Paiva dos Santos for producing some of the elements 

in this presentation

This presentation was supported by projects “BLOCKCHAIN.PT – Descentralizar Portugal com Blockchain” (Contract n.º 51), financed by 
IAPMEI/PRR (Agendas Mobilizadoras para a Inovação Empresarial) and “STEP UP - Improving Sustainability of European Livestock 

Farming”, financed by Horizon Europe (contract no. 101136785).
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