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Summary 26 

• While the primary controls on litter decomposition are well established, we lack a 27 

framework for predicting interspecific differences in litter decay within and across 28 

ecosystems. Given previous research linking tree mycorrhizal association with carbon 29 
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and nutrient dynamics, we hypothesized that the two dominant mycorrhizal groups in 30 

forests – arbuscular mycorrhizal (AM) and ectomycorrhizal (ECM) fungi – differ in litter 31 

decomposition rates.  32 

• We compiled leaf litter chemistry and decay data for AM- and ECM-associating 33 

angiosperms and gymnosperms (> 200 species) from temperate and sub/tropical forests, 34 

and investigated relationships between decay rates, mycorrhizal association, phylogeny 35 

and climate. 36 

• In temperate forests, AM litters decayed faster than ECM litters, with litter nitrogen and 37 

phylogeny best explaining variation in litter decay. In sub/tropical forests, we found no 38 

significant difference in litter decay rate between mycorrhizal groups, and variation in 39 

decay rates was best explained by litter phosphorus.   40 

• Our results suggest that knowledge of tree mycorrhizal association may improve 41 

predictions of species effects on ecosystem processes, particularly in temperate forests 42 

where AM and ECM species commonly co-occur, providing a predictive framework for 43 

linking litter quality, organic matter dynamics and nutrient acquisition in forests. 44 

 45 

Key words: litter k, plant functional group, plant–soil feedbacks, litter quality, species effects, 46 

mycorrhizal-associated nutrient economy  47 

 48 

Introduction   49 

Plant litter decomposition is a fundamental process that links plant and microbial 50 

communities, effectively coupling the carbon (C) and nutrient cycles in all terrestrial ecosystems 51 

(Hobbie, 1992; Chapin et al., 2002). Rates of litter decomposition dictate how quickly nutrients 52 

lost from decaying plant tissues become available for biotic uptake and thus, determine both 53 

ecosystem C cycling and nutrient retention and loss. Likewise, litter decomposition can act as a 54 

bottleneck to determine the degree to which nutrient availability influences plant competition and 55 

community structure (Swift et al., 1979). While decades of research have illuminated three 56 

predominant controls over leaf litter decomposition rates – climate, substrate quality and local 57 

soil properties – we lack a framework that integrates these factors to predict litter decay rates 58 

within and among ecosystems (Prescott, 2005; Hobbie, 2015). This gap has hindered our ability 59 

to predict how gains and losses of species may impact ecosystem functioning, ecosystem 60 
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services and carbon cycle feedbacks to climate change (van der Putten et al., 2016; Bardgett, 61 

2017).  62 

Plant functional traits are combinatory in nature, reflecting eco-evolutionary trade-offs 63 

shaped by plant physiology and environmental controls. As such, a functional trait approach may 64 

be particularly useful in considering a complex, dynamic process such as litter decomposition 65 

(Reich, 2014). One plant functional trait of emerging interest is mycorrhizal association. Over 66 

90% of plants associate with a single type of mycorrhizal fungi (Brundrett & Tedersoo, 2018), 67 

and the dominance of plant species from each mycorrhizal group has been hypothesized to both 68 

reflect and determine ecosystem nutrient cycling (Read & Perez-Moreno, 2003; Chapman et al., 69 

2006; Phillips et al., 2013) owing to variation in plant traits and soil properties between groups. 70 

For forest trees, the two dominant types of fungi are arbuscular mycorrhizal (AM) and 71 

ectomycorrhizal (ECM) fungi. AM- and ECM-associated tree species have been reported to 72 

differ in nutrient use traits (Chapman et al., 2006; Phillips et al., 2013; Goodale, 2017; Zhang et 73 

al. 2018), which have in turn been linked to variation in soil C to nitrogen (N) ratios (Jo et al., 74 

2018; Zhu et al., 2018), microbial abundances and activity (Cheeke et al., 2016; ) and N 75 

transformation rates (Lin et al., 2016) between AM- and ECM-dominated ecosystems. Yet, 76 

despite the apparent prevalence of such patterns across temperate (Phillips et al. 2013) and 77 

tropical forests (Waring et al 2015; Corrales et al. 2016), we have a limited understanding of the 78 

factors that give rise to these dynamics (Dickie et al. 2014). 79 

One hypothesis is that differences in litter decay rates between AM and ECM trees are 80 

responsible for observed differences in nutrient cycling between the two mycorrhizal types 81 

(Read, 1991). It is well established that differences in leaf litter decay can feedback to influence 82 

ecosystem processes such as primary production, nutrient retention and soil organic matter 83 

storage (Cotrufo et al., 2013; Hobbie, 2015). Specifically, multiple studies have reported that 84 

AM l itters tend to decay faster than ECM litter, and this aligns with theory of how mycorrhizal 85 

groups are expected to impact soil C and N dynamics (Sulman et al., 2017). Relative to ECM 86 

litters, many AM tree species have lower leaf litter lignin : N – a proxy for litter decay rate 87 

(Prescott, 2005) – and faster decay rates, especially when decaying in their “home” soils 88 

(Midgley et al., 2015). Lab incubations studies have also reported faster decay rates of AM litters 89 

relative to ECM litters for both root and leaf litters (Taylor et al., 2016; Jacobs et al., 2018). 90 

Moreover, when AM and ECM litters were decayed in a common soil, thereby isolating litter 91 
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chemistry effects from soil matrix properties, AM litters consistently decayed faster than ECM 92 

litters (Cornelissen et al., 2001). Thus, there is compelling evidence that litter decay rates may 93 

vary between mycorrhizal groups within select forests. How universal this pattern is within and 94 

across biomes remains untested.  95 

 Most studies to date on litter differences between AM and ECM trees have focused on a 96 

relatively narrow set of species, such that the generality of mycorrhizal group effects across 97 

phylogenies remains poorly tested (Dickie et al. 2014). Decomposition experiments that include 98 

a diverse mixture of AM and ECM leaf litters in a common soil can address this challenge by 99 

incorporating greater species diversity from each mycorrhizal group, but cannot account for how 100 

plant species and associated microbes influence the soil matrix over time, and reinforce existing 101 

differences in soil properties (Hobbie 2015). Given striking differences in soil properties, climate 102 

controls and species distributions across biomes (e.g. many ECM tree species form distinct 103 

mono-dominant stands in the tropics (Hart et al., 1989)), mycorrhizal group effects may vary 104 

with latitude, warranting a cross-biome analysis of mycorrhizal group effects on litter decay 105 

patterns.  106 

 To address these gaps in knowledge, we compiled litter chemistry and decomposition 107 

rates of > 200 AM and ECM tree species across temperate and sub/tropical forests. We 108 

hypothesized that AM leaf litters decompose more quickly than ECM leaf litters. Further, we 109 

hypothesized that differences in litter decomposition between mycorrhizal types would be 110 

greater at mid-latitudes than at higher or lower latitudes, where climate controls on litter decay 111 

rates are presumed to be stronger.  112 

 113 

Materials and Methods 114 

We compiled data on species-specific leaf chemistry and leaf litter decay rates by 115 

combining observations from the TRY global plant traits database (accessed 14 November 2014; 116 

Kattge et al., 2011) with data from published studies (Figure 1). Much of the latter data came 117 

from published syntheses not yet included in the TRY database (Zhang et al., 2008; Kang et al., 118 

2009; Pietsch et al., 2014; Wang et al., 2014). All data were derived from unfertilized field-119 

based litterbag studies. As our goal was to examine litter decay differences in tree species’ 120 

natural environments, we excluded any observations where the origin of the litter deviated more 121 

than 2° latitude from the site of decomposition (this cut-off primarily excluded data collected 122 
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from one biome and decomposed in another). When multiple litterbag mesh sizes were used for a 123 

single species in a given site, the mean decomposition rate across mesh sizes was used. There 124 

was no significant difference in the average mesh size used for AM versus ECM litters across 125 

our dataset, ensuring mesh size and mycorrhizal group effects were not confounding factors in 126 

our analysis. The effect of mesh size on litter decay rates has been shown to vary across sites and 127 

litter species (Makkonen et al., 2012); therefore, we included all available data regardless of 128 

mesh size to avoid introducing artificial selection bias (mesh size ranged from 0.5 to 5 mm 129 

across our dataset). In cases where decay rates were reported at multiple time points for the same 130 

site-species pair, we included only the time point closest to 365 days. This provided better 131 

comparison across studies given that the majority of records included in our database (i.e. 54% 132 

of all records with known exposition time) were estimated from studies lasting approximately 133 

one year (i.e. between 275 and 455 days). Overall, length of decomposition varied from less than 134 

one year to more than five years across our dataset. Specific methodological details (e.g. mesh 135 

size, placement of litterbag, common garden or natural forest site) were not available for all 136 

records, limiting our ability to fully assess the influence of variation in study design on measured 137 

decomposition rates.  138 

To compare decomposition rates across studies, litter decay rates (k) were estimated with 139 

the commonly used first order negative exponential decay model (Olson, 1963; Silver & Miya, 140 

2001; Zhang et al., 2008): 141 

 142 

(Eqn 1)      Xt = X0 e

 144 

-kt 143 

where X0 and Xt

To examine how litter decay rates varied by mycorrhizal group, we identified the group 151 

of mycorrhizal fungi each species associates with by using the TRY database, other existing 152 

databases and published works (Wang & Qiu, 2006; Koele et al., 2012; Lin et al., 2016). When 153 

 are initial and final litter mass, respectively, and t is time (years). This model 145 

has been shown to adequately capture decay dynamics in many systems (Zhang et al., 2008). In 146 

all cases, a single decay rate constant representing the duration of the study was used. When litter 147 

k rates were not directly reported, we calculated litter k from change in litter mass over the 148 

course of the study using equation 1 above, taking the ln of each side and fitting a linear equation 149 

to estimate k (this accounted for approximately 25% of all records).  150 A
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mycorrhizal association was not available at the species level, we categorized a species as 154 

belonging to the mycorrhizal group of other species in the genus (Table S1). We chose to focus 155 

solely on tree species that associate with either AM and ECM mycorrhizal fungi as these two 156 

mycorrhizal groups commonly co-occur and both have broad latitudinal ranges spanning the 157 

tropics to northern temperate forests. Species reported to associate with both AM and ECM fungi 158 

were excluded from the dataset (fewer than 5% of all records; Table S2). Given that non-woody 159 

plants exclusively associate with AM fungi, we restricted our analysis to woody-plants and thus 160 

avoided confounding mycorrhizal group effect with plant growth form. Although distinguishing 161 

between tree species and non-tree woody species is not always straightforward, we excluded 162 

species identified strictly as shrubs in the TRY database as our aim was to consider mycorrhizal 163 

group effects on leaf litter decomposition in forest ecosystems. Our final dataset included 454 164 

litter decay rate observations from 228 unique tree species across 142 different study sites. This 165 

included 194 AM litter observations (178 angiosperms, 16 gymnosperms) and 260 ECM litter 166 

observations (176 angiosperms, 84 gymnosperms). 167 

We extracted mean annual precipitation (MAP) and temperature (MAT) from the 168 

WorldClim 1.4 global data product (www.worldclim.org; 10 min resolution) and PET from the 169 

Global Aridity and PET Database (http://www.cgiar-csi.org/data/global-aridity-and-pet-170 

database

To assess differences in litter decay rates between mycorrhizal groups, we conducted 179 

separate two-tailed Wilcoxon rank sum tests for temperate and sub/tropical forests, comparing 180 

AM and ECM litter k within each biome. Additionally, to assess the importance of phylogeny in 181 

driving the observed mycorrhizal group effect on litter k, we conducted a phylogenetic ANOVA 182 

using a phylogeny from Zanne et al. (2014) and the caper package in R. 183 

) for each study site. When site location was not specified, latitude and longitude were 171 

either estimated to the nearest degree when possible or the records were excluded from the 172 

database. We also grouped our data into temperate forest (23.5-55° latitude) and sub/tropical (0-173 

23.5° latitude) to assess biome-scale differences in litter decay patterns between mycorrhizal 174 

groups. Further, in order to examine if mycorrhizal group differences in litter chemistry related 175 

to differences in litter decay rates, we included multiple metrics of initial litter chemistry (% C, 176 

% N, % P, C : N, N : P, %lignin, and lignin : N) when available for a given observation of litter 177 

decay. 178 
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Analysis of co-variance (ANCOVA) was used to assess the influence of mycorrhizal 184 

association after accounting for climate. To do this, mycorrhizal group was analyzed as a fixed 185 

factor, MAT or MAP as a covariate, and litter k as the dependent variable. As our goal was not to 186 

show which environmental factors best explain litter k (which has been extensively reported 187 

elsewhere for leaf litter, e.g. Zhang et al., 2008), but rather to explore how mycorrhizal group 188 

may interact with climate to drive decay rates, we used included MAT and MAP in separate 189 

statistical models. Similarly, on the subset of data where litter chemistry was available, we 190 

performed separate ANCOVA analyses. Since litter chemistry was not available for all litter 191 

decay records, we were limited to examining climate and litter chemistry effects on litter k 192 

individually. Furthermore, phylogenetic analyses of these regressions were not performed given 193 

that our dataset includes records of a given species across varying climates (as well as 194 

intraspecific variation litter chemistry); to date, phylogenetic statistical tools to account for such 195 

intraspecific variation are limited, rendering such an analysis inappropriate for our research 196 

question. All analyses were conducted in R 3.3.2 (R Development Core Team).  197 

 198 

Results 199 

Mycorrhizal group effects on litter decay rates 200 

Consistent with our prediction, AM leaf litters decomposed more quickly than ECM leaf 201 

litters across temperate forests (P < 0.001; Figure 2a). In contrast, no significant difference in 202 

litter decay rate between mycorrhizal groups was observed in sub/tropical forests (Figure 2b). In 203 

both temperate and sub/tropical forests, a phylogenetic generalized least squares analysis showed 204 

that much of the variation in litter decay rates between AM and ECM litters was driven by the 205 

phylogenetic relatedness of the species (phylogenetic ANOVA P > 0.05). This suggests the 206 

relationship between mycorrhizal group and litter properties has remained strong throughout the 207 

evolutionary divergence of woody plants. Meanwhile, we note that AM and ECM species were 208 

not evenly distributed across the phylogenetic tree (Fig S1) and a relatively small number of 209 

species were included in this dataset. As such, phylogenetic comparisons should be interpreted 210 

with caution. 211 

 212 

Climate x mycorrhizal group effects on litter k 213 
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 MAT and MAP were both positively related to litter k (Figure 3), while PET did not 214 

influence litter k (data not shown). MAT and mycorrhizal group together explained 215 

approximately 22% of total variation in litter k globally (adj. r2

Compared to MAT, MAP explained slightly less of the total variation in litter k across 219 

our dataset (adj. r

 = 0.22, P < 0.001) (Figure 3a; 216 

Table S3), with litter k of ECM litters responding slightly more strongly to increases in MAT 217 

(i.e. steeper slope) compared to AM litters (MAT × mycorrhizal group interaction: P < 0.001).  218 

2 = 0.17, P = 0.02) (Figure 3b; Table S4). This was due to a strong interaction 220 

between MAP and mycorrhizal group (MAP × mycorrhizal group interaction: P < 0.001), with 221 

ECM litter decay rates responding strongly and positively to MAP while AM litter k appeared 222 

less sensitive to MAP. The weak response of AM litters to MAP was driven in part by variable 223 

litter k in very wet sites, and observations of ECM litter decay in these sites were notably absent 224 

from our dataset; however, after excluding litter k observations from sites where MAP exceeded 225 

3000 mm y-1

 227 

, the MAP × mycorrhizal group interaction remained significant (P < 0.001).  226 

Litter chemistry x mycorrhizal group effects on litter k 228 

For the subset of our dataset that included both litter chemistry and litter k data for a 229 

given litter, we examined how well litter chemistry predicted observed litter k differences 230 

between mycorrhizal groups. Across temperate forest sites, litter N (%) was the best predictor of 231 

litter k among the litter chemistry variables included in our dataset (i.e. litter C : N, litter lignin : 232 

N, litter N and litter P). While decay rates of AM litters were strongly positively related to litter 233 

N (r2 = 0.38, P < 0.001), ECM litters showed a weaker relationship between litter N and litter k 234 

(r2 = 0.05, P < 0.001) (Figure 4a).  Across temperate forests, AM and ECM litters did not vary 235 

significantly in litter N, while litter N was lower on average for AM compared to ECM litters 236 

across sub/tropical forests (P = 0.03) (Fig. S1). Meanwhile, in sub/tropical forests, litter P was 237 

the best litter chemistry predictor of litter k for both AM and ECM litters (r2

 244 

 = 0.19, P < 0.001) 238 

(Figure 4b). Litter P was marginally higher for ECM litters in both temperate forests (P = 0.08) 239 

and sub/tropical forests (P = 0.07) (Fig S2). Finally, when comparing biome differences within 240 

mycorrhizal groups, we found that both AM and ECM litter N was greater in sub/tropical, 241 

compared to temperate, forests (AM: P = 0.076; ECM: P = 0.002). There were no biome 242 

differences for either AM or ECM species with respect to litter P.  243 
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Discussion 245 

While it is widely known that climate, substrate quality and soil properties influence litter 246 

decay rates, we currently lack well-developed conceptual frameworks that facilitate our ability to 247 

predict the ecosystem consequences of species gains and losses (Wardle et al., 2011). We 248 

hypothesized that litter decay rates of AM and ECM tree species would differ in predictable 249 

ways that could explain previously documented differences in C and nutrient cycling between 250 

ecosystems dominated by distinct mycorrhizal groups. While our hypothesis was generally 251 

supported, our comparison of AM and ECM leaf litter decay rates unveiled an intriguing pattern, 252 

whereby AM litters decomposed more quickly than ECM litters in temperate forests with this 253 

pattern weakening at lower latitudes (Figure 2). Thus, our results indicate that while AM and 254 

ECM trees may not differ in foliar chemistry (Koele et al., 2012), these mycorrhizal groups may 255 

differ in leaf litter chemistry post-senescence (Read, 1991). Resorption differences between AM 256 

and ECM trees (Zhang et al. 2018) can affect the chemical quality of the leaf litter that enters the 257 

detrital food web with important consequences for soil C and nutrient cycling.  258 

 259 

Mycorrhizal group effects on litter decay in temperate forests 260 

Numerous investigations have revealed differences in C and N cycling between AM- and 261 

ECM-dominated forest stands in temperate forests (e.g. Phillips et al., 2013; Lin et al., 2016). In 262 

general, stands dominated by ECM trees are characterized by soils with high C : N (Midgley and 263 

Phillips 2014; Jo et al., 2017; Zhu et al., 2018), fungal dominance of the microbial community 264 

(Cheeke et al., 2016) and slowed rates of N cycling and loss (Phillips et al., 2013; Lin et al., 265 

2016). While these studies indicate general patterns, the processes underlying these patterns have 266 

remained elusive (Dickie et al., 2014). Our findings in temperate forests, that AM litters decayed 267 

faster than ECM litters, could produce such effects and provide an explanation for observed 268 

differences in soil properties.  269 

Rapid decay of high chemical quality AM litters can promote greater microbial 270 

production and C-use efficiency (Cotrufo et al., 2013; Mueller et al., 2015), resulting in a greater 271 

proportion of microbial-derived compounds in soil organic matter (Craig et al., 2018). Given the 272 

low C : N of microbial products compared to plant-derived compounds, this could result in soils 273 

with low C : N, as is frequently observed in AM stands (Averill et al., 2014; Lin et al., 2016; 274 

Craig et al., 2018; Zhu et al., 2018). Conversely, slow decay of ECM litters can lead to a build-275 
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up of plant-derived compounds in upper surface soils which, along with direct N mining from 276 

soil organic matter by ECM fungi (Courty et al., 2010; Phillips et al., 2011; but see Pellitier & 277 

Zak, 2018) and greater N uptake by ECM trees (Goodale, 2017), can result in greater C : N in 278 

ECM soils. While the mycorrhizal group differences in litter decay we report here align with 279 

contemporary theory of how litter inputs affect soil (Sulman et al., 2017), factors such as root 280 

inputs and competition between saprotrophic and mycorrhizal fungi (Gadgil & Gadgil, 1975) 281 

may also be important in driving different C : N in AM versus ECM soils (Averill, 2016).  282 

Variation in litter decay rates between mycorrhizal groups may reflect distinct 283 

competitive strategies among tree species in nutrient limited forests, leading to positive plant–284 

soil–microbe nutrient feedbacks. Specifically, with the ability to directly breakdown organic 285 

matter, ECM fungi can effectively short-circuit free-living microbial nutrient mineralization 286 

prior to mycorrhizal and root nutrient uptake (e.g. Northup et al., 1995). In this way, ECM 287 

species employ a tight plant–symbiont nutrient cycling strategy conducive to slow litter decay 288 

which reduces nutrient competition with free-living microbes and the potential for leaching. AM 289 

fungi lack such saprotrophic capabilities and foster a more open nutrient cycle, whereby fast 290 

litter decay stimulates microbial nutrient mineralization and increases inorganic nutrient 291 

availability (Chapman et al., 2006). Thus, differences in how AM and ECM mycorrhizal fungi 292 

interact with saprotrophic fungi should affect litter decay rates and reinforce distinct plant–soil–293 

microbe nutrient feedbacks. As such, differences in litter decay rates may be a key process 294 

driving distinctive biogeochemical syndromes between AM and ECM stands in temperate 295 

forests. 296 

Our analysis suggests that the strong mycorrhizal group effects on litter decay we 297 

observed across temperate forests are, in part, driven by phylogeny. This result is not 298 

unexpected, as AM and ECM mutualisms evolved separately (Maherali et al., 2016), leading to a 299 

lack of independence between mycorrhizal group and phylogeny and asymmetric distributions of 300 

AM and ECM species across the phylogenetic tree. This renders a phylogenetic analysis of 301 

mycorrhizal effects challenging, especially when working with relatively small datasets where 302 

broad distribution of mycorrhizal groups across the phylogeny is minimal. This is true for our 303 

dataset, where a few genera dominate AM (e.g. Acer) and ECM (Quercus and Pinus) groups, to a 304 

large extent reflecting the relative dominance of these genera in nature. Notably, while Quercus 305 

and Pinus represent 20% and 13% of our dataset, respectively, mycorrhizal group effects on litter 306 
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k in temperate forests persist even after excluding one or the other of these groups from our 307 

analysis (P  < 0.05). Phylogenetic analysis can be problematic given that in nature there are few 308 

good examples of closely related AM and ECM trees outside of the Rosid clade. In the few cases 309 

where phylogenetic pairs can be identified, differences in the relative abundances or habitat types 310 

of the two species can result in ecologically meaningless phylogenetic pairings (e.g., if one 311 

species is found on xeric sites while the other is found in mesic sites). Moreover, there is 312 

emerging evidence that many phylogenetically-related species possess widely divergent traits 313 

(Losos, 2008; Perronne, 2014; Lyu et al., 2017), including those central to plant–soil feedbacks 314 

(Fitzpatrick et al., 2017). Interestingly, in a recent common garden comparing leaf and root litter 315 

k across 35 AM or ECM woody species, leaf – but not root – litter k was shown to have a strong 316 

phylogenetic signal (Sun et al., 2018). Regardless, it would be intriguing to test if phylogenetic-317 

relatedness influences the strength of mycorrhizal group effects on such feedbacks, as our 318 

analysis predicts mycorrhizal effects to be strongest where species are less phylogenetically-319 

related. Thus, we contend that mycorrhizal group is a useful functional trait for predicting 320 

species effects on ecosystems because the evolutionary divergences that produced these effects 321 

are worth preserving if they are, in fact, predicting of biogeochemical syndromes.  322 

 323 

Mycorrhizal group effects on litter decay in sub/tropical forests 324 

 Given our findings that the mycorrhizal group effect weakened at lower latitudes (Figure 325 

2b), an important question is whether this reflects altered nutrient strategies between biomes and 326 

translates to weaker mycorrhizal effects on soil C and N cycling in the sub/tropics. Evaluating 327 

mycorrhizal group effects on biogeochemical patterns is challenging in sub/tropical forests given 328 

that most tree species associate with AM fungi and ECM species typically only occur on 329 

marginal soils (e.g. Waring et al., 2016) or in monodominant stands (Corrales et al., 2016). 330 

While few studies have compared AM and ECM forests at the same site at lower latitudes, 331 

evidence of both slower (Corrales et al., 2016; Waring et al., 2016) and faster N cycling 332 

(Chuyong et al., 2000) in ECM stands has been reported. Thus, future work examining soil 333 

element cycling differences between mycorrhizal groups in sub/tropical forests is a priority for 334 

understanding the generality of mycorrhizal group effects on biogeochemical cycling across 335 

biomes.  336 
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Regardless, overall faster litter decay and no significant mycorrhizal group difference in 337 

sub/tropical forests may by due, in part, to the importance of leaching in these systems. In warm 338 

and seasonally wet sub/tropical forests, leaching can contribute significantly to total litter mass 339 

loss, and litter solubility can remain high throughout the course of decomposition (Cleveland et 340 

al., 2004). Consequently, slow litter decay may be advantageous to tropical species if it enables 341 

them to retain nutrients in the ecosystem and minimize leaching losses. This would be especially 342 

important for AM tree species given their lack of saprotrophic capabilities. ECM species, 343 

however, can effectively immobilize nutrients in the litter layer through extensive fine root and 344 

fungal hyphae production (Chuyong et al., 2000), and faster litter decay may reduce metabolic 345 

demand on the ECM decomposer community. Together, this suggests an AM strategy of 346 

suppressed decay rates at lower latitudes compared to an ECM strategy promoting decay in these 347 

forests, in contrast to the pattern observed in temperate forests.  348 

More generally, distinct mycorrhizal strategies may be dampened in sub/tropical forests 349 

where the build up of an organic soil horizon is rare and the potential for ECM fungi to mine 350 

organic matter for nutrients may be limited. Additionally, increasing P limitation at lower 351 

latitudes may weaken the advantage of ECM species, as broad suites of decomposers are capable 352 

of P mineralization, and AM fungi are known to compete for P effectively (Hattenschwiler et al., 353 

2011).   Moreover, the importance of competition between mycorrhizal and saprotrophic fungi in 354 

suppressing litter decay in ECM systems may be less pronounced at lower latitudes (Fernandez 355 

& Kennedy, 2015; but see Corrales et al., 2016). Finally, meso- and macro-fauna decomposers 356 

may strongly drive sub/tropical litter decay (Hattenschwiler et al., 2011), thereby weakening a 357 

‘mycorrhizal syndrome’ of litter-soil feedbacks.  358 

 359 

Litter quality and decomposer matrix interact to drive mycorrhizal group effects on litter k 360 

Our observed differences in litter decay rates between mycorrhizal groups, with an important 361 

biome interaction, likely result from interacting effects of litter quality and decomposer matrix 362 

properties on litter decomposition. While we reveal strong mycorrhizal group differences in litter 363 

decay rates within temperate forests, we did not find consistent differences in initial litter 364 

chemistry between groups (Fig S2). On the one hand, this may reflect that litter quality traits 365 

affecting litter k encompass a suite of interacting physiochemical traits which are not adequately 366 

captured using single metrics of litter nutrition (i.e. % N, % P). Physical leaf traits (e.g. water 367 
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saturation capacity) and carbon quality (e.g. % lignin and % condensed tannins) have been 368 

shown to better predict litter decay rates than nutrient concentrations alone (Melillo et al., 1982; 369 

Berg & McClaugherty, 2008; Makkonen et al., 2012). Therefore, mycorrhizal groups may differ 370 

as predicted in their overall litter ‘quality’ without such differences directly reflected in initial 371 

litter nutrient concentrations. This may be especially true at lower latitudes. Notably, nutrient 372 

concentrations were greater in ECM compared to AM species in sub/tropical forests (litter N: P < 373 

0.05; litter P: P = 0.07), yet this did not translate to significantly different decay rates. A more 374 

comprehensive analysis of litter trait differences between mycorrhizal groups is thus warranted 375 

to better understand the degree to which initial litter traits directly control mycorrhizal group 376 

effects on litter k.  377 

Additionally, differences in the decomposer matrix under AM and ECM trees likely 378 

reinforce differentiation in litter decay patterns between mycorrhizal groups. While our dataset 379 

did not include decomposer community and soil variables (thus preventing an explicit test of the 380 

relative importance of the decomposer matrix in modulating litter k patterns between mycorrhizal 381 

groups), the decomposer matrix is an important driver of litter k (Strickland et al., 2009; Kaiser 382 

et al., 2014; Bradford et al., 2016) and has been shown to vary predictably between mycorrhizal 383 

groups (Phillips et al., 2013; Averill et al., 2014; Cheeke et al., 2016; Craig et al., 2018). 384 

Decomposer matrix controls on litter decay may be particularly important in temperate ECM 385 

systems, where we found a weak relationship between litter % N and litter k (Figure 4a); in these 386 

sites, low soil N may ultimately constrain litter decay regardless of litter quality (Midgley et al., 387 

2015).     388 

 Finally, important interactions between belowground plant inputs and the soil matrix may 389 

exaggerate differences in leaf litter decay rates between mycorrhizal groups. Recent work 390 

suggests that the presence of root litter belowground stimulates AM, not but ECM, leaf litter 391 

decay, likely via a priming effect of the microbial community (Brzostek et al., 2015; Jacobs et 392 

al., 2018). This highlights how multiple characteristics of the decomposer matrix may influence 393 

litter k differences between mycorrhizal groups regardless of litter chemistry differences. 394 

Our data synthesis represents the first cross-biome analysis of mycorrhizal group effects 395 

on litter decay rates, yet we acknowledge several limitations to our study that we hope inspire 396 

further investigation. First, a true meta-analysis of the mycorrhizal effect size on litter k was not 397 

possible given insufficient studies in our dataset where both AM and ECM litters were 398 
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decomposed within a single site. While within-site differences between AM and ECM litter k 399 

have been documented at select sites (Chuyong et al., 2000; Midgley et al., 2015), additional 400 

work is needed to test how widespread this pattern is. Moreover, we showed a strong 401 

mycorrhizal group effect on litter k across temperate forests; future studies comparing AM and 402 

ECM effects within closely related species would further strengthen our results here. 403 

Additionally, our analysis focused solely on leaf litter decomposition yet we emphasize that 404 

other tissues, including aboveground woody tissues, roots and mycorrhizal fungi, contribute 405 

significantly to total litter inputs (Langley & Hungate, 2003; Freschet et al., 2013b) and future 406 

work should examine the degree to which our observed mycorrhizal group effects on leaf litter k 407 

apply to other litter types. Lack of coordination between above- and belowground traits 408 

(Mommer & Weemstra, 2012; Freschet et al., 2013a; Roumet et al., 2016), as well as differential 409 

responses to climate gradients between root and leaf decomposition (Gholz et al., 2000), 410 

highlights the importance of evaluating tissue-specific effects on decomposition patterns.  411 

 412 

Conclusion 413 

Here, we have shown that tree leaf litter k varies between mycorrhizal groups in 414 

temperate forests, with weaker effects at lower latitudes. Taken together, we propose that litter 415 

quality and properties of the local decomposer matrix interact to synergistically drive biome-416 

specific mycorrhizal group differences in litter k. In temperate forests, low quality litter that 417 

decomposes and releases nutrients slowly results in low soil nutrient availability and high C : 418 

nutrient ratios. This, in turn, fosters a decomposer community with slow metabolic rates capable 419 

of accessing poor quality substrates. This plant–soil–microbe positive feedback loop may be 420 

further amplified if low soil nutrient availability enhances foliar resorption efficiency, further 421 

drawing down litter nutrient concentrations and reinforcing slow litter decomposition from plants 422 

growing in low fertility environments. Such co-variation between plant litter traits, soil fertility 423 

and decomposer community highlight the utility of considering mycorrhizal association as an 424 

integrative trait that bears predictive ability for species-specific effects on ecosystem processes, 425 

such as litter decomposition. The degree to which these mycorrhizal group syndromes are 426 

weakened, or even reversed, in low latitude forests warrants further study. As environmental 427 

changes force large-scale shifts in forest plant community composition, functional approaches 428 

such as this are needed to upscale species-specific effects on ecosystem functioning from the tree 429 
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to the stand and ecosystem scales, as well as to better predict feedbacks between the plant 430 

community and climate cycles.    431 
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 641 

Figures 642 

Figure 1. Global distribution of leaf litter decay rate (k) observations included in our dataset. 643 

Yellow dots, leaf litter from arbuscular mycorrhizal (AM)-associated trees; red dots, leaf litter 644 

from ectomycorrhizal (ECM)-associated trees. 645 
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Figure 2. Leaf litter decay rates (k) of arbuscular mycorrhizal (AM)- and ectomycorrhizal 647 

(ECM)-associated trees from (a) temperate biomes (23.5–55° latitude absolute value) and (b) 648 

sub/tropical biomes (0–23.5° latitude absolute value). Data are presented as means ± SE. 649 

Numbers on bars indicate sample size per group. Significant difference between mycorrhizal 650 

group: *, P < 0.05.   651 

 652 

Figure 3. Global relationship of arbuscular mycorrhizal (AM)- and ectomycorrhizal (ECM)-653 

associated tree litter decay rate (k) records (log-transformed) regressed against (a) mean annual 654 

temperature (MAT) and (b) mean annual precipitation (MAP). Shaded region depicts 95% 655 

confidence intervals for each mycorrhizal group.  656 

 657 

Figure 4. Relationship between (a) initial litter % N and litter decay rates (k) for arbuscular 658 

mycorrhizal (AM)- and ectomycorrhizal (ECM)-associated tree species in temperate forests 659 

(23.5–55° latitude absolute value) and (b) initial litter % P and litter k for AM- and ECM-660 

associated tree species in sub/tropical forests (0–23.5° latitude absolute value). Both axes are 661 

log-transformed. Shaded region depicts 95% confidence intervals for each mycorrhizal group.  662 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



nph_15524_f1.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



nph_15524_f2.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



nph_15524_f3.png

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



nph_15524_f4.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


