
 

Study offers a radical way to think about
agriculture and its potential benefits for
farming
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On November 15, 2022, the 8 billionth person on the planet was born.
With concerns about food security on the rise, experts are asking: How
will we feed everyone? Climate change, natural resource depletion, soil
erosion, and fossil fuel use in farming make the task even more
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challenging. We need to do something differently, but what?

Barath Raghavan, an associate professor of computer science at USC
Viterbi, is rethinking traditional farming practices by developing 
computational tools to help farmers design, develop, and manage
sustainable farming methods. Raghavan, a member of the California
Rare Fruit Growers organization, currently grows more than 150
different edible plants in his yard. A decade ago, he started to combine
his interests by researching how computing could make agriculture more
sustainable.

Raghavan calls this new area of research "computational agroecology,"
uniting technology and farming expertise to develop diverse agricultural
landscapes based on natural ecosystems. From crop selection to planting
to irrigation, the method allows farmers to explore thousands of
different potential designs to optimize food production without fossil
fuel-derived pesticides.

"How can we design an ecosystem that is as productive and sustainable
as a natural forest, but instead of producing food for wildlife, it's
producing food for people?" said Raghavan.

"It's an incredibly hard problem because designing an ecosystem is a
super complex, dynamic, natural system. We're trying to build
computing tools that can figure out how ecosystems work, so we can
grow food plentifully and sustainably."

'A totally new way to think about agriculture'

In a new paper published in PNAS Nexus on March 16, Raghavan and his
colleagues propose "a totally new way to think about agriculture and the
benefits it can have for research and farming," said Raghavan.
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In this study, the researchers reconceptualize agriculture as a search
through a "state space," which represents all possible configurations of a
system—in this context, agricultural land.

To better understand the concept of a state space, imagine a box of
blocks: Each block could be red, blue or yellow. The state space would
consist of all the possible ways to arrange these blocks, such as all red,
blue or green, or a combination of the three colors.

In the same way, a state space for an agricultural system might consist of
all the possible variables that the system can take—such as crop or soil
type, weather conditions, irrigation, fertilization or pest control.

This allows agricultural researchers and farmers to explore the different
paths and strategies available—taking different "blocks" or variables and
placing them together to see what works; essentially, an agricultural
"sandbox" to determine optimal configurations to increase crop yield,
improve sustainability, and discover entirely new combinations of crops
that grow well together.

For instance, the framework enables analytics and machine learning that
could allow researchers to analyze the patterns between crop yield and
soil moisture content or simulate growing different types of crops
together for biodiversity.

"Once we can conceive of a farm this way, we can then reframe many
research questions and farming planning questions as a search through
the space of all possible states the farm could possibly end up in, with
certain states being more desirable than others," said Raghavan.

"This allows us to compare and contrast different approaches to farming,
explore and combine techniques, and then search the state space in
simulation for new farming techniques that have never been tried before
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and where trial and error in the real world would be far too expensive
and time-consuming."

'Playing a chess game with nature'

For example, in Southern California, farmers have recently discovered
that high-quality coffee can grow plentifully between avocado trees. But
figuring out the right way to do that, and maybe even add another couple
of crops that work well together, is site-specific.

"Each farmer doesn't have the time or ability to do trial and error for
years to figure out the right way to grow a half dozen crops on their
land," said Raghavan.

"Instead, with the conceptual framework and eventually software
framework of state spaces, a farmer could spell out an objective—such
as diversified harvest with high yield and possible high profit for a
specific piece of land—and have the system explore the state space and
produce possible plant mixtures, placement, and management techniques
that meet the farmer's criteria."

Raghavan compares the process to "playing a chess game with nature,
but one that is both competitive and collaborative."

"You're making moves on the chessboard, which is your land, and nature
is making moves too. Pests are going to eat one crop; a flood is going to
damage another. What we are building is a computational framework
that allows you to explore all the different ways that you might 'play' this
game of chess with nature so that we can come up with the best one for
your land."

The team is now working through possible use cases with researchers
and farmers to incorporate specific use cases and to develop software
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that can make it easy to simulate and explore state spaces.

  More information: Bryan Runck et al, State Spaces for Agriculture: A
Meta-systematic Design Automation Framework, PNAS Nexus (2023). 
DOI: 10.1093/pnasnexus/pgad084

Provided by University of Southern California

Citation: Study offers a radical way to think about agriculture and its potential benefits for
farming (2023, April 12) retrieved 27 April 2024 from https://phys.org/news/2023-04-radical-
agriculture-potential-benefits-farming.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

https://dx.doi.org/10.1093/pnasnexus/pgad084
https://phys.org/news/2023-04-radical-agriculture-potential-benefits-farming.html
https://phys.org/news/2023-04-radical-agriculture-potential-benefits-farming.html
http://www.tcpdf.org

