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Light Cues for Plants in Forest Canopies and Beyond

- 1. Measuring sun and shade in canopies

- 2. Changes in spectral composition across the environment

- 3. Climate change alters exposure of plants to light because of showmelt
- 4. Potential plants responses to this change in exposure.

- 5. Snowmelt and phenology shift in the alpine zone.

- 6. Global climate problems.

- 7. Geoengineering and its effects on sunlight.



Sunlight changes in
predictable and
unpredictable patterns

* Sunlight is fundamental for plants and
their form is adapted for light capture.

* Many adaptations in plant form and function
result from the nature of changes in the light
environment.

* Plants must be able to withstand predictable
and unpredictable changes.



Sunlight changes in predictable and
unpredictable patterns

Unpredictable Changes in Sunlight 40
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Barnes PW, Robson TM, Tobler MA, Bottger IN, Flint SD. (2017)
Plant responses to fluctuating UV environments. Chapter 6 in B.

Jordan. Plant UV Biology, CABI publishers, p 72-89.



Phenology of Anemone nemorosa, Oxalis acetosella and Hepatica nobilis
as they past through sun flecks on the forest floor.
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Time course of 100 spectroradiometer spectra during 5 seconds from semi-
shade (/leaf shade) in a the understorey of a forest stand.
Black line showing the deepest curve (as calculated by functional data analysis)
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Heterogeneous light environment in the
forest understorey
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Canopy Shade Gap Shade Shade Sunfleck

The size of gaps and shade from different height trees affect the spectra
of light

dddd'dvd

d4'd

dvd'da'An



Spectroradiometer arrays from a sunfleck and leaf shade at the same location.

Spectral energy irradiance (WWm 2nm ':)

Wavelength (nm)

1,
)

Spectral energy irradiance (W m “nm

Wm‘_

———

'
€00
Wavelength (nm)




Visible

Unfiltered




Of /ar

T

13 N

< ST
-
«

d



Drone video showing sun flecks on the forest floor of a spruce stand
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Properties of sunflecks in
forest and crop canopies

* We can now measure highly dynamic changes in solar
spectral radiation — on the ground and through vertical
profiles.

* We can also determine how plants are able to react both
quickly and efficiently to these rapid changes.

* Chlorophyll fluorescence measurements allow us to assess
the speed of response, the photosynthetic capacity, and
recovery from transient bright light by leaves.



Measurements of sun and shade in forest canopies —
conclusions




Extension from forests to
crop canopies — 3D
radiative transfer models
of cereal crops for cultivar
selection

This should allow for better
light use efficiency over the
growing season of plants in the
field.

This improves site suitability
assessment for crop species and
varieties.

This allows for forecasting and
modelling of how future changes BH&
] ) . AT RN AR

in weather & climate will affect ;,_*“é; LY. 7 S
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Spectral irradiance fluctuating in crop canopies Measuring sunfleck properties
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Identifying patterns of
sunfleck properties with
canopy depth & crop species.

Avena sativa Hordeum vulgare Vicia faba






The interaction of climate change, snow melt and solar radiation

Changes in snow depth and melt have the =~ Snow interacts strongly with UV
potential to change plant photoprotection radiation
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Flushing Stage

Exposure above snow in the understorey affects
phenology creating potential mismatches with the

canopy

Too Early! Goldilocks Too Late!
Zone o0 i, ==
a0 [aen” Nl
o “2.**  Understorey Development
*
0” V4 ’0’
+ :: / ..'.
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= o \/ .:
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v >/ : {\lexempe(
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': , — . C\)“N\a Understorey and Canopy species respond
..' . to different combinations of cues at different
5 s rates for spring flush.
P L4
* o
[ | “" o Ephemeral understorey species require a period
- "" "“ . .
— ’_..-" IPTS e Understorey PAR of favourable light and temperature to persist.

Spring Time



The increased incident of extreme weather events is increasing the likelyhood
of mismatching between canopy phenology and understorey phenology:
e.g. an extreme late frost event in central Spain) removed the entire canopy




Quantum Yield of PSII at Midday (Fg/Fm')

Upper Epidermal Flavonols (Optical Index)
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Vaccinium vitis-idaea plants from heterogeneous
patches in Viikki, Helsinki were monitored during
snow melt in late March.

0.25

Upper Epidermal Anthocyanins (Optical Index)

0.15

0.10

Winter Covered

Winter Exposed

* Photosynthetic yield was
higher initially in “winter
covered” plants.

* There was no difference in
epidermal flavonols, but and
anthocyanins were high in
“winter exposed” plants.

* Chlorophyll content was lower
in exposed plants.



Effect of canopy cover on epidermal UV-screening by ephemeral
understorey species and tree seedlings

Long-term filter experiment
at Lammi Biological Station, central Finland




Can plants cope with the novel environmental scenarios
presented by shifts in phenology and range?

Increasing solar irradiance - -
. Diurnal change in
A and photoperiod twilight periods
Spring
Phenology ‘ W ‘
Chilling Forcing Temperature Light derived cues

+ Photoperiod

+ Day time blue light
\ + Twilight Far-Red
+ Irradiance

Brelsford, Nybakken, et al., 2019 Tree Physiology

Decreasing solar irradiance Diurnal change in
B and photoperiod twilight periods

Autumn

Phenology ‘ ) ‘

Temperature Light factors ‘

A - Photoperiod
- UV-B

- Photoperiod
- Twilight/EOD Far-Red
- Twilight/EOD Blue light

Bud set Leaf Senescence




Conclusions — climate change effects on
understorey and tree species fitness

* Blue light accelerates sycamore
tree seedlings more than
understorey plants in their spring
phenology.

* Increased canopy leaf retention in
winter extends the growing season
even if light levels are low.

* Blue light and UV-A radiation
increase photoprotection leading
to potentially higher
photosynthetic efficiency.




This work can be
extended to consider
rates of photodegradation
and litter decomposition

* Assessing the rate of leaf litter
decomposition in a Japanese
beech forest.

The effects of canopy gaps vs
continuous understorey can be
compared.

* The contribution of
photodegradation to the carbon
budget of these forest type can
be calculated, as well as the
contribution of blue, UV-A and
UV-B radiation to that
photodegradation
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How does the scattermg of sunlight in the
atmosphere affect solar radiation through the day

Clouds and aerosols both enrich shortwave radiation, UV and blue

Radiative Transfer Model

Solar Radiation

Atmosphere (Mode —_———

Ozone Layer Thickness ,'

|
Weather Conditions |© In}put
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Change in radiation properties and

Change in cloud cover and/or g e
distribution in the canopy

Aerosol loading by geo-engineering
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How does the plant canopy

AT — respond to diffuse radiation?
i direct radiation =
Above canopy
Physiological Responses
< - {50 * Plant canopies use diffuse radiation more efficiently
7)) _
(\II E ° . . .
2% 50 InfeaSDy S Photosynthesis is not light saturated
D_ i =] 10 N . .
o < L * More light reaches lower depths in the canopy.
E
2 o : 0
=~ 10 '
Eo F 1%° = Long term acclimation is not known
0w,
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%6 canopy  170[™ Leaf morphology-
& £ , photosynthesis 0\/  Canopy architecture?
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On overcast days, Raleigh scattering by the atmosphere means that
short wavelength radiation is enhanced relative to longer wavelengths
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Projections for change in global net primary

Scenarios for global effects on
photosynthesis of aerosol geoengineering

Policy makers are considering geoengineering to
reduce climate change effects. 8 Tg/year SO,
injection into the stratosphere would cool the global
atmosphere 1.5-2.0 °C

Models forecast an increase in photosynthesis
globally 2.5% due to greater penetration of diffuse
radiation through canopies despite reduced total
irradiance by 11%.

But there are many unknowns involved...
-Stratospheric aerosols will block UV-A and UV-B
-Sulphates (SO2) will destroy ozone.

productivity 2030-2069 Xia et al., 2016 Atmos. Chem. Phys.



Experiments with filters to study diffuse radiation

Diffusive and spectrally selective filter * Field beans & tree seedlings

treatments * 3D architecture
Parrellel field experiment in Viikki Fields @ * Photosynthesis

e Acclimation of leaf traits




Comparing spectral and diffusive
filter effects on plant canopies in
the field and in a phenotyping unit




Light Cues for Plants in Forest Canopies and Beyond

- 1. Measuring sun and shade in canopies

- 2. Changes in spectral composition across the environment

- 3. Climate change alters exposure of plants to light because of showmelt
- 4. Potential plants responses to this change in exposure.

- 5. Snowmelt and phenology shift in the alpine zone.

- 6. Global climate problems.

- 7. Geoengineering and its effects on sunlight.
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