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Abstract

:

Soil mesofauna plays an important role in decomposing organic matter, recycling nutrients, and increasing nutrient availability. The effects of nitrogen (N) deposition and reduced precipitation on the litter-dwelling mesofaunal community and how this process affects litter decomposition remain poorly understood. Herein, a two-year simulated N deposition and throughfall reduction experiment was carried out in a natural evergreen broad-leaved subtropical forest to examine the effects of N deposition and reduced precipitation on soil mesofauna during litter decomposition. Four treatments were established: control (CK), N deposition (N), reduced precipitation (RP), and combined N deposition and reduced precipitation (N + RP). We collected and identified 19,782 individuals of mesofauna in litterbags during the whole experiment. Mites (Prostigmata, Mesostigmata, and Oribatida) and Collembola comprised almost 90% of the total number of individuals collected and dominated the soil mesofauna in our study. Our results revealed the negative effects of N deposition on the density of Oribatida mites and Collembola and the total density of soil mesofauna. Reduced precipitation significantly increased the density of Collembola and Oribatida mites and the total density of mesofauna and marginally significantly increased the density of Mesostigmata mites but decreased the diversity of mesofauna. The interaction effects of N deposition and reduced precipitation significantly affected the density of Prostigmata mites, Oribatida mites, Collembola, and the diversity of mesofauna. N deposition combined with reduced precipitation significantly inhibited litter decomposition, whereas no significant interaction effects were observed. Furthermore, correlation analysis indicated that litter mass loss was significantly positively correlated with the density of Prostigmata, Mesostigmata, and Oribatida, as well as the diversity of mesofauna. Overall, during the two-year decomposition process, our results suggest that N deposition and reduced precipitation interactively affected mesofaunal diversity and that N deposition adversely affected the mesofaunal community, while reduced precipitation increased the density of some groups but decreased mesofaunal diversity, consequently cascading on the decomposition of leaf litter.
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1. Introduction


The world and its ecosystems face multiple global changes. These global changes, such as increasing anthropogenic nitrogen (N) deposition and alterations in precipitation patterns, are all predicted to become more frequent [1,2,3] and have affected a series of ecosystem processes. It is estimated that atmospheric N deposition will probably increase in regions with economic growth, such as Asia [3], and precipitation is projected to increase at high latitudes and decrease in most subtropical regions [4]. Moreover, these two global change factors usually occur simultaneously, and their concurrent action gives rise to a large uncertainty when predicting the effects of multiple global change factors on ecosystems [5].



Litter decomposition is a biogeochemical process fundamental to element cycling within ecosystems [6,7]. Soil faunal communities, by crushing, burrowing, feeding, and stimulating microbial activities directly or indirectly, play an important role in regulating litter decomposition [8,9,10]. Among the faunal communities, mesofauna such as Collembla and mites are believed to be the best-represented group in terms of abundance, richness, and diversity [11]; despite their lower biomass than that of macrofauna, they can efficiently affect litter decomposition by feeding, fragmentation, and stimulating microbial activity [8,12,13].



Nitrogen deposition and reduced precipitation may alter microhabitat and food resource availability, modifying and shifting the structure and function of the soil fauna community [14,15,16]. Numerous studies have reported the responses of soil mesofauna to N deposition; however, there are no consistent patterns of the effects of N deposition on mesofauna, and previous studies have shown dissimilar results, ranging from positive [17,18] to negative [16,19,20] to neutral [21,22]. The inconsistent results may be related to the difference in rates, form, duration of N addition, and ecosystem types among these studies [23,24]. Regarding how reduced precipitation affects mesofauna, in most arid to semiarid ecosystems, water availability is a major determinant of soil animal community composition and functioning [25,26]. Reduced precipitation led to less water availability and reduced the feeding activity of soil invertebrates [27], which may result in higher mortality and a reduction in mesofauna abundance [28]. Furthermore, reduced precipitation and N deposition often act in concert and interactively affect the soil fauna community [29], whereas due to the complexity of mesofaunal structure, understanding the interaction effect of reduced precipitation and N deposition on soil fauna is limited [27]. Together, N deposition and reduced precipitation profoundly affected the efficient decomposer soil mesofauna community [14,30], consequently with cascading effects on the litter decomposition process. However, although increasing attention has been given to the influence of N deposition and reduced precipitation on litter decomposition, the role of mesofauna in these processes has largely been ignored, and our knowledge is incomplete regarding the response of litter-dwelling mesofauna to reduced precipitation and N deposition and their relationships with litter decomposition.



To understand the effects of increasing atmospheric N deposition and reduced precipitation on litter-dwelling soil mesofauna and their relationships with litter decomposition, we carried out a two-year field experiment in a subtropical evergreen broad-leaved forest in southern China, studying the diversity and density of litter-dwelling mesofauna and litter decomposition. We hypothesized that (1) both N deposition and reduced precipitation would decrease the density and diversity of soil mesofauna. We expected negative impacts of N deposition on mesofauna as N enrichment induces declines in soil pH and microbial biomass based on our previous study [31], and soil acidification and shortage in living resources may negatively affect mesofauna density and diversity [14,19,32]. Negative effects of reduced precipitation were expected due to a reduction in water availability, which is the main regulating factor of the soil fauna community [33]. (2) N deposition and reduced precipitation would interactively affect the density and diversity of mesofauna. We expected interactive effects because changes in precipitation patterns would affect the deposition of atmospheric N [34]. (3) Given the vital role of mesofauna in litter decay [6,35,36], N deposition and reduced precipitation would affect litter decomposition due to changes in the mesofaunal community.




2. Materials and Methods


2.1. Study Site


The study was conducted in a natural evergreen broad-leaved forest in Ya’an city (102°59′ E, 30°03′ N, 1170 m a.s.l.), which is at the western edge of the Sichuan Basin, southwestern China. This region has a subtropical humid monsoon mountain climate. Atmospheric N deposition in this area is dominated by wet deposition because of climate and topography, and the average annual wet N deposition was 95 kg ha−1 yr−1 from 2008–2010 [37]. The mean annual precipitation is 1730 mm, and the mean annual temperature is 16.2 °C. Vegetation covers 80% of the study site, which is dominated by Schima superba Gardn. et Champ., Lithocarpus hancei (Benth.) Rehd., Pittosporum tobira (Thunb.) Ait., Machilus pingii W. C. Cheng ex Yen C. Yang and Acer davidii Franch.. The soil at this site is classified as lithic dystrudepts (USDA Soil Taxonomy) with a depth of more than 60 cm. More detailed descriptions and the location of the study site are provided by Zhou et al. [31,38,39].




2.2. Experimental Design


According to the amount of wet N deposition (95 kg ha−1 yr−1) and based on an increasing trend [37,40], we set two levels of N deposition (ambient N deposition and plus 150 kg ha−1 yr−1 N deposition). The decreasing trend of annual precipitation has decreased by more than 40 mm every 10 years in the past 50 years [38,41]. According to the trend of decreasing rainfall, two levels of precipitation (ambient throughfall and 20% throughfall reduction) were set. The treatments were as follows: control (CK, ambient N deposition with no throughfall reduction), N deposition (N, plus 150 kg ha−1 yr−1 with no throughfall reduction), reduced precipitation (RP, ambient N deposition and 20% throughfall reduction) and combined N deposition and reduced precipitation (N + RP, plus 150 kg ha−1 yr−1 and 10% throughfall reduction). Twelve 5 m × 5 m plots (3 replicates per treatment) with intervals of 5 m were randomly established. From March 2016, N deposition was simulated using ammonium nitrate (NH4NO3) every half month. Each time N was applied, 44.64 g NH4NO3 was weighed and dissolved in 2 L water and then applied to the N deposition plots, and other plots received equal amounts of water without NH4NO3. Reduced precipitation treatment was achieved by building a throughfall reduction device. A 6 m × 6 m roof with a rain gutter covered with 6 m × 0.05 m translucent V-shaped PVC sheets mounted to wood frames was installed above each throughfall reduction plot. The number of sheets for throughfall reduction treatments was 10, covering 10% of the plot area; more details of the throughfall reduction device are described in Zhou et al. [38,39].



In November 2015, freshly fallen leaf litter of dominant tree species in the natural evergreen broad-leaved forest was collected by suspended litter traps and transported to the laboratory. The litter was mixed evenly at an approximately 5:2:2 ratio of Schima superba, Lithocarpus hancei and Pittosporum tobira, resembling the ratio in the field. The litter was oven dried in the laboratory at 65 °C, and then 15.0 g of dry mixed leaf litter was placed in nylon-mesh litter bags (20 cm × 20 cm; the surface layer mesh size was 3.00 mm to allow the entrance of mesofauna [9,35], and the mesh size of the ground layer was 0.05 mm to prevent litter loss through the mesh net). In March 2016, litter bags were evenly arranged on the soil surface of the 12 plots, and at least 10 cm spacing was maintained between adjacent litter bags to avoid interaction. Seventy-two litter bags were placed in each plot (12 sampling times × 6 bags per sampling time), and a total of 864 litter bags were placed in the field. In each plot, an in situ thermocouple was placed in a litter bag to measure the temperature during the litter decomposition process. After litter bags settled in the plots, simulated N deposition and reduced precipitation were carried out. During N deposition and reduced precipitation (from May 2016 to March 2018), litter bags were collected every two months. When sampled, litter bags were placed in sealed and breathable black cloth bags at a low temperature and then transported to the laboratory.




2.3. Mesofauna Species Identification


At each sampling time, three out of six litterbags per plot were collected to separate and extract soil mesofauna. Soil mesofauna was extracted by Tullgren dry funnels for 96 h and stored in 70% ethyl alcohol. Then, soil mesofauna was counted under a microscope equipped with double-tube anatomical lenses. Soil mesofauna samples were identified at the family level according to the Pictorial Keys for the Soil Animals of China [42]. The Shannon-Weiner diversity index (H′) was calculated as followed [16,19]:


    H   ’   = −  ∑      p   i   ×   ln  ⁡    p   i          



(1)




where pi represents the relative abundance of family i.




2.4. Litter Mass Loss and Moisture


The remaining three litterbags per plot were air-dried, and each leaf fragment was wiped clean individually before being weighed to prevent litter contamination by soil. Then, drying was conducted at 65 °C, followed by weighing, to calculate litter moisture content, litter cumulative mass loss, and litter mass loss. Litter moisture content was calculated as the ratio of dry mass to fresh mass, litter cumulative mass loss was calculated as the ratio of remaining dry mass to initial dry mass, and litter mass loss was evaluated by the difference in cumulative mass loss between two sampling periods.




2.5. Statistical Analyses


We used linear mixed-effects models (LMMs) employing restricted maximum likelihood to examine the main effects of N deposition (ambient and elevated), reduced precipitation (ambient and reduced), and their interactions on litter cumulative mass loss, moisture, temperature, density, and diversity of soil mesofauna; treatments (CK, N, RP, N + RP) and sampling period were fixed factors, and blocks (12 plots) were random factors. Then, we performed Spearman correlation analysis to assess the relationships among litter mass loss and density of dominant mesofauna (Prostigmata, Mesostigmata, Oribatida, and Collembola), diversity of mesofauna and microclimate conditions (litter temperature and moisture). Linear mixed-effects models (LMMs) were performed using SPSS 20.0 for Windows, and correlation analysis was performed with R software, version 3.6.3 [43].





3. Results


3.1. Microclimate


Nitrogen deposition had no significant effects on either litter moisture or temperature (Figure 1; Table 1). Reduced precipitation significantly decreased litter moisture but little affected litter temperature (Figure 1; Table 1). In addition, there was no significant interaction effect of reduced precipitation and N deposition on litter moisture and temperature (Table 1).




3.2. Density and Diversity of Mesofauna


We collected and identified 19,782 individuals of mesofauna in litterbags during the whole experiment (Table 2). Mites (Prostigmata, Mesostigmata, and Oribatida) and Collembola comprised almost 90% of the total number of individuals collected and dominated the soil mesofauna in our study (Table 2; Figure A1).



The linear mixed-effects model showed that N deposition significantly decreased the density of Oribatida mites, Collembola, and total mesofauna (Table 3; Figure 2a,c,e) but did not significantly affect the density of Prostigmata or Mesostigmata mites or the diversity of mesofauna (Table 3; Figure 2b,e and Figure 3). Reduced precipitation significantly increased the density of Collembola, Oribatida mites, and total mesofauna and marginally increased the density of Mesostigmata mites (Table 3; Figure 2a–c,e), while the density of Prostigmata mites was little affected by reduced precipitation (Table 3; Figure 2d). In addition, reduced precipitation significantly decreased the diversity of mesofauna (Table 3; Figure 3). Furthermore, although we did not detect significant interaction effects between N deposition and reduced precipitation on the total density of mesofauna, there were significant interaction effects on the density of Prostigmata mites, Oribatida mites, Collembola, and diversity of mesofauna and a marginally significant interaction effect on the density of Mesostigmata mites (Table 3).




3.3. Litter Cumulative Mass Loss


During the whole experiment, litter cumulative mass loss increased continuously over 24 months (Figure 4). N deposition marginally significantly inhibited litter decomposition; likewise, reduced precipitation significantly retarded litter decomposition (Table 1; Figure 4). Additionally, there was no significant interaction effect of N deposition and reduced precipitation on litter cumulative mass loss (Table 1).




3.4. The Relationship between Litter Mass Loss and the Mesofaunal Community as well as Microclimate


Spearman correlation showed that litter mass loss was significantly positively correlated with the density of Prostigmata (Figure 5a), Mesostigmata (Figure 5b), and Oribatida (Figure 5c) and the diversity of mesofauna (Figure 5d), whereas there was no significant correlation between litter mass loss and the density of Collembola, litter moisture, and temperature (Figure A2).





4. Discussion


As hypothesized, our results showed that N deposition significantly decreased the total density of mesofauna, which was in line with some previous N addition experiments [20,29] and our first hypothesis. Two potential reasons accounted for the negative effects of N deposition on mesofauna density. First, the mesofaunal community is very sensitive to changes in soil pH, and N-induced soil acidification adversely affects mesofauna and then reduces its density [14,19]. Second, since microbes are the main living resources of mesofauna, N deposition reduces microbial biomass [44], which could induce resource limitation for mesofauna and thus decrease their biomass or abundance [45]. Our previous study also found that N deposition decreased soil pH and microbial biomass C and N [31]. According to the abovementioned two explanations, this N-induced decline in soil pH and living resources could help explain the observed decrease in the density of mesofauna in our study. In contrast to our results, some studies in temperate regions found that N addition increased soil mesofauna density [17,18]. The different responses of mesofaunal density presumably depend on the regional N content status. In N-poor ecosystems such as boreal forests, as a nutrient resource for soil biota, a certain amount of added N will increase the quality and quantity of food sources and increase mesofauna abundance [17,46]. As reported by Peng et al. [47], our studied forest is probably already N-saturated as a result of the high ambient atmospheric N deposition rate here (95 kg ha−1 yr−1). Excess N deposition would lead to a series of negative effects (e.g., decreasing microbial biomass [48]; eutrophication [49]; and acidification [50] and harm to mesofauna, hence adversely affecting mesofauna density. However, in contrast to our first hypothesis, the diversity of mesofauna was not significantly affected by N deposition. The nonsignificant effect of N deposition on the diversity of mesofauna could be attributed to three explanations. First, we did not investigate diversity at the species level but rather family diversity, which is more probably much less sensitive to harmful effects of N deposition: in other words, species diversity may decrease while family diversity remains constant. Second, increases in tolerant species compensate for decreases in other species so that the diversity of the mesofauna did not change significantly [32]. Particularly, in our study, N deposition treatments increased some mesofauna families (e.g., Parasitidae, Veigaiidae, and Ceratopogonidae; Table 3) but decreased other families (e.g., Segestriidae, Pholcidae, and Phoridae; Table 3), presumably resulting in the nonsignificant alteration of mesofauna diversity. Third, our study only lasted for 2 years, and the response of the diversity of mesofauna to N deposition was presumably realized after a longer period of time, which requires further research [51].



We found that N deposition significantly decreased the density of Collembola and Oribatida mites (prey) but had no significant effects on Prostigmata mites or Mesostigmata mites (predators). This difference is probably due to the different adaptation strategies of predators and prey in response to environmental stress [52]. Predators (Mesostigmata mites and Prostigmata mites) have traits that most closely correspond to ‘‘K-selected’’ species and strategies that are preadapted to stress conditions [22]. When N deposition causes negative effects such as soil acidification or shortages in living resources [14], this increases the predation of prey to minimize negative impacts and the predator density may not be affected to some extent, the increased potential predation pressure will decrease prey (i.e., Collembola and Oribatida) abundance [53]. Moreover, our correlation analysis showed that the density of Prostigmata, Mesostigmata, and Oribatida mites as well as the diversity of mesofauna were positively related to litter mass loss (Figure 5), indicating their positive roles in promoting litter decomposition. Thus, the decrease in litter decomposition in the N deposition plots (Figure 4) may be related to decreasing the density of Oribatida mites to N deposition (Figure 2c), as the positive roles of Oribatida mites in promoting litter decomposition (Figure 5c) partly supported our third hypothesis.



In contrast to our first hypothesis, we found that reduced precipitation significantly increased the total density of mesofauna, presumably due to the reduced precipitation changing the air-filled pore space and anaerobic conditions. The sufficient mean annual precipitation in our region (almost 1700 mm [54]) may lead to the saturation of air-filled pore space and anaerobic conditions which adversely affect mesofauna [55]. Reduced precipitation decreased litter moisture (Figure 1a), which might have enhanced the porosity of litter and facilitated gas exchange and thus increased the mesofaunal population [56]. While other studies found that reduced precipitation decreased soil fauna abundance [57,58], which is inconsistent with our results, the dissimilar response may be associated with local precipitation conditions [25,33]. Our study has more sufficient mean annual precipitation (1700 mm) compared to the aforementioned reduced precipitation experiments (1150 mm [57]; 600 mm [59]; 600 mm [58]). Water availability may not be the predominant limiting factor in our region; hence, a 20% reduction in the quantity of precipitation would not have a significant adverse influence on soil fauna at least for a short period. Therefore, the effects of reduced precipitation on mesofauna were contingent on the water resource status; reduced precipitation would constrict mesofauna in water-limited regions and presumably not have adverse effects on mesofauna in water-rich areas in the short term [33]. In addition, given that the diversity of mesofauna was positively related to litter mass loss (Figure 5d), reduced precipitation decreased the diversity of mesofauna (Figure 3), indicating that reduced precipitation inhibited litter composition (Figure 4) may via reducing the diversity of mesofauna, which was in accord with our third hypothesis.



Although we did not detect significant interaction effects of N deposition and reduced precipitation on the total density of soil mesofauna, the diversity of mesofauna was significantly affected by interaction effects, partly in line with our second hypothesis, implying that reduced precipitation could affect the response of mesofauna diversity to N deposition. Moreover, our results showed that reduced precipitation and N deposition decreased the diversity more severely than N deposition alone (Figure 3), indicating that reduced precipitation would exacerbate the negative effects of N deposition on mesofauna diversity. Thus, under the N deposition and reduced precipitation scenarios in our studied region, the decline in mesofauna diversity should be considered.




5. Conclusions


Our study revealed the main effects of N deposition and reduced precipitation on the mesofaunal community. Specifically, N deposition adversely affected some faunal groups (e.g., decreased the density of Collembola and Oribatida mites and the total density of mesofauna), while reduced precipitation increased the density of some faunal groups (e.g., Collembola, Mesostigmata mites, Oribatida mites, and the total density of mesofauna) but decreased mesofaunal diversity, and N deposition and reduced precipitation interactively affected mesofaunal diversity. Reduced precipitation exacerbated the negative effects of N deposition on mesofaunal diversity. Correlation analysis showed the positive roles of the Prostigmata, Mesostigmata, and Oribatida mite densities as well as the diversity of mesofauna in promoting litter decomposition. Moreover, N deposition and reduced precipitation both inhibited litter decomposition. Taken together, N deposition and reduced precipitation affected the mesofaunal community and litter decay, and the shift in litter decay was presumably attributed to the altered mesofaunal community caused by N deposition and reduced precipitation. However, we did not investigate diversity at the species level but rather family diversity, which is probably much less sensitive to N deposition or reduced precipitation. To better understand the effects of N deposition and reduced precipitation on soil fauna community during litter decomposition, future studies can investigate diversity at the species level.







Author Contributions


Conceptualization, S.Z., J.H. and C.H.; methodology, S.Z., J.H. and C.H.; formal analysis, J.H.; Software, J.H., L.X., D.C. and X.C.; investigation, J.H., X.L., X.Z. and L.T.; data curation, J.H. and C.H.; writing-original draft preparation, S.Z. and J.H.; writing-review and editing, S.Z., J.H. and C.H.; visualization, J.H.; supervision, C.H.; project administration, C.H.; funding acquisition, S.Z. and C.H. All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by the Natural Science Foundation of Sichuan Province (2022NSFSC1134), Science and Technology Project of Sichuan Province (2021YFYZ0006) and the Forest Ecosystem Improvement in the Upper Reaches of Yangtze River Basin Program of World Bank (510201202038467). J.H. was financially supported by the China Scholarship Council.




Data Availability Statement


Data presented in this study are available from the authors upon request.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A




[image: Forests 14 01112 g0a1 550] 





Figure A1. Dynamic of total density of mesofauna during the two-year period. Boundaries of boxes indicate the first and third quartiles, lines and squares within boxes represent the median and mean, respectively. CK: ambient nitrogen and ambient precipitation; N: N deposition and ambient precipitation; RP: ambient nitrogen and reduced precipitation; N + RP: N deposition and reduced precipitation. 
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Figure A2. Spearman correlation rho value for the correlations between litter mass loss and density of Collembola (a), litter moisture (b), temperature (c). 
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Figure 1. Litter moisture (a) and temperature (b) during the experimental period. Means indicate average values of litter moisture and temperature, and vertical error bars indicate standard deviations of means (n = 3). The sampling periods were 2016 May, July, September and November, 2017 January, March, May, July, September and November, 2018 January and March. CK: ambient nitrogen and ambient precipitation; N: N deposition and ambient precipitation; RP: ambient nitrogen and reduced precipitation; N + RP: N deposition and reduced precipitation. 
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Figure 2. Response of mesofauna abundance ((a): Collembola, (b): Mesostigmata, (c): Oribatida, (d): Prostigmata, (e): Total mesofauna) to N deposition and reduced precipitation. Boundaries of boxes indicate the first and third quartiles, and lines and squares within boxes represent the median and mean, respectively. Significance levels: *- 0.05 < p ≤ 0.10; * 0.01 < p ≤ 0.05; ** 0.001 < p ≤ 0.01; *** p ≤ 0.001. CK: ambient nitrogen and ambient precipitation; N: N deposition and ambient precipitation; RP: ambient nitrogen and reduced precipitation; N + RP: N deposition and reduced precipitation; “ns” means “no significant effects”. 
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Figure 3. Response of mesofauna diversity to N deposition and reduced precipitation. Boundaries of boxes indicate the first and third quartiles, and lines and squares within boxes represent the median and mean, respectively. Significance levels: * 0.01 < p ≤ 0.05; ** 0.001 < p ≤ 0.01: ambient nitrogen and ambient precipitation; N: N deposition and ambient precipitation; RP: ambient nitrogen and reduced precipitation; N + RP: N deposition and reduced precipitation; “ns” means “no significant effects”. 
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Figure 4. Litter cumulative mass loss during the two-year period. Means indicate average values of litter cumulative mass loss, and vertical error bars indicate standard deviations of means (n = 3). CK: ambient nitrogen and ambient precipitation; N: N deposition and ambient precipitation; RP: ambient nitrogen and reduced precipitation; N + RP: N deposition and reduced precipitation; Sampling periods were May, July, September, and November 2016, January, March, May, July, September, and November 2017, January and March 2018. 
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Figure 5. Spearman correlation rho value for the correlations between litter mass loss and density of Prostigmata (a), Mesostigmata (b), and Oribatida (c) and diversity of mesofauna (d). We fit linear curves for litter mass loss and density of Prostigmata (a), Mesostigmata (b), and Oribatida (c) and diversity of mesofauna (d). In addition, the shaded areas denote 95% confidence intervals. Significance levels: * 0.01 < p ≤ 0.05; ** 0.001 < p ≤ 0.01. 
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Table 1. Linear mixed-effects models; ANOVA table of F and p values on the effect of N deposition and reduced precipitation and their interactions on microclimate and cumulative litter mass loss. Significant p values are in boldface.
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Factors

	
N

	
RP

	
Sampling Period

	
N × RP

	
N × Sampling Period

	
RP × Sampling Period

	
N × RP × Sampling Period






	
Litter moisture

	
F

	
0.10

	
16.90

	
45.33

	
0.01

	
1.56

	
2.73

	
3.16




	
P

	
0.757

	
0.003

	
<0.001

	
0.943

	
0.126

	
0.004

	
0.001




	
Litter temperature

	
F

	
0.07

	
3.12

	
10,814.15

	
1.02

	
13.16

	
2.48

	
2.27




	
P

	
0.799

	
0.115

	
<0.001

	
0.342

	
<0.001

	
0.009

	
0.017




	
Litter cumulative mass loss

	
F

	
4.70

	
12.77

	
4368.03

	
2.09

	
3.18

	
11.34

	
2.63




	
P

	
0.062

	
0.007

	
<0.001

	
0.187

	
0.001

	
<0.001

	
0.006
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Table 2. Total individual numbers of soil mesofauna in all treatments.
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Taxa

	
Treatment




	
CK

	
N

	
RP

	
N + RP






	
Araneae

	
Segestriidae

	
9

	
0

	
0

	
0




	
Pholcidae

	
12

	
0

	
0

	
0




	
Filistatidae

	
51

	
54

	
132

	
60




	
Theridiidae

	
30

	
9

	
0

	
12




	
Oonopidae

	
24

	
0

	
0

	
0




	
Prostigmata

	
Pygmephoridae

	
921

	
621

	
696

	
990




	
Mesostigmata

	
Laelapidae

	
558

	
450

	
552

	
636




	
Parasitidae

	
0

	
12

	
0

	
0




	
Veigaiidae

	
0

	
12

	
0

	
0




	
Oribatida

	
Damaeidae

	
1170

	
1104

	
1644

	
1134




	
Phthiracaridae

	
0

	
12

	
0

	
0




	
Diptera larvae

	
Therevidae

	
0

	
3

	
0

	
0




	
Phoridae

	
0

	
0

	
9

	
0




	
Trichoceridae

	
24

	
9

	
3

	
12




	
Pachyneuridae

	
9

	
0

	
0

	
0




	
Ceratopogonidae

	
0

	
0

	
0

	
42




	
Rhagionidae

	
0

	
0

	
6

	
0




	
Tabanidae

	
0

	
0

	
6

	
12




	
Lonchaeidae

	
9

	
0

	
0

	
0




	
Scatopsidae

	
30

	
66

	
60

	
18




	
Muscidae

	
9

	
0

	
9

	
0




	
Mycetophilidae

	
0

	
0

	
9

	
0




	
Collembola

	
Poduridae

	
45

	
33

	
12

	
0




	
Sminthuridae

	
51

	
45

	
15

	
36




	
Paronellidae

	
9

	
12

	
9

	
0




	
Isotomidae

	
0

	
0

	
42

	
27




	
Onychiuridae

	
1557

	
1314

	
2916

	
1674




	
Isopoda

	
Porcellionidae

	
6

	
0

	
0

	
0




	
Armadillidiidae

	
0

	
6

	
0

	
0




	
Trachelipidae

	
48

	
9

	
0

	
6




	
Lepidoptera larvae

	
Noctuidae

	
6

	
0

	
0

	
0




	
Notodontidae

	
0

	
18

	
0

	
0




	
Hepialidae

	
0

	
0

	
9

	
0




	
Tortricidae

	
9

	
0

	
6

	
0




	
Saturniidae

	
9

	
0

	
6

	
0




	
Geometridae

	
21

	
0

	
6

	
0




	
Pseudoscorpionida

	
Chthonidae

	
9

	
12

	
33

	
9




	
Coleoptera larvae

	
Endomychidae

	
0

	
0

	
6

	
0




	
Ptiliidae

	
0

	
0

	
0

	
6




	
Silphidae

	
0

	
0

	
9

	
6




	
Mycetophagidae

	
0

	
6

	
12

	
0




	
Staphylinidae

	
18

	
0

	
0

	
0




	
Scydmaenidae

	
15

	
0

	
0

	
0




	
Thysanoptera

	
Phlaeothripidae

	
0

	
0

	
9

	
0




	
Hymenoptera

	
Formicidae

	
138

	
24

	
153

	
21




	
Isoptera

	
Termitidae

	
12

	
21

	
0

	
12




	
Geophilomorpha

	
Geophilidae

	
24

	
0

	
9

	
6




	
∑

	
4833

	
3852

	
6378

	
4719
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Table 3. Total individual numbers of soil mesofauna in all treatments.
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Factors

	
N

	
RP

	
Sampling Period

	
N × RP

	
N × Sampling Period

	
RP × Sampling Period

	
N × RP × Sampling Period






	
Total density of mesofauna

	
F

	
28.17

	
23.52

	
14.86

	
1.86

	
1.23

	
2.79

	
0.92




	
P

	
0.001

	
0.001

	
<0.001

	
0.210

	
0.281

	
0.004

	
0.528




	
Prostigmata density

	
F

	
0.00

	
0.95

	
19.84

	
16.15

	
3.63

	
2.44

	
4.21




	
P

	
0.968

	
0.332

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001




	
Mesostigmata density

	
F

	
0.00

	
4.13

	
43.32

	
4.80

	
3.65

	
9.13

	
2.78




	
P

	
1.000

	
0.076

	
<0.001

	
0.060

	
<0.001

	
<0.001

	
0.004




	
Oribatida density

	
F

	
12.76

	
9.71

	
33.11

	
8.34

	
4.42

	
5.56

	
1.66




	
P

	
0.001

	
0.002

	
< 0.001

	
0.005

	
<0.001

	
<0.001

	
0.094




	
Collembola density

	
F

	
25.65

	
30.98

	
10.04

	
11.15

	
1.78

	
9.06

	
2.01




	
P

	
0.001

	
0.001

	
<0.001

	
0.010

	
0.069

	
< 0.001

	
0.037




	
Shannon diversity of mesofauna

	
F

	
0.04

	
13.36

	
35.376

	
6.87

	
3.13

	
16.03

	
2.99




	
P

	
0.848

	
0.006

	
<0.001

	
0.031

	
0.001

	
<0.001

	
0.002
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