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Plant litter decomposition is a significant ecosystem function that regulates nutrient cycling, soil fertility, and biomass production. It is heavily regulated by nutrient intake. The effects of exogenous nutrients on litter decomposition are not yet fully understood. To determine how Eriobotrya japonica litter decomposition responds to adding nutrients, we used the decomposition litter bag method in the laboratory for 180 days. There were five different nutrient treatment levels were used: control (no addition), low nitrogen addition (LN; 100 kg N·ha−1·year−1), high nitrogen addition (HN; 200 kg N·ha−1·year−1), phosphorus addition (P; 50 kg P·ha−1·year−1), and micronutrient addition (M; 50 kg M·ha−1·year−1). According to a repeated-measures analysis of variance, adding N reduced the remaining mass (p < 0.01) by 4.1% compared to the CK group. In contrast, adding M increased the remaining mass (p < 0.01) by 6.8% compared to the CK group. Adding P had no significant effect on the remaining mass. Although the amount of residual carbon (C) was unaffected, adding N increased the level of residual N in the litter. Litter C content, K content, N concentration, and C/N ratio were linearly correlated to the remaining litter (p < 0.01). Although adding nutrients decreased soil enzyme activity later in the decomposition process, no significant correlation was detected between enzyme activity and the remaining mass. N fertilization treatments decreased the soil microbial diversity index. The addition of nitrogen and micronutrients reduced the abundance of Acidobacteria, while HN addition increased the abundance of Actinobacteria. The addition of micronutrients increased the abundance of Proteobacteria. These results imply that N-induced alterations in the element content of the litter regulated the effects of nutrient inputs on litter decomposition. This study can be a reference for the fertilization-induced decomposition of agricultural waste litter.
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Introduction

In addition to maintaining ecosystem production and fertilizer application, litter decomposition supplies vital nutrients for plant development and consumption by soil microbes (Aerts et al., 2006; Huangfu and Wei, 2018; Canessa et al., 2021). According to previous studies, the environmental factors (temperature and moisture), initial litter element quality (N content, C content, C/N ratio, and lignin/N ratio), enzyme activities, and the decomposer community of soil microorganisms and fauna all have a significant impact on litter decomposition rate (Diepen et al., 2016; Lucas et al., 2016; Zhou et al., 2017). Nutrient availability is considered a key indicator of the initial stages of litter decomposition (Hobbie, 2005; Van et al., 2013).

The decomposition of litter is suppressed (Zhou et al., 2017; Tao et al., 2019) or accelerated (Downs et al., 1996; Ren et al., 2018) by the addition of N. N fertilizer frequently affects how quickly litter decomposes by altering the soil conditions in which litter decomposes (Gill et al., 2021). N, for example, may alter the activity of soil organisms by enriching fungi and bacteria, increasing the density of soil fauna (Carrera and Bertiller, 2013), or changing their enzyme activity (Song et al., 2018). While phosphorus (P), calcium (Ca), magnesium (Mg), manganese (Mn), and iron have been less frequently evaluated in research on litter decomposition, they are nonetheless closely associated with decomposition rates. For example, P was necessary to supply nutrients to the decomposers in the early stages of decomposition (Van et al., 2016). Due to the effect of Mn on the synthesis and activity of lignin-degrading enzymes, Mn addition had a favorable impact on litter decomposition (Keiluweit et al., 2015). Trum et al. (2015) discovered that Mn enhancement improved the dissolution of dissolved organic C components during degradation by increasing lignin decomposition. Therefore, Mn addition may influence litter decomposition by increasing the fragile substrates available to decomposers (Wu et al., 2022). In summary, the addition of trace elements changes litter decomposition by affecting the decomposers (Berg et al., 2007). It has an ambiguous impact on litter decomposition by increasing microbial diversity and altering the soil microbial community (fungi:bacteria ratio) (Gill et al., 2021).

Nutrient inputs to soil can regulate microbial communities through their influence on the soil resources by providing energy and nutrients or through predation by protists (Asiloglu et al., 2021). It is thought that in nutrient-limited environments, microbial development and activity are constrained by the low availability of C and nutrients. Therefore, the input of nutrients will promote microbial activity (Renella et al., 2006). For example, exogenous N inputs can inhibit phagotrophic protists and thus promote the growth of specific bacterial groups in subtropical ecosystems (Zhao et al., 2020). However, excessive input of nitrogen leads to soil acidification, reducing the specific abundance of ammonia-oxidizing bacteria or overall microbial diversity (Zhong et al., 2016). When P was added, the bacterial diversity and the abundance of nirK and nirS genes were increased (Wang et al., 2018). However, the influence of fertilization on microbial activity has been inconclusive, with studies reporting increases (Jing et al., 2024; Fu et al., 2023), decreases (Kumar et al., 2018; Morrison et al., 2018), and even no effect (Hobbie and Vitousek, 2000) on microbial abundance with fertilization. Overall, studies have shown that fertilizer inputs can increase the abundance of protists that consume microbes (Delgado-Baquerizo et al., 2017; Guo et al., 2021), but can have negative effects when added excessively.

The effects of nutrient addition on soil enzyme activity and microbial community are well established. In the presence of easily accessible nutrients, microbes reduce the distribution of resources for enzyme synthesis and release (Kumar et al., 2018). The addition of one nutrient can affect not only the activities of the enzymes participating in that specific nutrient cycle but also the activities of other enzymes involved in the cycling of other nutrients. For instance, xylanase activity (engaged in the degradation of hemicellulose) diminished in the presence of mineral nitrogen (Chen et al., 2014). Nutrient addition has an impact on enzyme activity, while soil enzymes are responsible for the biological composition of organic matter (Allison and Vitousek, 2004). Various correlations exist between soil enzyme activity and litter mass reduction (Song et al., 2018). Therefore, additional research on enzyme activity and microbial alterations during decomposition is required to comprehend how litter decomposes in the face of environmental change.

Furthermore, because it is the primary source of agricultural waste, litter management has always been a priority in orchard management. Although N, P, and micronutrients are ubiquitous fertilizers, how they affect litter decomposition is still unknown. As a result, while investigating litter decomposition responses, it is becoming increasingly important to investigate the effects of external fertilizer inputs. We collected fresh leaf litter of Eriobotrya japonica from plantations in southern China. We investigated the interaction between the soil microbial community and enzyme activities for 180 days of decomposition in a stable temperature and humidity environment and the influence of exogenous nutrient additions on litter decomposition rates with the decomposition bag method. We hypothesized that adding exogenous nutrients would increase soil enzyme activity and microbial diversity, increasing litter decomposition.





Methods




Materials and samples

Litter samples were collected from plantations in Jiangsu Province, southern China (31°2′42″N, 120°19′7″E). This site has a subtropical monsoon marine environment with 1,100 mm of annual mean rainfall and 15.7°C of annual mean air temperature. E. japonica, Citrus reticulata, and Pyrus spp. are the main tree species in this area. In October 2021, fresh E. japonica litter samples (intact and unpurified) were collected. Supplementary Table S1 displays the initial values of the elements found in E. japonica litter. The litter was air-dried before being packed into nylon mesh bags (10 cm × 8 cm, with 0.1-cm apertures). Soil samples were collected from an artificial forest at the Chinese Academy of Environmental Sciences, Beijing. The basic chemical properties of the soils are listed in Supplementary Table S2.





Plot design and fertilization

The experiment was run in a greenhouse (25°C–30°C) to reduce the influence of climatic variations on litter decomposition. There were five treatment groups set up: control (CK; no addition), low N addition (LN; 100 kg N·ha−1·year−1), high N addition (HN; 200 kg N·ha−1·year−1), P addition (P; 50 kg P·ha−1 year−1), and micronutrient addition (M; 50 kg M·ha−1·year−1). The raw materials applied were nitrogen fertilizer (467 kg N·kg−1), phosphorus fertilizer (70 kg P·kg−1), and agricultural fertilizers (40 kg micronutrients·kg−1) rich in calcium, magnesium, iron, and manganese. Five 60 × 50 cm plots were created in the greenhouse at the beginning of November 2021. With 18 duplicate bags, each containing 2 g of litter, evenly distributed over the soil surface, each plot corresponded to a treatment. The soil of each plot was evenly sprayed with 1,000 mL of pure water after the fertilizer had been dissolved in it. The CK treatment was sprayed with 1 L of water without fertilizer. Water was replenished regularly by weighing methods to control the soil moisture content to 60% of the field’s water capacity throughout the experiment.





Litter sampling and analysis

Three bags from each plot were sampled after 9, 18, 36, 64, 117, and 180 days had passed since decomposition began. Prior to being oven-dried to a constant weight at 60°C and weighed, the remaining litter in the nylon bags was meticulously cleaned of soil and other residues. A percentage of the initial litter mass was used to calculate the remaining litter (%). The dry litter’s total C and N contents were calculated (Zhang et al., 2015) using an elemental analyzer (2400 IICHNS/O, PerkinElmer, Waltham, MA, USA). Total P content was determined colorimetrically after acidified ammonium persulfate digestion (Chen et al., 2013).





Soil sampling and analysis

The soil from the plots was promptly collected at the end of the experiment. Any remaining plant, root, or gravel components were manually removed from the soil samples. One part of the sample was used to determine enzyme activity, and the other part was used to analyze microbial diversity and composition. Four soil enzyme activities were measured for this study: 1,4-β-glucosidase (BG) for cellulose decomposition, phenol oxidase as a typical ligninolytic oxidoreductase, 1,4-β-N-acetylglucosaminidase (NAG) for chitin decomposition, and acid phosphatase (ACP) for the hydrolysis of ester-bonded phosphate and protein. Nitrobenzene-β-d-glucopyranoside, pyrogallol, p-nitrophenyl-β-n-acetylglucopyranoside, and phenyl-disodium phosphate were the substrates used to determine the enzyme activity (Saiya-Cork et al., 2002). To assess the component of the soil microbial population, phospholipid fatty acid analyses were performed. Soil genomic DNA was taken out following the manufacturer’s instructions using a FastDNA® Spin kit for soil. Purified PCR products were quantified by Qubit®3.0 (Life Invitrogen, USA, Alaska), and all 24 amplicons whose barcodes were different were mixed equally. The pooled DNA product was used to construct the Illumina paired-end library following Illumina’s genomic DNA library preparation procedure. Then, the amplicon library was paired-end sequenced (2 × 250) on an Illumina MiSeq platform (Shanghai BIOZERON Co., Ltd., Shanghai, China) according to the standard protocols. Operational taxonomic units (OTUs) were clustered with a 97% similarity cutoff using UPARSE, and chimeric sequences were identified and removed using UCHIME. A rarefaction analysis based on Mothur v.1.21.1 was conducted to reveal the diversity indices, including the Chao, ACE, and Shannon diversity indices (Frostegård et al., 1993).





Data analysis

The Kolmogorov–Smirnov and Levene’s tests served to determine the normality and homogeneity of variance of the data. The between-group difference in soil enzyme activity and the microbial diversity index at a specific time was confirmed using Dunnett’s t-test for multiple comparisons. A multi-factor analysis of variance was performed to determine the effect of nutrient addition on the remaining mass and nutrients in the litter. The relationships between remaining mass (%), remaining nutrients, soil enzyme activity, and microbial diversity indices were analyzed using linear regression. SPSS, Inc., 13.0 was used for the given statistics (Chicago, IL, USA).






Results




Effects of nutrient addition on litter decomposition and element content

The two treatment groups with N addition had lower remaining mass than the CK group after 180 days of decomposition. However, during the period of 36–117 days, the remaining mass of the high N addition group was higher than that of the CK group. The M and high N addition groups significantly inhibited and promoted mass loss, respectively (p < 0.05) (Figure 1).




Figure 1 | Remaining mass of leaf litter in various nutrient addition treatments. p < 0.05 indicates that treatment significantly affects mass loss. CK, control; HN, high concentration N addition; LN, low concentration N addition; P, P addition; M, micronutrient addition.



Figure 2 shows the patterns of element release during litter decomposition. E. japonica litter had initial C, N, and K contents of 46%, 1.6%, and 1.4%, respectively. After 180 days of decomposition, the C content was lower than the initial value. However, there was no significant difference in the trend of C release between the fertilization group and the CK group. The trend of the N content fluctuates and eventually indicates net N accumulation. In all N-addition treatments, the average percentage of N concentrations still in the litter was 146%. During the first 18 days, the remaining groups briefly released N. Following that, they increased to approximately 100% and remained constant. The content of K decreased continuously during decomposition, and the lowest K content was 11.73% in CK group.  The other groups had K levels between 25% to 42%. The N addition treatments caused a significant increase in N concentration (p < 0.05) compared to the other treatments, while low N addition significantly decreased K release (p < 0.01) (Figure 2). Additionally, the findings of Pearson’s analysis revealed a significantly negative correlation between the remaining mass and N content (p < 0.01) and a significantly positive correlation between the remaining mass with C content, K content, and C/N ratio (p < 0.01) (Figure 3).




Figure 2 | Dynamics of residual C (A), N (B), K (C), C/N ratio (D) throughout the litter decomposition. CK, control; HN, high concentration N addition; LN, low concentration N addition; P, P addition; M, micronutrient addition.






Figure 3 | Relationships between remaining mass and C (A), N (B), K (C), C/N ratio (D) in all groups. CK, control; HN, high concentration N addition; LN, low concentration N addition; P, P addition; M, micronutrient addition.







Impacts of nutrient addition on soil extracellular enzyme activity and microbial community

After the decomposition experiment, we found that the direct impacts of additional exogenous nutrients on PO, NAG, ACP, and BG activities during this study were significant. The results showed that exogenous nutrient input decreased soil enzyme activity (Figure 4). The high N fertilizer significantly decreased the activity of four soil enzymes. It is important to note that the CK group’s soil enzyme activities were consistently higher than those of the treatments, including nutrient addition. As seen in Figure 5, the low N addition treatments did not influence the diversity of the soil bacterial community, but significantly negatively impacted fungal abundance. The addition of high N fertilization treatments significantly decreased the soil bacteria’s Shannon and Chao indices. Low N fertilization treatments significantly decreased the Shannon indices of the soil fungal functional group (p < 0.05) (Figure 5). Other treatments had no appreciable impact on the diversity of the bacterial communities.




Figure 4 | The soil enzyme activities of each treatment in the later phase of litter decomposition (A. Polyphenol oxidase, B. N-acetylglucosaminidase, C. Acid phosphatase, D. β-glucosidase). Different lowercase letters denote a significant difference between the treatment and control (p < 0.05). CK, control; HN, high concentration N addition; LN, low concentration N addition; P, P addition; M,micronutrient addition.






Figure 5 | Soil microbial diversity index of each treatment in the later phase of litter decomposition (A. Shannon index, B. Chao 1 index). Asterisk (*) denotes a significant difference between the treatment and control (p < 0.05). CK, control; HN, high concentration N addition; LN, low concentration N addition; P, P addition; M,micronutrient addition.



Actinobacteria, Acidobacteria, Proteobacteria, Bacteroidetes, and Firmicutes were the most prevalent bacterial phyla in all soils included in this study (Figure 6). The addition of nitrogen and micronutrients reduced the abundance of Acidobacteria, while HN addition increased the abundance of Actinobacteria. The addition of micronutrients increased the abundance of Proteobacteria. The soil fungal community consisted primarily of Ascomycota, Mucoromycota, Basidiomycota, and unclassified fungi (Supplementary Figure S1). There was little difference between the CK and P addition treatments. The relationship between enzyme activity and decomposition rates was not found to be significantly different. Microbial diversity index and breakdown rate were not significantly correlated in this study, except for bacterial OTUs (Supplementary Figure S2). Supplementary Figure S3 displays the genus-level relative abundances of the soil community composition across all treatments.




Figure 6 | Phylum-level relative abundances of the soil bacterial community composition across all treatments. CK, control; HN, high concentration N addition; LN, low concentration N addition; P, P addition; M, micronutrient addition.








Discussion




Changes in nutrient release and correlation with decomposition

As the most abundant element in the litter, C was often released continuously during the decomposition, as shown in many studies (Manzoni et al., 2010; Zhang et al., 2021). In contrast, N displayed a net accumulation in this study (Figure 3). Similarly, excessively high levels of N addition significantly increased litter N content in Stipa aliena Keng and Elymus nutans Griseb (Song et al., 2019). Liu also found N enrichment in a study on the decomposition of litter in ecological tea gardens (Liu et al., 2023). These results may imply that adding N influences N cycling, but not C cycling, in orchard ecosystems. The N enrichment in our study could be attributed to E. japonica leaf litter’s low initial N content, which was only 1.4%. Therefore, an increase in nitrogen content within a certain range will not lead to an increase in the total mass of litter. Decomposers typically immobilize N from the environment because litter has inadequate N, which causes decomposers to immobilize growth (Parton et al., 2007). N is released from the litter when its N content reaches a certain point (Berg and Staaf, 1981). A previous study has suggested that N release will occur in litters where the C/N ratio is between 25 and 34 (Chen et al., 2019). Additionally, the release of N from some litter may not be noticed for several years (Berg, 2000). In general, microorganisms were thought to be responsible for N enrichment. K was continuously released in this study because it was the most easily transferred element in the plant. It resided in the litter in ionic form and was released by osmosis.

Following the findings of this study, C content, K content, and C/N ratio were positively correlated with the remaining litter mass (p < 0.01), and N addition may influence decomposition by modifying litter element content. Low concentration N addition in this study altered the element release pattern by increasing litter N content and significantly decreasing the residual mass.





Effects of nutrient addition on soil enzyme activity and microbial structure

Enzyme activity is a key factor influencing the litter decomposition rate (Burns et al., 2013). ACP catalyzes the hydrolysis of organic P molecules, while oxidase primarily decomposes lignin (Tien and Kirk, 1983; Marklein and Houlton, 2012). BG activity directly affects the rate of cellulose degradation (Sinsabaugh et al., 1993). In this study, the four enzyme activities significantly decreased after 180 days of nutrient application and decomposition. It has been reported that the decrease in C compounds was the reason for the decrease in oxidase activity caused by N addition (Hoyos-Santillan et al., 2018). In a study of N decomposition in mid-subtropical China, high N treatment decreased the activity of BG and ACP in the late phase of decomposition (Chen et al., 2012). In Hu’s work, N administration also suppressed several enzyme functions (Hu, 2020). Microorganisms release oxidase to decompose lignin to obtain N (Moorhead and Sinsabaugh, 2006); however, bacteria may restrict enzyme activity when environmental conditions meet the nutritional requirement (Allison and Goulden, 2017). Additionally, exogenous N induces the formation of recalcitrant aromatic compounds that lower extracellular enzyme activity and stoichiometric interactions between polyphenols and amino complexes (Fog, 1988). In line with previous studies (Chen et al., 2013), adding P and micronutrients in this study decreased enzyme activity. Studies have demonstrated that P limitation stimulates microbial mineralization of P from the environment, while P addition inhibits the effect of “microbial P mining” and thus reduces enzyme activity (Moorhead and Sinsabaugh, 2006). It has also been demonstrated that bacteria reduce their investment in the production of enzymes when there is enough P (Zhang et al., 2021). This may be the reason why the addition of phosphorus decreased enzyme activity in this study.

In this study, nutrient addition decreased the diversity of soil microorganisms. N addition may harm microbial growth by decreasing soil acidity (Sun et al., 2018). Other studies had similar findings suggesting a deleterious relationship between fungal abundance and soil N availability (Bahram et al., 2012; Yao et al., 2017). P limitation may promote “microbial P mining” which P addition suppresses (Deforest, 2019). The expression of C and N cycling genes is reduced and there is a significant decrease in microbial activity when soil nutrients are available, as microorganisms use inactive substrates first (Fierer et al., 2010). Adding nutrients can impact microbial abundance by altering soil stoichiometry and the amount of fungal secretion, and by disrupting the initial nutritional balance (Wei et al., 2013). However, while microbial turnover efficiency may be increased, the decrease in abundance does not always imply that decomposition is inhibited (Li et al., 2022).

After 180 days of decomposition, the dominant species of soil microorganisms were the same as in many previous types of research (Tian et al., 2020; Xie and Yin, 2022). Acidobacteria and Proteobacteria play significant roles in litter decomposition (Pankratov et al., 2011). Acidobacteria decompose complex macromolecules, including lignin and cellulose (Llado et al., 2016). Proteobacteria use the ammonia and methane produced during decomposition (Lv et al., 2014) to decompose simple organic matter (Wang et al., 2022). Through network analysis and subsequent culturing, Zheng revealed keystone taxa involved in the dynamics of microbial litter decomposition, including Actinobacteria, Bacteroidetes, and Chloroflexi (Zheng et al., 2021). Lu’s research has shown that Gemmatimonadetes and Firmicutes are involved in litter decomposition of Robinia pseudoacacia Linn. and Quercus acutissima Carr (Lu et al., 2022). Basidiomycota and Ascomycota are the two primary groups of fungi that decompose the cell walls of leaf litter. Basidiomycetes decompose refractory compounds in litter by producing lignin-degrading enzymes (Castro and Freitas, 2000). Ascomycetes mainly decompose cellulose and hemicellulose (Baldrian, 2017). The reason for the change in microbial abundance may be that the input nutrients altered the growth strategy of microorganisms, and it is also related to the functional adaptability of microorganisms (Xie and Yin, 2022). The microbial diversity index and soil enzyme activity had almost no significant link with this study’s decomposition rate and remaining mass (Appendix S2). The only factor that is significantly (p < 0.5) positively correlated with the rate of remaining mass is the number of 16S OTUs. However, it is possible that the study period was not long enough for short-term alterations to be significant.





Mechanisms of nutrient addition affecting litter decomposition

Adding exogenous nutrients can impact litter decomposition by altering the litter element content, soil enzyme activity (Li et al., 2011), and microbial growth or activity (Li et al., 2017; Yan et al., 2018). Low N addition in this study promoted decomposition by increasing N content, which significantly negatively correlated with the remaining mass. High N addition increased N content but decreased K release, positively correlating with the remaining mass. The highest number of 16S OTUs positively correlating with the remaining mass was found in the micronutrient addition group. This may be the cause of the inhibition of decomposition caused by the addition of micronutrients.

As an economic fruit tree, E. japonica is widely planted in southern China. Therefore, this study provides a basis for the effects of fertilization on litter decomposition and nutrient cycling in orchards. However, the results are limited, as the study only focused on one type of litter. Furthermore, only soil enzyme activity and microorganisms in the final degradation phase were investigated in this study. The final results have limitations, and further research into the specific relationship between litter decomposition and soil microbial dynamics would require long-term monitoring of soil microbial dynamics.






Conclusion

The main conclusions of this study are as follows: 1) low N addition decreased residual mass, whereas the addition of micronutrients increased it. 2) Our findings showed that adding N increased the N concentration in the litter. The rate of the remaining mass was highly correlated with C concentration, K concentration, and the C/N ratio. N addition may affect how quickly litter decomposes by altering the content of the elements. 3) In the late stages of decomposition, nutrient addition also decreased soil enzyme activity and microbial diversity. Our findings could be used as a reference for researchers studying the mechanism of litter decomposition in fertile soil, and forecast element cycling of orchard ecosystem  in the face of fertilizer through changes in nutrients during litter decomposition.





Data availability statement

Publicly available datasets were analyzed in this study. Data are available from Figshare: https://figshare.com/articles/dataset/Nie_xlsx/22954334.





Author contributions

HN: Writing – original draft, Investigation, Methodology. CY: Formal analysis, Methodology, Writing – original draft. JG: Funding acquisition, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by the National Key Scientific Research Projects of China (2021YFB3901100).





Conflict of interest

The authors declare the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpls.2024.1467689/full#supplementary-material




References

 Aerts, R., Logtestijn, R., and Karlsson, P. S. (2006). Nitrogen supply differentially affects litter decomposition rates and nitrogen dynamics of sub-arctic bog species. Oecologia 146, 652–658. doi: 10.1007/s00442-005-0247-5

 Allison, S. D., and Goulden, M. L. (2017). Consequences of drought tolerance traits for microbial decomposition in the DEMENT model. Soil Biol. Biochem. 107, 104–113. doi: 10.1016/j.soilbio.2017.01.001

 Allison, S. D., and Vitousek, P. M. (2004). Extracellular enzyme activities and carbon chemistry as drivers of tropical plant litter decomposition1. Biotropica 36, 285. doi: 10.1646/03180

 Asiloglu, R., Kenya, K., Samuel, S. O., Sevilir, B., Murase, J., Suzuki, K., et al. (2021). Top-down effects of protists are greater than bottom-up effects of fertilisers on the formation of bacterial communities in a paddy field soil. Soil Biol. Biochem. 156, 108186. doi: 10.1016/j.soilbio.2021.108186

 Bahram, M., Põlme, S., Kõljalg, U., Zarre, S., and Tedersoo, L. (2012). Regional and local patterns of ectomycorrhizal fungal diversity and community structure along an altitudinal gradient in the hyrcanian forests of northern Iran. New Phytol. 193, 465–473. doi: 10.1111/j.1469-8137.2011.03927.x

 Baldrian, P. (2017). Forest microbiome: diversity, complexity and dynamics. FEMS Microbiol. Rev. 41, 109–130. doi: 10.1093/femsre/fuw040

 Berg, B. (2000). Litter decomposition and organic matter turnover in northern forest soils. For. Ecol. Manage. 133, 13–22. doi: 10.1016/S0378-1127(99)00294-7

 Berg, B., and Staaf, H. (1981). Leaching, accumulation and release of nitrogen in decomposing forest litter. Ecol. Bulletins 33, 163–173.

 Berg, B., Steffen, K. T., and Maugherty, C. (2007). Litter decomposition rate is dependent on litter mn concentrations. Biogeochemistry 82, 29–39. doi: 10.1007/s10533-006-9050-6

 Burns, R. G., Deforest, J. L., Marxsen, J., Sinsabaugh, R. L., Stromberger, M. E., Wallenstein, M. D., et al. (2013). Soil enzymes in a changing environment: current knowledge and future directions. Soil Biol. Biochem. 58, 216–234. doi: 10.1016/j.soilbio.2012.11.009

 Canessa, R., Liesbeth, V. D. B., Saldana, A., Rios, R. S., Hattenschwiler, S., Mueller, C. W., et al. (2021). Relative effects of climate and litter traits on decomposition change with time, climate and trait variability. J. Ecol. 109, 447–458. doi: 10.1111/1365-2745.13516

 Carrera, A. L., and Bertiller, M. B. (2013). Combined effects of leaf litter and soil microsite on decomposition process in arid rangelands. J. Environ. Manage. 114, 505–511. doi: 10.1016/j.jenvman.2012.10.059

 Castro, P., and Freitas, H. (2000). Fungal biomass and decomposition in spartina maritima leaves in the mondego salt marsh (Portugal). Hydrobiologia 428, 171–177. doi: 10.1023/A:1004083919450

 Chen, F. S., Feng, X., and Liang, C. (2012). Endogenous versus exogenous nutrient affects C, N, and P dynamics in decomposing litters in mid-subtropical forests of China. Ecol. Res. 27, 923–932. doi: 10.1007/s11284-012-0970-4

 Chen, H., Dong, S. F., Liu, L., Ma, C., Zhang, T., Zhu, X. M., et al. (2013). Effects of experimental nitrogen and phosphorus addition on litter decomposition in an old-growth tropical forest. PloS One 8, e84101. doi: 10.1371/journal.pone.0084101

 Chen, R., Senbayram, M., Blagodatsky, S., MyaChina, O., Dittert, K., Lin, X., et al. (2014). Soil C and N availability determine the priming effect: microbial N mining and stoichiometric decomposition theories. Global Change Biol. 20, 2356–2367. doi: 10.1111/gcb.2014.20.issue-7

 Chen, F. S., Wang, G. G., Fang, X. M., Wan, S. Z., Zhang, Y., and Liang, C. (2019). Nitrogen deposition effect on forest litter decomposition is interactively regulated by endogenous litter quality and exogenous resource supply. Plant Soil 437, 413–426. doi: 10.1007/s11104-019-04006-z

 Deforest, J. L. (2019). Chronic phosphorus enrichment and elevated pH suppresses quercus spp. Leaf litter decomposition in a temperate forest - scienceDirect. Soil Biol. Biochem. 135, 206–212. doi: 10.1016/j.soilbio.2019.05.005

 Delgado-Baquerizo, M., Trivedi, P., Trivedi, C., Eldridge, D. J., Reich, P. B., Jeffries, T. C., et al. (2017). Microbial richness and composition independently drive soil multifunctionality. Funct. Ecol. 31, 2330–2343. doi: 10.1111/fec.2017.31.issue-12

 Diepen, L. T. A. V., Frey, S. D., Sthultz, C. M., and Morrison, E. W. (2016). Changes in litter quality caused by simulated nitrogen deposition reinforce the N-induced suppression of litter decay. Ecosphere 6, 1–16. doi: 10.1890/ES15-00262.1

 Downs, M. R., Nadelhoffer, K. J., Melillo, J. M., and Aber, J. D. (1996). Immobilization of A15N-labeled nitrate addition by decomposing forest litter. Oecologia 105, 141–150. doi: 10.1007/BF00328539

 Fierer, N., Nemergut, D., Knight, R., and Craine, J. (2010). Changes through time: integrating microorganisms into the study of succession. Res. Microbiol. 161, 635–642. doi: 10.1016/j.resmic.2010.06.002

 Fog, K. (1988). The effect of added nitrogen on the rate of decomposition of organic matter. Biol. Rev. 63, 433–462. doi: 10.1111/j.1469-185X.1988.tb00725.x

 Frostegård, Å., Bååth, E., and Tunlio, A. (1993). Shifts in the structure of soil microbial communities in limed forests as revealed by phospholipid fatty acid analysis. Soil Biol. Biochem. 25, 723–730. doi: 10.1016/0038-0717(93)90113-P

 Fu, X. L., Dai, Y. Z., Cui, J., Deng, P. F., Fan., W., and Xu, X. N. (2023). Soil bacterial and fungal communities resilience to long-term nitrogen addition in subtropical forests in China. J. Forestry Res. 35, 17. doi: 10.1007/s11676-023-01675-6

 Gill, A. L., Schilling, J., and Hobbie, S. E. (2021). Experimental nitrogen fertilization globally accelerates, then slows decomposition of leaf litter. Ecol. Letter 24, 802–811. doi: 10.1111/ele.13700

 Guo, S., Xiong, W., Hang, X., Gao, Z., Jiao, Z., Liu, H., et al. (2021). Protists as main indicators and determinants of plant performance. Microbiome 9, 64. doi: 10.1186/s40168-021-01025-w

 Hobbie, S. E. (2005). Contrasting effects of substrate and fertilizer nitrogen on the early stages of litter decomposition. Ecosystems 6, 644–656. doi: 10.1007/s10021-003-0110-7

 Hobbie, S. E., and Vitousek, P. M. (2000). Nutrient limitation of decomposition in hawaiian forests. Ecology 81, 1867–1877. doi: 10.1890/0012-9658(2000)081[1867:NLODIH]2.0.CO;2

 Hoyos-Santillan, J., Lomax, B. H., Turner, B. L., and Sjoegersten, S. (2018). Nutrient limitation or home field advantage: Does Microbial Community Adaptation Overcome Nutrient Limitation of Litter Decomposition in a Tropical Peatland? J. Ecol. 106, 1558–1569. doi: 10.1111/jec.2018.106.issue-4

 Hu, C. (2020). Effects of simulated nitrogen deposition on the releases of potassium, calcium, and magnesium during litter decomposition in a natural evergreen broadleaved forest in the rainy area of western China. For. Res. 33, 124–131.

 Huangfu, C. H., and Wei, Z. S. (2018). Nitrogen addition drives convergence of leaf litter decomposition rates between flaveria bidentis and native plant. Plant Ecol. 219, 1355–1368. doi: 10.1007/s11258-018-0884-5

 Jing, H., Wang, J., Wang, G. L., Liu, G. B., and Cheng, Y. (2024). Understory vegetation had important impact on soil microbial characteristics than canopy tree under N addition in a pinus tabuliformis plantation. Agriculture Ecosyst. Environ. 360, 108763. doi: 10.1016/j.agee.2023.108763

 Keiluweit, M., Nico, P., Harmon, M. E., Mao, J., Pett-Ridge, J., and Kleber, M. (2015). Long-term litter decomposition controlled by manganese redox cycling. Proc. Natl. Acad. Sci. U.S.A. 112, 5253–5260. doi: 10.1073/pnas.1508945112

 Kumar, A., Shahbaz, M., Blagodatskaya, E., Kuzyakov, Y., and Pausch, J. (2018). Maize phenology alters the distribution of enzyme activities in soil: field estimates. Appl. Soil Ecol. 125, 233–239. doi: 10.1016/j.apsoil.2018.02.001

 Li, H. C., Hu, Y. L., Mao, R., Zhao, Q., and Zeng, D. H. (2017). Effects of nitrogen addition on litter decomposition and CO2 release: considering changes in litter quantity. PloS One 0144665, 1–18. doi: 10.1371/journal.pone.0144665

 Li, Z., Peng, Q., Dong, Y., and Guo, Y. (2022). The influence of increased precipitation and nitrogen deposition on the litter decomposition and soil microbial community structure in a semiarid grassland. Sci. total Environ. 844, 157115. doi: 10.1016/j.scitotenv.2022.157115

 Li, L., Zeng, D., Yu, Z., Fan, Z., Yang, D., and Liu, Y. (2011). Impact of litter quality and soil nutrient availability on leaf decomposition rate in a semi-arid grassland of northeast China. J. Arid Environments 75, 787–792. doi: 10.1016/j.jaridenv.2011.04.009

 Liu, S., Yang, R., and Hou, C. (2023). Effect of enzyme activity changes on decomposition characteristics of leaf litter mixed decomposition of configurated tree species in ecological tea garden. Agriculture 13, 394. doi: 10.3390/agriculture13020394

 Llado, S., Zifcakova, L., Vetrovsky, T., Eichlerova, I., and Baldrian, P. (2016). Functional screening of abundant bacteria from acidic forest soil indicates the metabolic potential of acidobacteria subdivision 1 for polysaccharide decomposition. Biol. Fertility Soils 52, 251–260. doi: 10.1007/s00374-015-1072-6

 Lu, Y., Zhang, L. D., Li, K., Ni, R. Q., Han, R. C., Li, C. R., et al. (2022). Leaf and root litter species identity influences bacterial community composition in short-term litter decomposition. Forests 13, 1402. doi: 10.3390/f13091402

 Lucas, R. W., Klaminder, J., Futter, M. N., Bishop, K. H., Egnell, G., Laudon, H., et al. (2016). A meta-analysis of the effects of nitrogen additions on base cations: implications for plants, soils, and streams. For. Ecol. Manage. 262, 95–104. doi: 10.1016/j.foreco.2011.03.018

 Lv, X. F., Yu, J. B., Fu, Y. Q., Ma, B., Qu, F. Z., Ning, K., et al. (2014). A meta-analysis of the bacterial and archaeal diversity observed in wetland soils. Sci. World J. 2014, 437684. doi: 10.1155/2014/437684

 Manzoni, S., Trofymow, J. A., Jackson, R. B., and Porporato, A. (2010). Stoichiometric controls on carbon, nitrogen, and phosphorus dynamics in decomposing litter. Ecol. Monogr. 80, 89–106. doi: 10.1890/09-0179.1

 Marklein, A. R., and Houlton, B. Z. (2012). Nitrogen inputs accelerate phosphorus cycling rates across a wide variety of terrestrial ecosystems. New Phytol. 193, 696–704. doi: 10.1111/j.1469-8137.2011.03967.x

 Moorhead, D. L., and Sinsabaugh, R. L. (2006). A theoretical model of litter decay and microbial interaction. Ecol. Monogr. 76, 151–174. doi: 10.1890/0012-9615(2006)076[0151:ATMOLD]2.0.CO;2

 Morrison, E. W., Pringle, A., Diepen, L., and Frey, S. D. (2018). Simulated nitrogen deposition favors stress-tolerant fungi with low potential for decomposition. Soil Biol. Biochem. 125, 75–85. doi: 10.1016/j.soilbio.2018.06.027

 Pankratov, T. A., Ivanova, A. O., Dedysh, S. N., and Liesack, W. (2011). Bacterial populations and environmental factors controlling cellulose degradation in an acidic sphagnum peat. Environ. Microbiol. 13, 1800–1814. doi: 10.1111/j.1462-2920.2011.02491.x

 Parton, W., Silver, W. L., Burke, I. C., Grassens, L., Harmon, M. E., Currie, W. S., et al. (2007). Global-scale similarities in nitrogen release patterns during long-term decomposition. Science 315, 361–364. doi: 10.1126/science.1134853

 Ren, H., Qin, J., Yan, B., Alata, B., and Han, G. (2018). Mass loss and nutrient dynamics during litter decomposition in response to warming and nitrogen addition in a desert steppe. Front. Agric. Sci. Eng. 5, 64–70. doi: 10.15302/J-FASE-2017194

 Renella, G., Egamberdiyeva, D., Landi, L., Mench, M., and Nannipieri, P. (2006). Microbial activity and hydrolase activities during decomposition of root exudates released by an artificial root surface in cd-contaminated soils. Soil Biol. Biochem. 38, 702–708. doi: 10.1016/j.soilbio.2005.06.021

 Saiya-Cork, K. R., Sinsabaugh, R. L., and Zak, D. R. (2002). The effects of long term nitrogen deposition on extracellular enzyme activity in an acer saccharum forest soil. Soil Biol. Biochem. 34, 1309–1315. doi: 10.1016/S0038-0717(02)00074-3

 Sinsabaugh, R. L., Antibus, R. K., Linkins, A. E., Mcclaugherty, C. A., Rayburn, L., Repert, D., et al. (1993). Wood decomposition: nitrogen and phosphorus dynamics in relation to extracellular enzyme activity. Ecology 74, 1586–1593. doi: 10.2307/1940086

 Song, M., Chen, J., Xu, X., Yu, F., Jiang, J., Zheng, L., et al. (2019). Decreased community litter decomposition associated with nitrogen-induced convergence in leaf traits in an alpine meadow. Soil Tillage Res. 194, 104332. doi: 10.1016/j.still.2019.104332

 Song, Y. Y., Song, C. C., Ren, J. S., Tan, W. W., Jin, S. F., and Jiang, L. (2018). Influence of nitrogen additions on litter decomposition, nutrient dynamics, and enzymatic activity of two plant species in a peatland in northeast China. Sci. Total Environ. 625, 640–646. doi: 10.1016/j.scitotenv.2017.12.311

 Sun, Y. F., Shen, J. P., Zhang, C. J., Bai, L. M., and Fang, W. M. (2018). Responses of soil microbial community to nitrogen fertilizer and precipitation regimes in a semi-arid steppe. J. Soil Sediments 18, 762–774. doi: 10.1007/s11368-017-1846-6

 Tao, B., Zhang, B., Dong, J., Liu, C., and Cui, Q. (2019). Antagonistic effect of nitrogen additions and warming on litter decomposition in the coastal wetland of the yellow river delta, China. Ecol. Eng. 131, 1–8. doi: 10.1016/j.ecoleng.2019.02.024

 Tian, X. K., Wang, M. Y., Meng, P., Zhang, J. S., Zhou, B. Z., Ge, X. G., et al. (2020). Native bamboo invasions into subtropical forests alter microbial communities in litter and soil. Forests 11, 3. doi: 10.3390/f11030314

 Tien, M., and Kirk, T. K. (1983). Lignin-degrading enzyme from the hymenomycete phanerochaete chrysosporium burds. Science 221, 661–663. doi: 10.1126/science.221.4611.661

 Trum, F., Titeux, H., Ponette, Q., and Berg, B. (2015). Influence of Manganese on Decomposition of Common Beech (Fagus sylvatica L.) Leaf Litter during Field Incubation. Biogeochemistry 125, 349–358. doi: 10.1007/s10533-015-0129-9

 Van, T. L., Harmon, M. E., Perakis, S. S., and Chen, H. (2013). Decomposition and nitrogen dynamics of N-15-labeled leaf, root, and twig litter in temperate coniferous forests. Oecologia 173, 1563–1573. doi: 10.1007/s00442-013-2706-8

 Van, T. L., Perakis, S. S., and Harmon, M. E. (2016). Decomposition drives convergence of forest litter nutrient stoichiometry following phosphorus addition. Plant Soil 406, 1–14. doi: 10.1007/s11104-016-2857-6

 Wang, H., Liu, S., Zhang, X., Mao, Q., Li, X., You, Y., et al. (2018). Nitrogen addition reduces soil bacterial richness, while phosphorus addition alters community composition in an old-growth N-rich tropical forest in southern China. Soil Biol. Biochem. 127, 22–30. doi: 10.1016/j.soilbio.2018.08.022

 Wang, L., Deng, F., Xu, Z., Pan, H., Li, H., et al. (2022). Changes in litter input exert divergent effects on the soil microbial community and function in stands of different densities. Sci. Total Environ. 845, 157297. doi: 10.1016/j.soilbio.2018.08.022

 Wei, C., Yu, Q., Bai, E., Lü, X., Li, Q., Xia, J., et al. (2013). Nitrogen deposition weakens plant-microbe interactions in grassland ecosystems. Global Change Biol. 19, 3688–3697. doi: 10.1111/gcb.2013.19.issue-12

 Wu, P., Jiang, L., Zhang, Y., Tu, Q., and Mao, R. (2022). Manganese addition accelerates litter decomposition and alters litter mixing effects in the late stage in subtropical plantations of southern China. Plant Soil 481, 501–510. doi: 10.1007/s11104-022-05652-6

 Xie, L., and Yin, C. (2022). Seasonal variations of soil fungal diversity and communities in subalpine coniferous and broadleaved forests. Sci. Total Environ. 846, 157409. doi: 10.1016/j.scitotenv.2022.157409

 Yan, Z., Dong, Y., Peng, Q., Qi, Y., Guo, S., He, Y., et al. (2018). Precipitation and nitrogen deposition alter litter decomposition dynamics in semiarid temperate steppe in inner Mongolia, China. Rangel Ecol. Manage. 71, 220–227. doi: 10.1016/j.rama.2017.12.003

 Yao, M., Rui, J., Niu, H., Heděnec, P., Li, J., He, Z., et al. (2017). The differentiation of soil bacterial communities along a precipitation and temperature gradient in the eastern inner Mongolia steppe. Catena 152, 47–56. doi: 10.1016/j.catena.2017.01.007

 Zhang, J., He, L., Shen, H., Chen, Y., Fang, J., and Tang, Z. (2015). Effects of nitrogen addition on nitrogen resorption in temperate shrublands in northern China. PloS One 10, e130434. doi: 10.1371/journal.pone.0130434

 Zhang, J., Li, H., Zhang, H., Zhang, H., and Tang, Z. (2021). Responses of litter decomposition and nutrient dynamics to nitrogen addition in temperate shrublands of north China. Front. Plant Sci. 11, 2233. doi: 10.3389/fpls.2020.618675

 Zhao, Z., He, J., Quan, Z., Wu, C., Sheng, R., Zhang, L., et al. (2020). Fertilization changes soil microbiome functioning, especially phagotrophic protists. Soil Biol. Biochem. 148, 107863. doi: 10.1016/j.soilbio.2020.107863

 Zheng, H., Yang, T., Bao, Y., He, P., Yang, K., Mei, X., et al. (2021). Network analysis and subsequent culturing reveal keystone taxa involved in microbial litter decomposition dynamics. Soil Biol. Biochem. 157, 108230. doi: 10.1016/j.soilbio.2021.108230

 Zhong, W., Bian, B., Gao, N., Min, J., Shi, W., Lin, X., et al. (2016). Nitrogen fertilization induced changes in ammonia oxidation are attributable mostly to bacteria rather than archaea in greenhouse-based high N input vegetable soil. Soil Biol. Biochem. 93, 150–159. doi: 10.1016/j.soilbio.2015.11.003

 Zhou, S., Huang, C., Han, B., Xiao, Y., Tang, J., Xiang, Y., et al. (2017). Simulated nitrogen deposition significantly suppresses the decomposition of forest litter in a natural evergreen broad-leaved forest in the rainy area of Western China. Plant Soil 420, 135–145. doi: 10.1007/s11104-017-3383-x




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Nie, You and Gao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls-15-1467689-g002.jpg
=3
S
L

litter C remaining (% of the initial value) &

918 36 64 117 180
Time (days)
c
,E?) P-values
= 120 HN vs. control: <0.01
g
=
= 100
£
Q
=
o 80
15}
S
a0 60
)
=
g 40 i :
5 K
M
5 20
=
0 T T T T T T
9 18 36 64 117 180

Time (days)

(d

C/N ratio

P-values
LN vs. control: <0.01
HN vs. control: <0.01

T r
117 180
Time (days)
P-values

LN vs. control: <0.05
HN vs. control: <0.05

T T
117 180
Time (days)





OEBPS/Images/fpls-15-1467689-g005.jpg
(a) 12 (b) 7000 1000
900

800

700

Shannon index
Chaol index

600

500

, ; 400





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        Effects of fertilization on litter decomposition dynamics and nutrient release in orchard systems

      

        		

          Introduction

        



        		

          Methods

        

          		

            Materials and samples

          



          		

            Plot design and fertilization

          



          		

            Litter sampling and analysis

          



          		

            Soil sampling and analysis

          



          		

            Data analysis

          



        



        



        		

          Results

        

          		

            Effects of nutrient addition on litter decomposition and element content

          



          		

            Impacts of nutrient addition on soil extracellular enzyme activity and microbial community

          



        



        



        		

          Discussion

        

          		

            Changes in nutrient release and correlation with decomposition

          



          		

            Effects of nutrient addition on soil enzyme activity and microbial structure

          



          		

            Mechanisms of nutrient addition affecting litter decomposition

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpls.2024.1467689_cover.jpg
& frontiers | Frontiers in Plant Science

Effects of fertilization on litter decomposition
dynamics and nutrient release in orchard
systems





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls-15-1467689-g001.jpg
100

\O
()

Mass remaining (%)
o0
=

-1
(o

9

18

36

P-value
LN vs. control: <0.01
M vs. control: <0.05

64 117
Decomposition time (days)

180






OEBPS/Images/fpls-15-1467689-g006.jpg
Similarity

Taxonomic composition

OO0o0D0Oo00OEEDODOm

Taxon

Actinobacteriota
Proteobacteria
Acidobacteriota
Unclassified
Bacteroidota
Firmicutes
Gemmatimonadota
Chloroflexi
Myxococcota
Verrucomicrobiota
Methylomirabilota
RCP2-54

Others





OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/fpls-15-1467689-g003.jpg
(2)450

R*=0.32 P<0.01

30
27
~ 400
o) 24
4
e
~ 21
5 350
< 35
5 18
Q
QO
15
300 19
60% 70% 80% 90% 100% 60% 70% 80% 90% 100%
Mass remaining Mass remaining
21 (d)33
©) R2=037 P<0.0] R2=0.54 P<0.01
18 30
15 27
~
2 o 24
o 5
—
2 9 Z 21
2 O
5
& - 18
N
15
3
12
0
60% 70% 80% 90% 100% 60% 70% 80% 90% 100%

Mass remaining Mass remaining





OEBPS/Images/fpls-15-1467689-g004.jpg
l

~ ©° v B [ o — o
S (1os | 8.) aseprurwesoon3[£1e0e-N

=

)

ab

HN

LN

CK

HN

LN

CK

(d)140

120

=3 i=3 = =3
S 3 ° <

:_o.m \-8-n) asepisoon|3-¢

T T T
< a <
ol —

54

=
=

0

—~
<
-~

(j1os | 3-n) asepIxO [ousydAfog

o

r
v
=1

—~
o
Sy

T
N

3

T
<

S S S
(jros | 8.1)) asereydsoyd pry

T
S

0.0

HN






