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Abstract 13 

Global change threatens ecosystem funcTons, including those driven by soil fauna. In temperate forests, 14 

soil nutrients, licer quality, and microarthropods are essenTal players during licer decomposiTon. 15 

However, the impact of nutrient enrichment on the funcTonal role of soil fauna remains poorly 16 

understood. We used a full factorial experiment to test the effects of nitrogen (N), phosphorus (P), and 17 

potassium (K) addiTon on licer decomposiTon through changes in soil condiTons and licer quality. We 18 

incubated senesced leaves from ferTlized and unferTlized control plots in licer bags with two different 19 

mesh sizes that included (2 mm) or excluded (45 µm) microarthropods. We assessed the interacTve 20 

effects of nutrient addiTon and licer quality on microarthropod-driven decomposiTon using linear 21 

mixed-effects models. Nutrient addiTon was a stronger predictor than licer quality for organic macer 22 

remaining in licer bags over Tme. While N addiTon strongly influenced licer quality, it did not affect 23 

microarthropod acTvity in decomposiTon. P addiTon suppressed decomposiTon when microarthropods 24 

were present but enhanced it when microarthropods were absent. K strongly influenced licer quality 25 

and regulated the effects of phosphorus on decomposiTon. Microarthropods may promote 26 

decomposiTon under condiTons of limited nutrient availability in both licer and soil, potenTally 27 
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enhancing microbial acTvity. The responses of fungi and microbes to nutrient enrichment may explain 28 

the relaTvely modest effect of microarthropods on decomposiTon. Our study shows that nutrient 29 

enrichment in temperate forests may limit microarthropod parTcipaTon in decomposiTon by possibly 30 

altering microsite condiTons or affecTng the availability of alternaTve food resources, thereby 31 

influencing carbon fluxes. 32 

 Keywords: nutrient enrichment; decomposiTon; temperate woodlands; microarthropods 33 

1. Introduc+on 34 

Ecosystem funcTons are threatened by global change, including those mediated by soil organisms. One 35 

important global change process is nutrient enrichment, caused by excessive nutrient addiTon in 36 

ecosystems. The consequences of nutrient enrichment in ecosystems vary. For example, nutrient 37 

enrichment has widespread negaTve effects on aboveground and belowground biodiversity in forests 38 

(Isbell et al., 2013; Seabloom et al., 2021; Sullivan & Sullivan, 2018). These impacts should be addressed 39 

because biodiversity sustains ecosystem services and ecosystem resilience (Cardinale et al., 2012). 40 

Overall, soil organisms facilitate decomposiTon, soil formaTon, nutrient cycling, pest control, and 41 

stability of aboveground biodiversity, among other funcTons (Crowther et al., 2015; Delgado-Baquerizo 42 

et al., 2020). The unclear outcomes of nutrient enrichment for soil organisms are of concern when 43 

considering future scenarios of nutrient polluTon and deposiTon (Galloway et al., 2008; Lilleskov et al., 44 

2019; Phillips et al., 2019). With growing evidence that soil fauna (e.g., microarthropods) are of great 45 

importance for decomposiTon in temperate regions (García-Palacios et al., 2016), further regional 46 

descripTons of their performance under global change scenarios (e.g., nutrient enrichment) need 47 

immediate acenTon (Beaumelle et al., 2021; Eisenhauer et al., 2019). 48 

Nutrient enrichment can drive changes in plant internal nutrient cycling and trophic cascades with 49 

potenTal consequences for licer decomposiTon. For example, increased nutrient availability can cause 50 
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plants to change the characterisTcs of licer that are important to decomposers (i.e., cellulose, 51 

hemicellulose, lignin, C/N raTo) and their soil microhabitat (Gergócs & Hufnagel, 2016; Perez et al., 52 

2013). Some studies suggest that changes in licer quality, usually characterized by C/N raTos, directly 53 

impact licer decay trajectories, and organic macer formaTon (Cotrufo et al., 2013). One possible 54 

pathway can be related to the disrupTon of the long-term affinity of soil biota with licer, with potenTal 55 

impacts on carbon flux and storage in organic macer (Elser et al., 2007; Harpole et al., 2011). While 56 

affinity between licer and  microbiota is widely addressed in the literature (Freschet et al., 2012; Li et al., 57 

2021; Palozzi & Lindo, 2018; Perez et al., 2013), for other soil organisms (e.g., soil fauna), these 58 

interacTons remain obscure. Previous studies suggested that N enrichment could decrease soil 59 

respiraTon (Janssens et al., 2010) but also sTmulate decomposiTon in the early stages of the process 60 

while reducing decomposiTon in later stages (Gill et al., 2021). The contribuTon of microarthropods may 61 

be important in the last stages of decomposiTon, as previous studies show that the presence of oribaTd 62 

mites increases with recalcitrant material and arer 24 months of licer decomposiTon in different 63 

ecosystems (Eissfeller et al., 2013; Fujii & Takeda, 2017; Heneghan et al., 1998; Marian et al., 2018). 64 

Whether response pacerns observed in microbes apply to microarthropods is unclear and, so far, 65 

context-dependent. Understanding the interplay of nutrient addiTon with licer quality on higher trophic 66 

levels (i.e., microarthropods) is highly relevant for temperate ecosystems.  67 

The microenvironment where decomposiTon occurs is strongly affected by nutrient enrichment. If 68 

changes in the soil microenvironment occur, its interacTon with iniTal licer quality might impact the 69 

contribuTon of microarthropods to licer decay differenTally (Freschet et al., 2012). For microarthropods 70 

this could explain why, in some cases, their acTvity during decomposiTon is not related exclusively to 71 

licer quality (Zieger et al., 2015). While in some systems, microarthropods prefer decomposing low-72 

quality licer (Frouz et al., 2015; Irmler, 2000; Peguero et al., 2021), in other systems, microarthropods 73 

contribute more to decomposiTon of high-quality licer (Carrillo et al., 2011; Fujii et al., 2018). Another 74 
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possible and parTal explanaTon can be related to mismatches between nutrient availability and the 75 

physiological demands of microarthropods condiToning their performance during licer decomposiTon 76 

(Beaumelle et al., 2021; Frouz, 2018). However, temporal dynamics and changes in mulTple nutrient 77 

availability effects on licer decomposiTon by different groups of soil organisms are sTll under 78 

invesTgaTon (Pichon et al., 2020; Smith & Bradford, 2003). A lack of understanding of soil mulTtrophic 79 

responses to nutrient enrichment could carry severe consequences for ecosystem producTvity and 80 

belowground processes related to licer decomposiTon, like carbon efflux and nutrient leaching 81 

(Delgado-Baquerizo et al., 2020; Guerra et al., 2020; Maaroufi & De Long, 2020). 82 

Few experimental studies address N interacTon with P and K imbalances, even when it is crucial for 83 

understanding C cycling and other ecosystem processes in a global change context (Peñuelas et al., 2013; 84 

Sardans & Peñuelas, 2015). Areas of low nutrient deposiTon around the world have been proposed as 85 

ideal scenarios to test hypotheses related to nutrient enrichment (Vivanco, 2008). In temperate 86 

woodlands N is a limiTng nutrient for vegetaTon growth, but P can also be limited at some sites in NW 87 

Patagonia (Diehl et al., 2008; Vivanco & AusTn, 2008). Most South American ecosystems have not been 88 

exposed to high nutrient deposiTon levels like their northern counterparts. However, they are expected 89 

to experience greater nutrient deposiTon levels in the next three decades (Galloway et al., 2008).  90 

Regions like northwestern Patagonia can help test hypotheses related to nutrient enrichment and 91 

ecosystem funcToning. In NW Patagonia, mixed-species woodlands dominated by Nothofagus antarc.ca 92 

((G. Forst.) Oerst.) consTtute the most diverse plant community in the region and occupy 110,000 93 

hectares (Reque et al., 2007). An increased interest in sustainable management in ArgenTnian 94 

woodlands demands scienTfic and management efforts to understand ecosystem funcToning in 95 

response to anthropic disturbance (sensu Law 26.331, 2007). We aimed to determine which 96 

combinaTons of macronutrient addiTon (N, P, K) affected licer quality and if there were cascading effects 97 

on microarthropod-driven decomposiTon from nutrient changes in the senesced leaves. When nutrient 98 
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availability increases through nutrient addiTon, plant nutrient limitaTons are alleviated, increasing licer 99 

quality (Fisk et al., 2014; Gonzales & Yanai, 2019; Vitousek et al., 2010). Since there is evidence of a 100 

strong relaTonship between N and P content in soil and Tssues of deciduous species in Patagonian 101 

woodlands, we expected to see high correlaTons between nutrient content in soil and licer arer 102 

ferTlizaTon (Diehl et al., 2003). We anTcipated a significant increase in soil and foliar nitrogen (N) with N 103 

and K addiTons (Sardans & Peñuelas, 2015). However, for P and K addiTon, we expected more moderate 104 

effects in the soil pools. This is due to a) the mineral composiTon of the soil, which renders P less 105 

available (allophanic clays), and b) the rapid cycling of K in the licer may enhance microarthropod-driven 106 

decomposiTon by reducing the carbon to nitrogen (C/N) raTo. In some cases, higher N, P, and K 107 

concentraTons in the licer might increase microarthropod-driven decomposiTon by decreasing the C/N 108 

raTo (Fujii et al., 2018; Peng et al., 2019). We predicted that: 1) addiTons of N and P would increase 109 

decomposiTon rates by enhancing licer nutrient concentraTons and licer quality,2) microarthropod 110 

access to a licer of low C/N (higher quality) increase decomposiTon rates, and 3) microarthropods would 111 

contribute more to later decomposiTon stages than earlier ones due to their ability to access recalcitrant 112 

resources in the licer.  113 

2. Materials and Methods 114 

2.1 Study site  115 

The study site is located in El Foyel (41° 38ʹ 47ʺ S, 71° 29ʹ 55ʺ W), Río Negro, northwestern Patagonia 116 

(ArgenTna, Figure 1A,1B). The site hosts broadleaf woodlands dominated by N. antarc.ca, accompanied 117 

by other woody species such as Loma.a hirsuta (Lam.) Diels ex J.F. Macbr., Schinus patagonicus (Phil.) I. 118 

M. Johnst. ex-Cabrera and Diostea juncea (Gillies ex Hook.) Miers (Kitzberger & Veblen, 1999). 119 

Woodlands are post-fire secondary succession, and in the absence of fire, their structural composiTon 120 

resembles transiTon states to forests dominated by Austrocedrus chilensis (D.Don) Pic.Serm. & Bizzarri. 121 

The climate in the area is temperate with warm dry summers (Csb, Köppen climate classificaTon) 122 
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characterisTc of mediterranean-like ecosystems (Kocek et al., 2006). Mean annual temperature ranging 123 

from 8 °C to 10 °C, 920 mm mean annual rainfall concentrated during the winter, with an average of 120 124 

frost days and 65% annual relaTve humidity (Gyenge et al., 2009; Reque et al., 2007). These woodlands 125 

grow at an alTtude between 790 and 880 meters asl, on allophanic soils derived from volcanic ash of 126 

sandy to loamy texture (Andisols, Bockheim et al., 2014; Nacif et al., 2020). In most temperate areas N is 127 

considered more limiTng than P for plant growth, but at our sites, the plant community can be co-limited 128 

by N and P (Diehl et al., 2008). This is because in volcanic soils P can be retained by precipitaTon or anion 129 

sorpTon in amorphous soil colloids (Parfic et al., 2005). 130 

2.2 Microarthropod community 131 

The microarthropod community in our study site shows a community structure typical of temperate 132 

areas and comparable to previous studies in the region (Kun et al., 2010; Manzo et al., 2021; Rizzuto, 133 

2018). In the study area, Fernández et al., (2022) found that the average microarthropod taxa densiTes 134 

were 20,000-35,000 individuals m-2 of Acari and 10,000 individuals m2 of Collembola, with an 80% Acari, 135 

20% Collembola proporTon.  Moreover, Fernández et al., (2022) found that Acari community 136 

composiTon was approximately 80% detriTvore/fungivorous (OribaTda and ProsTgmata) and 20% 137 

predatory (MesosTgmata) at the study sites. The most abundant oribaTd mite species (≥ 5%) across sites 138 

were: Oribatula sp., Paraphauloppia australis (Hammer, 1962), Cultroribula argen.nensis (Balogh & 139 

Csiszár, 1963), and Membranoppia (Pravoppia) argen.nensis (Balogh & Csiszár, 1963). Tectochepeus 140 

velatus (Michael, 1880),Lanceoppia kovacsi (Balogh & Csiszár, 1963), and Camisia sp. The complete list of 141 

OribaTd species for this study site is detailed in Kun et al., (2010) and Fernández et al., (2022). 142 

2.3 FerTlizaTon experiment 143 

To evaluate the impact of the progressive addiTon of different macronutrients on the funcTonal role of 144 

microarthropods in licer decomposiTon, we used a four-hectare ferTlizaTon experiment “in situ”. During 145 
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October and November, and before the growing seasons of 2016, 2017, and 2018, we applied eight 146 

ferTlizaTon treatments resulTng from a factorial combinaTon of nitrogen (N), phosphorus (P), and 147 

potassium (K). Each of the eight treatments (unferTlized control, N, P, K, NP, NK, PK, NPK) was replicated 148 

in four blocks, resulTng in 32 experimental plots of 31.5 m by 45 m (Figure 1C). The ferTlizaTon rates 149 

simulate an enrichment scenario with an addiTonal 30% annual N mineralizaTon (Vivanco & AusTn, 150 

2011) and high ferTlizaTon rates for P and K (personal communica.on 2016, Cremona, V., Kowaljow et 151 

al., 2010). While the rates used for all nutrients in our study do not happen naturally, the goal was to 152 

simulate an extreme nutrient enrichment scenario. We ferTlized by hand at the beginning of each 153 

growing season (spring) at a nutrient rate of 100 kg ha-1 N (Tme-release urea) (Lindberg & Persson, 2004; 154 

Vivanco, 2008), 75 kg ha-1 P (triple-superphosphate), and 56 kg ha-1 of K (potassium sulfate) (Kim, 2008).  155 

2.4 Soil sampling 156 

In March 2018, arer two seasons of ferTlizer applicaTon, soil sampling was done to test soil pools of N, 157 

P, and K, pH, electrical conducTvity, and organic macer. Soil samples were collected using a 3.5 cm 158 

diameter soil auger to a 20-cm depth along three longitudinal transects from all plots. Each transect 159 

comprised 3-4 sampling points with at least 5 m between two randomized points, making a total of ten 160 

sampling points per plot. Points sampled in each transect were randomized. Each soil sample was 161 

separated into 0-10 cm and 10-20 cm horizons for chemical analysis. Once collected, soil samples were 162 

homogenized by horizon before transporTng to the laboratory. Each plot had a composite sample per 163 

horizon. Air-dried soil, sieved through a 2-mm mesh, was analyzed for extractable P (Bray and Olsen-P) 164 

and available K. Organic C and total N were analyzed in samples ground to pass a 0.5 mm mesh. Available 165 

K was extracted in 1 M ammonium acetate soluTon by flame emission spectrometry (IRAM 29577), total 166 

N by semi-micro Kjeldahl, and organic C by Walkley-Black wet digesTon. All soil properTes 167 

determinaTons are detailed in Table S1. 168 
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 169 

Fig.1. Study site and experimental design. A) Geographical locaTon of study sites. B) Image of woodlands 170 

in NW Patagonia. C) The ferTlizaTon experiment comprised eight treatments (including unferTlized 171 

control) consisTng of the addiTon of N, P, and K and their factorial combinaTons. All treatments were 172 

replicated in 4 blocks and resulTng in 32 experimental units. Three ferTlizaTon seasons happened 173 

between 2016 and 2018. 174 

2.5 Foliar nutrient concentraTon 175 

We sampled leaves from Nothofagus antarc.ca trees (n=5) in each plot to determine foliar nutrient 176 

concentraTon during summer (December 2017) and autumn (March 2018). The foliar sampling and 177 

nutrient analysis followed protocols by Diehl et al., (2003). We used green leaf nutrient concentraTons of 178 

N and P as a proxy for vegetaTon nutrient limitaTon in December 2017 (Güsewell, 2004; Reed et al., 179 

2011). In April 2018, this sampling was repeated, but we used senescent leaves to characterize nutrient 180 

concentraTon (i.e., C, N, P, and K) and licer quality. Arer collecTon, the leaves were oven-dried 48 hours 181 

at 60° C, and a subsample for each plot was used to characterize the foliar nutrient concentraTon of N, P, 182 

K, and C. All foliar determinaTons are summarized in Table 1. We used the C/N raTo as a proxy for licer 183 

quality, where: high C/N raTos indicate low licer quality and low C/N raTos indicate higher licer quality.  184 
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Table 1. Nutrient concentraTon in N. antarc.ca senesced leaves among ferTlizaTon treatments 185 

(columns). N: nitrogen. P: phosphorus. K: potassium. C/N: carbon to nitrogen raTo. N/P: nitrogen to 186 

phosphorus raTo. 187 

 N/P C/N N (%) P (%) K (%) 
 Treatment mean ± SE mean ± SE mean ± SE mean ± SE mean ± SE 

Control 8.86 ± 0.6 72.85 ± 3.7 0.68 ± 0.03 0.08 ± 0 0.2 ± 0.01 
N 8.99 ± 2.2 56.23 ± 3.3 0.76 ± 0.1 0.11 ± 0.04 0.26 ± 0.1 
P 6.38 ± 1.6 67.31 ± 13.5 0.75 ± 0.2 0.14 ± 0.1 0.2 ± 0.1 
K 6.73 ± 1.8 63.5 ± 4.4 0.78 ± 0.05 0.14 ± 0.02 0.31 ± 0.04 

NP 7.41 ± 1.0 52.23 ± 11.2 0.95 ± 0.2 0.13 ± 0.04 0.26 ± 0.1 
NK 7.58 ± 1.2 55.24 ± 8.1 0.88 ± 0.1 0.12 ± 0.04 0.29 ± 0.1 
PK 7.24 ± 0.6 53.31 ± 9.1 0.92 ± 0.2 0.13 ± 0.03 0.33 ± 0.1 

NPK 4.79 ± 0.6 62.71 ± 6.4 0.79 ± 0.1 0.17 ± 0.01 0.34 ± 0.1 
 188 

2.6 DecomposiTon experiment 189 

We used a licer bag experiment to track organic macer remaining at different dates over three years, 190 

and in relaTon to nutrient addiTon, licer quality and microarthropods inclusion/exclusion. All 191 

decomposiTon treatments (combinaTon of licer type and mesh size) were replicated at two microsites 192 

per plot (Fig. 2A). In total, 1120 licer bags were incubated in ferTlized plots: 2 microsites x 4 mesh/licer 193 

type combinaTons x 5 retrieval dates x 28 plots (Fig. 2B). The control plots had two treatments 194 

corresponding to coarse and fine mesh licer bags filled with control licer, totalizing 80 licer bags: 2 195 

microsites x 2 mesh/licer type combinaTons x 5 retrieval dates x 4 plots. In a plot with a certain 196 

ferTlizaTon treatment, we incubated licer bags with licer from the plot itself and licer bags filled with 197 

control licer (no ferTlizaTon).  198 
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 199 

Figure 2. Design of decomposiTon experiment with two licer types (from ferTlized and unferTlized 200 

control plots) with two different mesh sizes placed at two microsites per plot. A: Detail of locaTon of 201 

microsites per plot. B: Microsite detail showing the organizaTon of licer bags according to the number of 202 

collecTon dates and treatments. C: Licer bag construcTon details. 203 

For instance, a plot ferTlized with N+P would have 20 licer bags filled with licer from N+P ferTlized trees 204 

and 20 licer bags filled with licer from trees in control plots. Licer bags were 15 x 15 cm filled with 1.5 205 

grams of N. antarc.ca senesced leaves for all treatments. To isolate the effect of microarthropods we 206 

used licer bags built with two different mesh sizes: 2 mm (coarse mesh for macrofauna exclusion and 207 

microarthropods inclusion) and 45 µm (fine mesh-for microarthropods exclusion) (Fig. 2C). We filled the 208 

licer bags using leaves of N. antarc.ca since it is the dominant canopy species at the sites. Senescent 209 

licer was collected from the canopy of five dominant N. antarc.ca individuals at each plot in March 210 

2018. To separate the effect of licer quality from the effect of nutrient addiTon on decomposiTon, we 211 

used licer from control plots (no ferTlizaTon) and ferTlized plots. Licer bags were incubated at the 212 
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surface of the forest floor, and they were collected at 41, 110, 195, 365, and 1022 days arer installment 213 

(April 2018). Arer collecTon, licer bags were taken to the laboratory where they were oven-dried (60° C 214 

for 48 hours). Once dried, foreign material (i.e., rocks, seeds, roots, soil) was removed from each licer 215 

bag, and ash-free dry weight was determined. 216 

2.7 StaTsTcal Analysis 217 

All data analysis was conducted in R 3.6.1 (R Core Team, 2019). As a baseline analysis, we adjusted 218 

several decomposiTon models to the licer bag data using the liHerfiHer package (Cornwell & Weedon, 219 

2014). We found that a negaTve exponenTal model was inadequate for our licer decay data (Fig. S1), 220 

and we used organic macer remaining as our response variable instead of calculaTng common decay 221 

rates (Vivanco & AusTn, 2011).  222 

We tested the impact of ferTlizer on soil and foliar nutrient concentraTon using linear mixed-effects 223 

models (LMM’s). Models included the mulTple nutrient interacTon as fixed effects and the experimental 224 

block as a random effect. We used the Dunnec’s test as a post-hoc contrast to compare mean values for 225 

all foliar variables arer ferTlizaTon with the mean value in the control plots. Finally, we calculated the 226 

correlaTon of soil and foliar nutrient concentraTon for control and ferTlized licer using the funcTon 227 

ggcor from the package ggplot2 (v3.3.5; Wickham, 2016). 228 

To test the effect of ferTlizer on organic macer remnant of licer decomposing with and without 229 

microarthropod access, we also GLMMs, where mulTple nutrient interacTons (NPK) interacted with 230 

mesh size as fixed factors (hypotheses 1 and 4). We built models for both licer from ferTlized and control 231 

plots separately since we did not incubate licer from ferTlized plots at control plots. The experimental 232 

block was considered a random effect for avoiding pseudo-replicaTons (Zuur, 2009). We used the 233 

glmmTMB package (Brooks, 2017) to perform all the above-menToned GLMM’s and the emmeans R 234 

package to apply the post-hoc analyses (Lenth, 2021). We tested the goodness of fit for each model 235 
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using the DHARMa package (HarTg, 2021). The “DHARMa” package uses a simulaTon-based approach to 236 

create readily interpretable scaled (quanTle) residuals for ficed linear mixed models. We corrected the 237 

heteroscedasTcity with constant variance funcTon structure (varIdent) when needed (Zuur, 2009).  238 

3. Results  239 

3.1. Licer quality and microsite condiTons 240 

Arer two seasons of ferTlizaTon, adding mulTple nutrients significantly modified the soil nutrient pools 241 

and senesced leaves of N. antarc.ca. Soil total N was marginally higher but, P, and K increased by 180%, 242 

and 75%, respecTvely, at the surface (0-10 cm) and subsurface (10-20 cm) horizons compared to the 243 

control (Table S1). N+P addiTon significantly increased N in senesced leaves (p=0.03), while N+P+K 244 

addiTon increased P and K concentraTons (p=0.02) (Tables 2 and 3). Licer C/N decreased significantly 245 

with N and P addiTon, indicaTng improved licer quality (Fig. 3A). Control condiTons (no ferTlizer added 246 

to the plot) had the highest C/N raTo and lowest N and P concentraTons in senesced leaves (Fig. 3B-C). 247 

Notably, treatments with addiTon of N (p=0.03), NP (p=0.02), NK (p=0.02), and PK (p=0.007) exhibited 248 

the highest increase in licer quality compared to the control (Tables 2 and 3, Fig. 3A).  249 

Also, we observed that arer ferTlizaTon K concentraTon in soils was posiTvely correlated with K and P 250 

concentraTon in senesced leaves but only modestly for N (Fig.S2, K soil-K foliar rho=0.5, K soil-P foliar 251 

rho=0.65, K soil-N foliar rho=0.28).  252 

Table 2. Mean differences in foliar nutrient concentraTon (%) and C/N raTo of senesced leaves of N. 253 

antarc.ca were compared among ferTlizaTon treatments and control plots. Bold values indicate 254 

staTsTcally significant differences in mean comparisons using Dunnec’s test (***p < 0.001; **p < 0.01; 255 

*p < 0.05). N: nitrogen. P: phosphorus. K: potassium. C/N: carbon to nitrogen raTo.  256 

Contrast N foliar (%) P foliar (%) K foliar (%) C/N foliar 
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N-Control 0.08 0.03 0.07 -16.62** 

P-Control 0.06 0.06 0.003 -5.53 

K-Control 0.1 0.05 0.11 -9.35 

NP-Control 0.27* 0.06 0.07 -20.61** 

NK-Control 0.2 0.05 0.1 -17.61* 

PK- Control 0.24 0.03 0.13* -19.54** 

NPK-Control 0.11 0.09* 0.14* -10.13 

 257 

Table 3. EsTmated fixed-effects coefficients for linear mixed-effects models assessing nutrients in 258 

senesced leaves of N. antarc.ca among ferTlizaTon treatments. Bold values represent indicate 259 

staTsTcally significant effects arer the Dunnec’s test (*** Pr (>Chisq) <0.001; ** < 0.01; * < 0.05). 260 

N: nitrogen. P: phosphorus. K: potassium. C/N: carbon to nitrogen raTo.  261 

Fer+lizer N foliar (%) P foliar (%) K foliar (%) C/N foliar 

Control 0.7 (0.07) 0.07 (0.02) 0.19 (0.04) 72.9 (4.9) 

N 0.07 (0.09) 0.03 (0.03) 0.07 (0.04) -16.6 (6.1)* 

P 0.06 (0.09) 0.06 (0.03) 0.003 (0.05) -5.5 (6.1) 

K 0.1 (0.09) 0.06 (0.03) 0.11 (0.05)* -9.3 (6.1) 

NP 0.13 (0.1)* -0.04 (0.04) -0.001 (0.05) 3.6 (5.9)* 

NK 0.02 (0.1) -0.04 (0.04) -0.08 (0.06) 8.3 (8.5)** 

PK 0.07 (0.12) -0.07 (0.04) 0.02 (0.06) -4.6 (8.5) 

NPK -0.35 (0.18) 0.08 (0.02)* 0.02 (0.09) 14.1 (12.4) 

 262 



 

14 
 

 263 

Figure 3. Nutrient concentraTon in senesced leaves of N. antarc.ca among treatments. A) C/N raTo, B) 264 

foliar nutrient concentraTon of nitrogen (N), C) foliar nutrient concentraTon of phosphorus (P), D) foliar 265 

nutrient concentraTon of potassium (K). Dark blue points and bars represent mean and standard error (± 266 

1 SE, n=4) esTmated from GLMM’s. Raw data are presented as colored circles. Each color represents a 267 

different nutrient.  268 

3.2. Microarthropod vs. nutrient addiTon impacts on licer decomposiTon  269 

FerTlizaTon had a greater impact than licer quality on organic macer remaining in licer bags, especially 270 

arer one year (Fig. 4, Table 4 and Table S2). Nitrogen addiTon did not enhance decomposiTon 271 
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significantly (Table 4, N: mesh, p> 0.05), but surprisingly, phosphorus (P) addiTon had a negaTve effect 272 

with K in licer decaying in coarse and fine mesh bags (Table 4, K:mesh, P:mesh, p < 0.05).  273 

Overall, microarthropods had a minimal role in licer decay arer one and three years of decomposiTon 274 

(Fig. 4, Table 4 and S2). Licer quality did not significantly affect organic macer remaining for both licer 275 

types across ferTlizaTon treatments (Table S2, Quality: p>0.05). Coarse and fine mesh licer bags showed 276 

an average licer macer loss of 50% arer a year (Fig. 4A-B) and between 60 and 65% arer 3 years. 277 

However, microarthropods’ contribuTon to organic macer loss (coarse mesh bags) was not significantly 278 

different from microbiota contribuTon (fine mesh bags) at any Tme (Fig. S1, Table 4, Mesh: p=0.2). 279 

 280 
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Figure 4. Average organic macer remaining in licer bags decomposing N. antarc.ca licer (unferTlized 281 

control licer in pink, ferTlized licer in blue) in a mulTple nutrient enrichment experiment. The 282 

microarthropods’ effect on decomposiTon was measured by comparing organic macer remaining in 283 

coarse mesh (2 mm mesh size) and fine mesh (45 µm mesh size) licer bags. The upper panels (A and B) 284 

correspond to values for organic macer remaining arer a year of decomposiTon in remaining arer a 285 

year of decomposiTon at the field. The lower panel (C and D) corresponds to values for the remaining 286 

organic macer arer three years of decomposiTon at the field. The ler panel (A and C) corresponds to 287 

licer bags with microarthropod access (coarse mesh), and the right panel (B and D) corresponds to licer 288 

bags without microarthropod access (fine mesh). Filled points and standard error bars (± 1 SE, n=4) are 289 

the averaged mean organic macer and errors calculated using mixed-effects models (Table 4 and S2). A) 290 

Coarse mesh year 1. B) Fine mesh year 1. C) Coarse mesh Year 3. D) Fine mesh Year 3.  291 

Table 4. EsTmated fixed-effects coefficients for linear mixed-effects models assessing changes in organic 292 

macer remaining for control (unferTlized) licer under the factorial nutrient addiTon experiment. 293 

Intercepts were allowed to vary by block (random effect). In this table, the unferTlized control factor 294 

includes decomposing control licer in coarse mesh licer bags in control plots. For the licer quality 295 

comparison, refer to Table S2. Bold values represent staTsTcally significant effects from the LRT test (*** 296 

Pr (>Chisq) <0.001; ** < 0.01; * < 0.05). OMR: organic macer remaining. N: nitrogen. P: phosphorus. K: 297 

potassium.  298 

Treatment OMR (1 yr) OMR (2.8 yr) 

Control 0.5 (0.02) 0.41 (0.04) 

N 0.04 (0.03) 0.06 (0.05) 

P 0.15 (0.03)*** 0.004 (0.05) 

K 0.08 (0.03)* 0.01 (0.05) 

Mesh 0.07 (0.04) -0.12 (0.05) 
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NP -0.14 (0.05)** -0.07 (0.07) 

NK -0.07 (0.05) -0.07 (0.06) 

PK -0.13 (0.05)** 0.06 (0.07) 

N: mesh -0.08 (0.05) -0.01 (0.07) 

P: mesh -0.13 (0.05)* -0.06 (0.07) 

K: mesh -0.12(0.05)* -0.16 (0.07)* 

NPK 0.15 (0.06)* 0.007 (0.08) 

NP: mesh 0.14 (0.07)* 0.09 (0.08) 

NK: mesh 0.13 (0.07) 0.04 (0.08) 

PK: mesh 0.04 (0.07) 0.10 (0.08) 

 299 

4. Discussion 300 

ManipulaTng soil nutrient availability with ferTlizaTon idenTfied pathways in which nutrient enrichment 301 

might affect microarthropod involvement in licer decay over three years. While licer quality is relevant 302 

for microarthropods (García-Palacios et al., 2013; Gergócs & Hufnagel, 2016; Ilieva-Makulec et al., 2006; 303 

Milcu & Manning, 2011; Smith & Bradford, 2003; Yang & Chen, 2009), we did not find any direct 304 

relaTonship between changes in licer quality due to ferTlizaTon and microarthropod acTvity in licer 305 

decomposiTon. A substanTal proporTon of the variaTon in organic macer remaining in coarse-mesh 306 

licer bags was related to the microsite soil condiTons where licer was decomposing and whether it was 307 

ferTlized previously or not. Our results challenge the expectaTon of a posiTve role of microarthropods in 308 

licer decomposiTon with increased nutrient availability. Instead, the role of microarthropods in 309 

decomposing recalcitrant licer in unferTlized control areas seemed of higher relevance for Patagonian 310 

woodlands. Long-term relaTonships between plant licer and decomposers are simultaneously built on 311 

licer traits and on the characterisTcs of the forest floor-soil matrix where licer decomposes (Freschet et 312 

al., 2012; Peguero et al., 2019; Pichon et al., 2020; Veen et al., 2018). Our results suggest that, in the 313 

short term, interacTve responses at different trophic levels might explain context-dependent pacerns 314 
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observed in licer decay experiments, such as affinity to high or low licer quality. Below, we expand on 315 

the licer quality and ferTlizaTon pathways and its implicaTons for microarthropod-driven decomposiTon 316 

in these temperate woodlands.  317 

4.1. Licer quality interacTons with licer bag mesh size 318 

Arer two seasons of ferTlizaTon, senesced leaves displayed significant changes in nutrient 319 

concentraTon. Licer quality increased by approximately 30% (equivalent to a -20 C/N unit shir) with N+P 320 

and P+K addiTons compared to the control. This shir correlates with a higher contribuTon of soil fauna 321 

to the licer decay process in some forests (Yang & Chen, 2009). However, iniTal nutrient concentraTons 322 

in licer also play a crucial role (Aerts, 1997; Rosenfield et al., 2020). With N+P and N+K addiTons, we 323 

observed iniTal licer N and P concentraTons approximately 40-70% higher than control plots. For 324 

instance, N concentraTon in N+P licer increased by about 40% compared to control licer. These results 325 

suggest a posiTve role of K in nutrient acquisiTon for N. antarc.ca in Mediterranean woodlands. Adding 326 

K, along with N and P, led to higher N and P concentraTons in senesced Tssues. K concentraTon was 327 

highest in the licer with K and N+P+K addiTon and lowest in control plots. While a complete analysis of 328 

the K licer pool requires considering K loss through throughfall, it is sTll noteworthy to observe its 329 

impact on licer quality and its modificaTon when combined with N+P, possibly through changes in 330 

resorpTon rates (Vergutz et al., 2012). 331 

Despite the known interacTon between licer quality and nutrient availability (García-Palacios et al., 332 

2016), we observed no significant differences in licer decay related to licer quality. Patagonian 333 

woodlands are typically nitrogen-limited, leading us to anTcipate a posiTve effect of nitrogen (N) 334 

addiTon on licer quality and decomposiTon rates (Vivanco & AusTn, 2011). While the former held true, 335 

adding nitrogen did not increase decomposiTon in coarse-meshed bags. Surprisingly, phosphorus (P) 336 

played a more substanTal role in determining organic macer remaining in licer bags than N, with a 337 
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negaTve non-addiTve effect of P+K in coarse and fine mesh bags. The observed pacern suggests that P 338 

may suppress licer decay and raise the possibility of microarthropods exerTng a top-down influence on 339 

microbial biomass. Other studies in temperate forests have found a posiTve correlaTon between fungal 340 

biomass and P addiTon (Nielsen, Wall, et al., 2015; Treseder & Allen, 2002; Wall et al., 2015), suggesTng 341 

that N and P could be limiTng for microbiota contribuTng to licer decomposiTon but not for 342 

microarthropods in these Mediterranean woodlands (Pompermaier et al., 2022). Despite no increase in 343 

licer decay arer nutrient addiTon and in the presence of microarthropods, their contribuTon may sTll 344 

sTmulate parallel processes during decomposiTon that are not directly related to organic macer decay 345 

and these have not been determined in this study. 346 

4.2. Microsite condiTons override the role of licer quality 347 

Microarthropod-driven decomposiTon appears context-dependent, oren Ted to ecosystem nutrient 348 

limitaTons. For instance, with lower nitrogen (N) and phosphorus (P) availability, microarthropods play a 349 

more prominent role in licer decomposiTon and nutrient leaching (Peguero et al., 2021). These 350 

situaTons underscore microarthropod funcTon as facilitators of microbial decomposiTon under nutrient-351 

scarce condiTons (Pompermaier et al., 2022). InteresTngly, increasing soil P availability negaTvely 352 

impacted microarthropod densiTes while sTmulaTng root producTon and associated mycorrhizal fungi 353 

(Nielsen, Wall, et al., 2015). We noted that P concentraTons in licer and soil significantly increased in 354 

plots with P+K addiTon compared to the control by up to two-fold. In plots with P addiTon alone, we 355 

observed fewer microarthropod predators (MesosTgmata) and prey (Collembola) (Fernández, 2023). 356 

This result could be linked to a) a short-term suppression of licer decay in coarse mesh bags and b) 357 

enhanced decomposiTon of high-quality licer in fine mesh bags due to predaTon release. Our findings 358 

align partly with Hu et al., (2021), who found that higher P concentraTons in licer impeded 359 

microarthropod-mediated organic macer loss, increasing decomposiTon only when P was limiTng in the 360 

ecosystem. These observaTons may elucidate the higher organic macer remaining in coarse mesh licer 361 
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bags with P addiTon and the reverse effect in fine mesh bags with P and P+K addiTons. AlternaTvely, 362 

microarthropods might not be constrained by P in this study system. A potenTal decline in 363 

mycorrhizaTon arer P addiTon could lead to microbial overgrazing by microarthropods, explaining the 364 

negaTve impacts on organic macer loss under P ferTlizaTon in coarse mesh bags (Fujii et al., 2018; Hu et 365 

al., 2021; Petersen & Luxton, 1982). The interacTve effects of microarthropods and nutrient availability 366 

suggest that microsite condiTons override the role of licer quality in licer decay in these Patagonian 367 

woodlands. 368 

4.3. Nutrient addiTon on microarthropod acTvity. 369 

Unique combinaTons of nutrient addiTons allowed us to explore microarthropod contribuTon to licer 370 

decomposiTon in various nutrient enrichment scenarios. Indeed, simultaneous N, P, and K addiTon was 371 

not tested previously in temperate woodlands despite the relevance of synergisTc effects of mulTple 372 

nutrient enrichment and widespread nutrient co-limitaTon across ecosystems (Allgeier et al., 2011; Elser 373 

et al., 2007). In a management and global change context, future nutrient deposiTon might happen as 374 

wet scavenging, aerosols and/or dry deposiTon in the southern hemisphere (Bobbink et al., 2010; 375 

Galloway et al., 2008). In such scenarios, soil fauna-driven decomposiTon under nutrient enrichment is a 376 

relevant but unexplored topic in Patagonian woodlands.  377 

DecomposiTon data in our study showed a different pacern to similar decomposiTon studies in other 378 

temperate areas (Carrillo et al., 2011; Fujii et al., 2018; Handa et al., 2014; Milcu & Manning, 2011). This 379 

is because, in our study, microarthropods only contributed to decreasing organic macer remaining when 380 

they were accessing recalcitrant licer in control condiTons. We did not measure the influence of higher 381 

trophic groups on microarthropod density and their contribuTon to licer decomposiTon; but it could be 382 

a factor to consider. If nutrient addiTon modifies the densiTes of predators (i.e., macroarthropods, 383 

Melguizo-Ruiz et al., (2020)), or any other higher trophic organisms (i.e., millipedes, earthworms, Yin et 384 
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al., (2022)) that regulate habitat or resources for microarthropods then their contribuTon to 385 

decomposiTon can be compromised. Indeed, field manipulaTon of larger predators (i.e., macrofauna) 386 

caused licer decomposiTon by microarthropod to decrease by 40% (Melguizo-Ruiz et al., 2020). 387 

Moreover, our observaTons contradict previous research presenTng microarthropods as a posiTve driver 388 

for licer decomposiTon (García-Palacios et al., 2013; Wall et al., 2008) but are in line with the minimum 389 

role of microarthropods in the early stages of licer decay (Eissfeller et al., 2013; Fujii & Takeda, 2017; 390 

Irmler, 2000). Overall, we found no explicit or straigh�orward impact of nutrient addiTon on 391 

microarthropod acTvity. Instead, the interacTve effect of ferTlizers in the microenvironment where licer 392 

was decomposing affected the contribuTons of microarthropods to licer decay. 393 

4.4. Comparison to related studies 394 

Licer decomposiTon is a complex process, to which microarthropods contribute in several ways to the 395 

delivery of different products. Some examples are their top-down effects on microbial biomass 396 

(Pompermaier et al., 2022) and their significant role in nutrient leaching (Frouz, 2018). If most 397 

microarthropods in these woodlands are secondary decomposers or scavengers, their role could be 398 

condiToned to the dynamics of fungi or microbes in response to nutrient addiTon, overshadowing direct 399 

effects of licer quality as if they were primary decomposers (Eissfeller et al., 2013; Pollierer et al., 2009). 400 

Indeed, 80% of oribaTds described at this study site are fungivorous and/or detriTvores (Fernández, 401 

2023). Then, arer nutrient addiTon, microarthropods could either negaTvely impact licer decay during 402 

decomposiTon or show no direct effect on organic macer loss, while potenTally increasing microbial 403 

respiraTon and nutrient leaching over Tme (Fujii et al., 2018; Li et al., 2021).  404 

In some ecosystems, nutrient scarcity reinforces microarthropods’ role in licer decomposiTon because 405 

their acTvity facilitates licer comminuTon and disposal of fecal pellets that are more likely to be 406 

colonized by microbes (Peguero et al., 2019). If the local microarthropod community has an affinity to 407 
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recalcitrant licer, that might explain why we observed lower organic macer remaining in control 408 

condiTons in coarse mesh bags in the first year. STll, this effect disappeared over Tme with repeated 409 

addiTons across all treatments. Then, an increase in nutrient availability in senesced Tssues and the 410 

microenvironment with nutrient addiTon could disrupt this “facilitator” role of microarthropods 411 

(Nielsen, Prior, et al., 2015). A similar response was observed in an old-growth forest of Nothofagus sp. 412 

and during a similar Tmespan (Vivanco & AusTn, 2011). Nitrogen addiTon disrupted long-term 413 

interacTons between local licer and microbial decomposers, increasing decomposiTon significantly. The 414 

underlying mechanisms were related to increased soil respiraTon and changes in microbial efficiency to 415 

use the N in excess. While N addiTon alone was not relevant in disrupTng decomposiTon in coarse or 416 

fine mesh licer bags in this study at any Tme, similar microbial mechanisms could be acributed to P 417 

addiTon in fine mesh bags. Then, even though we cannot confirm pacerns from this experimental setup, 418 

we suggest that greater nutrient availability in the soil directly or indirectly impaired the role of 419 

microarthropods in the decomposiTon of “lower quality” licer (i.e., control) (Eissfeller et al., 2013; Hu et 420 

al., 2021; Zhou et al., 2020). 421 

Microarthropods may facilitate decomposiTon when nutrient availability is low, both in licer and soil, 422 

possibly enhancing microbial decomposiTon and nutrient leaching in such condiTons. The manipulaTon 423 

of microbial biomass and licer mixtures under the influence of interacTve macronutrients could 424 

elucidate the factors responsible for microarthropod funcTonal responses. Understanding the funcTonal 425 

roles of key soil fauna groups is essenTal for construcTng robust biogeochemical models.  426 

5. Conclusions 427 

Licer quality was strongly and posiTvely influenced by the addiTon of N, N+P and P+K. However, these 428 

changes did not have a bocom-up effect on licer decomposiTon. Changes in decomposiTon trajectories 429 

were significantly correlated with microsite nutrient condiTons, i.e. licer decomposed differently 430 
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between control and ferTlized condiTons. Although microarthropod acTvity in licer decomposiTon can 431 

thrive under nutrient deficiencies, it did not differ significantly from microbial decomposiTon at any Tme 432 

in this study. The inhibitory effect of nitrogen (N) addiTon on microbial acTvity did not have the same 433 

influence on microarthropods in this study. Notably, only the interacTon between phosphorus (P) and 434 

potassium (K) suppressed microarthropod parTcipaTon in licer decomposiTon. Nitrogen addiTon 435 

strongly influenced licer quality, but did not directly affect microarthropod acTvity in decomposiTon. 436 

Phosphorus, on the other hand, had a stronger effect on microarthropod-driven decomposiTon, possibly 437 

through mechanisms related to licer quality and microbial pathways. Future studies should focus on the 438 

mechanisTc pathways of microarthropod responses to physicochemical perturbaTons and their 439 

interacTons with microbial communiTes. Our study assessed the relaTonships between the funcTonal 440 

role of microarthropods as a whole group in licer decomposiTon and nutrient enrichment, a previously 441 

unexplored aspect in Patagonian woodlands. While soil fauna has been suggested as important 442 

decomposers in temperate regions, their role may only become apparent in the context of nutrient 443 

limitaTon or without the influence of global change driven nutrient enrichment. 444 
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Supplementary material. Table S1. Soil nutrient concentraTon (0-20 cm depth) among ferTlizaTon treatments (columns). N: nitrogen. P: 

phosphorus. K: potassium. E.C: Electrical conducTvity in micro siemens (µS).  

Soil Control N P K NP NK PK NPK 

Surface (0-10 cm)  

N (%) 0.38 ± 0.09 0.37 ± 0.1 0.33 ± 0.1 0.32 ± 0.09 0.39 ± 0.11 0.38 ± 0.08 0.38 ± 0.02 0.35 ± 0.09 

P Bray (mg kg-1) 0.55 ± 0.09 1.27 ± 0.59 1.54 ± 0.45 0.41 ± 0.2 1.67 ± 0.48 1.14 ± 0.34 1.62 ± 0.77 1.93 ± 0.9 

P Olsen (mg kg-1) 19.11 ± 3.19 18.84 ± 3.15 32.17 ± 11.5 17.87 ± 3.99 34.9 ± 1.81 22.61 ± 8.26 25.39 ± 8.17 27.58 ± 8.2 

K (meq L-1) 0.34 ± 0.05 0.34 ± 0.05 0.33 ± 0.08 0.63 ± 0.11 0.29 ± 0.07 0.48 ± 0.1 0.67 ± 0.11 0.57 ± 0.12 

C (%) 8.28 ± 0.9 7.95 ± 0.72 7.65 ± 1.06 8.05 ± 0.91 8 ± 0.7 7.93 ± 0.8 8.1 ± 0.6 8.1 ± 0.82 

pH 5.75 ± 0.1 5.52 ± 0.1 5.74 ± 0.1 5.79 ± 0.1 5.38 ± 0.2 5.63 ± 0.2 5.83 ± 0.02 5.83 ± 0.1 

E.C (µS) 63.5 ± 19.4 100.16 ± 18.1 63.87 ± 18.1 79.93 ± 17.4 66.73 ± 6.2 83.77 ± 11.1 75.67 ± 8.9 103.46 ± 18.3 

Subsurface (10-20 cm)  

N (%) 0.3 ± 0.08 0.25 ± 0.05 0.23 ± 0.05 0.21 ± 0.05 0.29 ± 0.07 0.3 ± 0.06 0.29 ± 0.04 0.26 ± 0.04 

P Bray (mg kg-1) 1.1 ± 0.39 1.56 ± 0.67 1.13 ± 0.73 1.42 ± 0.62 0.7 ± 0.61 1.91 ± 1.47 1.04 ± 0.35 0.56 ± 0.45 

P Olsen (mg kg-1) 12.15 ± 5.07 11.39 ± 3.31 17.4 ± 4.31 14.04 ± 2.46 15.46 ± 2.09 11.1 ± 2.29 15.7 ± 2.55 8.33 ± 0.94 

K (meq L-1) 0.16 ± 0.04 0.22 ± 0.05 0.23 ± 0.05 0.32 ± 0.06 0.15 ± 0.05 0.26 ± 0.08 0.37 ± 0.07 0.33 ± 0.07 

C (%) 8.75 ± 0.45 8.93 ± 0.36 7.93 ± 0.53 8.35 ± 0.45 8.87 ± 0.35 8.63 ± 0.4 9.55 ± 0.3 8.13 ± 0.41 

pH 5.65 ± 0.2 5.49 ± 0.2 5.93 ± 0.1 5.79 ± 0.1 5.60 ± 0.2 5.59 ± 0.1 5.83 ± 0.06 5.84 ± 0.1 

E.C (µS) 40.55 ± 7.7 71.2 ± 13.3 34.55 ± 4.7 49.58 ± 5.4 50.78 ± 8.3 58.59 ± 4.3 54.7 ± 2.5 81.61 ± 19.2 
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Table S2. EsTmated coefficients and SE (brackets) for linear mixed-effects models assessing changes in 1 

organic macer remaining for ferTlized licer and control licer decomposing in plots with nutrient 2 

addiTon. Intercepts were allowed to vary by block (random effect). In this table, the Intercept includes 3 

decomposing control licer in coarse mesh licer bags in plots with K addiTon. Bold values represent 4 

staTsTcally significant effects from Likelihood RaTo Tests (LRT) (*** Pr(>Chisq) <0.001; ** < 0.01; * < 5 

0.05). OMR: organic macer remaining. N: nitrogen. P: phosphorus. K: potassium.  6 

Coefficients OMR Year 1 OMR Year 3 Coefficients OMR Year 1 OMR Year 3 

Intercept 0.53 (0.03) 0.39 (0.05) Quality:P             0.01 (0.07) -0.02 (0.1) 

Quality -0.05 (0.04) -0.06 (0.06) Quality:PK             0.16* (0.07) -0.003 

mesh 0.04 (0.05)  0.12 (0.06) mesh:N          -0.06 (0.07) -0.15 (0.1) 

N -0.01 (0.05) 0.16 (0.06) mesh:NK           -0.03 (0.07) 0.01 (0.08) 

NK 0.00 (0.05) -0.02 (0.07) mesh:NP           -0.04 (0.07) -0.12 (0.08) 

NP 0.02 (0.05) -0.02 (0.06) mesh:NPK -0.09 (0.07) -0.14 (0.08) 

NPK 0.08 (0.05) 0.05 (0.06) mesh:P             0.01 (0.07) -0.08 (0.09) 

P 0.06 (0.05) -0.01 (0.07) mesh:PK 0.12 (0.07) 0.00 (0.08) 

PK -0.10 (0.05) 0.07 (0.06) Quality:mesh:N -0.04 (0.1) 0.01 (0.12) 

Quality:mesh          0.08 (0.07) 0.05 (0.08) Quality:mesh:NK   -0.02 (0.1) -0.07 (0.11) 

Quality:N             0.08 (0.07) -0.03 (0.1) Quality:mesh:NP   -0.07 (0.1) 0.14 (0.11) 

Quality:NK            0.01 (0.07) 0.01 (0.1) Quality:mesh:NPK 0.02 (0.1) -0.01 (0.11) 

Quality:NP            0.01(0.07) -0.04 (0.1) Quality:mesh:P -0.08 (0.1) 0.01 (0.11) 

Quality:NPK          -0.07 (0.07) 0.02 (0.1) Quality:mesh:PK     -0.18* (0.1) -0.09 (0.1) 

 7 

  8 
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Figure S1. Licer decay pacerns for control licer decomposing in control plots. Grey points and full line 9 

correspond to fine mesh licer bags and the black points and line correspond to the coarse mesh licer 10 

bags. A Weibull model was the best for the licer bag data. Points and error bars (± 1 SE, n=4) are mean 11 

and standard error esTmated with the liHerfiHer package (Cornwell and Weedon, 2014).  12 

 13 

 14 

 15 
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 17 
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Figure S2. Correlogram showing correlaTons (Spearman’sSpearman’s correlaTons) among foliar and soil 18 

nutrients. PosiTve correlaTons are displayed in green and negaTve correlaTons in pink. The circle size 19 

and intensity of the color are proporTonal to the correlaTon coefficients. N: nitrogen. P: phosphorus. K: 20 

potassium.  21 
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