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Q&A: Finding varieties of corn that are
adapted to future climates

June 13 2024, by Hannah Hickey

Credit: Pixabay/CCO Public Domain

Corn is one of the planet's most important crops. It not only provides
sweet kernels to flavor many dishes, but it's also used in oils, as a
sweetener syrup, and as a feed crop for livestock. Corn has been bred to
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maximize its yield on farms around the world.

But what will happen under climate change? Research led by the
University of Washington has combined climate projections with plant
models to determine what combination of traits might be best adapted to
future climates. The study used projections of weather and climate
across the U.S. in 2050 and 2100 with a model that simulates corn's
growth to find the mix of traits that will produce the highest, most
reliable yield under future conditions across the country.

The open-access paper appears in Environmental Research: Food
Systems. UW News asked senior author Abigail Swann, a UW professor
of atmospheric sciences and of biology, about the study and its findings.

Our future climate will be warmer, have drier air and
have a higher concentration of atmospheric carbon
dioxide. Is there a broad understanding of how all
these changes together will affect plant growth?

For corn, a previous study by our group found that higher temperatures
and drier air have about the same size impact, with both leading to less
corn yield, while more CO, available for photosynthesis increased yield.
The increase in yield from CO, wasn't enough to counteract the decrease
from the other two changes, however, so corn yields went down overall.

Overall, hotter temperatures like those we expect in the future will make
crops grow faster but be less productive. Of course, shifts in
precipitation also affect their growth in different locations, though that
has less impact overall, and particularly for agricultural crops that rely on
irrigation.

Typically, many people think of climate change as
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something that will shift where certain crops can
grow. Your study says the crop varieties we plant
today aren't ideal for any location in the future. Why
is that?

As climate continues to warm, we can adapt by moving existing crop
varieties closer to the poles, where the air is cooler. But shifting existing
varieties to new places isn't enough to make up for the loss in crop yield
that we expect in a hotter climate because the impacts of higher
temperatures are so detrimental.

Our study looked at 100 possible corn varieties, and we find that those
that will be most successful in the future are not varieties that are
successful now—we need new crops for the new climate.

Can you describe the corn that will perform best in
future climates, according to your study, compared to
the varieties that do best today?

Corn plants first grow leaves, and then switch to growing grain. We find
that today, corn plants must make a tradeoff between growing a lot of
leaves and still having enough time left in the growing season to grow a
lot of grain. This means the most successful varieties today don't grow
very many leaves, so they can switch to growing grain early in the
season.

Growing more leaves could potentially allow corn to increase how much
the plant can photosynthesize, which would also increase how much
grain it could grow, but today this comes at a cost of a shorter growing
season.
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In the future, it will be warmer overall, and corn may be planted earlier
and harvested later in the season. This longer growing season relieves
corn from this tradeoff and allows it to both grow more leaves and still
have plenty of time to grow grain (there is an additional boost from
faster growth under hotter temperatures).

So basically, in this sense, the corn plants of the future can have their
cake and eat it too. The varieties we simulated that took advantage of the
ability to grow more leaves yielded more under future climate than the
varieties with less leaf growth. This isn't good news for corn, though.
While corn will be able to grow more leaves and still have plenty of time
to grow grain, the adverse impacts of hot temperatures and drier air will
decrease the overall yields. Growing more leaves and having a longer
growing season help buffer these adverse impacts, but overall, all of the
corn plants we simulated did worse under future climate conditions.

Is there any way to verify these results on real plants
before these climate conditions become reality?

While the plants that we found would do best under future climate
conditions don't exist right now, plants with many of these
characteristics can be bred quickly, using genetic techniques like
CRISPR. Then they can be grown under controlled climate conditions to
see if our findings hold up for real plants. That part of the process is
surprisingly fast, so we can create and trial new plant varieties before
they are needed.

Why is it helpful to use computer models, rather than
just selective breeding as has been done in the past?

Breeding new crop varieties is a very slow process. It can take decades to
go from initial breeding to testing and adoption by farmers. The process
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starts with selecting among the existing crop varieties for desirable
characteristics, including high yield. Then these new potential varieties
are combined, grown and tested in multiple environments and with
different management. Finally, the final varieties are released
commercially and then can be adopted by farmers.

With simulations we can test a much wider range of possible
combinations of characteristics that could work well for a new variety,
and use that knowledge to guide the first stages of breeding. This can
speed up the breeding process and accelerate our ability to adapt to a
changing climate. It also gives us information about what characteristics
we might try to create that are farther from our existing varieties.

How does your study fit into the broader field of
climate adaptation?

We will need to adapt agriculture in many ways to support a growing
population with a growing demand for food, combined with the loss in
crop yield that we expect as climate gets hotter. Our study helps to
jumpstart the process of breeding climate-resilient crops by envisioning
what those crops should look like. Our study also provides a blueprint
for how to do this analysis for other crop types, besides corn.

Although we focus on corn for this study, we see our work as a
demonstration of an approach that can be applied to any crop, and so
more of a blueprint of how we can incorporate the expected impacts of
climate change into the breeding of new crop varieties.

In the U.S. we heard recently about population
leveling off due to lower birth rates and about shifts
to less resource-intensive, plant-based diets. Can you
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explain why, worldwide, we still expect an increase in
demand for corn?

Worldwide population is still growing, and in addition to growing in total
number, the global population is growing more affluent and increasing
its consumption of meat. In the U.S. our diet is already very meat-
intensive, and so shifts towards less resource-intensive and plant-based
diets make a lot of sense from a health and environmental standpoint.

But meat consumption in many parts of the world is currently very low.
As these populations increase their wealth, we expect that in some cases
meat consumption will grow. This increase in wealth is a good thing for
the well-being of those people. By adapting agriculture, we hope to
buffer the losses in yield expected from hotter temperatures and help
provide enough food for everyone.

What's next for this research?

We would like to work with breeders to create some of the corn varieties
our study proposed, and do similar studies on other major global food
crops. We are currently seeking additional funding sources to conduct
these next steps.

Lead author Jennifer Hsiao did the work as part of her UW doctoral
degree in biology. Co-authors are Soo-Hyung Kim, UW professor of
environmental and forest sciences; Dennis Timlin at the U.S.
Department of Agriculture; and Nathaniel Mueller at Colorado State
University.

More information: Jennifer Hsiao et al, Model-aided climate
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adaptation for future maize in the US, Environmental Research: Food
Systems (2024). DOI: 10.1088/2976-601X/ad3085
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