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Scientists find ways to improve cassava, a
'crop of inequality’ featured at Goalkeepers

September 25 2019

Today, University of Illinois scientist Amanda De Souza highlighted a crop of
inequality called cassava at the Bill & Melinda Gates Foundation's third annual
Goalkeepers event in New York City. Recently, De Souza and colleagues
published a study in New Phytologist that identified opportunities to improve
cassava yields -- which have not increased for more than fifty years. Credit:
Claire Benjamin/RIPE Project
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Today, as world leaders gather for the UN General Assembly, hundreds
of emerging leaders focused on fighting global inequality came together
at the Bill & Melinda Gates Foundation's third annual Goalkeepers event
in New York City. Among them, University of Illinois scientist Amanda
De Souza highlighted a crop of inequality called cassava, which has
starchy, tuberous roots that sustain more than 500 million people in sub-
Saharan Africa, yet cassava has been largely neglected by research and
development compared to the staple crops of wealthier regions.
Recently, De Souza and a team from Realizing Increased Photosynthetic
Efficiency (RIPE) published a study in New Phytologist that identified
opportunities to improve cassava yields—which have not increased for
more than fifty years in Africa.

"For smallholder farmers who depend on tiny plots of land to feed and
support their families, cassava is a 'backup' crop when other crops fail,"
De Souza said at Goalkeepers, where she described her work to improve
cassava through the RIPE project. "Especially for women, who represent
a majority of smallholder farmers, cassava is a savings account. It is a
resource they can harvest all year to pay for things like medical
treatments and their children's school fees."

The RIPE project is an international effort to develop more productive
crops by improving photosynthesis—the natural, sunlight-powered
process that all plants use to fix carbon dioxide into carbohydrates that
fuel growth, development, and ultimately yields. RIPE is supported by
the Gates Foundation, the U.S. Foundation for Food and Agriculture
Research (FFAR), and the U.K. Government's Department for
International Development (DFID).

Led by RIPE researchers at Illinois and Lancaster University, this study
examined factors that limit photosynthesis in 11 popular, or farmer-
preferred, African varieties of cassava with the goal to eventually help
cassava overcome photosynthetic limitations to boost yields.
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First, the team examined the photosynthetic limitations of cassava
exposed to constant high levels of light, like a plant would experience at
midday with cloudless skies. In these conditions, and like many crops,
cassava's photosynthesis is limited (by as much as 80 percent) by two
factors: One half is due to the low speed that carbon dioxide molecules
travel through the leaf to reach the enzyme that drives photosynthesis,
called Rubisco. The other half is because Rubisco sometimes fixes
oxygen molecules by mistake, wasting large amounts of the plant's
energy.

Next, the team evaluated the limitations of photosynthesis under
fluctuating light conditions. Surprisingly, and unlike most crops, Rubisco
was not the primary limiting factor when leaves transitioned from shade
to sunlight, like when the sun comes out from behind a cloud. Instead,
cassava is limited by stomata, which are microscopic pores on the
surface of leaves that open to allow carbon dioxide to enter the plant but
at the cost of water that escapes through these same pores. Stomata are
partially closed in the shade and open in response to light when Rubisco
1s active.

"Rubisco is the major limiting factor during this transition from shade to
light for most plants, including rice, wheat, and soybean," De Souza said.
"Cassava is the first crop that we have found where stomata limit
photosynthesis during these light transitions more than Rubisco."

Illinois' Postdoctoral Researcher Yu Wang created a computer model to
quantify how much cassava would gain by overcoming this limitation.
According to the leaf-level model, if stomata could open three times
faster, cassava could fix 6 percent more carbon dioxide each day. In
addition, cassava's water use efficiency—the ratio of biomass produced
to water lost by the plant—could be improved by 16 percent.

In addition, the team found that it takes as long as 20 minutes for cassava
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to transition from shade to full light and reach the maximum rate of
photosynthesis, which is quite slow compared to other crops such as rice
that can transition in just a few minutes. However, the fastest variety of
cassava could transition almost three times faster and fix 65 percent
more carbon dioxide into carbohydrates than the slowest variety. Closing
this gap is another opportunity to improve cassava's productivity.

"Plants are constantly moving from shade to light as leaves shift and
clouds pass overhead," said RIPE Director Stephen Long, Ikenberry
Endowed University Chair of Crop Sciences and Plant Biology at
[linois' Carl R. Woese Institute for Genomic Biology, who contributed
to this study. "We hope that the variation that we discovered during these
light transitions among cassava varieties can be used to identify new
traits, and therefore opportunities for us to improve cassava's
photosynthetic efficiency and yield potential."”

More information: Amanda P. De Souza et al, Photosynthesis across
African cassava germplasm is limited by Rubisco and mesophyll

conductance at steady-state, but by stomatal conductance in fluctuating
light, New Phytologist (2019). DOI: 10.1111/nph.16142
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