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A mechanistic understanding of the controls on carbon storage and
losses is essential for our capacity to predict and mitigate human
impacts on the global carbon cycle. Plant litter decomposition is an
important first step for carbon and nutrient turnover, and litter inputs
and losses are essential in determining soil organic matter pools and
the carbon balance in terrestrial ecosystems. Photodegradation, the
photochemical mineralization of organic matter, has been recently
identified as a mechanism for previously unexplained high rates of
litter mass loss in arid lands; however, the global significance of this
process as a control on carbon cycling in terrestrial ecosystems is not
known. Here we show that, across a wide range of plant species,
photodegradation enhanced subsequent biotic degradation of leaf
litter. Moreover, we demonstrate that the mechanism for this
enhancement involves increased accessibility to plant litter carbohydrates for microbial enzymes. Photodegradation of plant litter, driven
by UV radiation, and especially visible (blue–green) light, reduced the
structural and chemical bottleneck imposed by lignin in secondary cell
walls. In leaf litter from woody species, specific interactions with UV
radiation obscured facilitative effects of solar radiation on biotic decomposition. The generalized effect of sunlight exposure on subsequent microbial activity, mediated by increased accessibility to cell
wall polysaccharides, suggests that photodegradation is quantitatively important in determining rates of mass loss, nutrient release,
and the carbon balance in a broad range of terrestrial ecosystems.
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T

he carbon balance in terrestrial environments is primarily determined by inputs resulting from fixation of atmospheric carbon
dioxide (CO2) in plant tissues and outputs from the mineralization of
organic compounds (1). Due to the necessity to mitigate the increased atmospheric CO2 concentrations resulting from human activity, there has been an intense focus of interest on the controls of
CO2 uptake by vegetation and their effects on carbon sequestration
in terrestrial ecosystems (2). In contrast, there has been much less
attention given to the factors and processes that control the dynamics of carbon losses, which can be equally important in determining the carbon balance at the ecosystem scale (3, 4).
Sunlight is clearly a key driver of CO2 capture by photosynthetic
organisms, and solar radiation functions as the basis for energy flow
and carbon cycling in all ecosystems (5). As such, the influence of
solar radiation on carbon fixation and net primary production has
been extensively studied, whereas the effects of solar radiation on
factors controlling carbon loss from ecosystems are much less well
understood. In aquatic ecosystems, solar radiation has been shown
to affect carbon turnover as a result of photochemical reactions
that change the optical and chemical characteristics of dissolved
organic matter, particularly recalcitrant humic substances (6, 7).
Moreover, exposure to sunlight stimulated biological degradation
of biorefractory compounds (6, 8) and enhanced the production of
dissolved inorganic carbon in water (9) and of gaseous carbon
monoxide (CO) (10, 11). In terrestrial ecosystems, accumulating
evidence has demonstrated the importance of photochemical
mineralization of organic carbon compounds (photodegradation)
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as a control on organic matter turnover in arid and semiarid ecosystems (12–15). Losses of volatile carbon compounds, including
CO2, CO, and methane (CH4), from recently senesced plant material exposed to natural or artificial radiation have been documented (16–18) and have been linked to photochemical degradation
of cellulose (16) and partial or complete degradation of lignin
(19–21). Recent studies have demonstrated stimulation of litter
decomposition and respiration with prior exposure to ultraviolet
(UV) (22, 23) or full solar radiation (24) in dry Mediterranean
ecosystems. Nevertheless, the quantitative significance of photodegradation in terrestrial ecosystems that support greater microbial activity than arid-land ecosystems is generally considered to
be minimal (25).
A major obstacle to our progress in understanding the functional
significance of photodegradation in terrestrial ecosystems is that
experiments evaluating the effects of solar radiation on litter decomposition are generally conducted under natural conditions
where direct (i.e., abiotic) and indirect (biotically-mediated) contributions to the decomposition process are not distinguished (24,
26–28). In addition, for historical reasons related to studies of the
effects of stratospheric ozone depletion (29, 30), there has been a
strong emphasis on evaluating the effects of UV (200–400 nm)
radiation (particularly UV-B, 280–315 nm) on litter decomposition,
and these studies have yielded equivocal results with respect to the
importance of this spectral region as a driver of photodegradation
(31, 32). Recent evidence has demonstrated that the visible component of sunlight [blue and green wavelengths, 400–550 nm (BG)]
can have a large impact on photodegradation (17, 20), suggesting
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that studies wholly focused on UV effects (27, 31–33) may have
underestimated the quantitative importance of solar radiation as a
control on carbon turnover.
We used a wide range of species from temperate ecosystems
and appropriate sunlight attenuation filters (Fig. 1 A and B) to test
the effects of solar radiation (UV and BG components) on litter
decomposition and biodegradability. We separated the direct and
indirect effects of photodegradation on plant litter decomposition
and sequentially quantified their importance. Using this approach,
we demonstrated that exposure to solar radiation increased microbial accessibility to labile carbon compounds and accelerated
biotic litter decomposition across a wide range of plant species
from a diversity of terrestrial ecosystems.
Results
UV and BG Radiation Significantly Promote Organic Mass Loss from
Litter Across a Broad Range of Species. Senescent plant material

(leaf litter) from 23 temperate species from South America (Table
S1), which varied substantially in litter traits (Table S2), was exposed to different wavelengths of solar radiation in the absence of
soil biota. Solar radiation had a detectable effect promoting the
loss of organic matter from plant litter, with UV radiation and BG
light having a significant role energizing photodegradation across
all species (Fig. 1 C and D and Tables S3 and S4). In general, these
results are quantitatively consistent with other studies that explored photodegradation of plant litter under field conditions (12,
16, 17, 20) although the breadth of species evaluated here, which
ranged from annual herbaceous species to conifer and angiosperm tree species, establishes a general pattern for the spectral
dependence of photodegradation of plant litter in terrestrial
ecosystems.

Exposure to Solar Radiation Strongly Enhances Subsequent Microbial
Decomposition of Plant Litter. Leaf litter from the first phase of di-

rect photodegradation experiments was subsequently placed on the
soil surface in litterbags without light exposure under optimal field
conditions for evaluation of biotic decomposition. Once plant litter
was placed in contact with soil microorganisms, observed organic
mass loss was significantly greater in litter previously exposed to
solar radiation, suggesting that photodegradation primed the material for subsequent biological processing (“photopriming”) (Fig. 2
A and B). We evaluated the magnitude of photopriming (i.e., the
relative increase in decomposition due to prior exposure to solar
radiation) and observed that, across all species, previous exposure
to visible (BG) light enhanced subsequent biotic decomposition by
30%, on average (Fig. 2 A and B). In contrast, the UV component
alone had no significant photopriming effect when considered
across all species (Fig. 2 A and B).
Upon further examination, we noticed that, in a subset of species
(shrubs and trees), exposure to the UV component of sunlight not
only failed to cause photopriming, but actually resulted in a significant inhibition of subsequent biotic decomposition when litter
was placed in contact with the soil (seen as negative photopriming)
(Fig. 2 C and D). When we partitioned the dataset to distinguish
between herbaceous and woody species, we found a marked difference between these groups regarding the spectral dependence of
the photopriming effect (Fig. 2 C and D). This grouping into woody
and herbaceous species was supported by an evaluation of initial
litter quality, which showed the woody species to be strongly
associated with high lignin and polyphenol content of leaf litter
(Fig. S1 and Table S2). Although UV and BG radiation contributed
equally to photopriming of herbaceous litter (Fig. 2 C and D), for the
woody species used in this study, BG promoted and UV inhibited
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Fig. 1. Solar radiation promotes direct losses of organic matter in leaf litter from a broad range of plant species. (A) Photo of experimental manipulations to test
the effects of sunlight on leaf litter from 23 plant species under field conditions. (Inset) A close-up of the clear plastic cups used to hold litter samples. (B) Spectral
distribution of summertime solar radiation at the field site and spectral irradiance under the filters used to create the radiation treatments: (filter 1) λ > 290 nm,
with transparent polyethylene film that transmitted >95% of all solar radiation; (filter 2) λ > 400 nm, with attenuation of all UV radiation; and (filter 3) λ >
550 nm, with attenuation of all UV-and-BG (UV&BG) wavelengths (orange filter in A). (C) Effects of different wavelengths on average mass loss (+1 SEM) from
litter of 23 species after 100 d of exposure to solar radiation. The effect of the UV&BG wavelengths of natural sunlight on organic matter (OM) loss (and all other
evaluated variables) was calculated by subtracting the measured variable (i.e., OM loss) under filter 3 from the measured variable under filter 1; the effect of the
UV component alone was calculated by subtracting the measured variable under filter 2 from the measured variable under filter 1 whereas the effect of the BG
component alone was calculated by subtracting the measured variable under filter 3 from the measured variable under filter 2. (D) Mean effect sizes of the
different wavelengths on organic matter loss across the 23 species. Details of metaanalysis can be found in Table S3. The graph shows the average natural log of
the response ratio [±95% confidence intervals (CIs)]. If CIs do not cross the 0 line, the effect is considered to be significant.
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Fig. 2. Exposure to solar radiation facilitates subsequent microbial decomposition. (A) Enhancement of microbial decomposition (photopriming) in a
45-d field soil incubation, evaluating the wavelength-dependent effects of prior
exposure to solar radiation. Photopriming is defined as the percent increase for
each species in biotic decomposition due to exposure to different wavelengths
of solar radiation. Wavelength effects are calculated as indicated in Fig. 1. Each
bar represents the average of 23 species (+1 SEM). (B) Mean effect sizes of the
different wavelengths on photopriming across the 23 species (±95% CI). Details
of metaanalysis can be found in Table S3. (C) Photopriming effects on decomposition, partitioned for herbaceous and woody species. Each bar represents
the average of the group (n = 13 for herbaceous species; n = 10 for woody
species, +1 SEM). (D) Mean effect sizes of solar radiation on photopriming, partitioned by herbaceous and woody species. Litter quality analyses and analysis of
grouping for herbaceous and woody species can be found in Table S2 and Fig. S1.

subsequent biotic decomposition (Fig. 2 C and D). As a result of the
seemingly antagonistic effects of UV and BG light, exposure to full
solar radiation had almost no photopriming effect for the woody
species’ leaf litter used in these experiments (Fig. 2 C and D).
These data speak to two important insights into our understanding of the role of photodegradation on litter decomposition
in terrestrial ecosystems. First, whereas it has been demonstrated
that litter mass loss is directly caused by exposure to solar radiation
(12, 17, 20), we suggest that the principal and quantitatively most
important effect of photodegradation on the global carbon cycle
may be the facilitation of biotically mediated carbon turnover. We
demonstrate here, with a direct comparison of direct photodegradation and biotic decomposition (Table S4), that biotic decomposition overall had a much larger effect on organic matter loss
for the same species (range 4–65%) than the direct effect of photodegradation, which was generally small (range 1.5–4.5%) (Table
S4). Nevertheless, these relatively small rates of mass loss during the
photodegradative phase had an inordinately large impact on total
decomposition, by promoting microbially driven losses of carbon
during biotic degradation [average photopriming effect across
species ∼30% (Fig. 2A) and ranging from 0–185% (Table S4)]. If
the relative magnitudes of photodegradation and biotic degradation found in our experiment are representative of other natural
conditions (excluding extreme environments of arid lands), the
contribution of photopriming as a facilitator of biotic decomposition is quantitatively much larger than the direct effects of
photodegradation on carbon loss. Second, the observation that
litter quality can affect the spectral dependence of photopriming
(Fig. 2 C and D) provides an important element for conceptual
and empirical models aimed to understand the role of photodegradation in litter decomposition in different ecosystems. In
addition, the contrasting response of woody and herbaceous species to UV exposure may help to resolve the contradictory results
4394 | www.pnas.org/cgi/doi/10.1073/pnas.1516157113

concentration varied by a factor of nearly 10 (from 4% to 40%)
(Table S2). Across this spectrum of species, the effects of solar
radiation on litter lignin concentration were clear: lignin concentration was significantly reduced in litter exposed to full solar radiation, and the BG component of sunlight had a much larger
effect than the UV component (Fig. 3 A and B). This reduction is
noteworthy due to the fact that lignin in litter and soil generally
increases over time with biotic degradation due to the preferential
catabolism of labile compounds in the litter (4). The consistent
and significant reduction in lignin concentrations (and thus lignin
content) with exposure to BG, and to a lesser extent UV light,
confirms the general response of degradation of lignin in leaf litter
exposed to solar radiation (20, 21). The large impact of BG light in
reducing lignin can be explained on the basis of the spectral
properties of lignin, which, in contrast to cellulose, has strong light
absorbance in the BG region (20), and the high relative proportion
of BG with respect to UV quanta in solar radiation (BG:UV
quantum ratio of ∼5) (Fig. 1B).
Photodegradation Facilitates Access of Microbial Enzymes to Cell Wall
Polysaccharides Through Lignin Degradation. We were interested in

the potential mechanisms that could explain the biotic facilitation
(photopriming) observed in our results. We reasoned that the positive effect of previous exposure to solar radiation on microbial decomposition of litter in the soil (Fig. 2 A and B) may be associated
with the alleviation of lignin inhibition on cellulose–enzyme interactions. Although lignin is most often considered to inhibit microbial
degradation due to its poor energy yield, it is also important to
recognize that lignin functions as a structural and hydrophobic barrier impeding access of microbial enzymes to plant cell wall polysaccharides, such as cellulose (35), making cell walls virtually
impermeable to enzymatic degradation (36). Moreover, it is
widely accepted that lignin inhibits cellulose hydrolysis by binding
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Fig. 3. Lignin is reduced and saccharification increases when leaf litter is exposed to solar radiation. (A) Changes in lignin concentration (mg/g) due to solar
radiation exposure in the field. Each bar represents the average of 23 species
(+1 SEM). Wavelength effects are calculated as indicated in Fig. 1. (B) Mean
effect sizes of different wavelengths on lignin concentration (mg/g) across the 23
species (±95% CI). Details of metaanalysis can be found in Table S3. (C) Effects of
solar radiation on saccharification (the amount of sugars released by microbial
enzymatic processing of cellulose as determined by an in vitro saccharification
test using T. viride cellulose) (35) in plant litter. (D) Mean effect sizes of the
different wavelengths on saccharification across the 23 species (±95% CI).
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to photodegradation. Each symbol corresponds to the average of an individual species. (A) Relationship between lignin reduction (the relative decrease in lignin concentration due to exposure to different wavelengths of
solar radiation) in plant litter and changes in saccharification (absolute
difference between saccharification due to exposure to different wavelengths of solar radiation) for (A) UV&BG, (B) UV, and (C) BG wavelengths
of solar radiation. Wavelength effects are calculated as indicated in Fig. 1.
Only the relationships for UV&BG and BG light are significant, as indicated
in the graph.

compounds such as polyphenols (Table S2). An alternative, intriguing hypothesis is that the interaction between UV radiation and
components of woody leaf litter leads to the formation of photoproducts such as quinones (46), which are known to have inhibitory
effects on a broad group of microorganisms (47).
The effects of photodegradation on biotic decomposition of
plant litter and carbon turnover in terrestrial ecosystems have been
underappreciated until now. Our data suggest that the importance
of photodegradation extends well beyond its demonstrated direct
effects in arid lands (12–14, 17, 24). In addition, our results are
consistent with a recent study in which previous light exposure was a
determining factor in the subsequent biotic degradability of terrestrial organic matter in the aquatic environment at the watershed
scale (48). The mechanistic model for photopriming outlined here
suggests that this process can be of importance in many highly
productive terrestrial ecosystems where senescent plant material
may be exposed to solar radiation for some period during the year,
including tundra, grasslands, savannah, agroecosystems, droughtdeciduous forests, and alpine ecosystems. This implication challenges the estimation of a modest contribution of photodegradation
to the global carbon cycle (25). The full nature of the interactions
between photodegradation, subsequent microbial decomposition,
and climate controls has yet to be determined although it seems
that the way in which photodegradation affects the enzymatic accessibility to carbohydrates in plant cell walls, and thus litter decomposability, is an underestimated factor determining plant
carbon turnover in a wide range of terrestrial ecosystems.
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Discussion
Soil microorganisms oxidize large quantities of plant carbohydrates as a source of energy and as a way to access scarce nutrients. Limited accessibility to labile carbon compounds is a
fundamental stumbling block to microbial degradation of plant
litter (39). Lignin in secondary cell walls is the major obstacle
affecting the velocity of microbial carbon turnover because enzymes to degrade lignin are energetically costly and nonspecific,
and the amorphous nature of lignin makes it resistant to enzymatic
degradation (40). In fact, a flurry of recent biotechnological research has focused on opportunities for altering lignin composition and content in second generation biofuel crops, to increase
cell wall digestibility and thus improve the efficiency of cellulosic
ethanol production (41, 42). We show that, in litter of a broad
range of plant species, photodegradation can directly reduce lignin
concentration (Fig. 3 A and B), which adds generality to the results
of previous studies (19, 20, 43). In addition, an important implication of the present experiments is that the degradation of litter
lignin caused by sunlight exposure may increase the digestibility of
labile carbon compounds locked in lignin linkages within the cell
wall matrix (Fig. 4). Interestingly, the increased saccharification
due to exposure to sunlight is quantitatively similar to changes in
saccharification achieved through genetic manipulation of plant
lignin content (35, 44, 45). Taken together, our results suggest that
photodegradation of plant litter essentially reduces the bottleneck
imposed by lignin in secondary cell walls and greatly facilities
microbial access to carbohydrates (Fig. 4) and biotic decomposition
(Fig. 2 A and B). The lack of photopriming in litter of woody
species (Fig. 2 C and D) may be related to the optical shielding
of lignin molecules by other cell wall components, as woody
species’ leaf litters are characterized by high leaf mass per
unit area (LMA) and high abundance of other aromatic
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active sites of cellulolitic enzymes (37) and reducing enzymatic
efficiency (38).
Our first approach was to measure the effect of prior exposure
to sunlight on cellulose availability in plant litter for microbial
enzymes. We conducted an in vitro test for saccharification (the
amount of sugars released during cellulase digestion) (35), to
evaluate the magnitude of the effect, and role of different wavelengths in affecting carbohydrate availability. For all species,
previous exposure of leaf litter to solar radiation significantly increased in vitro saccharification—in some cases up to 150% above
nonexposed litter (Fig. 3 C and D and Table S5). The relative
contributions of UV and BG light to increased saccharification
were similar (Fig. 3 C). These results suggest that the proximate
mechanism for the observed photopriming effect is the increased
microbial accessibility to cellulose (and presumably other polysaccharides) in leaf litter. These changes were almost certainly not
due to thermal effects during photodegradation, because extended
exposure of plant litter to high temperatures (60 °C) had no demonstrable effect on these variables (Table S6). For woody species
litter, increased saccharification was more modest than for herbaceous species (Table S5), which is consistent with the lack of
photopriming in this group of species (Fig. 2 C and D).
Next, we evaluated the relationship between the observed
changes in saccharification and the direct effects of light exposure on lignin concentration. A comparison between lignin reduction and changes in saccharification demonstrated a highly
significant linear relationship for UV-and-BG light, and for BG
light (Fig. 4 A and C), but not for UV light alone (Fig. 4B), which
overall had very little effect in reducing litter lignin concentration (Fig. 3 A and B). Based on these results, we conclude that
the increase in carbohydrate availability is most likely caused by
the reduction in lignin concentration during photodegradation
and that this increased accessibility to leaf litter carbohydrates
is the most parsimonious explanation for the observed photopriming of biotic decomposition (Fig. 4).

Materials and Methods
Experimental Design and Litter Collection. The experimental approach was
divided into two phases in the field: (i) an evaluation of mass loss from
photodegradation under light attenuation treatments in the absence of
soil biota; and (ii) an evaluation of mass loss from subsequent biotic decomposition in samples contained in fiberglass mesh litterbags placed in
contact with soil. Additionally, we measured the physical and chemical
characteristics of litter before and after the first phase (direct photodegradation). We installed the experiment at the experimental field site of
the Instituto de Investigaciones Fisiológicas y Ecológicas Vinculadas a la
Agricultura (IFEVA)-Consejo Nacional de Investigaciones Científicas y Técnicas
(CONICET), at the School of Agronomy campus of the University of Buenos
Aires (34°36’S 58°22’W) (20). Climate is temperate and subhumid, with an
average temperature of 16.9 °C and year-round rainfall of 986 mm mean
annual precipitation (49).
We collected senescent leaf material from 23 species across a range of life
forms, families, and functional types from temperate ecosystems of South
America (Table S1). Leaf litter came from the Pampas grassland region of
central Argentina (native mixed C3–C4 prairie and agroecosystems) (50), the
Patagonian semiarid steppe (51), and temperate mixed deciduous–evergreen
forest (52). All leaf litter was carefully collected from the field sites at the
natural time of senescence or, in the case of evergreen species, brought to the
laboratory and separated for only recently senesced, fully intact litter. All litter
was pooled for each species, and, in all cases, litter came from multiple individuals (>10) collected from the field. Litter was air dried and stored indoors
without light exposure until the experiment was ready to begin.
Field Phase 1: Direct Photodegradation. We constructed filter “roofs” in the
field to have replicated light exposure treatments for all 23 species. The
roofs consisted of aluminum frames of 1.5 m × 2 m, which were held above
the ground using aluminum poles. Plastic filters were then suspended tautly
across these frames to create a homogenous light environment in the area
beneath the filters (Fig. 1A). Three different plastic filters were used to
achieve the light attenuation treatments: (i) >290 nm, with fully transparent
30-μm polyethylene film, which transmitted >95% of all solar radiation;
(ii) >400 nm, with attenuation of all UV radiation [280–400 nm; Costech 226
UV filter (equivalent to Rosco UV Filter)]; and (iii) >550 nm, with attenuation
of all UV and blue–green (BG) wavelengths (280–580 nm; Rosco E-Color 135
Deep Golden Amber). Spectral measurements in the field were obtained at
midday as described in ref. 53. Transmittance of filters was evaluated using a
UV-VIS spectrophotometer (Shimadzu Scientific Instruments). In total, we
constructed 15 frames, (n = 5 for each light treatment).
Beneath each filter, we constructed wooden pallets of 1.2 m × 1 m placed
on the soil surface and inclined at an angle of 25 degrees toward the north
to maximize light exposure. Samples ranging from 1 g to 2 g (depending on
the species characteristics and litter availability) were replicated for each of
the 23 species and light treatments. Litter was placed in dome-shaped clear
plastic cups (10 cm diameter × 15 cm high, Venecia Cáliz; La Papelera) (see
Inset in Fig. 1A). The cups were sealed at the bottom with a plastic lid and
fixed to the wooden pallet using Velcro tape attached to the base of the
cup. The cups were transparent to all wavelengths of solar radiation (similar
to the plastic filters used for the full sun treatment) (Fig. 1B, filter 1) and did
not interfere with light attenuation treatments. In addition, the cups were
largely impervious to water condensation and were protected from rainfall
penetration by the plastic filters placed above each aluminum frame.
Transmittance of the plastic cups was checked periodically with the spectroradiometer to avoid artifacts due to photo-aging of the plastic. As a
precaution, the entire set of plastic cups was replaced midway through the
experiment. Leaf litter was arranged in the cups to mimic as much as possible
a 3D exposure of field conditions (Fig. 1A, Inset). All samples (23 species × 3
light treatments × 5 replicates = 345 in total) were placed beneath the three
light treatments on December 31 (midsummer in the Southern Hemisphere)
and incubated for 100 d. At the end of the incubation, litter samples were
removed from the field and placed in a 50 °C drying oven for 48 h and
weighed for determination of mass loss. Ash-free dry mass was determined
for all samples (54) for calculations of organic matter loss.
Field Phase 2: Biotic Decomposition. The second phase of the experiment
involved the biotic decomposition of all litter that had been previously exposed to light attenuation treatments described above in phase 1. Each
sample was divided approximately in half, and between 0.500 and 0.750 g
was placed in a 10 × 15-mm, 2-mm mesh litterbag for field incubation. The
other half of the sample was ground to pass a 40-μm mesh and evaluated for
lignin content, total carbohydrates, and saccharification (described in Litter
Chemical and Morphological Characteristics). Litterbags were placed outside
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on October 1 (early spring, Southern Hemisphere) in an area of 20 × 20 m
from which all aboveground vegetation had been removed. The litterbags
were randomly located and held in place, in direct contact with the surface
soil with small aluminum stakes. A heavy shadecloth, doubled (light transmittance of <5% total radiation), was placed above all litterbags to block
exposure to solar radiation. After 45 d in the field (November 15), litterbags
were collected, carefully cleaned to remove any extraneous debris, placed in
a 50 °C drying oven for 48 h, and weighed for determination of mass loss.
Ash-free dry mass was determined for all samples to correct for soil contamination from the field (54), and for calculations of organic matter loss.
Litter Chemical and Morphological Characteristics. Characteristics of initial litter
quality were assessed including leaf mass per area (LMA), total soluble polyphenols, lignin, cellulose and hemicellulose concentrations, sunscreens, and
organic matter content. For exposed litter from phase 1, we also measured
lignin, cellulose and hemicellulose concentrations, total carbohydrates, and
saccharification (n = 5 in all cases). LMA was evaluated by scanning five to six
leaves at 600 dpi resolution (ScanJet 2400; Hewlett Packard), with area calculated using Adobe Photoshop cs2 (Adobe Systems Software Ltd). Litter was then
placed in a 50 °C drying oven for 48 h and weighed, with LMA (g·m−2) calculated as total area/total dry mass. We determined total soluble polyphenols by
extraction with a 50% methanol and analyzed by the Folin–Ciocalteu method
(55). Absorbance was measured at λ = 760 nm. For quantification, a calibration
curve was made using gallic acid (0.1 mg/L) as a standard (52). Sunscreens
present in plant litter were measured using a methanol extraction (53). Absorbance was measured at λ = 305 nm using a UV-1700 PharmaSpec UV-VIS
spectrophotometer (Shimadzu Corporation). Lignin, hemicelluloses, and celluloses were evaluated using sequential extraction, based on fiber analysis (56),
using an automated Ankom 220 Fiber Analyzer (Ankom Technology), including
sulphuric acid digestion and ash determination. Total carbohydrates in litter
were extracted from a hot acid digestion (57). Absorbance of extract was
measured at λ = 490 nm. Saccharification (the amount of sugars released by
microbial enzymatic processing of cellulose) (35) was estimated by the action
of the cellulase enzyme (Trichoderma viride cellulase, C9422; Sigma Aldrich),
which degrades accessible cellulose (35, 58). Fifty milligrams of ground litter
was incubated with 50 U/mL enzyme in 10 mL of pH 5.5 acetate buffer and
0.2 mL of toluene. Samples were incubated at 50 °C with constant agitation
for 72 h. The product (sugar) was quantified using the dinitrosalicylic acid
method (59), and absorbance was measured at λ = 575 nm.
Calculations and Statistics. Average values (±1 SEM) for litter of each species and
from each of the three light treatments [(i) >290 nm; (ii) >400 nm; (iii) >550 nm]
can be found in Tables S1–S4. For figures in the main text, the effect of the UVand-BG component on organic matter (OM) loss was calculated by subtracting
the measured variable (i.e., OM loss) under filter iii from the measured variable
under filter i; the UV component alone was calculated by subtracting the
measured variable under filter ii from the measured variable under filter i
whereas the BG component alone was calculated by subtracting the measured
variable under filter iii from the measured variable under filter ii (see Fig. 1B for
details of filter transmittance). Photopriming was calculated as the percent
change for each species when comparing different wavelength components (UV
and BG, UV alone and BG alone). Statistical evaluation of wavelength effects
on organic matter loss, photopriming, lignin concentration, and saccharification,
was carried out using a metaanalysis (60): in this case, using the natural log of
the response ratios between light treatments as described above. All metaanalyses were conducted as random effects models with the grouping variable
of life form (woody vs. herbaceous). Resampling tests of 999 iterations were
conducted to calculate boot-strapped confidence intervals. The random effects
model with boot-strapped confidence intervals is the most conservative approach for assessing effects of treatments using a metaanalytical approach, and
this evaluation was ideal for our experimental design, given the wide range of
species and without the complication of differences in experimental protocol
across species (60). All metaanalyses were completed using MetaWin 2.1 software, (MRSsoft). Correlative relationships between lignin reduction (the relative
decline in lignin concentrations due to exposure to different wavelengths of
solar radiation) and changes in saccharification (absolute difference between
saccharification due to exposure to different wavelengths of solar radiation)
for each of the light treatments were evaluated using least-squares linear
regression. Initial litter quality measurements were evaluated with principal
components analysis (PCA); a t test for differences in PCA axes was evaluated
with a Student’s t test. For all parametric analyses, α = 0.05. PCA analyses
were completed with Infostat/Professional (Version 1.1; National University
of Córdoba, Statistics and Design).
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