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Abstract

:

Soil erosion results in dissolved organic matter (DOM) loss and is one of the main paths of soil carbon loss. Bacteria affect the generation and transformation of DOM. However, the effect of bacteria on the composition and slope distribution of DOM has rarely been investigated under field conditions. Based on a long-term experiment of three gradients (3°, 5°, 8°) in a black soil erosion area of Northeast China, the content, composition, and source of DOM were studied. The results showed that the DOM of the 3° and 5° slope was enriched midslope, and the DOM of the 8° slope was enriched downslope. Parallel factor (PARAFAC) analysis indicated that the main substances in DOM were fulvic-like acid, humic-like acid, tryptophan-like protein, and soluble microbial metabolites. The upslope and downslope soils of 3° and 5° slopes showed high DOM bioavailability, while the downslope soil of the 8° slope showed high DOM bioavailability. The content of new DOM in downslope soil increased with the gradient. Bacteria played an important role in the synthesis and transformation of DOM and affected its composition and slope distribution. Verrucomicrobiota, Firmicutes, Planctomycetota, and Gemmatimonadota were the main factors affecting soil DOM. The results could be helpful in understanding the loss mechanism of DOM in eroded black soil and provide support for soil carbon sequestration.
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1. Introduction


Black soils are rich in organic matter and are precious soil resources worldwide. The black soils in Northeast China are one of the four major black lands in the world. However, the erosion area of black soil in Northeast China accounts for over 20% of the total black soil area. The erosion area of sloping farmland accounts for 46% of the total erosion area of black soil in northeast China [1]. Erosion leads to substantial soil carbon loss, resulting in soil degradation [2]. Although dissolved organic matter (DOM) accounts for only a small part of soil organic carbon (SOC), the migration of DOM driven by water erosion is one of the main pathways of SOC loss due to its mobility and dissolvability [3]. Erosion changes the spatial distribution of soil DOM and further dramatically influences soil carbon pool storage [4]. Moreover, the selective adsorption of soil minerals and clay particles to DOM alters DOM composition in the process of erosion, and DOM composition exerts an important influence on SOC stability [5,6]. It has been suggested that protein components in DOM enhance the availability of SOC, while the enrichment of humus-like components in DOM limits the rate of SOC mineralization [7]. The slope gradient is a major factor affecting black soil erosion [8]; the slope gradient and slope position have interactive effects on SOC storage [9]. However, how the slope gradient affects the distribution of soil DOM in different slope positions remains poorly understood.



DOM is the main carbon source of microorganisms, with more than 85.2% of its components being utilized by microorganisms [10]. Soil microorganisms are also an important driving force in DOM formation and transformation [11]. Previous studies have found that bacteria dominate the transformation of DOM [12,13]. Bacteria can convert high-molecular-weight DOM into low-molecular-weight DOM, thereby changing the structural complexity of DOM [14,15]. Bacterial communities with different functions also change the transformation progress of DOM [16]. A previous study found that Proteobacteria and Firmicutes triggered the conversion of the humus-like acid into fulvic-like acid in sediment DOM and then degraded into protein-like substances and soluble microbial metabolites [17]. The humus-like acid and other complex components in DOM can be degraded by Chloroflexi and Bacteroidota [18,19]. Therefore, understanding the relationship between the composition and distribution of DOM and the bacterial community structure can provide insights into the biogeochemistry cycle of DOM in eroded landscapes.



In this study, based on 8-year long-term experiments in eroded black soil in Northeast China, we revealed the distribution characteristics of DOM and identified the interaction between DOM molecular composition and bacterial communities of different slope gradients. Three-dimensional excitation–emission matrix (3D–EEM) spectroscopy technology and parallel-factor (PARAFAC) analysis were used to explore the component information and source of DOM. High-throughput sequencing was used to analyze soil bacterial communities. We hypothesized that (1) erosion would change the distribution characteristics of both DOM content and DOM composition, and these changes induced by erosion would be regulated by slope gradients; and (2) there is a corresponding relationship between bacterial communities and DOM components, with the slope difference of bacterial community compositions and abundance affecting the distribution of DOM.




2. Materials and Methods


2.1. Study Area and Experimental Plot Setup


The study was carried out at a long-term monitoring test station for black soil erosion and cultivated land quality, which was established in 2012 in Keshan County (47°43′–48°18′ N, 126°01′–126°41′ E), Qiqihar City, Heilongjiang Province, China. In the 1°–8°erosion slope gradients, which are the most widely distributed black-soil, cultivated land in Northeast China [20], three gradients (3°, 5°, and 8°) were selected as the experimental setting. Each slope gradient was in a randomized block design with three replications, and the size of each plot was 5 × 20 m. All plots were longitudinal ridge slopes, and the crop system was soybean continuous cropping (one crop per year). Soybeans were planted in early May and harvested in early October each year. The aboveground straw residues were removed after harvest. Chemical fertilizer was applied as basal fertilizer, and each plot was applied with the same amount: 38 kg·hm−2 of urea, 150 kg·hm−2 of diammonium phosphate, and 60 kg·hm−2 of potassium sulfate.




2.2. Sample Collection


Soil samples were collected after soybean harvesting (10 October 2020). Each plot was divided into three slope positions: upslope, midslope, and downslope. Composite samples were obtained by mixing five topsoil subsamples (0–20 cm) from the same position of the same slope gradient. Each soil sample was divided into two subsamples after removing plant residues and stones: (1) soil samples that were air-dried, ground, and screened through a 2 mm sieve before soil DOM extraction [21]; and (2) fresh soil samples that were screened through a 2 mm sieve and stored at −80 °C before microbial sequencing. All analyses were conducted in triplicate.




2.3. DOM Extraction


DOM was extracted following the method described by Jiang et al. [21] and Tang et al. [22]. A total of 3 g of soil samples was mixed with 30 mL of Milli-Q water and then shaken on a horizontal shaking device (180 rpm) for 24 h at 25 °C. The suspension was centrifuged at 4000× g for 20 min and filtered through 0.45 μm filters to isolate the DOM.




2.4. UV–Visible Spectrum Determination


DOM samples were scanned using a UV–visible spectrophotometer (T6, Purkinje, Beijing, China) with 10 mm quartz cell in the scanning wavelength ranging from 200 nm to 700 nm. Milli-Q water was used as a blank. Specific UV–Vis absorbance at 254 nm (SUVA254) was the ratio of UV absorbance at 254 nm to DOC concentration [22]. SUVA254 is used to indicate the carbon content of aromatics. It is directly proportional to the molecular weight of DOM, aromatic carbon content, and aromatization degree [23].




2.5. Fluorescence Spectrum Determination and Analysis


DOM concentration was characterized by DOC and determined using a TOC analyzer (multi N/C3100, Analytikjena, Jena, Germany). The DOC concentration of all samples was diluted to 10 mg·L−1 with Milli-Q water before fluorescence scanning [24]. The three-dimensional excitation–emission matrix (3D–EEM) fluorescence spectrum of DOM was scanned using a fluorescence spectrophotometer (F–7000, HITACHI, Tokyo, Japan) with 10 mm quartz four-pass cell. Excitation wavelength (Ex) of 200–550 nm (every 5 nm), emission wavelength (Em) of 250–600 nm (every 2 nm), and scanning speed of 2400 nm/min. The slit was 5 nm, and the response was 0.5 s. Milli-Q water was used as a blank.



Matlab 2013a V 8.1.0.430 (Math Works, Natick, MA, USA) was used to eliminate Raman scattering of the 3D–EEM fluorescence spectrum. EEM–PARAFAC was performed using the DOMFluor toolbox in MATLAB 2013a. A total of 27 samples (3 slope gradients × 3 positions × triplicate) were processed by EEM; the split half analysis was applied to determine the number of fluorescence components. The dataset was divided into 3 components by PARAFAC. The content of each component in DOM was evaluated with Fmax (maximum fluorescence intensity). The difference in DOM composition was analyzed by the relative percentage of Fmax.



Humification index (HIX) was calculated as the ratio of fluorescence intensity integral in the range of 435–480 nm and 300–345 nm at the excitation wavelength of 254 nm, representing the humification degree of humus [25]. Fn(355) was calculated as the maximum fluorescence intensity of emission wavelength between 440 nm and 470 nm when excitation wavelength was 355 nm, representing the relative concentration level of humic substances [26]. The freshness index (β:α) was calculated as the ratio of the fluorescence intensity at the emission wavelength of 380 nm to the maximum fluorescence intensity in the range of 420–435 nm when the excitation wavelength was 310 nm. β represented fresh DOM, and α represented DOM with high degree of humification [27]. The fluorescence index (FI) was calculated as the ratio of fluorescence intensity at 470 nm and 520 nm when the excitation wavelength was 370 nm. FI was used to identify the source of the DOM; an FI close to or greater than 1.9 indicated microbially derived substances and an FI close to or less than 1.4 indicated terrestrial SOM turnover [28].




2.6. Bacteria Characteristics Analysis


The primers 338F (ACTCCTACGGGAGGCAGCAG) and 806R (GGACTACHVGGGTWTCTAAT) were used to amplify the 16S rRNA gene from bacteria. Sequencing was performed on an Illumina Miseq platform at Majorbio Bio-Pharm Technology Co., Ltd., Shanghai, China. Alpha diversity analysis was performed using Mothur v 1.30.2, and the relative abundance of bacterial phyla was determined using Qiime v 1.9.1.




2.7. Statistical Analysis


Significance at p < 0.05 was analyzed using SPSS v 19.0 software (SPSS, Inc., Chicago, IL, USA). Pearson’s correlation analysis in the corrplot packages of R v 4.0.3 (The R Foundation, Vienna, Austria) was used to test associations between DOM and bacteria. Redundancy analysis (RDA) was used to examine the relationship between the contents of DOC, DOM fluorescence parameters, fluorescent components, bacterial alpha diversity index, and bacterial community abundance using CANOCO v 5.0 software (Microcomputer Power, Ithaca, NY, USA). Other graphs were drawn using Origin v 9 (Origin Lab Corporation, Northampton, MA, USA).





3. Results


3.1. Characteristics of DOM Content and Composition


DOC was concentrated in the mid-slope on the 3° slope and 5° slope, while it was enriched in the down-slope on the 8° slope (Figure 1). Specifically, on the 3° slope and 5° slope, the mid-slope increased the DOC content by 13.88% and 7.76% compared to the up-slope soil, respectively. The DOC of the 8° slope was concentrated in the down-slope and increased by 14.21% and 10.88% compared to the up-slope and mid-slope, respectively.



The components of DOM were decomposed by PARAFAC analysis, and three fluorescent components were identified (Figure 2). C1 (component 1) was defined as a fulvic-like acid; it was transformed from terrestrial fulvic-like acid substances by microorganisms and composed of polymer protein and low-molecular-weight aromatic acids [29,30]. C2 (component 2) was defined as a humic-like acid and came from organic substances with stable structures and a high humification degree produced by the decomposition of plant residues [29,31,32]. C3 (component 3) was defined as tryptophan-like protein and soluble microbial metabolites produced by soil microbial activities and transformation processes [21,33].



The content and composition of DOM were affected by different slope positions (Figure 3a,b). The Fmax of components was the highest in the mid-slope on 3° and 5° slopes, and this value was the highest in the down-slope on 8° slope. The content and percentage of C2 were the highest in the mid-slope on the 3° slope. The content and percentage of C1 were the highest in the mid-slope on the 5° slope. The content and percentage of C3 were the highest in the down-slope on the 8° slope.




3.2. DOM Bioavailability


The HIX of DOM was the largest in the mid-slope on three slopes (Figure 4). However, the HIX was the lowest in the up-slope of 3° and 5° slopes and in the down-slope of 8° slope. The variation of Fn (355) and SUVA254 was consistent with HIX. The β:α of DOM in the mid-slope of the 3° slope was the lowest. In three positions of the 5° slope, the β:α of DOM were the same. The β:α of DOM in the down-slope of the 8° slope was the largest.




3.3. DOM Source Analysis


The average FI (1.69–1.80) was close to 1.9 (Figure 5), indicating all samples had similar sources. There were endogenous characteristics, mainly derived by microorganism metabolism but also affected by the interaction of microorganisms and terrestrially factors such as surface runoff and crop residues. Microorganisms directly or indirectly influenced the DOM transformation.




3.4. Soil Bacterial Community of Different Slopes


The coverage of all samples was over 97% (Table 1). The Shannon index and Simpson index showed that the bacterial community diversity was the largest in the mid-slope of the 3° and 5° slopes. The bacterial community diversity was larger in the up-slope and down-slope of the 8° slope. The Ace index and Chao index showed that the bacterial community richness was higher in the up-slope and mid-slope of the three slopes.



Actinobacteriota, Proteobacteria, Chloroflexi, Acidobacteriota, Gemmatimonadota, Firmicutes, Myxococcota, Bacteroidotas, Verrucomicrobiota, and Planctomycetota were the dominant phyla in the black soil (Figure 6). Their average relative abundances were 42.74%, 18.31%, 11.11%, 10.26%, 4.70%, 2.99%, 2.09%, 1.86%, 1.85%, and 0.85%, respectively.




3.5. Relationship between Bacterial Community and DOM


The bacterial community diversity and richness were negatively correlated with the FI and β:α and positively correlated with HIX, Fn(355), and SUVA254 (Figure 7). Bacterial community diversity and community richness were positively correlated with the DOC content. The relative abundance of Actinobacteriota, Proteobacteria, Gemmatimonadota, Firmicutes, Myxococcota, and Bacteroidotas was positively correlated with FI, β:α, and C3 content and negatively correlated with HIX, Fn(355), SUVA254, DOC content, and C1 and C2 contents. The correlations between the relative abundance of Chloroflexi, Acidobacteriota, Verrucomicrobiota, Planctomycetota, and spectral parameters, DOC content, and fluorescence component contents were opposite.



The results of the redundancy analysis (Figure 8) showed that the total interpretation of DOM changed by microbial indicators was 57.23%. Verrucomicrobiota (14.5%) and Firmicutes (8.7%) were the predominant factors that affected soil DOC content and fluorescence structure. Planctomycetota (7%) and Gemmatimonadota (5.6%) also played important roles.





4. Discussion


4.1. Content and Composition of DOM Vary with the Slope Gradients


Erosion drove the migration of SOC fractions and changed the distribution pattern of SOC fractions in the process of soil stripping, transportation, and redistribution [34]. Previous studies have shown that DOC migrated in the down-slope direction under erosion [7]. However, we found that DOC did not completely migrate down the slope with the erosion (Figure 1). The DOC of the 3° and 5° slopes was mainly concentrated in the mid-slope, and the DOC of the 8° slope was concentrated in the down-slope. Novara et al. [35] also found that SOC was enriched in up-slope and mid-slope on the 6° slope under conventional tillage. We inferred that there was a critical slope gradient for the DOM content migration, and 8° was the critical slope gradient in this study. The DOC content of a gentle slope below 8° was concentrated in the mid-slope. The downward migration trend of DOM content increased with the erosion slope gradients.



The migration of soil organic carbon on gentle slopes is relatively slow, and as the slope length increases, more carbon decomposes during the migration process [36]. Wang et al. [37] showed that within the slope length range of 9–72 m, the abrasion of soil aggregates increases with the increase in slope length, which means that more active components in the DOM inside the aggregates are consumed. Under the same slope length, slope gradients affect the distribution of DOM components. The simple DOM components of the 8° slope migrate downward, leaving components with high aromatization degrees on the up-slope (Figure 3b). In the process of erosion, the active components of soil organic matter migrate with runoff preferentially, and the components containing carboxyl and aromatic carbon are retained in the soil preferentially [7,38]. However, although the DOC concentrated in the mid-slope of 3° and 5° slopes, tryptophan-like protein and soluble microbial metabolites (C3) did not accumulate simultaneously. This was different from the trend of synchronous downward migration of DOC and C3 on the 8° slope. C3 was metabolized by microorganisms and had the highest bioavailability [33]. The dynamics of HIX, SUVA254, Fn(355), and β:α also showed the hysteresis of DOM bioavailability component migration on 3° and 5° slopes. The humification degree and aromatization degree of DOM were the largest in the mid-slope of 3° and 5° slopes. In the 8 ° slope, the fresh DOM concentrated in the down-slope, where the DOM bioavailability was the strongest. The condensed polycyclic aromatic hydrocarbons of DOM in up-slope soil increased with slope gradient, and the oxygen-containing functional groups and bioavailability decreased accordingly. Tan et al. [39] found that humic-like acid could be deconstructed and transformed into fulvic-like acid. Yu et al. [40] and Kuzyakov [41] suggested that proteins in soil could be transformed into humic-like acids and fulvic-like acids. Humic-like acids and fulvic-like acids could also be decomposed into proteins when the microbial energy was sufficient. Under erosion, DOM migrated on the slope, accompanied by molecular decomposition and aggregation. The difference in DOM distributions on different slopes might be the result of microbial decomposition and synthesis.




4.2. Bacteria Affected the Slope Distribution of DOM


The sources of DOM can be divided into terrestrial sources and microbial sources. Terrestrial sources referring to DOM mainly come from the degradation of plant residues, surface runoff, and leaching Microbial sources referring to DOM mainly come from microbial metabolism and residue degradation [42]. DOM from microbial sources has fewer oxygen-containing substituents and a lower oxidation rate than terrestrial sources [30].



Bacteria are the dominant microorganisms that affect the formation and transformation of soil DOM. Bacteria decomposed DOM through metabolism and synthesized active components into stable metabolites through anabolism [43,44]. Figure 7 showed that the bacterial community with high diversity and richness was conducive to the formation of stable DOM and promoted the accumulation of DOC. Different bacterial communities had specific selections for the transformation and utilization of DOM components [45], and the process of DOM decomposition and synthesis mediated by them also varied. Therefore, the relative abundance of bacterial communities with DOM showed different correlations (Figure 7). According to the difference in microbial carbon metabolism potential, soil bacteria could be divided into two categories: oligotrophic bacteria and copiotrophic bacteria [46]. In the present study, copiotrophic bacteria, such as Proteobacteria, Actinobacteriota, Firmicutes, Bacteroidotas, and Gemmatimonadota [45], promoted the formation of tryptophan-like proteins and soluble microbial metabolites (C3). Oligotrophic bacteria, such as Chloroflexi, Acidobacteriota, Verrucomicrobiota, and Planctomycetota [47,48], promoted the formation of fulvic-like acid (C1) and humic-like acid (C2). Copiotrophic bacteria were conducive to the improvement in DOM bioavailability. On the contrary, Oligotrophic bacteria increased the humification of DOM and promoted the accumulation of DOC. The decomposition and synthesis of DOM were based on the balance of bacteria interactions with different nutritional strategies.



Verrucomicrobiota, Firmicutes, Planctomycetota, and Gemmatimonadota accounted for small proportions of soil bacteria but had more influence on the DOM (Figure 6 and Figure 8). Bacteria with low abundance were more sensitive to erosion and had greater influences on the change of SOC composition [49]. For these key bacteria (Figure 8), erosion retained the oligotrophic bacteria in up-slope soil and enriched the copiotrophic bacteria in down-slope soil (Figure 6). Verrucomicrobiota played an important role in degrading plant residues and converting greenhouse gases into biomass carbon [50,51]. Planctomycetota was usually associated with carbon fixation [52]. They promoted the synthesis and fixation of DOM. The relative abundance of these two bacteria decreased from the up-slope to the down-slope of 5° and 8° slopes, while it was the highest in the mid-slope of the 3° slope. Firmicutes could transform the active components in organic matter [53]. Gemmatimonadota played a major role in the degradation of soil organic matter and accelerated the metabolic cycle of organic matter [54]. Both of them were conducive to the metabolism and decomposition of DOM. Their distributions on the slopes were opposite to that of Verrucomicrobiota and Planctomycetota. The slope distribution of key bacteria explained the highest humification degree of DOM in the mid-slope of the 3° slope. It also explained that the DOM humification degree of the up-slope and the DOM bioavailability of the down-slope increased with slope gradients. The difference in soil properties caused by erosion provided a corresponding niche for bacterial communities with different nutritional strategies [55], resulting in the slope distribution difference of bacterial communities. The distribution difference of bacterial community structure influenced the change of DOC and DOM composition in different slope positions, forming a bacterial–DOM microenvironment interaction system.





5. Conclusions


The results from a long-term experiment carried out in black soil showed that 8° was a critical slope gradient for the differentiation of DOM. DOC was concentrated in the down-slope of the 8° slope but concentrated in the mid-slope of the 3° and 5° slopes. The high bioavailability components in DOM migrated to the down-slope of the 8° slope. The migration of high bioavailability components showed hysteresis in 3° and 5° slopes. The DOM of black soil under different erosion slope gradients had similar sources, and microorganisms played a key role. Erosion retained the oligotrophic bacteria in up-slope soil and enriched the copiotrophic bacteria in down-slope soil, resulting in differences in DOM composition. Verrucomicrobiota, Firmicutes, Planctomycetota, and Gemmatimonadota were the main factors causing the variety of black soil DOM under erosion.
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Figure 1. Content of dissolved organic carbon (DOC) on different slope gradients and slope positions. Different letters mean significant differences (p < 0.05) among different positions of the same slope gradient. 
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Figure 2. Fluorescent components of DOM calculated by parallel factor analysis. Component 1: C1, fulvic-like acid; Component 2: C2, humic-like acid; Component 3: C3, tryptophan-like protein and soluble microbial metabolites. 
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Figure 3. Fmax of three fluorescence components. (a), Fmax; (b), percentage of Fmax. Fmax, maximum fluorescence intensity. C1, fulvic-like acid; C2, humic-like acid; C3, tryptophan-like protein and soluble microbial metabolites. 
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Figure 4. Spectral parameters of DOM. HIX, humification index; Fn(355), the relative concentration level of humic substances; SUVA254, specific UV–Vis absorbance at 254 nm; β:α, freshness index. 
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Figure 5. Fluorescence index of DOM. FI, fluorescence index. 
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Figure 6. Heat map of bacterial community (Phylum). 
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Figure 7. Correlation between the soil DOM, Alpha diversity index, and relative abundance of soil bacterial community at the phylum levels. FI, fluorescence index. HIX, humification index; Fn(355), the relative concentration level of humic substances; SUVA254, specific UV–Vis absorbance at 254 nm; β:α, freshness index; DOC: dissolved organic carbon content; C1, Fmax (maximum fluorescence intensity) of fulvic-like acid; C2, Fmax of humic-like acid; C3, Fmax of tryptophan-like protein and soluble microbial metabolites. Shannon and Simpson, community diversity; Ace and Chao, community richness. Italic letters represent the relative abundance of different bacteria at the phylum level: Act, Actinobacteriota; Pro, Proteobacteria; Chl, Chloroflexi; Aci, Acidobacteriota; Gem, Gemmatimonadota; Fir, Firmicutes; Myx, Myxococcota; Bac, Bacteroidotas; Ver, Verrucomicrobiota; Pla, Planctomycetota. The blue circle indicates positive correlation; the red circle indicates negative correlation. * Indicates significant correlation at the 0.05 level. ** Indicates significant correlation at the 0.01 level. 






Figure 7. Correlation between the soil DOM, Alpha diversity index, and relative abundance of soil bacterial community at the phylum levels. FI, fluorescence index. HIX, humification index; Fn(355), the relative concentration level of humic substances; SUVA254, specific UV–Vis absorbance at 254 nm; β:α, freshness index; DOC: dissolved organic carbon content; C1, Fmax (maximum fluorescence intensity) of fulvic-like acid; C2, Fmax of humic-like acid; C3, Fmax of tryptophan-like protein and soluble microbial metabolites. Shannon and Simpson, community diversity; Ace and Chao, community richness. Italic letters represent the relative abundance of different bacteria at the phylum level: Act, Actinobacteriota; Pro, Proteobacteria; Chl, Chloroflexi; Aci, Acidobacteriota; Gem, Gemmatimonadota; Fir, Firmicutes; Myx, Myxococcota; Bac, Bacteroidotas; Ver, Verrucomicrobiota; Pla, Planctomycetota. The blue circle indicates positive correlation; the red circle indicates negative correlation. * Indicates significant correlation at the 0.05 level. ** Indicates significant correlation at the 0.01 level.
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Figure 8. Redundancy analysis of the soil DOM content and composition, bacterial Alpha diversity index, and community abundance. FI, fluorescence index. HIX, humification index; Fn(355), the relative concentration level of humic substances; SUVA254, specific UV–Vis absorbance at 254 nm; β:α, freshness index; DOC: dissolved organic carbon content; C1, Fmax (maximum fluorescence intensity) of fulvic-like acid; C2, Fmax of humic-like acid; C3, Fmax of tryptophan-like protein and soluble microbial metabolites. Shannon and Simpson, community diversity; Ace and Chao, community richness. Italic letters represent the relative abundance of different bacteria at the phylum level: Act, Actinobacteriota; Pro, Proteobacteria; Chl, Chloroflexi; Aci, Acidobacteriota; Gem, Gemmatimonadota; Fir, Firmicutes; Myx, Myxococcota; Bac, Bacteroidotas; Ver, Verrucomicrobiota; Pla, Planctomycetota. 
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Table 1. Alpha diversity index of soil bacterial communities.
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Slope

	
Positions

	
Community Diversity

	
Community Richness

	
Coverage %




	
Shannon

	
Simpson

	
Ace

	
Chao






	
3°

	
Up

	
6.36 ± 0.09a

	
0.0060 ± 0.0007a

	
4125.09 ± 103.86ab

	
4119.12 ± 155.41b

	
97.96 ± 0.08a




	
Mid

	
6.43 ± 0.06a

	
0.0046 ± 0.0002b

	
4526.52 ± 89.53a

	
4376.90 ± 70.86a

	
97.77 ± 0.06a




	
Down

	
6.41 ± 0.04a

	
0.0048 ± 0.0003b

	
3844.54 ± 88.53b

	
3779.67 ± 138.27c

	
98.01 ± 0.08a




	
5°

	
Up

	
6.50 ± 0.05a

	
0.0047 ± 0.0004a

	
4292.00 ± 28.79a

	
4276.69 ± 54.35a

	
97.59 ± 0.02b




	
Mid

	
6.55 ± 0.03a

	
0.0043 ± 0.0003a

	
4260.00 ± 155.17a

	
4256.46 ± 186.33a

	
97.50 ± 0.14b




	
Down

	
6.46 ± 0.08a

	
0.0047 ± 0.0005a

	
4097.66 ± 92.45a

	
4070.79 ± 120.16a

	
98.03 ± 0.06a




	
8°

	
Up

	
6.48 ± 0.05a

	
0.0046 ± 0.0004a

	
4225.74 ± 51.70a

	
4179.96 ± 82.36a

	
97.72 ± 0.05a




	
Mid

	
6.41 ± 0.06a

	
0.0049 ± 0.0005a

	
4282.93 ± 505.60a

	
4075.77 ± 192.85a

	
97.24 ± 0.12b




	
Down

	
6.46 ± 0.03a

	
0.0048 ± 0.0003a

	
4082.75 ± 48.74a

	
4083.34 ± 28.91a

	
97.42 ± 0.04ab








Different Letters Mean Significant Differences (p < 0.05) on the Same Slope.
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