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New Agri-Food Value Chains, including the Bioeconomy

Some Initial Ideas on Implementation of New Technologies

The Global Context for the Teagasc
Foresight: Global Megatrends and Drivers of
Change
• Food and Nutrition Security
• Increasing population and income
• Climate Change
• Pressure on Natural Resources
• More Sustainable Lifestyles and Consumption Patterns
• Growth of Bioeconomy and Circular Economy

Needed Transformations in Global
Agri-Food
Degradation

Food Safety

Sustainability

Waste

To address the unprecedented challenges that lie
ahead the food system needs to change more radically
in the coming decades than ever before, including
during the Industrial and Green Revolutions”. (UK Food
and Farming Foresight, 2011, p.176)
Carbon
emissions

Water

Biodiversity
loss

Scarcity of
natural
resources

Science and Technology
Sustainable intensification is not defined in terms of any specific technologies or
farming practices
The most important goal is that if a technology results in efficient food
production without adverse ecological consequences, then it is likely to
contribute to the system’s sustainability

Need a multifaceted research portfolio that helps build capacity in modern
biotechnology and other platform technologies, but also strengthens capacity in
traditional crop and animal sciences and technologies, as well as embracing
traditional local technologies
Teagasc Technology Foresight presents five areas of transformative technology
for a sustainable, competitive and resilient Irish Agri-Food Sector in 2035

.

1. Genomics in plant and
animal breeding and
management
Low cost genotyping and sequencing has enabled this
technology area to develop rapidly
Genomic selection in dairy cattle is one successful
application

Evolution of cross cutting technologies

•
•
•

•
Cattle genotyping cost €275
(2008)  €22 (2015)

Crop genome sequencing
technologies evolving rapidly

•

BIG DATA: 1 million animals *
50 m DNA variants in 2017

2012 – ‘454 sequencing’ was
premier system but…

•

2016 – Superseded by
Illumina/PacBio systems; leads to
greater ‘depth of read’ & >
confidence in data

•

Cost has decreased ~50%, while
no. reads (= output) increased ~5X

More accurate prediction of
animal genetic merit – 50%
increase in ΔG

Future applications for livestock?
•
•
•

•
•
•

Beef genomic selection in 2016 – sheep possibly in 2017
New traits

•

Animal health, meat and milk quality, feed intake

•
•
•

Full (imputed) sequence $15m  $7.08
Better prediction of total genetic merit
Large scale genomic mating plans

•

More real-time and accurate predictions

•

Superior management recommendations

Lower cost genotyping at higher density

More efficient and effective computer prediction models and
hardware
Holistic, real-time, dynamic, stochastic & precise low-cost
decision support tools
Increased overall, balanced performance (genetics +
management)

Future applications for crops?
•

Breeding programmes will characterise breeding lines of interest
via mainstream ‘genotype-by-sequencing’
•

•

Transcriptome sequencing (RNAseq) of breeding material will
allow rapid association of gene(s) with high value traits
•
•

•

Applied to germplasm grown under controlled/field conditions
Real opportunity to deliver novel varieties with for example
improved disease resistance, NUE, abiotic stress…

Genome editing will deliver the ‘proof-of-concept’ based on
functional genomics studies
•

•

Allow quicker identification of ryegrass, potato, cereal lines with
high agronomic potential for GxExM field analysis

Gene activity can be modulated (up/down/off) within crop
genomes via ‘molecular scissors’ to edit what is already there

Supported by ‘ease-of-use’ computational resources to facilitate
decision making

2. The microbiota
The totality or community of microbes in a particular
organism, place or environment
(human microbiota, gut microbiota, soil microbiota, etc)
Next generation DNA sequencing allows us to study the whole
microbial community whereas traditional culturing only allowed a
fraction to be grown and studied

Illumina NextSeq

Exploitation of the Agri-Food Microbiota
The Human Microbiota has received much recent attention
• Sub-sets of the microbiota include gut, oral, virginal, skin etc
• Rapidly expanding evidence that the human microbiota influences
development and health status (both physical and mental)
- Microbiota changes with age, level of general fitness and the
foods we eat
- Impacts on level of obesity and type II diabetes, has a role in
inflammation and immunity, impacts on muscle and bone
health, relationship between food and mood and cognitive
development
• Human gut microbiota is influenced by food intake, exercise, health
and environment (and can be manipulated by these factors)
Manipulating and controlling the human microbiota has significant
potential in promoting enhanced health and fitness levels
Exciting potential to apply these techniques to animal, soil and plant
microbiata

What can be achieved using this approach?
•

•

•

Human:
• Development of dairy based fermentates to promote growth of Bifidobacteria
(On-going work at Teagasc)
• Potential of Lb. mucosae to reduce blood cholesterol (On-going work at
Teagasc)
Animal:
• Application of Bacillus and Lactobacillus pro-biotics in poultry feed
(http://animalnutrition.dupont.com/fileadmin/user_upload/live/animal_nutrition
/documents/open/Feed-probiotic-DFM-Enviva-PRO-Danisco-Animal_Nutrition.pdf)
• Use of feed supplements to decrease methane production
(http://onlinelibrary.wiley.com/doi/10.1002/jsfa.7481/full)
Soil/Plant:
• Application of fungus to increase yield of cassava by 20% (
http://modernfarmer.com/2014/04/microbes-will-feed-world-real-farmersgrow-soil-crops/)
• Manipulating microbiota through mineral balance to increase organic matter
in soil (http://grist.org/food/the-secret-to-richer-carbon-capturing-soil-treatyour-microbes-well/)

What future developments can be expected?
•

•
•

•

NGS technology will continue to evolve, but already this is not
the main limiting factor and Teagasc are well established in
this space
Expertise in bioinformatics and new developments in this
space will be critical to maximising our impact
Exploitation of our existing expertise in food, plant & soil
science and animal husbandry to mine and apply the data
from microbiota research needs to be central to our mission
Over the next 15-20 years we can expect:
• Very significant applications in this area that will involve
enhanced agricultural efficiency, reduced emissions,
lower animal/plant disease levels, enhanced food quality,
foods to promote health etc
• Just as the “Internet of Things” is now becoming a reality
the “Microbiota of Things” will have become established
as a key driver in agriculture and food

3. Digital technologies
Suite of technologies that involve the application of
ICT, sensing, robotics, data analytics and other digital
technologies to agriculture

Conceptual framework for digital technologies
Measure

• Sensors
• Weigh, lab measurement, examine
• IoT

Capture

• Have to get data from sensor, abbatoir , etc into a database
• Need connectivity

Integrate

• Combine the databases for additional benefit
• Big data

Analyze

• Make sense of the data – turn it into information
• Data analytics

Deliver

• Deliver used Decision Support systems

Evolution of Digital Technologies on the
Farm
• Access to timely information has become essential for farmers around the
world, including accessing weather, market prices and general advisory
information on products, equipment and techniques
• The advent of computers, development of the Internet and the universal
availability of mobile phone technology have all greatly facilitated farmers’
access to countless information sources
• ICT is already being applied extensively within the agricultural and food
industries for both improved efficiency and productivity
• R&D into the further integration of digital technology and agricultural
productivity continues with investigation of new ways to utilise everincreasing computing power and more accurate sensors
.

How can digital technologies help this farm?

How can digital technologies help this farm?

Genotyping the
herd

Many more:
robotic milking, animal monitoring,
milk supply forecasting, nutrient
management, weather
forecasting, environmental
measurement…..
Biosensors in
veterinary
diagnostics

Warning
and virtual
fence lines
GPS

Grazing
Allocation

Exclusion
Zone

Digital Technology in Arable Farming Today

Digital Technologies: Further Advances in
Future
•

•

•
•

•
•

The Internet of Living Things: Networks of low-cost sensors, actuators
and wireless networks for data collection and process monitoring of crops,
livestock and agricultural eco-systems
Advanced robotics: Robots with enhanced senses, dexterity, and
intelligence used to automate tasks or augment humans, such as
harvesting fruit and controlling weeds and pests
Autonomous farm vehicles: Vehicles that can navigate and operate with
reduced or no human control to herd livestock and harvest crops
‘Farms in the Cloud’: The simulation of real-time agricultural processes
using data and algorithms
Mobile broadband internet: Inexpensive and capable mobile computing
devices with high-speed internet connectivity to the farmer in the field
Decision support: Intelligent software that can perform farm planning
tasks, and support decision-making and optimize large-scale production
processes.

Future Impacts of Digital Technology
• Enable farmers to monitor each individual crop or animal on the farm
and manage production and harvesting using that knowledge
• Will deliver more flexible and ever-more precise agriculture
• Add traceability to the farm’s menu of information services and
underpin high food safety standards
• Use less inputs on-farm, but produce more output using intelligent
machines
• An increasingly valuable output will be the transformed raw data and
meta-data arising from information- rich agricultural practices that will
add more value to the farm’s products (data sold with the product)
• These opportunities could be held back through inappropriate
proprietary system/technology lock-out
• The massive quantity of raw data generated across the entire agri-food
supply chain presents a significant systems integration task

4. Advanced Food
Processing
Technologies

Key Technologies – A vision for 2030












Primary production and food processing (nutrient mapping)
Advanced manufacture - next generation food processing technologies
Food structure: soft matter / food physics (foods optimised for maximum
nutrient density)
Process analytical technology (PAT); in-line sensors in food processing,
rapid techniques for quality and safety
Bio-transformation
New value chains (novel separation technologies for side streams)
Technologies for water / energy reduction
Preserving quality (packaging, logistics, safety, reduced wastage)
Advanced analytics for chemical composition and safety of food
Big data (engaging with the consumer, food scanners, food traceability)
Sensometrics

Advanced Manufacture: Next
Gen-Food Processing
Novel thermal and non-thermal technologies (including
water reduction and energy reduction). Extending shelf
life: laser cutting of meat and cheese etc. to reduce water
used and waste (traditional cutting systems causes
spoilage); freeze drying, cryogenic drying, plasma (cold
plasma) for drying, powder porosification. Ultrasound for
rehydration / emulsification, photopurification using UV for
reduction in microbial load to extend shelf life.

Highly porous powder particle with
exceptional rehydration properties

Fractionation of ‘Super foods’ e.g., Milk
What is the Next ‘Super food’ and from where?

Advanced Formulation Dynamics:
implication for Food Structure and Nutrition
The scientific disciplines soft matter and food physics
can provide understanding of physico-chemical
forces behind food structure.
Can be applied to texture, flavor and digestibility of
food - enabler for new mixing, heating, preservation
technologies and advanced structuring of food such
as 3D printing
e.g., the ability to replicate meat structure using
plant proteins (BeyondMeat.com)

Food IT – What is its Role?
Internet / social media
interfaced with
electronic devices (e.g.,
smart phone) will enable
consumers to tailor their
nutrition / food choices.

New models for food
transportation /
processing & connection
between producers and
retailers?

IT – A new type of Interaction
with Food: Augmented Reality

E Commerce:
‘changing the way
we buy Food’

Molecular Approaches to Food Safety
Molecular techniques have had a major influence on food producers’ ability
to detect and identify food spoilage microorganisms. Mapping microflora in
processing environments, identifying potential practices that might cause
microbial contamination
Rapid emergence of new regulations for
residues and other contaminants. Advances
in instrumentation and methodologies have
led to greater sensitivity of testing and ability
to measure a greater range of compounds in
food matrixes.
What can we do? Development of rapid
techniques to evaluate shelf life. Determine
factory flora. New methodologies.

5. New Agri-Food Value
Chains, including the
Bioeconomy

The Human dimension, the innovation ecosystem and
the development of SMART policy are also of critical
importance

Value Chains
Moving up the value chain will require greater integration across
the agri-food supply chain. A more integrated value chain
requires
• Proper consumer based price and market information.
• Behavioural Science to understand the motivations and drivers
of the different components. Developments in cognitive sciences
and behavioural economics can provide behavioural tools to
help facilitate improved outcomes.
• Organisational developments so that the value chain can work
seamlessly as a single unit responding to consumer need,
rather than as a series of competing autonomous entities.
• Information technologies to facilitate information flows.

Bioeconomy
Significant opportunities for Ireland
• Need to change production, consumption, processing and
recovering of biological feedstocks
• Consider non-food as well as food uses of natural resources
Examples:
Polyethylenfuran (PEF) bottles replacing PET bottles, 100% biobased with
improvements of quality, weight, C02 etc., reaching the market 2020.
Essential amino acids as feed additives (methionine, lysine) by Evonik
New fibres (Cellulocis chemicals) for cloth industries, adhesives and other
purposes

Levulinic Acid on the basis of by-products of sugar production, mainly
developed in Italy (Bio-ON and Eridania Sadam) and Austria (Univ. of Vienna)

Key Transformative Technologies
1. Advances in Plant and Animal Genomics
2. Understanding and Managing Human, Animal
and Soil Microbiome
3. Digital Technologies
4. New advanced Food Processing Technologies
5. New Agri-Food Value Chains, including the
Bioeconomy
Linkages between these technologies obvious

Some Initial Ideas on Implementation of New
Technologies
Build awareness of the opportunities both inside and outside of the
agricultural sector
Design an Ag-Tech Policy around data ownership, open systems
Invest in skills and training in data acquisition, integration, analytics
and decision support for on-farm applications
Fund demonstration projects and create test beds for technology
development
Facilitate further investment in R&D to fill the knowledge gaps and
lower the risk of commercial players implementing new technologies
Build new partnerships with private sector research
Build new public research partnerships in multidisciplinary research

Conclusions
Huge possibility to improve efficiency, profitability
and sustainability through use of key
technologies identified
Ireland has excellent databases, and research
strengths in agri-food and the technologies
identified
Opportunity to converge these disciplines and give
Ireland another competitive advantage: the
most technology-driven agri-food industry in
the world

