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Recent field experiments show how photodegradation and its legacy, increased microbial access to labile
carbohydrates (photofacilitation), double rates of C loss to the atmosphere in a Mediterranean-type
climate. The mechanisms demonstrated have implications for global C modeling beyond Mediterranean

ecosystems.

Probably before preschool, we learn that
sunlight is the fundamental energy
source upon which life is built on this
planet. Usually, later, we learn that the
transformation of that energy in life,
which starts with photosynthesis, ends
its cycle in decomposition, the
breakdown of dead beings. What is not in
the common knowledge of kids is that
sunlight can also play a role in the
breakdown and decay of organic matter.
Somehow, this gap in children’s world
view replicates the state of scientific
knowledge — we understand much more
about photosynthesis and productivity
than we understand about
decomposition in general, and the effect
of sunlight on organic matter breakdown
in particular. In fact, the effect of sunlight
in breaking down matter, and its
consequences on the C balance, has not
reached mainstream attention until the
last few decades. Now, we know that
sunlight can have direct or abiotic effects
(photodegradation or photolysis) on
organic matter breakdown. In addition,

Gheck for
Updates

sunlight can have indirect or biotic
effects (photofacilitation or
photopriming), a result of the activity of
decomposers on the chemical changes
driven by previous photodegradation.
We also know that these processes can
have a significant role in C dynamics, in
both aquatic and terrestrial systems
[1-3]. Based on some mechanistic
understanding of those relationships,
biogeochemical models have started to
incorporate these processes [4].
However, to develop realistic models
that fully account for the role of exposure
to sunlight in the C cycle, we need a
greater comprehension of the drivers
behind and beyond this process, as well
as how it can vary depending on the
substrate, the climate and the
decomposer communities [3].

Building on previous findings (e.g.
[2,5,6]), a new article from Berenstecher
and colleagues in this issue of Current
Biology [7] presents strong and
consistent evidence on the direct
(photodegradation) and indirect

Current Biology 30, R932-R961, August 17, 2020 © 2020 Elsevier Inc.

(photofacilitation) effect of solar radiation
on C cycling in a Mediterranean-type
ecosystem. Based on a combination of
complementary field manipulations,
Berenstecher and colleagues
demonstrate how the effect of sunlight
can have a much higher impact on C
release than previously detected, when
photodegradation during the dry summer
season is combined with the facilitation of
biotic decomposition — through
increased accessibility of litter
polysaccharides — during the wet winter.
Although these findings partially coincide
with previous work, the experimental
design of Berenstecher and colleagues
gives us some hints on why, and how, the
main drivers of decomposition swing from
abiotic to biotic through the seasons of
Mediterranean climate in Patagonia, as
the effects of sunlight cross seasons
(Figure 1).

The role of solar radiation on
decomposition was proposed as a
relevant process in the context of arid
ecosystems more than 50 years ago [8].
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Figure 1. The cycle of sunlight-mediated degradation in a Mediterranean climate in

Patagonia.

The drawing represents, from bottom to top: bottom: climatic oscillations in temperature (reddish line), rainfall
(bluish line) and solar radiation (yellowish line) along 2 years in the Mediterranean climate Patagonia. Middle:
the three growth forms ‘leaves’ used in the experiment (tree, grass, and aphyllous shrub) which, from left to
right, decrease in size and definition representing changes in litter mass and in litter chemistry (decreased
lignin content and increased accessibility to polysaccharides). Top: the seasons in which the effects of
sunlight (photodegradation) not only dominate the dry summer but also ‘permeate’ in the wet winter

(through the interaction of photofacilitation with biota). Artwork from Ma. Cristina Montes.

However, only in the last 15 years has it
gained wider attention [3,9]. Initially,
research into sunlight effects on
decomposition was linked to the impacts
of increased ultraviolet-B (UV-B) radiation
as a result of ozone depletion in the 1980s
[10]. Then, the main effects proposed for

UV-B radiation were indirect
(photofacilitation and negative impacts on
microbial communities), while the
ecosystems studied were those of high
latitudes [11,12]. The interest in UV-B
radiation has continued until present, as
most plant compounds have a maximum

R960 Current Biology 30, R932-R961, August 17, 2020

Current Biology

absorbance in its range. However, now,
we have multiple lines of evidence that
UV-A (315-400 nm) and blue-green visible
radiation (420-570 nm) may have an even
greater role in decomposition than UV-B
[5,13,14]. This is because, as most of
UV-B is filtered by the atmosphere,

there is much more UV-A and visible
radiation reaching plant tissues than
UV-B. Consequently, these wavelengths
have been estimated to be responsible
for 90% of the photochemical CO,
emission [15].

Using full-sunlight field studies,
Berenstecher and colleagues first show
us how exposure to dry summer full
sunlight can double litter mass loss
across species of different quality, and
independently of that litter quality, while
biotic activity becomes the main driver of
decomposition during the wet winter
when differences in decomposition
among species do relate to litter quality.
These results provide strong field support
for earlier findings [5,6] and constitute the
basis on which the authors discriminate
the effects of sunlight and biota in
subsequent experiments.

In the second set of experiments,
Berenstecher and colleagues
demonstrate that, when leaf litter is
exposed to full solar radiation during the
dry summer, it decomposes faster during
the wet winter (up to 100% faster, for the
grass litter) than leaf litter that starts
decomposition during the wet winter. This
pattern is associated with a higher
availability of polysaccharides in the litter
that started its decomposition during the
dry summer, as well as with a decrease in
its lignin content. What is even more
interesting is how the complementary
experiments at the same time separate
and integrate two of the main pathways
by which sunlight interacts with leaf litter
and biota on decomposition. By doing so,
Berenstecher and colleagues defy the
notion that experiments in natural
conditions could hinder our
understanding of sunlight’s effects on
decomposition because
photodegradation and photofacilitation
cannot be entirely distinguished [5,16].

In the third concatenated experiment,
Berenstecher and colleagues take on the
task of integrating the sunlight and biota
effects over the long-term, a need
systematically emphasized in the
ecological literature. The results of the
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combined effects of solar exposure and
biota over 2 years under the dry summers
and wet winters of Patagonia show that
solar radiation becomes the main driver of
decomposition, doubling decomposition
compared with attenuated radiation
treatments. This strong effect could be
related to the length of the experiment

in combination with the fact that full
sunlight was reaching leaf litter — the
combination of these two experimental
characteristics is difficult to find in field
experiments.

The idea of sunlight breaking down
material, either organic or inorganic,
through different pathways is not
absolutely new, particularly for arid
ecosystems. Nevertheless, our
understanding of the different and
interacting effects of sunlight on C and
nutrient cycling is fragmented, and
research is still rather restricted to
particular ecosystems. The findings of
Berenstecher et al., in the context of
recent studies showing photodegradation
and photofacilitation operating in cold,
mesic, temperate and tropical
ecosystems [17-20], expand the skies
under which sunlight might be directly or
indirectly driving decomposition.
Although we are still far from having a
clear picture of how the multiple effects of
sunlight drive, or interact with the drivers
of, the dynamics of growth and
decomposition across time and space,
these recent findings should motivate us
to broaden our exploration of sunlight
effects to any systems in which leaf litter
is, at least seasonally, exposed to high
sunlight. The integration of recent
literature would indicate that, if there is
sunlight, there are sunlight effects.
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