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Abstract
[bookmark: _Hlk39610444]Composting is an environmentally friendly way to turn plant and animal wastes into organic fertilizers. However, it is unclear to what extent the source of animal waste products (such as manure) affects the physicochemical and microbiological properties of compost. Here we experimentally tested how the type of livestock manure of herbivores (sheep and cattle) and omnivores (pig and chicken) influences the bacterial and fungal communities and physicochemical properties of compost. Higher pH, NO3-N, Total carbon (TC) content and C/N were found in sheep and cattle manure composts, while higher EC, NH4-N, Total nitrogen (TN) and total phosphorus (TP) content were measured in pig and chicken manure composts. Paired clustering between herbivore and omnivore manure compost metataxonomy composition was also observed at both initial and final phases of composting. Despite this clear clustering, all communities changed drastically during the composting leading to reduced bacterial and fungal diversity and large shifts in community composition and species dominance. While Proteobacteria and Chloroflexi were the major phyla in sheep and cattle manure composts, Firmicutes dominated in pig and chicken manure composts. Together, our results indicate that feeding habits of livestock can determine the biochemical and biological properties of manures, having predictable effects on microbial community composition and assembly during composting. Manure metataxonomy profiles could thus potentially be used to steer and manage composting processes. 
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INTRODUCTION
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk61354616][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Livestock manure has become one of the main causes of non-point source environmental pollution due to continuous expansion of livestock and poultry breeding industry (Sun et al., 2012). Correct treatment of livestock and poultry manures is thus required, which could be achieved through composting. Composting is an effective and widely-used approach to transform animal manure and other agricultural waste products into high-quality agricultural organic fertilizers (Bernal et al., 2009). As a biological decomposition process, composting relies on the activity of a diverse set of microbes that are important drivers of the depolymerization of organic matter (Xi et al., 2015). Bacteria and fungi are the most abundant and active microbes involved in composting (Rastogi et al., 2020). While bacteria are responsible for a large proportion of decomposition and heat generation in compost (Lopez-Gonzalez et al., 2015), fungi are capable of decomposing complex polymers present in the compost (Yamamoto and Nakai, 2019). While the succession of microbial communities during different composting stages have been studied extensively (Nakasaki et al., 2005;Jiang et al., 2019), there is less information on how the initial manure metataxonomy composition affects composting. The initial compost metataxonomy composition is important because it affects the proliferation of mesophilic microbiota which are responsible for the rapid rise of composting temperature (de Gannes et al., 2013) and creation of a suitable environment for the secondary microorganisms during composting (Ryckeboer et al., 2003). Furthermore, initial composting microbiota could have long-lasting effects for later phases of composting, affecting the maturation and stabilization of composts (Villar et al., 2016). Therefore, information on the initial manure metataxonomy profiles could potentially be used to predict and manage the composting process. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK16][bookmark: OLE_LINK17]While the activity, metabolism and abundances of microbes is heavily affected by the physicochemical properties of compost (Lopez-Gonzalez et al., 2015;Awasthi et al., 2017;Duan et al., 2019), also the used source materials play an important role important as most of the decomposing microorganisms originate from the raw materials. Of the physicochemical composting properties, temperature is an important indicator for the  maturation of compost and reflects microbial activities during composting (Tang et al., 2007;Bernal et al., 2009). Temperature also affects microbial abundances and it has been found that fungi are likely more sensitive to fluctuating temperature and moisture contents than bacteria (Zhang et al., 2011). C/N ratio also reflects the degradation of organic matter by bacteria and fungi (Meng et al., 2019) and the initial C/N ratio can affect the microbial community structure (Lei and VanderGheynst, 2000;Zhang et al., 2011). It is however still unclear how different physicochemical compost properties shape the composition and assembly of bacterial and fungal communities, depending on the type of raw materials used for composting.
Livestock manures is one the common raw materials used in composting and microbial communities of livestock and poultry manures have been explored extensively during composting (Awasthi et al., 2019;Chen et al., 2019;Bello et al., 2020). It has been established that different composting systems using manure from different animals are associated with specific microbiota. For example, Firmicutes often dominate in pig manure compost (Wang et al., 2018b), while Proteobacteria are more abundant in cattle manure (Wang et al., 2018a). In case of fungi, Ascomycota and Basidiomycota have been found to be the core phyla in chicken and cow manures (Neher et al., 2013). While such variations could be driven by the composting process, it could also be due to initial differences in manure microbiota composition, determined by the diet of and gut microbiota composition of animals (Hussein et al., 2017;Chen et al., 2019). For example, previous studies have shown that the bovine feed contains more crude fiber, while chicken feed has higher contents of proteins and antibiotics (Sapkota et al., 2007;Chibisa et al., 2016). In general, carnivores consume food with significantly higher protein content than herbivores (Wilder et al., 2013). Such drastic diet differences will likely have consequences for the manure microbiota composition (Carmody et al., 2015), and gut microbiomes of herbivores have been shown to be more diverse compared to omnivores (Ley et al., 2008). While the animal feeding habits are likely to play an important role in determining the microbial composition of their manure, it is not clear if these differences are retained, or if they potentially have effects on the composting process.
Here we studied this experimentally by comparing the bacterial and fungal communities of four different types of manures (sheep, cattle, pig and chicken) at the initial and final stages of composting using a trough fermentation approach in the one factory. These four types of manures were selected because sheep and cattle are herbivores, and pig and chicken are omnivores, and hence have significant differences in their diets. Specifically, we investigated the link between physiochemical compost properties and bacterial and fungal communities using correlative analyses. We hypothesized that microbial communities should cluster according the feeding habits of animals, resulting pairing between the herbivore (sheep and cattle) and omnivore (pig and chicken) manure compost treatments. Moreover, we expected that such clustering would be clearer at the initial phase of composting, while community assembly could lead to either clearer divergence or convergence between manure compost treatments during composting.
MATERIALS AND METHODS
Composting Process and Sampling
The composting experiments were carried out using a trough composting system at Senhe industry (120.3°E, 30.42°N), Hangzhou, Zhejiang, China, from May to July of 2018 with a period of 90 days. Four types of livestock manures (sheep, cattle, pig and chicken) were collected from surrounding farms by Senhe industry and were used as main composting materials. All manures were amended with sawdust to adjust the moisture content to optimal at 65% (Richard et al., 2002). The properties of sawdust were following: Bulk density 0.29, Total porosity 77.5 g/cm3, Density 0.33 g/cm3, Gas-water ratio 0.79, pH 4.78, EC 0.73 and C/N 50.8. Composting was conducted in triplicate for each manure, and the dimension of each composting pile was 2.7 m × 4 m ×1 m (length× width ×height). The compost piles were turned around periodically once a week. The temperature of each composting pile was recorded at the depth of 40 cm at 10:00 am and 4:00 pm every day. Samples were also collected at the depth of 40 cm from 10 separate places within each replicate composting pile and mixed evenly to obtain a representative composite sample. Samples were obtained for each type of manure compost at the beginning (days 0) and in the end (day 90) of composting. Samples were then divided into two aliquots, one preserved at - 80 ℃ for subsequent DNA extraction, and the other preserved at 4 ℃ for analyzing the physicochemical compost properties. 
Analysis of Physicochemical Compost Properties 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]The pH and EC were measured using pH meter (E-201C, Shanghai, China) and conductivity electrode (DJS-1C, Shanghai, China) after shaking samples for 30 min (mixed with deionized water at1:10 wet weight of compost samples/ water ratio). NH4-N and NO3-N contents were determined by extracting compost samples with 2 M KCl solution (1:10 ratio), and quantified using Nessler's reagent colorimetry and spectrophotometry (Wang et al., 2015). TC and TN contents were measured with an Elementar Analysensysteme GmbH (Elementar Americas Inc. Hanau, Germany) using dry combustion, and the TC and TN contents were used to calculated C/N ratio (Cui et al., 2019). TP content was determined Agilent 710 ICP – OES following previously published standard methods (Zhang et al., 2012). 
DNA Extraction and High-throughput Sequencing
[bookmark: _Hlk64722982]Genomic DNA extraction was carried out by using the Power Soil DNA Isolation Kit (Mo Bio Laboratories, Solana Beach, CA, USA) according to the manufacturer’s instructions. DNA concentrations were determined with NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific, USA). Bacterial and fungal community compositions were characterized with multiplexed MiSeq sequencing at Shanghai Biozeron Biological Technology Co. Ltd (Shanghai, China). For bacteria, the primer pairs 563F and 802R that amplifies the V4 region of bacterial 16S rRNA gene was used (563F, 5′-AYTGGGYDTAAAGV G-3′ and 802R, 5′-TACNVGGGTATCTAATCC-3′) (Cardenas et al., 2010). For fungi, ITS1 and ITS4 primers were used to amplify the fungal ITS region (ITS1F, 5’-CTT GGTCATTTAGAGGAAGTAA-3’ and ITS2R, 5’- GCTGCGTTCTTCATCGATGC-3’) (White et al., 1990;Gardes and Bruns, 1993). 
Paired-end reads from the original DNA fragments were merged using FLASH which has been designed to merge paired-end reads when at least some of the reads overlap the read generated from the opposite end of the same DNA fragment. Paired-end reads were assigned to each sample according to the unique barcodes. Raw fastq files were first demultiplexed according to the barcode sequences information using the following criteria: reads were discarded if (a) the 250bp reads were truncated at any site receiving an average quality score <20 over a 10 bp sliding window, or if the truncated reads were shorter than 50bp, if (b) two nucleotides mismatched in primer matching or if reads had ambiguous characters, or if (c) only sequences that overlap longer than 10 bp were assembled. Sequencing reads were processed with the UPARSE pipeline (Macdonald et al., 2011) and Ribosomal Database Project (RDP) database (Margesin et al., 2011). Sequences with ≥97% similarity were assigned to the same OTUs. Chimeric sequences that were identified using both de-novo and reference-based chimera checking methods were removed from the data (Caporaso et al., 2010). The raw sequencing data used for this analysis are deposited into the NCBI Sequence Read Archive (SRA) database (PRJNA675153).
Statistical Analysis
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Principal component analysis (PCA) was applied to reduce the dimension of the original variables with ‘vegan’ packages in R (Oksanen et al., 2013). The physicochemical properties were Z-score normalized by subtracting the mean value of each property, and dividing that result by the SD (Jain et al., 2005). After that cluster analysis of physicochemical properties was preceded by PCA. Shannon diversity index was calculated using the “diversity” function in the Vegan package in R. Microbial community structure was examined using principal coordinate analysis (PCoA) and groups compared using unweighted UniFrac distance matrix (Lozupone and Knight, 2005). The bacterial and fungal abundance data were min-max normalized before analysis. Data were analyzed with ANOVA (SPSS v16.0.) and linear mixed models (R) where dependent variables (e.g., Shannon diversity) were explained by composting phase and manure types. Differences between samples of bacterial and fungal compositions were characterized by hierarchical clustering according to Bray-Curtis dissimilarity and R Cluster package (version 3.5.0). Linear discriminant analysis effect size (LEfSe) was applied to search for statistically different biomarkers within different types of composts between initial and final phases (Segata et al., 2011). To explore how the physicochemical properties of composts drive the bacterial and fungal metataxonomy, Spearman’s rank correlation and Redundancy analysis (RDA) were conducted. One-way and two-way analysis of variance (Duncan’s multiple range test) were used to compare mean differences between the treatments using SPSS v16.0. In all analyses, P value < 0.05 were considered as be statistically significant differences. 
RESULTS 
Physicochemical Properties of Composts
The average differences in composting temperatures were compared by using the integral of the temperature time series ‘accumulated temperature’. The accumulated temperatures of pig and chicken manure composts were on average the highest, followed by sheep and cattle manure composts (t5=-2.864, p=0.035, Student’ s t test, Supplementary Figure S1). Principal component analysis revealed a strong effect of manure types on the physicochemical compost properties at the initial and final phases of composting (R2=0.99, P=0.001, PERMANOVA test, Figure 1A). The first two principal components explained 54.8% (PC1) and 26.5% (PC2) of the total variation of the compost properties (Figure 1A). The PC was mainly explained by variation in EC (21.30%), C/N (18.75%) and pH (17.18%), while TC and NO3-N explained 41.16% and 29.55% of the variation on the second PC (Figure 1B). Higher pH, NO3-N, TC contents and C/N were found in sheep and cattle manure composts, while higher EC, NH4-N, TN and TP contents were observed in pig and chicken manure composts both at the initial and final phase of composting (Supplementary Table S1). The significant decreases in TN and TC contents were consistently observed during composting regardless of the manure origin (Supplementary Table S1), and the variation in TN and TC contents also correlated with the changes in the C/N ratio. Together, these results suggest that the physicochemical compost properties varied across the four types of manure composts, but sheep and cattle composts, and pig and chicken composts were more similar to each other. 
[image: ]
FIGURE 1| Principal component analysis of the physicochemical compost properties at the initial (open symbols) and final (filled symbols) phases of composting. In panel A, colors correspond to different types of manure used for composting. Panel B shows the contribution of each physiochemical property on the first two principal components in panel A that explained 81.3% of the total variation (54.8% and 26.5% for PC1 and PC2, respectively). Red dashed lines in panel B indicate the theoretical contribution of physicochemical properties. N=3 for each type of manure compost.
Diversity and Structure of Microbial Communities
[bookmark: OLE_LINK7]The Shannon diversity of bacterial and fungal communities declined during the composting overall (bacteria: F1,23=10.7, P=0.003; fungi: F1,23=29.1, P<0.001, Figure 2A, B). While the Shannon diversity varied between manure compost types, the diversity of sheep and cattle manure composts were significantly higher compared to pig and chicken manure composts at both composting phases (bacteria: F1,23=12.5, P=0.002; fungi: F1,23=6.07, P=0.022, Figure 2A, B). In case of bacterial communities, community structures differed significantly between the initial and final composting phases (R2=0.99, P=0.001, PERMANOVA, Figure 2C). Similar to the manure compost physicochemical properties, sheep and cattle composts, and pig and chicken composts had more similar bacterial communities both at the initial and final phases of composting, the similar pattern for pig and chicken manure composts (Supplementary Figure S2). Similar large shifts in fungal community composition were also observed during composting (R2=0.99, P=0.001, PERMANOVA, Figure 2D). Moreover, the sheep and cattle manure composts were relatively more similar to each other, while pig and chicken manure composts grouped into one cluster (Supplementary Figure S2). Our results showed that composting drove bacterial and fungal community assembly to two different directions: while composting made sheep and cattle, and pig and chicken compost bacterial communities more similar to each other, fungal communities showed similar paired clustering both at the initial and final phases of composting. 
  [image: ]
[bookmark: _Hlk45197974]FIGURE 2| Effect of composting on manure compost metataxonomy diversity and composition. Shannon diversity of bacterial (A) and fungal (B) communities. Bacterial (C) and fungal (D) community composition based on the principal coordinate analysis of unweighted UniFrac distance matrix. Colors correspond to different types of manure composts, and open and closed symbols represented initial and final phases of composting, respectively. N=3 for each type of manure composts.
Composition of Microbial Communities
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]In case of bacterial communities, Firmicutes, Proteobacteria and Bacteroidetes were the predominant phyla. However, their abundances varied depending on the manure compost type at the initial phase of composting, where they clustered to sheep-cattle and pig-chicken pairs based on phyla abundances. The relative abundance of Proteobacteria in sheep (43%) and cattle (41%) manure composts, while the abundance of Firmicutes was higher in pig (59%) and chicken (38%) manure composts (Figure 3A). Similar patterns were also found at the end of composting but big changes in the dominant taxa was observed. Chloroflexi increased in sheep (44%) and cattle (51%) manure composts and became the new predominant phylum replacing Proteobacteria. In contrast, Firmicutes retained and increased in their relative abundance in pig (77%) and (82%) chicken manure composts. Actinobacteria increased their relative abundance during composting in all manure compost treatments (Figure 3A). In case of fungal communities, Ascomycota phyla dominated in all manure compost treatments both at the initial and final composting phases; this was especially clear in pig and chicken manure composts with over 99% relative Ascomycota abundances at the final phase of composting (Figure 3B). 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]The microbial community profiles were more complex at the genera level. We also found that the sheep manure compost had a similar profile to the cattle manure compost. While, Pseudomonas was the predominant genus initially in both communities (18% and 21% for sheep and cattle manure composts, respectively), it was replaced by Anaerolineae SBR1031 during the composting (30% and 38% for sheep and cattle manure compost, respectively; Figure 3C). In contrast, bacterial genera profiles of pig and chicken manure composts differed initially, but showed a more similar pattern at the final phase. Specifically, Novibacillus (23%, 33%), Bacillus (15%, 15%) and Planifilum (11%, 10%) were the most common genera in these two types of manure composts (Figure 3C). The relative abundances of the fungal genera differed more between four manure compost treatment. While Aspergillus was present in all manure composts, its relative abundance in pig (53%) and chicken (27%) manure composts was significantly higher initially compared to two manure composts (Figure 3D). The relative abundance of Mycothermus was higher in sheep (14%) and cattle (21%) manure composts, while Melanocarpus dominated in pig (25%) and chicken (57%) manure composts at the final phase of composting (Figure 3D). To compared the indicator groups of bacteria and fungi in different manure composts, LEfSe analysis was conducted to identify the groups that displayed the significant differences among different composts (shown in cladogram in Supplementary Figure S3-4). It was found that, Pseudonocardiaceae of Actinobacteria was the main bacterial indicator in pig manure compost, while Aspergillaceae of Ascomycota fungi was notable fungal indicator in sheep manure compost at the end of composting. These results suggest that while clear metataxonomy clustering was observed at the phyla level, more variation between manure treatments were observed at lower taxonomic levels.

[image: ]
FIGURE 3| Effect of composting on manure compost metataxonomy at phyla and genera levels. The relative abundance of the dominant bacterial (A) and fungal (B) taxa at the phyla level in all manure compost treatments at the initial and final phases of the composting (based on OTUs of top 9 phyla). The relative abundance of the dominant bacterial (C) and fungal (D) taxa at the genera level (top 20 genera included). In all panels, colors correspond to relative abundance of different phyla or genera. N=3 for each type of manure compost.
Correlation Between Microbial Communities and Physiochemical properties 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]To investigate correlations between bacterial and fungal genera abundances with physicochemical properties of compost, a redundancy analysis (RDA) was conducted. We found that the first axes could explain 50.30% and 93.43% of the total variation of the bacterial genera abundances at the initial and final phase of composting (Figure 4A-B). In case of fungal communities, 46.71% and 69.14% of genera abundance variation was explained by the first two axes (Figure 4C-D). The Monte Carlo test was used to evaluate the impacts of physicochemical compost properties on microbial abundances. The EC, TN and TP content had positive, and TC content and C/N ratio had negative effects on both bacteria and fungi at the initial and final phases of composting (Figure 4A-D, Supplementary Table S2). In line with previous analyses, physiochemical compost properties had similar effects on bacterial and fungal communities of sheep and cattle manure composts on both axes. However, pig and chicken manure composts responded similarly only along the first axis and more separation was observed along with the second axis. We also explored the relationships between the dominant bacterial and fungal genera with physicochemical properties of composts (Figure 4E). The abundance of Pseudogracilibacillus was positively correlated with the temperature, EC and TP content, while the abundance of Flavobacterium was negatively correlated with these parameters at the initial composting phase. There were positive relationships between the abundance of four genera (Cerasibacillus, Planifilum, Bacillus and Novibacillus) and TN and TP contents at the final composting phase, which indicates that these bacteria caused or responded to changes in TN and TP contents. With fungal communities, the abundance of Petriella and Thermomuces were positively correlated with C/N ratio at the initial composting phase,while Mycothermus and Remersonia showed similar positive correlation at the final composting phase (Figure 4E). Together, these results suggest that the physiochemical manure compost properties strongly correlated with composition and assembly of bacterial and fungal communities during composting.
[image: ]
FIGURE 4| Correlations between physiochemical compost properties and microbial abundances based on redundancy analysis (RDA). Panels (A) and (B) show the relationship between bacterial and fungal genera with physicochemical composting properties (pH, EC, NH4-N, NO3-N, TC, TN, C/N and TP) at the initial and final phases of composting. Panels (C) and (D) show the same relationship between fungal genera and physicochemical compost properties. In panels (A-D), red vectors show the genera with >2% relative abundance, while blue vectors show compost physicochemical properties. Panle (E) shows Spearman correlation analysis between bacterial and fungal genera and compost physicochemical properties, where r > 0 denotes for positive correlations (red) and r < 0 for negative correlation s (blue); *, ** and *** denote for P values lower than 0.05, 0.01 and 0.001, respectively. N=3 for each type of manure compost.
DISCUSSION 
In this study, we investigated the link between the type of livestock manure, physiochemical compost properties and microbial community composition and assembly. We expected that microbial communities should cluster according the feeding habits of animals. In support for this, we found that both physical compost properties and microbial communities clustered closely depending if the manure originated from herbivores (sheep and cattle) or omnivores (pig and chicken). While clear reduction in bacterial and fungal diversity, and drastic changes in community composition, were observed during composting, microbial communities still retained clustering based on animal feeding habitats. Together, our results suggest that the type of manure used in composting raw materials is strongly linked with both physicochemical compost properties and microbial community composition and assembly during composting. 
Based on our analysis, the physicochemical properties of different livestock manure composts clustered into two groups: herbivores (sheep and cattle) and and omnivores (pig and chicken). As most nutrients ingested by animals are excreted into feces (Yano et al., 1999), the physicochemical properties of manure used in composting raw materials can reflect the feeding habits of livestock. Asa result, observed differences were likely due to the animal dietary as herbivores consume more crude fiber in roughage-based diets, while omnivores have more crude proteins in their diets (Chen et al., 2019). The higher content of TN in pig and chicken manure composts was likely due to high protein contents in their feed (Chen et al., 2019), while higher TC contents and C/N ratios observed in sheep and cattle manure composts could be indicative of the presence of cellulose substances or unutilized complex nitrogen substrates in their feed (Pan et al., 2012). Relative higher TP content in pig and chicken manures was likely due to high phosphorus contents present in commercial feed to meet poultry’s phosphorus requirements (Yano et al., 1999;Sharpley and Moyer, 2000), while phosphorus contents were lower in herbivore manure composts. Animal feeding habits thus clearly affected the physicochemical properties of manure composts. Interestingly, while clear changes were observed during the composting, manure compost treatments still clustered according to herbivory and omnivory at the final phase of composting. This suggest that initial physicochemical differences between manure composts can persist throughout the composting. 
 Similar to physicochemical composting properties, bacterial and fungal metataxonomy clustered to two groups based on animal diets: herbivores (sheep and cattle) and omnivores (pig and chicken). Previous studies have showed that the differences in diets can affect the gut microbiome composition (Carmody et al., 2015;Hussein et al., 2017;Chen et al., 2019), possibly resulting in different composition of microbial communities in the manure of herbivores and omnivores. While microbial diversity decreased during composting, sheep and cattle manure compost retained significantly higher bacterial and fungal diversity compared to pig and chicken manure composts. These results are consistent with previous studies found that fecal microbiota of herbivores had a higher microbial diversity compared to omnivores and carnivores (Ley et al., 2008). Our analyses also revealed that the composition of both bacterial and fungal communities shifted considerably during composting in all manure compost treatments. However paired clustering between herbivores (sheep and cattle) and omnivores (pig and chicken) was retained based on Bray-Curtis distances. Our data thus suggests that relative initial differences in manure compost community composition remained similar throughout the composting, and that selection by the composting conditions (Villar et al., 2016) was not strong enough to drive converging of different manure compost communities.
Sheep and cattle manure composts were initially dominated by Proteobacteria that encompass a huge morphological and physiological diversity, playing a critical role in the global cycles of carbon, nitrogen and sulfur (Spain et al., 2009). Interestingly, Chlorofexi became the most dominant phyla in these communities, which suggest that they had selective advantage over Proteobacteria during composting. In contrast, Firmicutes initially predominated in pig and chicken manure composts and increased in their relative abundance during composting. This could be explained by ability to form endospores that can help Firmicutes to survive high temperatures and harsh environment, which has also been shown in previous studies (Hartmann et al., 2014;Bello et al., 2020). At the genera level, bacterial community profiles in pig and chicken manure composts differed initially but converged towards the final phase of composting. This suggest that also the composting conditions were important in determining bacterial community assembly. 
In case of fungi, Ascomycota dominated in all manure treatments during the whole composting process, which is in line with previous reports (Zhang et al., 2015;Akyol et al., 2019). One explanation for this is that Ascomycota can secrete a variety of cellulase and hemicellulase enzymes and hence can easily grow during composting by degrading organic materials available (Singh et al., 2003;Meng et al., 2019). The relative abundance of other two phyla, Mucoromycota and Basidiomycota, was initially higher in herbivore compared to omnivore manure composts and they both have been shown to play a vital role in decomposition of organic matter (Li et al., 2020) and straw residue (Ma et al., 2013). However, it is unclear why they were replaced by other species by the final phase of composting. At the genera level, Aspergillus dominated in pig and chicken manure composts initially. This could have been due to their innate ability to resist to bactericidal antibiotics, which are typically observed at high concentrations in pig and chicken manure (Liu et al., 2016). At the final composting phase, the relative abundance of Mycothermus was higher in sheep and cattle manure composts, while Melanocarpus dominated in pig and chicken manure composts. Mycothermus, a thermophilic genus, was reported can produce amylases, cellulases, lipases and xylanases(Aquino et al., 2003;Basotra et al., 2016), while Melanocarpus is able to produce alkaline active thermostable xylanases (Saraswat and Bisaria, 1997) that are important for degrading cellulose and hemicelluloses. Their ability to drive composting process thus likely explain increase in their relative abundances. Moreover, the four types of fermented manure composts which were dominated by different microbiota can be used as microbial inoculant to regulate the soil microbial community that promoting crop growth or stress resistance.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK22][bookmark: OLE_LINK27][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Previous research has reported that the bacterial and fungal communities are influenced by various physiochemical properties of composts (Duan et al., 2019). In our study, RDA analysis revealed that both the compositions of bacterial and fungal communities were significantly affected by NH4-N and TP contents, suggesting that compost metataxonomy were involved in the nitrogen and phosphorus metabolism. Pearson correlation showed that the abundance of Ignatzschineria and Aspergillus were positively correlated with NH4-N content, while Cerasibacillus, Bacillus and Novibacillus positively correlated with TP content. Ignatzschineria, a Gram-negative genus, has been found in aerobic composts (Wang et al., 2017), but its function in the microbial community remains unclear. The success of Aspergillus could be due to its ability to utilize a huge range of nitrogen sources (Krappmann and Braus, 2005), while Cerasibacillus, Bacillus and Novibacillus were possibly involved in the biodegradation of organic matters during composting (Wang et al., 2020) and potential P solubilization and mobilization via release of carboxylates (Arif et al., 2017;Saeid et al., 2018). These results indicated that both bacteria and fungi were sensitive to the changes of physiochemical properties of composts. 
CONCLUSIONS
The diversity and composition of bacterial and fungal communities before and after composting were distinct and clustered into two groups based on animal feeding habits: herbivores (sheep and cattle) and omnivores (pig and chicken) manure composts. Despite identical composting conditions, relative differences in community composition did not change much between different manure treatments. Furthermore, the shifts in both bacterial and fungal communities were closely related to physicochemical changes in compost properties, which could be mainly attributed to TN and TC contents of manure composts. Together, our results suggest that the initial physicochemical and biological properties of manure can predict the compost metataxonomy composition and assembly, potentially affecting the composting process efficacy and outcome. This study offers a new insight on how livestock manures with different physiochemical and microbiological properties could potentially be used steer and manage composting process and outcome on an industrial scale.

AUTHOR CONTRIBUTIONS
Y.C. Xu and Z. Wei designed the experiments, J.X. Wan conducted the experiment, X.F. Wang and T.J. Yang conducted the data analysis and wrote the manuscript with Z. Wei, S. Banerjee and V.P. Friman. All authors read and approved the final manuscript.
FUNDING
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]This work was supported by the National Key Technologies R&D Program of China (2017YFD0800200). Ville-Petri Friman is funded by the Royal Society (grant nos. RSG\R1\180213 and CHL\R1\180031) and jointly by a grant from UKRI, Defra, and the Scottish Government, under the Strategic Priorities Fund Plant Bacterial Diseases programme (BB/T010606/1) at the University of York.
ACKNOWLEDGMENTS
We would like to thank all persons in our lab for offering the experimental help.
SUPPLEMENTARY MATERIAL
Supplementary data of this work can be found in the online version of the paper.

REFERENCE
Akyol, C., Ince, O., and Ince, B. (2019). Crop-based composting of lignocellulosic digestates: Focus on bacterial and fungal diversity. Bioresource Technology 288. doi: 10.1016/j.biortech.2019.121549
Aquino, A.C.M.M., Jorge, J.A., Terenzi, H.F., and Polizeli, M.L.T.M. (2003). Studies on a thermostable alpha-amylase from the thermophilic fungus Scytalidium thermophilum. Applied Microbiology and Biotechnology 61, 323-328. doi: 10.1007/s00253-003-1290-y
Arif, M.S., Riaz, M., Shahzad, S.M., Yasmeen, T., Ali, S., and Akhtar, M.J. (2017). Phosphorus-mobilizing rhizobacterial strain Bacillus cereus GS6 improves symbiotic efficiency of soybean on an aridisol amended with phosphorus-enriched compost. Pedosphere 27, 1049-1061. doi: 10.1016/S1002-0160(17)60366-7
Awasthi, M.K., Chen, H.Y., Liu, T., Awasthi, S.K., Wang, Q., Ren, X.N., Duan, Y.M., and Zhang, Z.Q. (2019). Respond of clay amendment in chicken manure composts to understand the antibiotic resistant bacterial diversity and its correlation with physicochemical parameters. Journal of Cleaner Production 236. doi: 10.1016/j.jclepro.2019.117715
Awasthi, M.K., Zhang, Z.Q., Wang, Q., Shen, F., Li, R.H., Li, D.S., Ren, X.N., Wang, M.J., Chen, H.Y., and Zhao, J.C. (2017). New insight with the effects of biochar amendment on bacterial diversity as indicators of biomarkers support the thermophilic phase during sewage sludge composting. Bioresource Technology 238, 589-601. doi: 10.1016/j.biortech.2017.04.100
Basotra, N., Kaur, B., Di Falco, M., Tsang, A., and Chadha, B.S. (2016). Mycothermus thermophilus (Syn. Scytalidium thermophilum): Repertoire of a diverse array of efficient cellulases and hemicellulases in the secretome revealed. Bioresource Technology 222, 413-421. doi: 10.1016/j.biortech.2016.10.018
Bello, A., Han, Y., Zhu, H., Deng, L., Yang, W., Meng, Q., Sun, Y., Egbeagu, U.U., Sheng, S., Wu, X., Jiang, X., and Xu, X. (2020). Microbial community composition, co-occurrence network pattern and nitrogen transformation genera response to biochar addition in cattle manure-maize straw composting. Sci Total Environ 721, 137759. doi: 10.1016/j.scitotenv.2020.137759
Bernal, M.P., Alburquerque, J.A., and Moral, R. (2009). Composting of animal manures and chemical criteria for compost maturity assessment. A review. Bioresource Technology 100, 5444-5453. doi: 10.1016/j.biortech.2008.11.027
Caporaso, J.G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F.D., Costello, E.K., Fierer, N., Pena, A.G., Goodrich, J.K., Gordon, J.I., Huttley, G.A., Kelley, S.T., Knights, D., Koenig, J.E., Ley, R.E., Lozupone, C.A., Mcdonald, D., Muegge, B.D., Pirrung, M., Reeder, J., Sevinsky, J.R., Tumbaugh, P.J., Walters, W.A., Widmann, J., Yatsunenko, T., Zaneveld, J., and Knight, R. (2010). QIIME allows analysis of high-throughput community sequencing data. Nature Methods 7, 335-336. doi: 10.1038/nmeth.f.303
Cardenas, E., Wu, W.M., Leigh, M.B., Carley, J., Carroll, S., Gentry, T., Luo, J., Watson, D., Gu, B.H., Ginder-Vogel, M., Kitanidis, P.K., Jardine, P.M., Zhou, J.Z., Criddle, C.S., Marsh, T.L., and Tiedje, J.M. (2010). Significant association between sulfate-reducing bacteria and uranium-reducing microbial communities as revealed by a combined massively parallel sequencing-indicator species approach. Applied and Environmental Microbiology 76, 6778-6786. doi: 10.1128/Aem.01097-10
Carmody, R.N., Gerber, G.K., Luevano, J.M., Gatti, D.M., Somes, L., Svenson, K.L., and Turnbaugh, P.J. (2015). Diet dominates host genotype in shaping the murine gut microbiota. Cell Host & Microbe 17, 72-84. doi: 10.1016/j.chom.2014.11.010
Chen, X.M., Liu, R., Hao, J.K., Li, D., Wei, Z.M., Teng, R.N., and Sun, B.L. (2019). Protein and carbohydrate drive microbial responses in diverse ways during different animal manures composting. Bioresource Technology 271, 482-486. doi: 10.1016/j.biortech.2018.09.096
Chibisa, G., Beauchemin, K., and Penner, G.J.A. (2016). Relative contribution of ruminal buffering systems to pH regulation in feedlot cattle fed either low-or high-forage diets. Animal 10, 1164-1172. doi: 10.1017/S1751731115002888
Cui, P., Chen, Z., Zhao, Q., Yu, Z., Yi, Z.G., Liao, H.P., and Zhou, S.G. (2019). Hyperthermophilic composting significantly decreases N2O emissions by regulating N2O-related functional genes. Bioresource Technology 272, 433-441. doi: 10.1016/j.biortech.2018.10.044
De Gannes, V., Eudoxie, G., and Hickey, W.J. (2013). Prokaryotic successions and diversity in composts as revealed by 454-pyrosequencing. Bioresource Technology 133, 573-580. doi: 10.1016/j.biortech.2013.01.138
Duan, Y.M., Awasthi, S.K., Chen, H.Y., Liu, T., Zhang, Z.Q., Zhang, L.S., Awasthi, M.K., and Taherzadeh, M.J. (2019). Evaluating the impact of bamboo biochar on the fungal community succession during chicken manure composting. Bioresource Technology 272, 308-314. doi: 10.1016/j.biortech.2018.10.045
Gardes, M., and Bruns, T.D. (1993). Its primers with enhanced specificity for Basidiomycetes - application to the identification of mycorrhizae and rusts. Molecular Ecology 2, 113-118. doi: 10.1111/j.1365-294X.1993.tb00005.x
Hartmann, M., Niklaus, P.A., Zimmermann, S., Schmutz, S., Kremer, J., Abarenkov, K., Luscher, P., Widmer, F., and Frey, B. (2014). Resistance and resilience of the forest soil microbiome to logging-associated compaction. ISME J 8, 226-244. doi: 10.1038/ismej.2013.141
Hussein, M., Pillai, V.V., Goddard, J.M., Park, H.G., Kothapalli, K.S., Ross, D.A., Ketterings, Q.M., Brenna, J.T., Milstein, M.B., Marquis, H., Johnson, P.A., Nyrop, J.P., and Selvaraj, V. (2017). Sustainable production of housefly (Musca domestica) larvae as a protein-rich feed ingredient by utilizing cattle manure. Plos One 12. doi: 10.1371/journal.pone.0171708
Jain, A., Nandakumar, K., and Ross, A. (2005). Score normalization in multimodal biometric systems. Pattern Recognition 38, 2270-2285. doi: 10.1016/j.patcog.2005.01.012
Jiang, Z.W., Lu, Y.Y., Xu, J.Q., Li, M.Q., Shan, G.C., and Li, Q.L. (2019). Exploring the characteristics of dissolved organic matter and succession of bacterial community during composting. Bioresource Technology 292. doi: 10.1016/j.biortech.2019.121942
Krappmann, S., and Braus, G.H. (2005). Nitrogen metabolism of Aspergillus and its role in pathogenicity. Medical Mycology 43, S31-S40. doi: 10.1080/13693780400024271
Lei, F., and Vandergheynst, J.S. (2000). The effect of microbial inoculation and pH on microbial community structure changes during composting. Process Biochemistry 35, 923-929. doi: 10.1016/S0032-9592(99)00155-7
Ley, R.E., Hamady, M., Lozupone, C., Turnbaugh, P.J., Ramey, R.R., Bircher, J.S., Schlegel, M.L., Tucker, T.A., Schrenzel, M.D., Knight, R., and Gordon, J.I. (2008). Evolution of mammals and their gut microbes. Science 320, 1647-1651. doi: 10.1126/science.1155725
Li, J., Bao, H.Y., Xing, W.J., Yang, J., Liu, R.F., Wang, X., Lv, L.H., Tong, X.G., and Wu, F.Y. (2020). Succession of fungal dynamics and their influence on physicochemical parameters during pig manure composting employing with pine leaf biochar. Bioresource Technology 297. doi: 10.1016/j.biortech.2019.122377
Liu, Y.W., Chang, H.Q., Li, Z.J., Zhang, C., Feng, Y., and Cheng, D.M. (2016). Gentamicin removal in submerged fermentation using the novel fungal strain Aspergillus terreus FZC3. Scientific Reports 6. doi: 10.1038/srep35856
Lopez-Gonzalez, J.A., Suarez-Estrella, F., Vargas-Garcia, M.C., Lopez, M.J., Jurado, M.M., and Moreno, J. (2015). Dynamics of bacterial microbiota during lignocellulosic waste composting: Studies upon its structure, functionality and biodiversity. Bioresource Technology 175, 406-416. doi: 10.1016/j.biortech.2014.10.123
Lozupone, C., and Knight, R. (2005). UniFrac: a new phylogenetic method for comparing microbial communities. Appl Environ Microbiol 71, 8228-8235. doi: 10.1128/AEM.71.12.8228-8235.2005
Ma, A.Z., Zhuang, X.L., Wu, J.M., Cui, M.M., Lv, D., Liu, C.Z., and Zhuang, G.Q. (2013). Ascomycota members dominate fungal communities during straw residue decomposition in arable Soil. Plos One 8. doi: 10.1371/journal.pone.0066146
Macdonald, C.A., Clark, I.M., Zhao, F.-J., Hirsch, P.R., Singh, B.K., and Mcgrath, S.P. (2011). Long-term impacts of zinc and copper enriched sewage sludge additions on bacterial, archaeal and fungal communities in arable and grassland soils. Soil Biology and Biochemistry 43, 932-941. doi: 10.1016/j.soilbio.2011.01.004
Margesin, R., Płaza, G.A., and Kasenbacher, S. (2011). Characterization of bacterial communities at heavy-metal-contaminated sites. Chemosphere 82, 1583-1588. doi: 10.1016/j.chemosphere.2010.11.056
Meng, Q.X., Yang, W., Men, M.Q., Bello, A., Xu, X.H., Xu, B.S., Deng, L.T., Jiang, X., Sheng, S.Y., Wu, X.T., Han, Y., and Zhu, H.F. (2019). Microbial community succession and response to environmental variables during cow manure and corn straw composting. Frontiers in Microbiology 10. doi: 10.3389/fmicb.2019.00529
Nakasaki, K., Nag, K., and Karita, S. (2005). Microbial succession associated with organic matter decomposition during thermophilic composting of organic waste. Waste Management & Research 23, 48-56. doi: 10.1177/0734242x05049771
Neher, D.A., Weicht, T.R., Bates, S.T., Leff, J.W., and Fierer, N. (2013). Changes in bacterial and fungal communities across compost recipes, preparation methods, and composting times. Plos One 8. doi: 10.1371/journal.pone.0079512
Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O’hara, R., Simpson, G.L., Solymos, P., Stevens, M., and Wagner, H. (2013). Vegan: community ecology package version 2.0-2. R package 
Pan, I., Dam, B., and Sen, S.K. (2012). Composting of common organic wastes using microbial inoculants. 3 Biotech 2, 127-134. doi: 10.1007/s13205-011-0033-5
Rastogi, M., Nandal, M., and Khosla, B. (2020). Microbes as vital additives for solid waste composting. Heliyon 6, e03343. doi: 10.1016/j.heliyon.2020.e03343
Richard, T.L., Hamelers, H., Veeken, A., Silva, T., and Utilization (2002). Moisture relationships in composting processes. Compost Science & Utilization 10, 286-302. doi: 10.1080/1065657X.2002.10702093
Ryckeboer, J., Mergaert, J., Vaes, K., Klammer, S., De Clercq, D., Coosemans, J., Insam, H., and Swings, J. (2003). A survey of bacteria and fungi occurring during composting and self-heating processes. Annals of microbiology 53, 349-410
Saeid, A., Prochownik, E., and Dobrowolska-Iwanek, J. (2018). Phosphorus solubilization by Bacillus Species. Molecules 23. doi: 10.3390/molecules23112897
Sapkota, A.R., Lefferts, L.Y., Mckenzie, S., and Walker, P. (2007). What do we feed to food-production animals? A review of animal feed ingredients and their potential impacts on human health. Environmental Health Perspectives 115, 663-670. doi: 10.1289/ehp.9760
Saraswat, V., and Bisaria, V.S. (1997). Biosynthesis of xylanolytic and xylan-debranching enzymes in Melanocarpus albomyces IIS 68. Journal of Fermentation and Bioengineering 83, 352-357. doi: Doi 10.1016/S0922-338x(97)80141-9
Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W.S., and Huttenhower, C. (2011). Metagenomic biomarker discovery and explanation. Genome Biology 12. doi: 10.1186/gb-2011-12-6-r60
Sharpley, A., and Moyer, B. (2000). Phosphorus forms in manure and compost and their release during simulated rainfall. Journal of Environmental Quality 29, 1462-1469. doi: DOI 10.2134/jeq2000.00472425002900050012x
Singh, S., Madlala, A.M., and Prior, B.A. (2003). Thermomyces lanuginosus: properties of strains and their hemicellulases. Fems Microbiology Reviews 27, 3-16. doi: 10.1016/S0168-6445(03)00018-4
Spain, A.M., Krumholz, L.R., and Elshahed, M.S. (2009). Abundance, composition, diversity and novelty of soil Proteobacteria. Isme Journal 3, 992-1000. doi: 10.1038/ismej.2009.43
Sun, B., Zhang, L., Yang, L., Zhang, F., Norse, D., and Zhu, Z. (2012). Agricultural non-point source pollution in China: causes and mitigation measures. Ambio 41, 370-379. doi: 10.1007/s13280-012-0249-6
Tang, J.C., Shibata, A., Zhou, Q.X., and Katayama, A. (2007). Effect of temperature on reaction rate and microbial community in composting of cattle manure with rice straw. Journal of Bioscience and Bioengineering 104, 321-328. doi: 10.1263/jbb.104.321
Villar, I., Alves, D., Garrido, J., and Mato, S. (2016). Evolution of microbial dynamics during the maturation phase of the composting of different types of waste. Waste Management 54, 83-92. doi: 10.1016/j.wasman.2016.05.011
Wang, K., Chu, C., Li, X.K., Wang, W., and Ren, N.Q. (2018a). Succession of bacterial community function in cow manure composing. Bioresource Technology 267, 63-70. doi: 10.1016/j.biortech.2018.06.028
Wang, K., Mao, H.L., Wang, Z., and Tian, Y. (2018b). Succession of organics metabolic function of bacterial community in swine manure composting. Journal of Hazardous Materials 360, 471-480. doi: 10.1016/j.jhazmat.2018.08.032
Wang, X.L., Cao, A.X., Zhao, G.Z., Zhou, C.B., and Xu, R. (2017). Microbial community structure and diversity in a municipal solid waste landfill. Waste Management 66, 79-87. doi: 10.1016/j.wasman.2017.04.023
Wang, X.Q., Cui, H.Y., Shi, J.H., Zhao, X.Y., Zhao, Y., and Wei, Z.M. (2015). Relationship between bacterial diversity and environmental parameters during composting of different raw materials. Bioresource Technology 198, 395-402. doi: 10.1016/j.biortech.2015.09.041
Wang, Y., Gong, J.Y., Li, J.X., Xin, Y.Y., Hao, Z.Y., Chen, C., Li, H.X., Wang, B., Ding, M., Li, W.W., Zhang, Z.Y., Xu, P.X., Xu, T., Ding, G.C., and Li, J. (2020). Insights into bacterial diversity in compost: Core microbiome and prevalence of potential pathogenic bacteria. Science of the Total Environment 718. doi: 10.1016/j.scitotenv.2020.137304
White, T.J., Bruns, T., Lee, S., Taylor, J., and Applications (1990). Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. PCR protocols: a guide to methods 18, 315-322
Wilder, S.M., Le Couteur, D.G., and Simpson, S.J. (2013). Diet mediates the relationship between longevity and reproduction in mammals. Age 35, 921-927. doi: 10.1007/s11357-011-9380-8
Xi, B.D., He, X.S., Dang, Q.L., Yang, T.X., Li, M.X., Wang, X.W., Li, D., and Tang, J. (2015). Effect of multi-stage inoculation on the bacterial and fungal community structure during organic municipal solid wastes composting. Bioresource Technology 196, 399-405. doi: 10.1016/j.biortech.2015.07.069
Yamamoto, N., and Nakai, Y. (2019). "Microbial community dynamics during the composting process of animal manure as analyzed by molecular biological methods," in Understanding Terrestrial Microbial Communities. Springer), 151-172.
Yano, F., Nakajima, T., and Matsuda, M. (1999). Reduction of nitrogen and phosphorus from livestock waste: A major priority for intensive animal production - Review. Asian-Australasian Journal of Animal Sciences 12, 651-656. doi: DOI 10.5713/ajas.1999.651
Zhang, J.C., Zeng, G.M., Chen, Y.N., Yu, M., Yu, Z., Li, H., Yu, Y., and Huang, H.L. (2011). Effects of physico-chemical parameters on the bacterial and fungal communities during agricultural waste composting. Bioresource Technology 102, 2950-2956. doi: 10.1016/j.biortech.2010.11.089
Zhang, L.L., Ma, H.X., Zhang, H.Q., Xun, L.Y., Chen, G.J., and Wang, L.S. (2015). Thermomyces lanuginosus is the dominant fungus in maize straw composts. Bioresource Technology 197, 266-275. doi: 10.1016/j.biortech.2015.08.089
Zhang, Z.J., Wang, H., Zhu, J., Suneethi, S., and Zheng, J.G. (2012). Swine manure vermicomposting via housefly larvae (Musca domestica): The dynamics of biochemical and microbial features. Bioresource Technology 118, 563-571. doi: 10.1016/j.biortech.2012.05.048

image1.png
PCA1

m

o
N

O Initial

(

@ Final

n o u o

%) Od OM} 1sJ1}

I Cattle
A\ Chicken

< Pig

@ Sheep

o

g 8
0] suolinguuo)d

N-*ON
N-"HN

cal properties

=

e

e

Physicoc

)

PC1 (54.8%




image2.png
A B
. Sheep . Pig . Sheep . Pig
2 Cattle Chicken Cattle Chicken
@ 55 u u 2 40f g u u
T 2 by,
550 B
S0 0 To
£2 22
2545 b ¢ Sc30 A
€< A E2
Sk B €c C
Sc40 g 825
T8 d C =) B .
§ 35 D 2 20 D
o o
3.0 15
Initial . _Final Initial Final
Composting period Composting period
C Bacterial community D Fungal community
<> O Initial O Initial
[m} A @ Final & O @ Final
@ Sheej @ Sheey
O m cmuep 0.2 -] Csnlep
4 O Pig QP
;\?0'2 A Chicken| § A\ Chicken|
) ™
N 0.04 N
3 3
: 2
a a 02 ®
-0.2-
‘ -0.4
] =
T T T T T T T T
-0.25 0.00 0.25 0.50 -0.25 0.00 0.25 0.50
PCOA1(30.3%) PCOA1(28.8%)




image3.png
Relative abundance of bacteria

Relative abundance of bacteria

at phyla level (%)

A Initial Final B Initial Final
100 : — 100] :
: = :
H = :
: S :
H s '
75 H B R 75 :
H 8= '
: cg :
H S :
50{ : g o 5] ;
H 222 !
: © 5 :
: Q= :
25 | 2 © 251 :
: © :
H ] |
: 4 :
o ! 01 i
Sheep Carte Pig Chicken Sheep Cattl_Fig Chicken Sheep Catlle Pig Chicken Shacp Catlle g Chicken
Treatment Treatment
Fimicutes rcinobacieia Jrcdobactaria rscomyeota  [Jlfcryvicomycoia
Protecbacieia [ Gammatimonactes [ Ower [Mucoromycota [l siastocadomycota
[Chiorofiexi [Deinococcus-Thermus. |Basigiomycota [I] Uncissified
acierotois [Jfronorcutes
C___Initial Final D Initial Final

100

at genera level (%)

3

g

»
&

Relative abundance of fungi

100

at genera level (%)

75

25

‘Sheep Catlle Pig ChickenSheep Cattle Pig Chicken

Treatment
Others. M Cerssivaciius |1 Ignatzschineria
Sinbacilus Pssudograciibacilus
Oceancticilus  Actnomarinales
S0t tomestrial [ Mohabacter
Pusilimonas. 1 Clostridium

Anserolineaceae  Sporosarcina
Saccharomonospora il Plaifium

‘Sheep Caille Pig ChickenSheep Catlle Pig Chicken

Treatment
Motes [l Tehuus [ Remersonia
Heydoria - Thilava

Trichoderma  Scodosporium|
Potrislopss (1] Petiala
 Arthrobotrys [ Mycothermus [l Melanocarpus.
1 Peniciom  Thermomyces [ Unciassifed
Mortreta [ Acauium





image4.png
Bacteria-Final

E EC pH NOs NH« TN TC C/N TP

Pusillimonas

0.4

0.3+ Pseudogracilibacillus

Moheibacter
Clostridium sensu,
stricto

Sporosarcina:

o
=3

0.0

o

Ignatzschineria

Flavobacterium:

RDA2(30.57%)
RDA2 (4.48%)

!
I
~

-0.34 Pseudomonas
Cerasibacillus

Planifilum

Bacillus

0.0 05 10 -10 -05 0.0 05 10
RDA1(50.25%) RDAT1 (93.42%)

C Fungi-Initial D Fungi-Final

K Petriella
054 7 A
Thermomyces

Novibacillus

pug-euseg

Trichurus

N Acaulium

leniuj-1bung

Scopulariopsis

Mycothermus

o
=3

Thermomyces Aspergillus

Mycothermus
Thermomyces

e
=)

CIN

CIN

Remersonia

RDA2 (31.95%)
RDA2 (18.72%)

!
o
o

—-0.51 Talaromyces

soofwoutidul
pu3-ibung

Acremonium

Melanocarpus:

NOs-N

NH+N

-1.0 -0.5 1.0 -1.0 -0.5

0.0 0.5 . 0.0 05
RDA1 (46.69%) RDA1 (69.12%) R value
O Initial @ Final @ Sheep M Cattle € Pig A\ Chicken




