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Summary
e Whilethe primary controls on litter decomposition aedl establishegwe lack a
framewaork forpredictinginterspecificdifferences in litter decayithin and across

ecosystemsGiven previousesearchinking tree mycorrhizal association witarbon
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and nutrient dynamics, we hypothesized that the two dominant mycorrhizal groups in
forests— arbuscular mycorrhizal (AM) and ectomycorrhizal (ECM) fundgiffer in litter
decomposition rates.

e We, compiled leaf litter chemistry and deagtafor AM - and ECMassociating
angiesperms and gymnosperms200 species) from temperate and sub/tropical fqrests
andiinvestigateelationships between decay rates, mycorrhizal associagtgtogeny
and'climate.

e In temperate forests, AM litters decayed fasian ECMilitters, with litter nitrogerand
phylogenybest explaining variation ilitter decayIn sub/tropicaforestswe found no
significant difference in litter decay rate between mycorrhizal graups$variation in
decay ratesvasbestexplained by litter phosphorus.

e Our results suggest that knowledgdreemycorrhizal associatiomay improve
predicions ofspeciesffects on ecosystem procesgesticularly in temperate forests
where,AM and ECM species commonly-@ocur, providinga predictive framework for
linking litter quality, organic matteslynamics and nutrient acquisition in forests.

Key wordstlitter k, plant functional groupplant-soil feedbackditter quality, species effegts

mycorrhizalassociated nutrient economy

Introduction

Plant litter decomposition is a fundamental prod¢kasliinks plantand microbial
communitesreffectively couping thecarbon (C) and nutrient cydin all terrestrial ecosystems
(Hobbie, 1992; Chapiet al., 2002). Rates of litter decomposition dictate how quickly nutrients
lost fromdecaying plant tissudgecomeavailable for bioticuptakeand thusdetermine both
ecoswtem:C.eycling and nutrient retention and Iaskewise litter decompositiorcan act as a
bottleneck-to-determine the degree to whakrient availabilityinfluencesplantcompetition and
communitysstructuréSwift et al., 1979).While decades of research have illuminated three
predominant eentrols over leaf litter decomposition ratelémate, substrateuglity and local
soil properties- we lack a frameworkhat integratethese factors to predict littelecay rates
within and among ecosystems (Prescott, 2005; Hobbie, 2015). This gap has hindered our ability
to predict how gains and losses of species may impact ecosystem functioning, ecosystem
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servicesandcarbon cycle feedbacks to climate chafge der Putteet al., 2016; Bardgett,
2017).

Plant functional traits are combinatory in nature, reflectingexddtionary tradeoffs
shaped by plant physiology and environmental cont&dssuch a functional trait approach may
be particularly.useful in considering a complex, dynamic processasuiter decomposition
(Reich, 2014)..One plant functiortahit of emerging interest is mycorrhizal association. Over
90% of plantsassociate withsingle type of mycorrhizal fungi (Brundrett & Tedersoo, 2018),
and the dominance of plant species fremechmycorrhizal group has been hypothesized to both
reflect and determinecosystem nutriemtycling (Read & PereMoreno, 2003; Chapmaat al.,
2006; Phillipsetal ., 2013) owingo variationin plant traits andgoil propertiedetween groups.
For foresttreesithe two dominant types of fungi are arbuscular mycorriifsll) and
ectomycorrhizalECM) fungi.AM - and ECMassociatedree speciehave been reported to
differ in nutrient use trait€Chapmaret al., 2006; Phillipset al., 2013; Goodale, 201Zhang et
al. 2018), which have in tutmeen linkedo variationin soil Cto nitrogen (N) ratiogJoet al.,
2018; Zhuetwalw 2018),microbialabundances and activitfCheekeet al., 2016;) and N
transformationrated n et al., 2016)between AM andECM-dominated ecosystemset,
despite the.appareptevalenceof such patternacross temperate (Phillips et al. 2013) and
tropical forests (Waring et 2015 Corrales et al. 2016)ve have a limited understanding of the
factors that give rise to thesgréimics (Dickie et al. 2014).

One hypothesis is thdifferencesin litter decayrates between AM and ECM trees are
responsiblefonbserved iferencesn nutrient cyclingoetween théwo mycorrhizaltypes
(Read, 199%)itis well establishedhat differences in leditter decaycanfeedbacko influence
ecosystem processes such as primary prodyctidgrient retentiomnd soil organic matter
storaggCotrufoet al., 2013; Hobbie, 20155 pecifically, multiple studies have reported that
AM litterstend.todecay faster than ECM litteand thisaligns withtheory of howmycorrhizal
groupsare expected tonpact soil C andN dynamics (Sulmaat al., 2017).Relative to ECM
litters, manyAM tree species have lower leaf litter ligniNl —a proxy for litter decay rate
(Prescott, 2005) — and faster decay rates, especially when decatfieg ihome”soils
(Midgley et al., 2015). Lab incubations studies have also repdastér decay rates &M litters
relative toECM littersfor bothroot and leafitters (Taylor et al., 2016; Jacobet al., 2018)
Moreover, wherAM and ECM litterswere decayed in a common sdilereby isolating litter
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chemistry effects from soil matrix properties, AM litteansistently decayed fastidvan ECM
litters (Cornelissesmt al., 2001).Thus, there is compelling evidence that litter decay rass
vary between mycorrhizal groupsthin select forestsHow universal this pattern is within and
across biomes remains untested.

Most.studes to éteon litter differences between AM and ECM trees hto@ussdona
relatively narrow set of speciesuch thathe generality of mycorrhizal group effects across
phylogeniesemainspoorly tested (Dickie et al. 2014). Decomposition experiments that include
adiverse mixture of AM and ECM leaf litters in a common saih address this challenigg
incorporatinggreater species diversifsom eachmycorrhizalgroup, butcamot account for how
plant speciessand associataitrobes influence the soil matrix over time, aamhforce existing
differencesrirsoll properties (Hobbie 2015). Givetriking differences in soil properties, climate
controls and species distributions across biomes (e.g. many ECM tree species focin dist
mono<dominant stands in the tropi¢slartet al., 1989), mycorrhizal group effects may vary
with latitude warranting a croskiome analysis of mycorrhizal group effects on litter decay
patterns.

To address theggps in knowledgeye compileditter chemistry analecomposition
ratesof >200 AM and ECM tree species across temperate and sub/tropical. Mfests
hypothesized that AM leaf litters decompose more quickly than ECM lea$.lierther, we
hypothesized thatifferences iritter de@mposition between mycorrhizal types would be
greater at'midatitudesthanat higheror lower latitudeswhere climate controlgn litter decay

rates argresumed to be stronger.

Materials and Methods

We.compiled data on specispecific leaf chemistry and leaf litter decay rates by
combining,observations frothe TRY global plant traits database (accessed 14 November 2014;
Kattgeet al.,.2011)with data from published studies (Figure 1). Much of theraki¢a came
from published syntheses not yet included in the TRY database (2hang008; Kanget al.,
2009; Pietselet.al., 2014; Wanggt al., 2014).All data were derived from unfertilized field
baseditterbag studiesAs our goal was texamine litter decay differences in tree species’
natural environments, we excluded any observations where the origin of the litt¢edeviae
than 2° latitude from the site of decomposit{tms cutoff primarily excluded data collected
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from one biome and decomposed in anoth&t)en multiple litterbag mesh sizes were used for a
single species in a given site, the mean decomposition rate across mesh sizes Wwasnesed.
was no significant difference in the average mesh size used for AM versus ECM litters across
our dataset, ensuring mesh size and mycorrhizal group effects were not confoundisgrfactor
our analysisThe effect of mesh size on litter decay rates has been shown to vary across sites and
litter speciegMakkonenet al., 2012) therefore, we included all available data regardless of
mesh size'to avoimtroducing artificial selection bigsnesh size rangeftom 0.5 to 5 mm
across ourdatagetn casesvhere decay rates were reported at multiple time points for the same
site-species pair, we included only the time point closest to 365 days. This provided better
comparison aeross studies given that the majority of records included in our détabagi
of all records with known exposition timejere estimated from studies lasting approximately
one year (i.e. between 275 and 455 days). Overall, length of decomposition varied from less than
one year to more than five years across our dagsetific methodological detail¢e.g. mesh
size, placement of litterbagommon garden or natural forest sikere not available for all
records, limiting our ability to fully assess the influence of variation in studgrdes measured
decomposition‘rates.

Toeconpare decomposition rates across studies, litter decay katesrg estimated with
the commeonly used first order negative exponential decay model (Olson, 1963; Silvga& Mi
2001; Zhanget al., 2008):

(Egn 1) X=Xqe"

where X and X are initial and final litter mass, respectively, amsltime (years). This model
has been shown to adequately captigeay dynamics in many syste(@hanget al., 2008). In
all cases, a.single decay rate constant representing the duration of the study WA esditter
k rates were not directly reported, we calculated Ikteom change in litter mass over the
course of the'study using equation 1 above, taking the In of each side and fitting aglirsti@ne
to estimate&ki(this accounted for approximately 25% of all records).

To examine how litter decay rates varied by mycorrigralip we identified thegroup
of mycorrhizal fungi each species associates with by using the TRY datatheeseexistiig
databases and pubiisd workgWang & Qiu, 2006; Koelet al., 2012; Linet al., 2016). When
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mycorrhizal association was not available at the speciek Weeeategorized a species as
belonging to thenycorrhizal group of other species in tiEnus(Table S1) We chose to focus
solely on tree species that associate with either AM and ECM mycorrhizal fungi as these two
mycorrhizalgroups commonly co-occur and both have broad latitudinal ranges spanning the
tropics to northern temperate forests. Species reptwtasksociate with both AM and ECM fungi
were excluded{rom the dataset (fevilean5% of all recordsTable S2. Given that non-woody
plants exclusively associate with AM fungi, we restricted our analysiaaly-plants and thus
avoided confounding mycorrhizal group effect with plant growth form. Although distinguishing
between tree species and ftoee woody species is nalwaysstraightforward, we excluded
species identifiegdtrictly as shrubs in the TRY database as our aim was to consider mycorrhizal
groupeffects on leaf litter decomposition in forest ecosystéms.final dataseincluded 454
litter decay rate observations from 2@8ique tree species across 142 different study sites. This
included 194 AM litter observations (178 angiosperms, 16 gymnosperms) and 260 ECM litter
observations (176 angiosperms, 84 gymnosperms

Wesextracted mean annual precipitation (MAP) and temperature (MAT) from the
WorldClim*1.4=global data produatw.worldclim.org 10 min resolution) and PET from the
Global Aridity and PET Databasét{p://www.cgiarcsi.org/data/globaridity-andpet

databasgfer‘each study site. When site location was not specified, latitude and longéugle w
either estimated to the nearest degree when possible or the records were es@hudesl f
database. We also grouped data into temperate forest (2&85° latitude) and sub/tropical {0
23.5 latitude)to assess biorseale differences in litter decay patterns between mycorrhizal
groups. Further, in order to examine if mycorrhizal grdifferences in litter chemistry related
to differences in litter decay ratese included multiple metrics of initial litter chemisi{& C,
%N, %P,C:N,.N: P, %lignin, andlignin : N) whenavailable for a gign observation of litter
decay.

To assesslifferences in litter decay ratégtweermycorrhizalgroups, we conducted
separatéwo-tailed Wilcoxon rank sum tests for temperate and sub/tropical forests, comparing
AM and ECM,litterk within each biomeAdditionally, to assesthe importance of phylogeny in
driving the observed mycorrhizal group effect on likewe conducted a phylogenetic ANOVA
using a phylogeny from Zanmeal. (2014) and theaper package imR.
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Analysis of cevariance ANCOVA) was used to assess the influence of mycorrhizal
association aftesiccountingor climate To do this, mycorrhizal groupasanalyzed as ixed
factor, MAT or MAP as a covariat@nd litterk as the dependent variabbfes our goal was not to
show which environmentéactors best explain littde (which has been extensively reported
elsewhere forleaf litter, e.gdhanget al., 2008), but rather to explore how mycorrhizal group
may interact with climate to drive decay rates, we used included MAT and MAP in separate
statistical modelsSimilarly, on thesubset of data where litter chemistry was available, we
pefformed separate ANCOVA analys&incelitter chemistry was not available for all litter
decay records, we were limited to examining climate and litter chemistry effects ok litter
individually: Furthermore, phylogenetic analyses of these regressions werefaohpdrgiven
that our datasencludes records of a given species across varying climates (as well as
intraspecific variation litter chemistry); to date, phylogenetic statistical tools to account for such
intraspecific variation are limited, rendering such an analysis inappropriaterfogsearch
guestion. All analyses were conducted in R 3.3.2 (R Development Core Team).

Results
Mycorrhizal.group effects on litter decay rates

Consistent with our prediction,M leaf litters decomposed more quickly than ECM leaf
litters across temperate fore¢is< 0.001; Figure 2a). In contrasi significant difference in
litter decay.rate between mycorrhizal groups was observed in sub/tropical (rgsts 20). In
both temperate,and sub/tropical foreatphylogenetic generalized least squares analysis showed
thatmuchofithe variation in litter decay rates between AM and ECM litters was driven by the
phylogenetic relatednes$ the speciegphylogenetic ANOVA P >0.05). This suggests the
relationship beteen mycorrhizal group and litter properties has remained strong throughout the
evolutionary.divergence of woody plants. Meanwhile, we titieAM and ECM speciesere
not evenly. distributed across the phylogenetic trég $1)and arelatively small number of
speciesvereincluded in this datasefs such phylogenetic comparisons shold interpreted

with caution:

Climate x mycorrhizal group effects on litter k
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MAT and MAP were both positivelselated tditter k (Figure 3) while PETdid not
influencelitter k (data not shownMAT and mycorrhizal group together explained
approximately 2% of total variation in littek globally (adj. f = 0.22, P < 0.001) (Figure 3a
Table S3, with litter k of ECM littersresponding slightly more strongly to increases in MAT
(i.e. steeperslope) compared to AM litters (MATycorrhizal goup interaction: K 0.001).

Compared to MAT, MAP explained slightly less of the total variation in kegross
our dataset(adj’= 0.17, P = 0.02) (Figure 3able SJ. This was due to a strong interaction
between MAP“and mycorrhizal group (MAP x mycdzeh group interaction: R 0.001), with
ECM litter decay rates responding strongly and positively to MAP while AM ktsgrpeared
less sensitiveste MAP. The weak response of AM litters to MAP was driven in part by variable
litter k in very wet sites, and observations of ECM litter decay in these sites were nbsdiy a
from our dataset; however, after excluding lik@bservations from sites where MAP exceeded

3000 mm V', the MAP x mycorrhizal group interaction remained significant (P €10.0

Litter chemistrysx mycorrhizal group effects on litter k

Forthessubset of our dataset that included both litter chemistry and tithéa for a
given litterswe examined how well litter chemistry predicted observed kttkfferences
between.mycorrhizal groups. Across temperate forest bitesN (%) was the best predictor of
litter k among the litter chemistry variables included in our dataset (i.e. litté\, Gtter lignin :
N, litter N and litterP). While decay rates of AM litters were strongly positively related to litter
N (r? = 0.387P:< 0.001ECM litters showed weakerelationship between litté¥ and litterk
(r* = 0.05, P.<+0.001) (Figure JaAcrosstemperate forestéyM and ECMlitters did not vary
significantly inlitter N, while litter N was lower on average for AM compared@M litters
acrosssub/tropicaforests (P= 0.03) Fig. S1. Meanwhile, n sub/tropical forests, litter Was
the best litter.chemistry predictor of littefor both AM and ECM littergr® = 0.19, P < 0.001
(Figure4b). Litter P was marginally highéor ECM litters inboth temperate forests (P = 0108
and sub/tropical forests (P = 0.qFg ). Finally, when comparing biome differences within
mycorrhizalgroups, we found that both AM and ECM litter N was greater in sub#topic
compaed to temperat forests (AM: P = 0.076; ECM: P = 0.002). There were no biome
differences for either AM or ECM species with respect to litter P.

This article is protected by copyright. All rights reserved



245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

Discussion

While it is widely known that climate, substrate quality and soil properties influence litter
decay rates, we aently lackwell-developed conceptual framewotksit facilitate our ability to
predict the ecosystem consequences of species gains and\Wdasdiget al., 2011).We
hypothesized.that litter decay rates of AM and ECM tree species would differ in predictable
ways that eould explain previously documented differences in C and nutrient cyclireggbetw
ecosystems‘dominated Histinct mycorrhizal groupsWhile our hypotlesis was generally
supported; our‘comparison of AM and ECM leaf litter decay rates unveiled an intrigttexp pa
whereby AM litters decomposed more quickly than El@idrs in temperate forests with this
pattern weakening at lower latitudes (FigureT2jus, our results indicate that while AM and
ECM trees'may not differ in foliar chemistfifoeleet al., 2012) these mycorrhizal groups may
differ in leaf litter chemistry postenescencéRead, 1991). &orption differences between AM
and ECM tree¢Zhanget al. 2018) can affect the chemical quality of theaflitter that enters the

detrital food web with important consequences for soil C andenticycling

Mycorr hizalgreup effects on litter decay in temperate forests

Numerous investigations have revealed differences in C and N cycling betweeandAM
ECM-dominated forest stands in temperate for@sg.Phillipset al., 2013; Linet al., 2016). In
general, stands dominated by ECM trees are characterized by soifsghi@® : N (Midgley and
Phillips 2014; Jaet al., 2017; Zhuwet al., 2018), fungal dominance of the microbial community
(Cheekest a@l";"2016) and slowed rates of N cycling and Ig3sillips et al., 2013; Linet al.,
2016).Whilesthese studies indicate general patterns, the processes underlying these patterns have
remained elusivéDickie et al., 2014).Our findings in temperate forests, that AM litters decayed
faster than ECM litters, could produce such effects and provide an explanation feedbse
differences.in sibproperties.

Rapid.decay of high chemical qual®M litters canpromote greater microbial
production.and Gise efficiencyCotrufoet al., 2013; Muellert al., 2015) resulting in a greater
proportion of microbiaderived compounds isoil organic matter (Craigt al., 2018). Given the
low C : N of microbial products compared to plant-derived compounds, this could resilsin
with low C : N, as isfrequently observed in AM stan@&verill et al., 2014, Linet al., 2016;
Craiget al., 2018; Zhwet al., 2018). Conversely, slow decay of ECM litters can lead to a build-

This article is protected by copyright. All rights reserved



276 up of plant-derived compounds in upper surface soils which, along with direct N mining from
277 soil organic matter by ECM fungi (Courgyal., 2010; Phillipset al., 2011; lut see Pellitier &
278 Zak, 2018) and greater N uptake by ECM trees (Goodale, 2edrigsult ingreaterC : N in

279 ECM soils. Whilethe mycorrhizal group differences in litter decay we report here align with
280 contemporary.theory of how litter inputs affect soil (Sulreiaal., 2017) factors such as root
281 inputs and,competition between saprotrophic and mycorrhizal {Gagigil & Gadgil,1975)

282 may also be‘important in driving different Gl:in AM versus ECM soilg§Averill, 2016).

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

284 competitive strategies among tree species in nutrient limited forests, |éagogitive plant—
285 soil-microbe nutrient feedbacks. Specifically, with the ability to directyakdown organic

286 matter, ECM fungi can effectively sharircuit freeliving microbial nutrient mineralization

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

288 species employ a tight plargymbiont nutrient cycling strategy conducive to slow litter decay
289 which reduces nutrient competition with frisang microbes and the poteal for leaching AM
290 fungi lack suehisaprotrophic capabilities and foster a more open nutrient cycle, ywasteb
291 litter decay'stimulates microbial nutrient mineralization and increases inorganic nutrient
292 availability«(Chapmaret al., 2006). Thus, ifferences in howAM and ECM mycorrhizal fung
293 interact with"saprotrophic fungi shouddfect litter decay rates ameinforce distinct plantsoil—
294  microbe nutrient feedbackas such, differences in litter decay rates may be a key process
295 driving distinctive biogeochemical syndromes between AM anlll E@nds in temperate

296 forests.

297 Our-analysis suggests that gteong mycorrhizagiroup effects on litter decaye

298 observedicrosgsemperate foreswre in part, driven by phylogenyrhisresultis not

299 unexpectedas AM and ECM mutualisms evolved separately (Mahetali., 2016), leading to a
300 lack of independence between mycorrhizal group and phylogeny andhasyerdistributios of
301 AM and ECM species across the phylogenetic tree. This rengésdagenetic analysiof

302 mycorrhizaleffects challenging, especialiiien working withrelatively small datasets where
303 broad distribution of mycorrhizal groups across the phylogeny is minimal. This i®troerf
304 dataset, where a few genera dominate AM (@&cgr) and ECM Quercus andPinus) groups to a
305 large extent reflecting the relative dominance of these genera in édably, whileQuercus
306 andPinusrepresent 20% and 13% of our dataset, respectively, mycorrhizal group effecesron litt

This article is protected by copyright. All rights reserved



307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

kin temperate forests perseten after excluding one or the other of these groups from our
analysis (P < 0.05). Phylogenetic analysis can be problematic given that inthetarare few

good examplesf closely related AM and ECM trees outside of Ruosid clade. In the few cases
where phylogenetic pairs can be identified, differences in the relative abundances or habitat types
of the two species can result in ecologically meaningless phylogenetic périggsf one

species is found on xeric sites while the other is foundesiaersites). Moreovethere is

emerging ‘evidence that many phylogeneticatiiated species possess widely divergent traits
(Losos, 2008;"Perronne, 2014; Letal., 2017), including those central to plastit feedbacks
(Fitzpatricket al., 2017) Interestingly, in arecentcommon gardenomparing leaf and root litter

k across35.AMror ECM woody species, leaf — but not roditter k was shown to have a strong
phylogenetic signglSunet al., 2018). Regardless, it would be intriguing to test if phylogenetic-
relatedness influences the strength of mycorrtgmalipeffects on such feedbacks, as our
analysigpredictsmycorrhizal effects to be strongest where spemiedesphylogenetically-
related.Thus,we contendhat mycorrhizal grous a useful functional trait for predicting

species effectsion ecosystems because the evolutionary divergences that produced these effects

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

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

Given our findings thahe mycorrhizal group effect weakened at lower latity&egure
2b), an important question is whether this refledtisrednutrient strategies between biomes and
translates toveaker mycorrhizal effects on soil C and N cycling in the sub/tropics. Evaluating
mycorrhizalgroupeffects on biogeochemical patteraghallenging insub/tropical forests given
thatmosttree species associate with AM fungi and ECM speg@sally only occur on
marginalsoils (e.g. Waringet al., 2016) or in monodomima standgCorraleset al., 2016).
While few,studies have compared AM and ECM forests at the same site at lower latitudes,
evidence of both slowdCorraleset al., 2016; Waringet al., 2016)and fasteN cycling
(Chuyongetal’, 2000) in ECM stands has been reported. Thus, future work examining soil
element cyeling differences between mycorrhizal groups in sub/tropical forests is a priority for
understanding the generality mfycorrhizal group effects on biogeochemical cycling across

biomes.
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Regardless, overall faster litter decay and no significant mycorrhizal group difference in
sub/tropical forests may by due, in part, to the importance of leaching in thesasyis wam
and seasonally wet sub/tropical forests, leaching can contribute significantly to total litter mass
loss, and litter solubility can remain high throughout the course of decompositionlé@tbste
al., 2004). Censequently, slow litter deaagy be advantageous to tropical species if it enables
them to retain nutrients in the ecosystem and minimize leaching losses. This would be especially
important for’AM tree species given their lack of saprotrophic capabilities. ECM species,
however, can‘@&ctively immobilize nutrients in the litter layer through extensive fine root and
fungal hyphae production (Chuyoegal., 2000) and faster litter decay may reduce metabolic
demand on the,ECM decomposer community. Together, this suggests an AM sifategy
suppressed-decay rates at lower latitudes compared to an ECM strategy promoting decay in these
forests, in contrast to the pattern observed in temperate forests.

More generally, distinct mycorrhizal strategies may be dampened in sub/tfopésis
where the build up of an organic soil horizon is rare and the potential for ECM fungig¢o mi
organic mattersffor nutrients may be limited. Additionally, increasing P limitation at lower
latitudes mayweaken the advantage of ECM species, as broad suites of decomposers are capable
of P mineralization, and AM fungi are known to compete for P effectiitdytenschwileet al.,
2011). Mereover, the importance of competition between mycorrhizal and saprotroyhimf
suppressing litter decay in ECM systemsyrha less pronounced at lower latitudgesrnandez
& Kennedy, 2015; but see Corraktsal., 2016). Finally, mescand macrefauna decomposers
may strongly“drive sub/tropical litter dec@iyattenschwileet al., 2011), thereby weakening a

‘mycorrhizaksyndome’ of litter-soil feedbacks.

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

Our observed differences in litter decay rates between mycorrhizal groupsnwitpatant
biome interaction, likely result fro interacting effects of litter quality and decomposer matrix
properties.enlitter decomposition. While we reveal strong mycorrhizal group differences in litter
decay rateswithin temperate forests, we did not find consistent differences in initial litter
chemistry between groups (Fig S2). On the one hand, this may reflect that litteyr tnaitd
affecting litterk encompass a suite of interacting physiochemical traits which are not adequately
captured using single metrics of litter nutrition (i.e. Y&MP). Physical leaf traits (e.g. water
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368 saturation capacity) and carbon quality (e.g. % lignin and % condensed tannins) have been
369 shown to better predict litter decay rates than nutrient concentrationylsllelito et al., 1982;

370 Berg & McClaugherty, 2008; Makkonehal., 2012) Therefore, mycorrhizal groups may differ
371 as predicted in their overall litter ‘quality’ without such differences directly reflected in initial
372 litter nutrient.eoncentrations. This may be especially true at lower latitudes. Notatolgnt

373 concentrations/iwere greater in ECM compared to AM species in sub/tropical forests (litter N: P <
374 0.05; litter'PP= 0.07), yet this did not translate to significantly different decay rates. A more
375 comprehensive'analysis of litter trait differesdetween mycorrhizal groups is thus warranted
376 to better understand the degree to which initial litter traits directly control mycorrhizal group
377 effects on litteik.

378 Additionally, differences in the decomposer matrix under AM and ECM treey likel

379 reinforce differentiation in litter decay patterns between mycorrhizal groups. While our dataset
380 did not include decomposer community and soil variables (thus preventing aiit ¢agtiof the

381 relative importance of the decomposer matrix in modulating ktpatterns between mycorrhizal
382 groups), theydecomposer matrix is an important driver of kt¢8tricklandet al., 2009; Kaiser

383 etal., 2014; Bradfordt al., 2016) and has been shown to vary predictably between mycorrhizal
384 groups(Phillips et al., 2013; Awrill et al., 2014; Cheeket al., 2016; Craiget al., 2018).

385 Decomposer matrix controls on litter decay may be particularly important in temperate ECM
386 systems, where we found a weak relationship between litter % N and (Figure 4a); in these
387 sites,low seil N may ultimately constrain litter decay regardless of litter quality (Midgjlaly,

388 2015).

389 Finallyzimportant interactions between belowground plant inputs and the soil matrix may
390 exaggerate differences in leaf litter decay rates between mycorrhizal groups. Recent work
391 suggests that the presence of root litter belowground stimulates AM, rieChuytleaf litter

392 decay, likely.via a priming effect of the microbial commuriByzosteket al., 2015; Jacobet

393 al., 2018)..This‘highlights how multiple characteristics of the decomposer matrix magnice!

394 litter k differences between mycorrhizal groupgardless of litter chemistry differences.

395 Our'data synthesis represents the first ebdgse analysis of mycorrhizal group effects
396 on litter decay rates, yet we acknowledge several limitations to our study thapeénspire

397 further investigation. First, a true medaalysis of the mycorrhizal effect size on litkewas not

398 possible given insufficient studies in our dataset where both AM and ECM lieze
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decomposed within a single site. While wittsite differences between AM and ECM litter
have been documented at select sjtéisuyonget al., 2000; Midgleyet al., 2015) additional

work is needed to test how widespread this pattern is. Moreover, we showed a strong
mycorrhizal group effect on littdracross temperate forests; future studiesgaring AM and
ECM effects.within closely related species would further strengthen our results here.
Additionally, our analysis focused solely on leaf litter decomposition yet we ernelthaat

other tissues;including aboveground woody tissues, roots and mycorrhizal fungi, contribute
significantly'to'total litter input§Langley & Hungate, 2003; Fresclhattal., 2013b) and future
work should examine the degree to which our observed mycorrhizal group effects oreldaf litt
apply to otherlitter types. L&a®f coordination between above- and belowground traits
(Mommer & Weemstra, 2012; Frescleetl., 2013a; Roumedt al., 2016) as well as differential
responses to climate gradients between root and leaf decomp@Stiolz et al., 2000),

highlights themportance of evaluating tissispecific effects on decomposition patterns.

Conclusion

Here, we have shown that tree leaf littetaries between mycorrhizal grouips
temperate-forests, with weaker effects at lower latituilaken together, we propoget litter
quality and properties of the local decomposer matrix interact to synergysticaé biome-
specific mycorrhizal group differences in litterln temperate forestsow quality litter that
decomposes and releases nutrients slowly resutisvisoil nutrient availability and high C :
nutrient ratioswThis, in turn, fosters a decomposer community with slow metadiebacapable
of accessingspoor quality substrates. This ploit-microbe positive feedback loop may be
further amplified if low soil nutrient availability enhances foliar resorption efficiency, further
drawing down litter nutrient concentrations and reinforcing slow litter decomposition from plants
growing inlow fertility environments. Such s@riation between plant litter traits, soil fertility
and decomposer community highlight the utility of considering mycorrhizal aseocas an
integrative trait that bears predictive ability for speapscific effects on ecosystem processes,
such as litter decompositionhe degree tavhich these mycorrhizal group syndromes are
weakened, or even reversed, in low latitude forests warrants further study. Asemerital
changes force largecale shifts in forest plant community composition, functional approaches
such as this are needed to upscale spspiesific effects on ecosystem functioning from the tree
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to the stand and ecosystem scales, as well as to better predict feedbacks between the plant

community and climate cycles.
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Figure S1.Phylogenetic trees for temperate and sub/tropical tree species included in our dataset.
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Figures
Figure 1. Glebal distribution of leaf littedecay ratek) observations included in our dataset.
Yellow dots,leaf litter fromarbuscular mycorrhizalAM )-associated trees; relbts leaf litter

from ectomycorrhizal (ECMpassociated trees.
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Figure 2. Leaf litterdecay rateskj of arbuscular mycorrhizal (AM)andectomycorrhizal
(ECM)-associated trees frofa) temperate biome23.5-55° latitude absolute value) and (b)
sub/tropical biomes (23.5° latitude absolute valu®)ata are presented as mearSE.
Numbers on bars indicate sample size per gr8ignificantdifference between mycorrhizal

group *, P <.0.05.

Figure 3. Global relationship oérbuscular mycorrhizal (AM)andectomycorrhizal (ECM)
associatedree litterdecay ratek) records (logtrangormed) regressed agair{a) mean annual
temperaturédMAT) and (b) mean annual precipitatidlAP). Shaded region depicts 95%
confidencesintervals for each mycorrhizal group.

Figure 4. Relationship betweefa) initial litter % N and littedecay rateskj for arbuscular
mycorrhizal (AM)} andectomycorrhizal (ECMpassociatedreespecies in temperate forests
(23.5-55°latitude absolute value) abdl iqitial litter % P and littek for AM- and ECM-
associatedstree spesiin sub/tropical forests{23.5° latitude absolute valu&oth axes are

log-transformed. Shaded region depicts 95% confidence intervals for each myd@rbiep.
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