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Overlooked Sunfleck Properties: Wind-Driven Light Flickers Call for New Targets

in Crop Improvement
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Most experiments on fluctuating light used fluctuations thousands of times slower than those found in

real crop canopies
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Abstract
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Wind makes crop leaves flicker in sunlight ~2x/s, yet most lab studies use light
changes thousands of times slower. Prof. Youngryel Ryu (SNU)'s team show this
mismatch may mislead crop improvement targets. Published in Global Change Biology.

Professor Youngryel Ryu's group from the Department of Landscape Architecture and
Rural Systems Engineering at SNU, led by Dr. Elias Kaiser (Research Institute of
Agriculture and Life Sciences, SNU), has quantified the mismatch between natural
sunflecks in crop canopies and the light fluctuations used in experiments and models,
and published this work in Global Change Biology.

Sunflecks are ubiquitous in crop canopies, yet their properties are understudied. Recent
data indicates that on sunny days, wind-induced sunflecks within crop canopies
(windflecks) occur roughly twice per second and at amplitudes of roughly 10% of full
sunlight. However, studies on the effects of fluctuating light on photosynthesis and
plant growth often use fluctuations that do not resemble sunflecks, possibly resulting
in irrelevant crop improvement targets. In this review, first, we quantify this mismatch
between experiments and reality, showing that most studies measuring light intensities
in crop canopies did so too infrequently to capture all sunfleck properties, while
studies either simulating dynamic photosynthesis or growing plants under fluctuating
light did so using much slower fluctuations than those often encountered in the field.
Second, we attempted to estimate the losses of photosynthesis due to sunflecks: using
light intensity fluctuations recorded inside a rice canopy at high frequency (100 Hz) on
a sunny day, a dynamic photosynthesis model based analysis calculated minimal losses
(0.85%—1.24% diurnally; relative to steady-state simulations), suggesting that sunflecks
are too frequent, short, and weak to cause substantial losses due to slow dynamics of
photosynthesis. We found that the choice of light intensity pattern matters
enormously, as estimated losses reached 13% diurnally when using a less realistic light
intensity pattern. We also introduce a framework for determining photosynthesis under
windflecks based on pulsed light experiments. Thirdly, we present an overview of
effects of global climate change on dynamic photosynthesis and crop growth under
fluctuating light, concluding that likely, rising [CO2] will benefit photosynthesis under
sunflecks, whereas heat, VPD and drought may be detrimental. Finally, we suggest




future research directions, noting that new targets for crop improvements under
sunflecks will require a much better characterization of sunflecks, their windfleck and

cloudfleck components, and their effects on photosynthesis and plant growth.

https://doi.org/10.1111/gcb.71147

Journal Link
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Overlooked sunfleck properties: reality vs. how we study them
REALITY: windflecks + cloudflecks STUDIES: controlled experiments, models &
field measurements
\/‘_f__/ Eoud Applied lightflecks:
If \) every 15 s - 30 min
S Y. =25
WINDFLECK
MISMATCH growth chamber /
~500x gas exchange measurements /
model input
Windflecks ~1-2Hz amplitude=10% full sunlight Field light measurements
prevalent in the canopy
Often too infrequent to capture all windfleck properties
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CONSEQUENCE: !
light pattern changes estimated photosynthesis loss Climate change:modulates sunfiéck A
13.0% . Realistic sunfleck data are
Rising [CO,):
' benefits dynamic A needed to set relevant crop-
1.2% improvement targets
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— Heat, high VPD, drought:
100 Hz field light slow pattern
(this study) (previous literature) 'l exacerbates losses
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