
 

Photosynthesis model simulates 10–20
percent yield increase
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Metabolic model schematic of C4 photosynthesis. The model includes all
metabolites and enzymes of photosynthetic carbon metabolism, as detailed
previously (Wang et al., 2014). Here, only enzymes that are light modulated and
therefore modified in this new dynamic model are indicated. Green rectangles
are driving environmental variables affecting enzyme activities (purple) and
stomatal conductance. Blue blocks are state variables calculated from leaf energy
balance for Tleaf, dynamic stomatal response model for stomatal conductance
(gs), and from the external [CO2], gs and predicted leaf CO2 uptake rate for Ci.
Credit: DOI: 10.1111/tpj.15365
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A team from the University of Illinois has developed a model that treats
photosynthesis as a dynamic process rather than an activity that either is
or is not happening. This allowed the group to examine the impacts of
the many fluctuations in light that crop leaves experience due to
intermittent clouds, overlying leaves and the sun's daily passage across
the sky. In today's densely planted crops, these fluctuations are the norm.
Lower efficiency of photosynthesis due to slow adjustment to light
changes and are estimated to cost up to 40 percent of potential
productivity. If crop leaves could be genetically manipulated to adjust
more rapidly, then the gain in productivity and efficiency of water-use
would be substantial.

Plants use sunlight to generate their food through photosynthesis. When
the sun rises each morning, plants must prepare themselves to receive
nutrients from the sunlight, which takes time. Decreasing the prep time
of plants could hold the key to improving yields in many varieties.

"When light changes, the plants need time to get used to it. It takes time
and decreases efficiency," said Yu Wang, a postdoctoral researcher at
Illinois, who led this work for a research project called Realizing
Increased Photosynthetic Efficiency (RIPE). "Our goal is in trying to
limit the loss during the transition period. We are working to make the
plants respond faster to the dynamic light environment."

RIPE, led by Illinois, is an international research project that aims to
increase global food production by developing food crops that turn the
sun's energy into food more efficiently with support from the Bill &
Melinda Gates Foundation, Foundation for Food & Agriculture
Research and U.K. Foreign, Commonwealth & Development Office.

In this recent study, published in The Plant Journal, RIPE researchers
showed that by treating photosynthesis as a dynamic process, they could
improve the response time of C4 plants, (plants that use C4 carbon
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fixation for photosynthesis) such as corn, to adjust more rapidly to
fluctuations in light.

First, they validated their model against actual photosynthesis
measurements in fluctuating light, which they made in corn, sorghum
and sugarcane. They then used their model to predict which steps in
photosynthesis limited the response of the process to fluctuations in light
in the three crops.

"The important thing to realize is in a crop canopy, light is changing all
the time, and yet 99 percent of investigations of what limits
photosynthesis have concerned constant light, something a crop leaf in
the field might never experience," said RIPE Director Stephen Long,
Ikenberry Endowed University Chair of Crop Sciences and Plant
Biology at Illinois' Carl R. Woese Institute for Genomic Biology.
"Perhaps we overlooked the idea that if we improve efficiency in
fluctuating light, not just in constant light, we could see big results."

By treating photosynthesis as a dynamic process, the team was able to
look at which segments of the process limit the speed of response.
Through their modeling and simulation, they identified two proteins they
believe are essential in the adjustment. This summer, the group is
continuing their work by partnering with another RIPE research team to
regulate the two proteins in corn and with a team from the U.S.
Department of Energy Center for Advanced Bioproducts & Bioenergy
Innovation (CABBI) at Illinois in sorghum and sugarcane to engineer
these proteins.

"We think this has great potential," said Long. "This could improve
productivity by 10 to 20 percent. Compared to yield increases that are
achieved, more importantly, year over year with breeding, this would be
a large jump. Of course, time will tell if we can realize this."
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  More information: Yu Wang et al, Towards a dynamic photosynthesis
model to guide yield improvement in C4 crops, The Plant Journal
(2021). DOI: 10.1111/tpj.15365
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