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ABSTRACT 

Wherever sunlight reaches litter there is potential for photodegradation to 

contribute to decomposition. Typically, ultraviolet (UV) radiation has been 

considered the main driver of this process and has been broadly studied in many 

biomes. However, short-wavelength visible light was lately identified as biologically 

active in litter photodegradation along with UV radiation. Whilst several reviews 

have attempted to identify how photodegradation affects decomposition, we aimed 

to tease apart the extent to which different spectral regions contribute to this 

process globally. We performed a meta-analysis of studies that assessed 

photodegradation through spectrally selective attenuation of solar radiation, to 

identify the impact of waveband-dependent photodegradation on litter mass loss 

across all studied biomes under ambient sunlight. We found the full-spectrum of 

sunlight to significantly increase litter mass loss by 14% ± 1% across all studies. When 

accounting for spectral composition, blue light-driven photodegradation alone was 

responsible for most of this increase in mass loss (12% ± 1%). This highlights the 

crucial role of blue light in the photodegradation process. On the other hand, any 

effects of UV and its constituent UV-B radiation were not significant at the global 

scale only at a local scale, while UV-A radiation reduced mass loss by 5% ± 1% 

globally. These waveband-dependent effects were modulated by climate, ecosystem 

type and decay period. Relating photodegradation rates with initial litter traits, we 

did not find any of the classical litter traits to predict photodegradation on a global 

scale, suggesting different traits to be relevant in different biomes. However, there 

have been too few studies to make confident general inferences about 



 

photodegradation at high latitudes and in ecosystems characterized by high canopy 

cover, where further investigation is needed to better explain the role of 

photodegradation globally. 
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INTRODUCTION 

The capability of sunlight to impact litter decomposition in terrestrial ecosystems, 

through the process of photodegradation, is by now well established (Bais et al., 2018). 

Photodegradation involves three main mechanisms: photochemical mineralization, 

consisting of the direct breakdown of organic matter (Gallo et al., 2006), 

photofacilitation, meaning the facilitation of microbial decomposition following the 

photomineralization of complex polymers (Baker and Allison, 2015), and 

photoinhibition, referring to the inhibition of microbial decomposition (Barnes et al., 

2015). Which of these processes is dominant depends not only on the spectral region 

considered, but also on other environmental factors, such as temperature and 

precipitation, interacting with photodegradation (King et al., 2012). In some cases, the 

positive (photochemical mineralization and consequent photofacilitation) and 

negative (photoinhibition) effects offset each other (Bais et al., 2018). 

Since the 1990s, when the study of photodegradation began, research has largely 

focused on the effects of supplemental UV radiation (280-400 nm), and more 

specifically UV-B radiation (280-315 nm), in an attempt to evaluate their impact on 

litter decomposition after the formation of the stratospheric ozone hole (Zepp et al., 

1995, Caldwell and Flint, 1994). Consequently, photodegradation under ambient 

sunlight did not receive much attention until recently (reviewed by King et al., 2012). 

This shift in focus has led researchers to realise that the short-wavelength regions of 

the visible spectrum, blue (420-490 nm, Sellaro et al., 2010 and green (500-570 nm, 

Sellaro et al., 2010) light, are also important as drivers of photodegradation (Austin and 

Ballaré, 2010). 



 

Photodegradation has a role in litter decomposition in terrestrial ecosystems, not 

only in arid and semiarid environments at low latitudes (Day et al., 2007, Almagro et 

al., 2015), as originally thought, but also at higher latitudes (Jones et al., 2016, Zaller et 

al., 2009) and in mesic environments (Brandt et al., 2010). Recently, forests have been 

added to the list of ecosystems where photodegradation affects biogeochemical 

cycling, extending the reach of this process beyond those areas with low canopy 

cover and exposed to high solar radiation (Pieristè et al., 2019, Pieristè et al., 2020, 

Méndez et al., 2019). However, photodegradation does not always impact litter 

decomposition in the same way, and whether it accelerates or decelerates the 

decomposition process is thought to depend on both the spectral composition and 

irradiance of incident radiation and the biome in question (Bais et al., 2018). This could 

be explained by the interaction of photodegradation with other abiotic factors, such 

as temperature, precipitation and soil moisture, as the relative importance of 

photodegradation is reported to be enhanced in dryer conditions (Brandt et al., 2007, 

Brandt et al., 2010, Almagro et al., 2017). Moreover, photodegradation rate increases 

with those factors that change the exposure of litter to sunlight, such as season, 

canopy structure and phenological stage, litter layer thickness or litter position 

(Moody et al., 2001, Rutledge et al., 2010, Bravo-Oviedo et al., 2017, Almagro et al., 2015, 

Henry et al., 2008, Mao et al., 2018). Additionally, the incident irradiance and spectral 

composition of solar radiation changes on a spatial scale according to several factors, 

such as latitude, elevation and sun angle, meaning that underlying patterns of 

photodegradation should vary consistently across the globe (Aphalo et al., 2012, 

Aphalo, 2018, Gallo et al., 2009). 



 

Photodegradation is also thought to be moderated by litter traits, in particular lignin 

content was suggested as a good predictor of the photodegradation rate in arid and 

semiarid environments, due to its capacity to absorb UV radiation (Austin and Ballaré, 

2010, Méndez et al., 2019). However, other studies have found the photodegradation 

rate to be correlated with specific leaf area (SLA) and initial hemicellulose and 

cellulose content but not with lignin content (King et al., 2012, Day et al., 2018, Pan et 

al., 2015). This suggests that we do not yet understand the underlying mechanisms of 

photodegradation, but it appears that there is the potential for different plant 

morphological and biochemical traits to be important as predictors of 

photodegradation driven by different spectral regions. 

Effects of UV-B-driven photodegradation were reviewed in a meta-analysis by Song 

et al., 2013 and, under ambient sunlight, UV-B radiation was found to have no 

significant, direct or indirect, effects on litter decomposition at the global scale. King 

et al., 2012 reviewed the effects of UV radiation and visible light below 450 nm, finding 

that these spectral regions can increase litter mass loss. However, these two studies 

(Song et al., 2013 and King et al., 2012) included both experiments employing 

supplemental and ambient radiation and did not analyse the effect of the separate 

spectral regions (e.g. UV-B, UV-A, blue light). To date, the contrasting results from 

studies on the effects of photodegradation driven by different spectral regions under 

ambient sunlight, have not been comprehensively synthesised and generalized at the 

global scale. Knowledge of the impact of waveband-dependent photodegradation on 

litter mass loss on a global scale could represent the first step towards quantifying 

the impact of sunlight on decomposition and later carbon loss across the globe, as 



 

we know that photodegradation is responsible for the release of carbon compounds, 

such as methane (CH4), carbon dioxide (CO2) and carbon monoxide (CO), into the 

atmosphere(Brandt et al., 2009, Day et al., 2019). 

This study aims to analyse the effect of photodegradation driven by UV radiation, its 

constituent UV-B and UV-A radiation, and blue light on mass loss from litter at the 

global scale and to assess whether photodegradation rates are modulated by 

climate, ecosystem type, length of the exposure period and litter habit (evergreen or 

deciduous). We expect blue light- and UV-A radiation-driven photodegradation to 

enhance litter mass loss, due to the ability of these spectral regions to degrade lignin 

(Austin and Ballaré, 2010) while having lower potential than UV-B radiation for 

photoinhibition of microbial decomposers (Austin et al., 2016, King et al., 2012). This 

ability of UV-B radiation to inhibit microbial decomposition (Ball et al., 2019, Day et al., 

2018), mitigating the direct photochemical mineralisation of litter, leads us to expect 

photodegradation driven by this spectral region to have no net effect on litter mass 

loss in accordance with the findings of Song et al., 2013. Moreover, we expect 

photodegradation to be more relevant (1) in arid than mesic conditions, where 

precipitation is likely to be the main driver of the decomposition process (Bais et al., 

2018), as well as (2) in ecosystems with low canopy cover which allow most of the 

incident solar radiation to penetrate to the litter layer. 

In addition, we aim to identify initial litter traits that could predict the impact of 

photodegradation driven by each spectral region. Previous studies (Day et al., 2018, 

Méndez et al., 2019, Austin and Ballaré, 2010, Pan et al., 2015, King et al., 2012) found 

different traits to be good predictors of the photodegradation rate when applying 



 

different spectral treatments to attenuate several parts of the solar spectrum. In light 

of this finding, we expect different traits to predict photodegradation rates driven by 

different spectral regions. 

MATERIAL AND METHODS 

Data collection 

Data for the meta-analysis were extracted from published literature and two 

unpublished studies from the research groups of the authors of this meta-analysis. 

Literature, published between 1980 and July 2019, was collected from Web of 

Science, Google Scholar, and Scopus database (see ESM Appendix-1 for details of the 

keywords used). We selected studies that spectrally selectively attenuated solar 

radiation to measure the photodegradation of surface leaf litter in terrestrial 

ecosystems. Since one of our aims is to understand the effects of spectral 

composition on mass loss under ambient sunlight, all studies employing 

supplemental radiation were excluded. Moreover, as we aimed to examine the 

correlation between photodegradation rate and litter traits, we retained only studies 

employing leaf litter from a single species, while we excluded studies using litter 

mixtures (see ESM Appendix-1 for more details about study selection). We extracted 

data concerning litter mass loss and initial litter traits. Where data were not 

presented in tables, we extracted them directly from the figures using 

WebPlotDigitizer 4.2 (Rohatgi, 2019). We retained a total of 25 papers (see Appendix-

2 for list of retained studies) with a total of 1483 datapoints. Several papers included 

comparisons of multiple plant species (see ESM Appendix-3 for the list of litter 



 

species), field sites and spectral treatments, so the number of trials exceeded the 

number of studies. The global dataset was divided into five categories according to 

the spectral treatment: the effect of excluding 1) UV radiation; 2) UV-B radiation; 3) 

UV-A radiation; 4) blue light and 5) the full spectrum of visible light and UV radiation. 

There were too few studies to be able to test the effects of green light. The effect of 

each spectral region was obtained by comparison of pairs of spectral treatments 

applied in the original studies: the effects of excluding UV radiation, UV-B radiation 

and the full-spectrum were obtained by comparison of the control treatment with 

the no-UV, no-UVB and dark treatments respectively; while the effect of UV-A 

radiation was obtained by comparison between the no-UV and the no-UVB 

treatment and the effect of blue light by contrasting the no-UV/blue and no-UV 

treatments as in (Wang et al., 2020). 

Additionally, we extracted complementary information from each study: ecosystem 

(grassland, shrubland, woodland, open area); length of the decay period (months); 

habit (evergreen or deciduous), litter form (herbaceous; shrub, tree), latitude (see 

ESM Appendix-4 for more details about data and complementary information 

included in the dataset). The climate of each study site was defined according to the 

updated Koppen-Geiger climate classification through the map provided by (Beck et 

al., 2018), dividing the globe into five main climate zones further separated in 

subdivisions based on temperature and precipitation (see ESM Appendix-5 for more 

details about the climate classification). We could not consider subdivisions in 

temperate and continental zones because of the small amount of data from these 

climates. 



 

In order to deliver estimate global-scale quantities of C released from surface litter 

by photodegradation, we extracted data from the SRDB database (Bond-Lamberty and 

Thomson, 2010) for the annual litter carbon fluxes from each of the biomes 

corresponding to the locations of studies retained in the meta-analysis (see ESM 

Appendix-7). These data allowed us to roughly estimate the carbon flux in each of 

these biomes attributable to litter mass loss due to photodegradation. 

Statistical analysis 

The effect sizes expressed as log response ratio (lnRR) of mass loss were computed 

with the function escalc() from the package ‘metafor’ (ver. 2.1-0) (Viechtbauer, 2019), 

which uses sample sizes, standard deviations and means of the original studies and 

presents bias correction for small sampling. We used a three-level random mixed 

effect model with variables “Ecosystem”, “Decay”, “Climate”, “Habit”, “Life form” 

and “Latitude” as fixed factors and “Study” and “Trial” as random factors. “Trial” 

represents the series of measurements of mass loss from each species in each study.  

We used this method to test the overall effect of exclusion of each spectral region 

and the effect of the categorical variables, with the function rma.mv() from the 

package ‘metafor’ (ver. 2.1-0) (Viechtbauer, 2019), employing the Knapp and Hartung 

method correction for random meta-analyses (Knapp and Hartung, 2003, Assink and 

Wibbelink, 2016). From these models we obtained the estimated average lnRR which 

we used to calculate the percentage change to better interpret the magnitude effect 

with the formula as in (Pustejovsky, 2018). 

We analysed possible correlations between the rate of photodegradation (effect size 

= lnRR) and the initial litter traits, as reported by the authors in their studies: carbon 



 

content (C); nitrogen content (N); carbon to nitrogen ratio (C:N); lignin content; lignin 

to nitrogen ratio (Lig:N) and specific leaf area (SLA). To evaluate the potential 

correlation between photodegradation driven by each spectral region and the initial 

litter traits, we used a mixed-effect model with the function lme() from the package 

‘nlme’ (ver. 3.1-141) (Pinheiro et al., 2019). We used the initial traits as covariates, the 

study and trial as random effects and the sample size as weight in order to obtain an 

estimate of the mean slope, its standard error and the statistical significance of the 

relationship (Cornwell et al., 2008). We then calculated the regression coefficients with 

the function r.squaredGLMM from package ‘MuMIn’ (ver. 1.43.6) (Bartoń, 2019). 

Following the same method, we also analysed relationships between 

photodegradation driven by each spectral region and latitude; mean annual 

temperature (MAT) and precipitation (MAP) at the experimental sites. 

There is potential for bias due to the paucity of published studies from certain 

climates, ecosystems, latitude, etc. To better understand the risk of bias, we explored 

the dataset of retained studies to identify over- and under-represented categories. 

To evaluate literature bias we employed an Egger’s test (Egger et al., 1997) by using 

the variance of the effect size as a moderator of a meta regression clustered by trial 

and study (Viechtbauer, 2010). This allowed us to account for the dependency among 

the effect sizes. 



 

RESULTS 

Effect of full-spectrum-driven photodegradation on litter mass loss 

Full-spectrum of sunlight significantly increased litter mass loss overall (+14% ± 1%, 

p = 0.040, Fig.2a, Table 1), however, this effect varied significantly depending on 

climate (p = 0.001, Table 2), ecosystem type (p < 0.001, Table 2) and decay period (p 

< 0.001, Table 2). Specifically, the full spectrum significantly increased mass loss 

effect only in arid (+36%, p < 0.001, Fig.2a) and semiarid (+26%, p < 0.001, Fig.2a) 

climates. In terms of ecosystem types, receipt of the full-spectrum of sunlight 

increased mass loss only in open areas (+37%, p = 0.013, Fig.2a) and shrublands 

(+34%, p < 0.001, Fig.2a), while it had no significant effect in grasslands (p = 0.534, 

Fig.2a) or woodlands (p = 0.293, Fig.2a). Furthermore, the full spectrum of sunlight 

significantly increased litter mass loss between three and twelve months of 

decomposition (3 to 6 months: +21%, p = 0.016; 6 to 12 months: +22%, p = 0.001, 

Fig.2a), but it had no significant effect during the initial three months of 

decomposition (p = 0.251, Fig.2a) nor after twelve months (p = 0.529, Fig.2a). 

Effect of blue light-driven photodegradation on litter mass loss 

Blue light caused an increase in mass loss overall (+12% ± 1%, p = 0.037, Fig.2b, Table 

1) and this effect was dependent on climate (p = 0.003, Table 2) and ecosystem type 

(p < 0.001, Table 2). Blue light significantly increased litter mass loss in arid (+10%, p 

< 0.001, Fig.2a) and semiarid (+27%, p < 0.001, Fig.2b) climates but had no significant 

effect on litter mass loss in temperate (p = 0.302, Fig.2b) and continental climates (p 

= 0.782, Fig.2b). Moreover, blue light significantly increased litter mass loss in open 



 

areas (+50%, p < 0.001, Fig.2b) and shrublands (+10%, p < 0.001, Fig.2b), but not in 

woodlands (p = 0.091, Fig.2b). 

Effect of UV-driven photodegradation on litter mass loss 

The total UV radiation (UV-B + UV-A) had no significant effect on mass loss overall (p 

= 0.255, Fig. 2e, Table 1). However, there was an interactive effect of UV radiation 

modulated by the decay period (p < 0.001, Table 2), which increased with the length 

of decay period reaching a peak between 24 and 36 months, when UV radiation 

increased mass loss by 40% (Fig.2c). UV-B radiation, similarly to the total UV 

radiation, did not have a significant overall effect on litter mass loss (p = 0.872, Fig. 

2d, Table 1). However, the effect of UV-B radiation changed according to climate (p 

< 0.001, Table 2), decay period (p < 0.001, Table 2) and habit (p = 0.048, Table 2). UV-

B radiation significantly increased mass loss in semiarid climates (+10%, p < 0.001, 

Fig.2d), while it reduced mass loss in polar climates (-23%, p < 0.001, Fig.2d). 

Furthermore, UV-B radiation between 6 and 12 months of decomposition (+8%, p = 

0.007, Fig.2d), while it had no significant effect during the other periods of 

decomposition (Fig.2d). Moreover, UV-B radiation increased mass loss of evergreen 

trees’ litter (+17%, p = 0.006, Fig.2d), while it had no significant effect on mass loss 

of deciduous trees’ litter (p = 0.602, Fig.2d). In contrast to UV-B radiation, solar UV-

A radiation significantly reduced mass loss overall (-5% ± 1%, p = 0.019, Fig.2e) and 

this effect was dependent on the decay period (p = 0.012, Table 2), being limited to 

the first three months of decomposition (-9%, p = 0.023, Fig.2e). 



 

Relationship between photodegradation and abiotic factors 

Photodegradation driven by blue light, UV-A and UV radiation did not correlate with 

any of abiotic factors (MAT, MAP and latitude). However, photodegradation 

attributable to the full-spectrum of sunlight was significantly positively correlated 

with MAP (slope = 0.001, R2 = 0.292, p = 0.009, Fig.3, Table S1) and UV-B radiation 

was significantly negatively correlated with latitude (slope = -0.003, R2 = 0.244, p = 

0.027, Fig.3, Table S1). 

Relationship between Initial litter traits and photodegradation 

Photodegradation attributable to the full-spectrum, blue light and UV-A radiation did 

not correlate with any of these traits (Table S2). On the other hand, 

photodegradation attributable to the total UV and UV-B radiation were significantly 

negatively correlated with initial C (p: 0.025 & 0.043 respectively, Fig.4, TableS2), 

however the correlations were very weak (slope = -0.015 & -0.013, R2 = 0.080 & 

0.167, Fig.4, Table S2). 

Bias analysis and bias exploration 

We did not find bias in the datasets for the following spectral regions: blue light (F1,195 

= 0.597, p-value = 0.441); UV-A radiation (F1,116 = 0.010, p-value = 0.921); UV-B 

radiation (F1,127 = 1.223, p-value = 0.271) and UV radiation (F1,355 = 0.741, p-value = 

0.390); except for the full spectrum (F1,251 = 13.371, p-value < 0.001). UV radiation 

was the most studied spectral region, while blue light and UV-A radiation were 

under-represented in our dataset (Fig.1a). Most studies were carried out at latitudes 

between 30° and 50°North and South, while data from high latitudes were lacking 



 

(Fig.1b). Grassland and shrubland ecosystems were more studied than woodlands 

and open areas (Fig.1c). Arid and semiarid climates were the most studied, while 

polar and subtropical climates were the least studied followed by continental and 

temperate climates (Fig.1d). In terms of the decay period, the first 12 months of 

decomposition were the most studied (Fig.1e). The retained studies were located in 

six biomes: “boreal forests/taiga”, “deserts and xeric shrublands”, “Mediterranean 

forests, woodlands and scrub”, “montane grasslands and shrublands”, “temperate 

broadleaf and mixed forests” and “temperate grasslands, savannas and shrublands” 

(Fig.1h, see ESM Appendix-6 and Appendix-7 for further details). 

DISCUSSION  

Photodegradation across the globe: a waveband-dependent process 

Exposure to the full-spectrum of sunlight increased litter mass loss by 14% ± 1%  

overall (Table 1, Fig.2a), confirming the importance of sunlight among the suite of 

abiotic factors driving the decomposition process across the globe. This result is in 

agreement with previous findings analysing the effect of the full-spectrum of sunlight 

on litter mass loss (Day et al., 2015, Ma et al., 2017, Pan et al., 2015). However, the 

magnitude of the effect is smaller than found in the meta-analysis from King et al., 

2012, which calculated an increase in mass loss of 23% due to sunlight. Our meta-

analysis includes studies that were carried out in temperate and hemi-boreal forest 

environments, including one as yet unpublished study (Pieristè et al., 2019, Pieristè et 

al., 2020). This type of ecosystem was not represented in the meta-analysis by King et 

al., 2012. In temperate and boreal forests, sunlight tends to have the opposite net 



 

effect on photodegradation compared with forests at lower latitudes (Ma et al., 2017), 

decreasing litter mass loss in some litter species (Pieristè et al., 2019, Pieristè et al., 

2020). Hence, the inclusion of studies from these biomes may explain the lower 

contribution of photodegradation to decomposition on the global scale from our 

meta-analysis compared with previous analyses. 

Overall, blue light explained the large part of mass loss through an increase of 12% ± 

1% (Table 1, Fig.2b), while we found no significant effect of UV and UV-B radiation 

on litter mass loss, in agreement with a previous meta-analysis showing no effect of 

UV-B radiation overall (Song et al., 2013). On the other hand, UV-A radiation decreased 

mass loss by 5% ± 1% (Table 1, Fig.2e), suggesting that this spectral region reduces 

litter decomposition. The potential of UV and UV-B radiation to slow down microbial 

decomposition, due to their high energetic capacity to cause oxidative stress in living 

organisms, has been reported in previous studies (Moody et al., 2001, Moody et al., 

1999, Verhoef et al., 2000) as well as their potential for photochemical mineralization 

(Gallo et al., 2009). Moreover, past studies found UV and UV-B radiation to have 

contrasting effects in different climates: for instance their positive effect on 

decomposition in arid and semiarid climates was not found to extend to temperate 

and continental climates (Pieristè et al., 2019, Pieristè et al., 2020, Gallo et al., 2009, Gallo 

et al., 2006). On the other hand, while blue light has proved to be effective in terms 

of photochemical mineralization, photoinhibition was not apparent in litter exposed 

to this spectral region (Austin et al., 2016); this is likely to be the reason for the overall 

positive effect of blue light on litter decomposition. A similar argument could be 

made to explain the effect of UV-A radiation, supposing that UV-A-photoinhibition, 



 

known to occur in some fungi (Yamazaki et al., 1996), could outweigh photochemical 

mineralization. The effect of UV-A radiation on decomposer organisms needs further 

investigation, in order to better understand the role of this spectral region in litter 

decomposition. The high irradiance of blue light and UV-A radiation compared to UV-

B radiation in ambient sunlight may provide another reason for their stronger effect 

on global decomposition in natural conditions (Aphalo et al., 2012). 

We estimated annual carbon flux from litter attributable to photodegradation driven 

by different spectral regions applying the percentage contributed by 

photodegradation to the gross annual carbon flux lost from litter. This produced an 

estimate of photodegradation driven by the full spectrum could contribute 20-35 g C 

m-2 per year according to biome type (Table S3). While blue light would potentially 

be responsible for 16-26 g C m-2 per year according to biome type (Table S3). On the 

other hand, UV-A radiation could offset the annual carbon flux by 6-12 g C m-2 

according to biome type (Table S3). Our estimate suggests that at a global scale, 

photodegradation due to the full spectrum of sunlight may contribute 1.82 Pg to the 

annual global terrestrial carbon flux in the six biomes studied, corresponding to 0.01 

– 0.65 Pg according to the type of biome. 

Climate moderated photodegradation driven by blue light, UV-B radiation and the 

full-spectrum of sunlight, with the highest photodegradation rates occurring in arid 

and semiarid climates. This is likely due to the high irradiance and dry climatic 

conditions that promote photodegradation, together with reduced microbial activity 

in these kind of environments (Gallo et al., 2006, Brandt et al., 2007), while in temperate 

and continental climates decomposition is likely to be driven by factors promoting 



 

biotic processes, such as precipitation and temperature cycles (Adair et al., 2008, Aerts, 

1997, Meentemeyer, 1978). However, in this meta-analysis we did not find a significant 

correlation between the rate of photodegradation and the mean annual 

precipitation (MAP) for any of the spectral regions, except for the full-spectrum of 

sunlight. It is possible that using MAP, an average estimate calculated over 30 years, 

failed to capture any fine-scale variability in the weather conditions during the 

experiments in these studies. Cumulative precipitation during the experiment, 

seasonality of rainfall and rainfall intensity and duration might prove better 

predictors, however these data were not available for many of the studies included 

in the meta-analysis, so could not be used. Most arid and semiarid environments 

studied were at low latitudes, typically receiving high irradiance, and proportionally 

high UV-B radiation, compared with higher latitudes, potentially increasing the 

importance of photodegradation among factors controlling decomposition in these 

biomes. 

In our meta-analysis the decay period played an important role in moderating the 

photodegradation rate, with different spectral regions acting at different periods 

during decomposition. For instance, the effect of UV radiation on mass loss increased 

after 12 months, while the importance of blue light decreased after 12 months. As 

previously suggested by Wang et al., 2015 and Lin et al., 2018, the contribution of 

photofacilitation depends on the duration of exposure and phase of decomposition. 

The role of UV radiation as inhibitor of microbial decomposition is likely to be the 

reason why the net effect of UV on mass loss is less important during the initial stages 

of decomposition when microbial decomposers play an important role (Voříšková and 



 

Baldrian, 2013). The opposite may be true for blue light which is known to 

photodegrade lignin (Austin and Ballaré, 2010) facilitating subsequent microbial 

activity without itself being responsible for microbial photoinhibition (Austin et al., 

2016, King et al., 2012). 

Initial litter traits fail to predict photodegradation rate at the global 

scale 

In our meta-analysis, those litter traits typically employed as predictors of litter 

decomposition, such as C:N or Lig:N, failed to predict photodegradation rates driven 

by specific spectral regions. Past studies from several biomes have found 

photodegradation rate to correlate with various traits. For instance, the 

photodegradation rate correlated with initial N and SLA in an arid shrubland (Pan et 

al., 2015), while a correlation with initial lignin content was found in a semiarid 

grassland (Austin and Ballaré, 2010) and in a semiarid forest (Méndez et al., 2019). On 

the other hand, in the Sonoran Desert, characterised by bare soil and sparse shrubs, 

photodegradation was correlated with initial hemicellulose and cellulose content 

(Day et al., 2018). These trends together with our results suggest that different traits 

predict the photodegradation rate in different biomes. As a consequence, 

photodegradation at the global scale is likely to be mainly driven by climate, while 

initial litter traits tend to be more relevant at the local scale, due to their interaction 

with other abiotic factors such as temperature and precipitation which are able to 

drive microbial decomposition and shape microbial assemblages (Yao et al., 2017, 

Classen et al., 2015, Hawkes et al., 2011). Unfortunately, the number of studies from 

each biome is too small to be able to test the importance of each trait for each biome 



 

separately. Moreover, as litter traits are partly determined by the climatic conditions 

during plant growth (Fortunel et al., 2009), climatic regimes (or biomes) are auto-

correlated and therefore difficult to disentangle. This could be another potential 

reason for the lack of correlation between initial litter traits and photodegradation. 

Nevertheless, it is likely that the interaction of photodegradation with factors such 

as temperature and precipitation, and with the microbial pool, is more important 

than the initial litter traits in determining the rate of photodegradation. 

Potential bias and further considerations 

Every meta-analysis is subjected to bias, for this reason results must be interpreted 

with care, even if we tried to minimize potential biases as much as possible. Exploring 

the literature published about photodegradation under ambient sunlight, we 

identified some over- and under-represented categories that could potentially affect 

our results. For instance, UV-driven photodegradation is the most studied, while not 

much attention has focused on blue and green light and UV-A radiation, despite their 

relevance in the photodegradation process (Austin et al., 2016). We might expect that 

as more studies focus on these under-represented spectral regions whose 

importance only recently came to prominence, our results would change. Moreover, 

studies of photodegradation were mainly located at latitudes between 30° and 50° 

North and South (Fig.1b), with high latitudes being under-represented. As 

photodegradation has even proved relevant even under relatively low irradiances 

(Pieristè et al., 2019, Pieristè et al., 2020), the study of photodegradation in biomes at 

high latitudes and with a dynamic vegetation structure is fundamental to understand 

the real impact of photodegradation at the global scale. Moreover, woodlands are 



 

by far less studied than shrublands and grasslands and these studies are located at 

higher latitudes in temperate and continental climates, while grasslands have mainly 

been studied in arid and semiarid climates at lower latitudes. This segregation might 

partially explain the higher importance attributed to photodegradation in arid 

conditions. 

Something more to consider, which is a particularly contentious subject in 

photobiology, is the method used to manipulate the solar spectrum. In 

photodegradation studies, there is no standard method of filtering solar radiation 

and this makes it hard to compare multiple studies where different methods create 

different micro-environments and exclude different classes of decomposers from 

reaching the litter, consequently altering the decomposition rates (King et al., 2012). 

Agreement on a standard method for the manipulation of solar radiation in 

photodegradation studies would allow a better comparison between them. 

CONCLUSION 

We performed a meta-analysis to test the impact on litter mass loss at the global 

scale of those spectral regions biologically active in photodegradation. Our results 

confirmed the importance of sunlight as an abiotic driver of litter decomposition 

through the process of photodegradation at the global scale. The full-spectrum of 

sunlight increased litter mass loss by 14% ± 1% at the global scale, suggesting 

important consequences of relationships with photodegradation for the global 

terrestrial carbon flux. Furthermore, our meta-analysis highlights the important role 

of blue light in litter decomposition globally, as this spectral region alone is 



 

responsible for an increase in mass loss of 12% ± 1%. On the other hand, any effects 

of UV and its constituent UV-B radiation were not significant at the global scale only 

at a local scale, while UV-A radiation reduced mass loss by 5% ± 1% globally. In 

addition, none of the classical litter traits seemed to predict photodegradation on a 

global scale, suggesting the possibility that different traits could be relevant in 

different biomes. Further investigation is needed into the role of photodegradation 

at high latitudes and under tree canopies, as these categories are at present 

understudied; this will allow us to have a better understanding of the role of 

photodegradation across the globe and would represent a first step towards 

estimating its impact on the global carbon cycles. 
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TABLES 

Table 1 

Overall estimated log response ratio (lnRR) of mass loss, 95% confidence interval and 

p-value for each spectral region.  

Spectral region Estimate 95% CI p-value % change 

Full-spectrum -0.138 -0.270 -0.007 0.040 14.798 

Blue light -0.116 -0.225 -0.007 0.037 12.299 

UV-A radiation 0.048 0.008 0.089 0.019 4.917 

UV-B radiation 0.008 -0.086 0.101 0.872 0.803 

UV radiation -0.104 -0.283 0.075 0.255 10.960 

 



 

Table 2 

Heterogeneity between groups (Qb) and p-values of the moderators for each 

spectral region.  Values in bold indicate statistical-significance. 

Spectral region Variable Qb p-value 

Full-spectrum 

Climate 4.76 0.001 

Decay period 3049.09 < 0.001 

Ecosystem 9.77 < 0.001 

Habit 0.41 0.526 

Life form 2.08 0.128 

Blue 

Climate 4.81 0.003 

Decay period 1.49 0.206 

Ecosystem 46.74 < 0.001 

Habit 0.02 0.898 

Life form 0.30 0.738 

UV- A 

Climate 0.64 0.529 

Decay period 3.83 0.012 

Ecosystem 2.46 0.090 

Habit 0.70 0.405 

Life form 0.22 0.805 

UV- B 

Climate 11.85 < 0.001 

Decay period 11.17 < 0.001 

Ecosystem 2.51 0.062 

Habit 4.04 0.048 

Life form 0.19 0.83 

UV 

Climate 0.39 0.763 

Decay period 8.78 < 0.001 

Ecosystem 2.15 0.094 

Habit 0.07 0.799 

Life form 2.66 0.071 
  



 

FIGURES LIST 

Figure 1: Bias representation: a) number of studies and trials per each spectral 

region, b) absolute latitude of the field sites of the retained studies, c) number of 

studies and trials by ecosystem type; d) number of studies and trials by climate zones 

(see ESM Appendix-5 for more details about the climate classification); e) number of 

studies and trials by decay period, f) number of studies and trials by habit and g) 

number of studies and trials by litter form. “Trial” represents the series of 

measurements of mass loss from each species in each study site in each study 

retained for the meta-analysis. 

Figure 2: Effects of exclusion of a) the full spectrum, b) blue light, c) UV-A radiation, 

d) UV-B radiation and e) UV radiation on litter mass loss according to categories of 

climate, ecosystem, decay period, habit and litter form. Average effect size (log 

response ratio) and 95% CI are shown.  Numbers in parenthesis represent the 

number of replicates. 

Figure 3: Average slopes (± SE) and significance of the relationships between mass 

loss and initial litter traits. * indicates p-value level of significance = 0.01-0.05. Traits 

without annotation are not significant. 

Figure 4: Plot showing average slopes (± SE) and significance of the relationships 

between mass loss and abiotic factors. Stars indicate p-value level of significance: * 

= 0.01-0.05, ** = 0.001-0.01. Factors without annotation are not significant. 
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