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Intensive livestock farming has contributed to environmental

degradation across the globe, and is also a major source of

greenhouse gas emissions. However, meeting the protein demands

of a growing global population requires further increases in the food

supply. Dr Luis Tedeschi and his team from Texas A&M University

and Texas A&M AgrilLife Research have been studying the sustainable

intensification of livestock production, utilising modelling-based

approaches. They consider whether these tools can be used to

increase production efficiency while minimising environmental

impacts, helping to preserve and regenerate the natural resources

that form the basis of the industry, for future generations.

Livestock and the Environment

Most of our current food production
systems are based on maximising
productivity and profitability with
inadequate concern for protecting or
regenerating the environment in the
process. With a world population thatis
predicted to reach 9.55 billion by 2050,
increasing pressure is being placed on
global food production. Doing so while
reducing the impact on the environment
requires crop, soil and animal scientists
around the world to come up with quick
and effective solutions.

Livestock farming alone is one of

the critical global contributors to
greenhouse gases - accounting for

up to 14% of emissions, depending

on the production system. Other
negative environmental impacts of the
industry include nutrient run-off that
pollutes water bodies, soil erosion, and
the consumption of non-renewable
resources.

These adverse environmental changes
quickly offset improved agricultural

productivity, through degradation of
soil quality, increased warming, the
resurgence of diseases and depletion
of biodiversity, among many other
outcomes. Indeed, meeting the future
food requirements of our global
population is not possible without
environmental protection.

In short, to ensure that human
population growth does not outstrip
our ability to produce food, we must
look after the natural resources that are
at the very heart of the industry - so
that they will be available for future
generations. Furthermore, it is clear that
any increase in food production must
be achieved through enhanced yield,
rather than expanding land area, as the
latter would further increase the burden
on the environment.

Sustainable Livestock Intensification

Dr Luis Tedeschi and his team of
researchers from Texas A&M University
are working to evaluate whether
livestock production could be
intensified in a sustainable way, to help
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feed our growing population without
the need to expand our agricultural land
usage. Their work involves identifying
the key areas where changes or
improvements can be made, modelling
what the impacts of these changes
might look like, and how the resultant
decision support tools can be integrated
to help livestock farmers improve their
efficiency.

The team believes that environmental
protection is paramount for providing
good livelihood standards for people
and ensuring the survival of our species
(and many others) in centuries to come.
A sustainable system has the ability to
coexist with other systems, and has the




‘The use of these modelling-based decision support tools,
together with innovative pasture systems, in a more
integrated smart farming approach, could be the next step
toward improving the sustainability of livestock systems.’

resilience to recover after it has been
disturbed. These are qualities that
future food production systems will
need to exhibitin order to continue to
prosper in the face of global climate
change.

If sustainable intensification of livestock
production is adopted, it could lead to
greater production yields through more
efficient use of resources, while reducing
negative impacts on the environment.

It provides opportunities for increasing
animal and crop production per unit

of area, while employing sustainable
production alternatives that fully
consider what the team describes as
the three pillars of sustainability: planet,
people, and profit.

Targeting Technology to Increase
Sustainability

Animal nutrition is one of the major
focus areas identified by Dr Tedeschi
forimproving livestock productivity in
a sustainable way. Ruminant animals,
such as cattle and sheep, acquire
nutrients from plant-based feed by
fermenting it in their rumens prior to
digestion.

The goals of his research team

in studying the enhancement of
ruminant nutrition are to improve
productivity, reduce resource use, and
protect the environment. Dr Tedeschi

and collaborators believe that feed
efficiency may be the single most
crucial variable that can drive up yields
while concurrently lowering the carbon
footprint of ruminant production by
reducing greenhouse gas emissions.

This prioritises the identification and
selection of feed-efficient animals,
feeding systems, and technologies
thatimprove nutrient use efficiency.
To explore the various factors and their
interactions, Dr Tedeschi employs a
computational modelling approach.
‘System modelling is a powerful tool in
the area of nutrition as a whole, because
it accounts for many variables and the
interactions involved in identifying
sustainable systems in each situation;
he says.

Dr Tedeschi’s research group believes
that there is scope for these models to
become a core component of precision
farming applications, including
automatic feeding systems. However,
it is becoming increasingly important
to view individual models as part of the
overall, more holistic, systems-based
approach, favoured by the team.

‘It will be necessary to combine a range
of models from different fields, including
animal, soil, crop and weather sciences;
says Dr Tedeschi. ‘At the moment, these
mathematical models are difficult

to integrate, but such integration is
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needed for the long-term prediction of
production policies.

These models could include areas

as diverse as utilising behaviour
monitoring techniques as a solution
for enhancing feeding to optimise milk
yield. Other models use innovative

but practical approaches to identify
synergies between different types

of grazing animals, to help improve
economic feasibility and counter
resource limitations.

‘The challenge is combining these
models into an integrated suite

of decision support tools, says Dr
Tedeschi. Advances in technology
forimproved agricultural production
have led to so-called smart farming,
harnessing sensor and communication
technologies, to increase production
efficiency. ‘Utilised in this way,
mathematical modelling as the

basis of decision support tools can

be used to process and interpret

large amounts of data from multiple
agricultural technologies to overcome
environmental, technical and economic
production challenges, he concludes.
Furthermore, as Dr Tedeschi stated in
the 2020 Ruminant Nutrition System
book, given the high-processing
capacity of modern computers,
interpreted computer programs, such
as R and Python, ease modelling
collaboration across disciplines through
a universal language that facilitates
the transferability of knowledge to the
artificial intelligence dominion.

Is Sustainable Livestock
Intensification Possible?

Despite tremendous advancements

in the livestock sector, the Texas A&M
University team believes that additional
opportunities exist to improve livestock
production around the globe. ‘Scientific
progress in ruminant production,
through the use of decision support
tools, has been significant and tangible;
says Dr Tedeschi. ‘However, these
achievements are only just becoming
apparent because we are still learning
how to connect the concepts involved.
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If utilised as a part of a more holistic and connected approach,
these decision support tools could become more critical

than ever. They have the ability to enable users to quickly
evaluate multiple scenarios of production and choose options
that are more acceptable, sustainable and resilient. Smart
farms and advancing technology combined with modelling
have the potential to identify high leverage solutions (small
changes that produce significant results), such as individual
supplementation of dairy cattle.

‘The use of these modelling-based decision support tools,
together with innovative pasture systems, in a more integrated
smart farming approach, could be the next step toward
improving the sustainability of livestock systems,’ says Dr
Tedeschi. ‘Using these techniques, producers could evaluate
many production alternatives and choose the best solution for
each specific condition and desired outcome’

Future iterations and development of these tools must account
for the effects of climate change on animal welfare and nutrient
needs and productivity. They must also include increased levels
of consumer demand for high-quality, protein-rich food, while
at the same time minimising livestock’s environmental carbon
and water footprint. ‘We must incorporate state-of-the-art data
and analytical techniques such as artificial intelligence and
machine learning, says Dr Tedeschi. ‘This will help to improve
the accuracy and precision of our decision support systems.

Forecasting in modelling terms is not an exact science and
relies heavily on past, current and new knowledge to improve
outcomes. Advances in nutritional sciences include a better
understanding of how the quality of animal products can

be increased, the development of new feeds and feeding
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strategies, and revisiting longstanding technologies. Future
improvements in the understanding of animals’ microbiomes
may also enable scientists to increase fermentation efficiency.

Developments in remote sensing and ground-based
instrumentation, communications, and weather forecasting
technologies will also aid in the continued improvement of
early warning systems to help livestock producers to reduce
risk and adapt to the changing environment. Broad utilisation
of sensor technologies will allow scientists to collect real-time
data and, when combined with mathematical modelling,
decision support systems will become an indispensable

tool for managing livestock production, with the possibility

to automate some decisions on the farm, such as feeding
schedules and early disease detection.

In addition to scientific advancements, the team also
highlights the need to address multiple facets within

animal agriculture systems, especially in economically and
environmentally challenged environments, and that education
will be a necessary first step to solve many current and future
challenges. This must be followed by investing in scientifically
proven feed-efficient animals within the world’s economically
marginal populations.

Itis clear overall, therefore, that sustainable intensification is
not the result of improved biological and physical processes
alone; it requires the intervention of human ingenuity to
manage the system appropriately and intelligently in an
integrated, holistic way. However, modelling-based integrated
decision support systems could form the backbone of the
future sustainable intensification of the livestock industry.
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