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The effects of different contents of biochar and vermicompost on the microbial and enzymatic activities of greenhouse soil were determined to provide a theoretical basis for improving the quality of greenhouse soil. The experiment was conducted in a greenhouse using potted tomatoes. Five treatments consisted of different amount ratios of organic amendments: 1% biochar (BC1), 3% biochar (BC3), 5% biochar (BC5), 3% vermicompost (VC3), and 5% vermicompost (VC5), with no addition of organic amendments as the control (CK). Compared with CK, the pH, organic matter content, and DOC concentration increased in treatment groups. The organic matter content of BC3 and BC5 significantly increased by 54.6% and 72.8%, respectively, and DOC concentration of BC3 significantly increased by 43.9%. Biochar and vermicompost significantly increased the diversity of bacterial and fungal communities in soil, as well as the abundance of Actinomycetes, Acidobacteria, Ascomycetes, and Aspergillus, and reduced the abundance of Aspergillus. The activities of urease and alkaline phosphatase were significantly increased, and the activity of nitrate reductase was inhibited in all treatment groups compared with CK. In addition, a highly significant positive correlation was observed among pH, Acidobacteria phylum abundance, and alkaline phosphatase activity in all treatments. DOC concentration was positively correlated with pH, organic matter content, Acidobacteria phylum abundance and alkaline phosphatase activity. Biochar and vermicompost were effective in improving the physicochemical properties of greenhouse soil, enhancing microbial diversity, and affecting enzymatic activities. Therefore, BC3 (3% biochar) had the most significant effect on community diversity and alkaline phosphatase and nitrate reductase activities. VC5 (5% vermicompost) had the best promotion effect on urease activity. This study highlights that biochar and vermicompost as organic amendments are recommended to improve the quality of greenhouse soils.
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1 INTRODUCTION
As an important natural resource in human production and life, soil is an important hub for material exchange and energy transfer in the ecosystem. In recent years, the contradiction between food demand and soil resources has become increasingly prominent with population growth, and the scientific and rational use of soil resources for the development of greenhouse cultivation has received considerable attention (Cai, 2019). In China’s greenhouse cultivation, conventional soil cultivation remains the main method used; thus, the quality of the soil in the greenhouse has become a limiting factor affecting the sustainable development of greenhouse cultivation (Van Groenigen et al., 2019). As the same crop is usually grown for several years in greenhouse cultivation, soil porosity and permeability are decreasing and soil crop succession barriers are frequent, limiting the quality of greenhouse cultivation products (Tang et al., 2021). Fertilizer application has become a common field management practice to improve soil fertility in greenhouse and increase crop yield and quality. However, unreasonable fertilizer application rates have also led to secondary salinization, soil caking and other problems (Mu et al., 2021; Ji et al., 2022). Selecting organic amendments as an alternative to chemical fertilizers not only ensures a regular supply of nutrients, but also alleviates soil secondary salinization or acidification arising from the long-term excessive application of chemical fertilizers (Chang et al., 2018; Shen et al., 2021; Zhang H. et al., 2022).
Given the unique ecological environment created by greenhouse cultivation, the effect of organic amendments addition on the microbial and enzymatic activity of greenhouse soils is becoming a hot topic of interest and research (Zhang Y. et al., 2022). As excellent soil conditioners, biochar and vermicompost can increase soil organic matter content, improve acidic soil, and promote soil water and fertilizer retention (Yang et al., 2015; Ronix et al., 2021; Zheng D. et al., 2021). Biochar is widely available, loose, and porous, and it is rich in functional groups. It can mitigate heavy metal contamination in soils, significantly improving crop yields and enhancing soil water storage and retention capacity (Alfadil et al., 2021). As a product of the degradation of organic waste by earthworms, vermicompost contains not only a large specific surface area, good agglomeration structure, good ion exchange and adsorption capacity, but also rich nutrients and beneficial microorganisms, which can effectively improve soil and its physicochemical properties and promote plant growth (Wang et al., 2021a). Studies have shown that long-term addition of organic amendments to soil has a positive impact on microbial biomass and enzymatic activity (Torres et al., 2015; Innangi et al., 2017; Luo et al., 2020). The applied organic materials can be decomposed by soil microorganisms or partly transformed and subsequently stabilized and accumulated as soil organic matter, improving soil fertility and promoting nutrient cycling (Wei et al., 2022). Microorganisms can be affected by the physicochemical properties of the soil. For example, the large specific surface area of soil aggregates provides protection for microorganisms (Liu Y. et al., 2022). In addition, the pH of the vermicompost is close to neutral, which is suitable for the reproduction of microorganisms, thereby causing a positive effect on the microorganisms (Van Groenigen et al., 2019). The increase of enzymatic activity may be caused by microbial changes or the higher stability of humic substances in organic amendments (Luo et al., 2018).
Soil, plants, and microorganisms form a complex soil microcosm system, and they coordinate with one another to maintain the balance of the soil ecosystem (He et al., 2022). Therefore, soil microorganisms not only play a key role in plant growth, but also contribute to the stability of soil ecosystems. Tomatoes are widely grown in China and in our greenhouses (Wu et al., 2022). At present, there are many related studies on tomato rhizosphere microorganisms and enzymatic activities (Nassal et al., 2018; Becagli et al., 2022). Therefore, this paper focuses on the study of organic amendments on tomato rhizosphere soil microorganisms and enzymatic activities, we selected potted tomato as the test crop, and applied different contents of biochar and vermicompost. This study aimed to investigate 1) how biochar and vermicompost affect soil physicochemical properties, microorganisms and enzymatic activity and 2) the possible correlation among soil physicochemical properties, soil microorganisms, and enzymatic activities. Furthermore, this experiment aimed to provide a theoretical basis for future scientific based application of organic amendments to improve soil quality in greenhouse.
2 MATERIAL AND METHODS
2.1 Experimental design
The experiment was conducted in a plastic greenhouse in the water-saving garden of the Jiangning campus of Hohai University (31°57′N, 118°50′E) from July 2020 to January 2021. The planting soil used is yellow-brown loam, which is air-dried, sieved and placed into pots (specification is 28 cm in diameter and 38.5 cm in depth) (Figure 1) containing 10 kg of soil/pot. Tomato variety “Co-op 903” was planted when the tomato seedlings were five leaves and one shoot. Twenty grams of a nitrogen, phosphorus, and potassium compound fertilizer (15:15:15) was applied to each pot as a base fertilizer, and the plants were managed normally during the reproductive period.
[image: Figure 1]FIGURE 1 | Schematic diagram of the experimental design.
The experiment was repeated three times for each treatment group. Six treatments were established: 1) soil untreated (CK), 2) soil amended with 1% biochar (BC1), 3) soil amended with 3% biochar (BC3), 4) soil amended with 5% biochar (BC5), 5) soil amended with 3% vermicompost (VC3) and 6) soil amended with 5% vermicompost (VC5).
Before starting the experiment, different doses of biochar and vermicompost were added, on a mass basis, to each treatment and mixed thoroughly with the soil. Soil, biochar and vermicompost were weighed in a mass ratio, where BC1, BC3, and BC5 contained 100, 300, and 500 g of biochar per pot. Similarly, VC3 and VC5 contained 300 g and 500 g vermicompost per pot. No organic amendments were applied to the CK. The biochar was purchased from Henan Lize Environmental Protection Technology Co., Ltd, which was corn stalk charcoal; the vermicompost was produced by fermenting pure, moist cow dung. Table 1 shows the specific physicochemical properties of biochar and vermicompost.
TABLE 1 | Main physicochemical properties of biochar and vermicompost.
[image: Table 1]2.2 Sampling and analysis
At the end of the experiment, soil samples were collected from each treatment group in replicate. Three tomatoes were randomly selected for each treatment, and they were uprooted to shake off and remove debris (Chaudhary et al., 2015; Edwards et al., 2015). We collected the soil sample attached to the root system, and divided it into two samples after mixing. One was put into the reagent tube and quickly stored in the refrigerator for the extraction of soil microbial genomic DNA, and the other was dried naturally for the determination of soil physicochemical properties and enzymatic activities.
Soil pH was measured by using a magnetic pH meter at a soil–water ratio of 1:5. Soil organic matter was determined by external heating with potassium dichromate (Li et al., 2012). The abovementioned indicators were based on air-dried soil samples. DOC was determined by taking deionized water as the extracting agent, weighing 10.000 g fresh soil sample, shaking for 1 h (250°r/min), centrifuging for 10 min (15,000°r/min), filtering (0.45 µm filter membrane), use the Shimadzu TOC-LCPH total organic carbon analyzer to determine the DOC mass fraction in the filtrate (Li et al., 2017). The soil samples used to determine soil microbial diversity were stored at 4°C. The microbial sequences were PCR amplified and sequenced using microbial diversity amplicon sequencing. After extraction of genomic DNA from samples for fungal diversity analysis, the ITS2 region of the internal transcribed spacer (ITS) was amplified using specific primers such as ITS3_KYO2 (GATGAAGAACGYAGYRAA) and ITS4 (TCC​TCC​GCT​TAT​TGA​TAT​GC) with a barcode. The V3-V4 regions of the 16 S rDNA gene were amplified with primers 341 F (CCTACGGGNGGCWGCAG) and 806R (GGACTACHVGGGTATCTAAT). Fresh samples were collected for the determination of soil enzymatic activity after the experiment. Urease activity was determined by sodium phenol–sodium hypochlorite colorimetry (Khan et al., 2020), whereas the activity of alkaline phosphatase was determined by phenyldisodium phosphate colorimetry (Wang Z. et al., 2022). The activity of nitrate reductase was determined by using a kit from Beijing Solarbio Science & Technology Co., Ltd., based on sodium nitrite as standard solution. The soil samples were naturally air dried and sieved through 30–50 mesh. The principle is that nitrate reductase catalyzes the reduction of nitrate to nitrite, the nitrite produced can react with p-Aminobenzene Sulfonic Acid and α-naphthylamine quantitatively generates red azo compound; The generated red azo compound has a maximum absorption peak at 520 nm, which can be determined by ultraviolet spectrophotometry.
The alpha diversity index is based on the richness and evenness of species, reflecting the species diversity in a specific region or ecosystem. It estimates the species abundance and diversity of environmental communities through a series of statistical analysis indexes. Abundance-based coverage estimator (ACE) is used to estimate the total number of species in the sample. It uses low abundance species to estimate how many undiscovered species remain. Chao1 index speculates the expected number of species in the sample. The larger the value, the higher the species richness. Shannon–Wiener (Shannon) index not only cares about species richness, but also about species evenness. The essence of Simpson index is to comprehensively consider the richness and evenness of species in the sample (Chernov et al., 2015).
2.3 Statistical analysis
Data were statistically analyzed using Microsoft Excel 2010 and SPSS 26.0 Statistics (IBM, United States), and figures were processed using Origin 2021 and Auto CAD 2016. Significant difference among treatments was determined with Duncan’s multiple range test using analysis of variance (p < 0.05). The relationship among measured variables was analyzed using Pearson’s correlation coefficient analysis.
3 RESULTS
3.1 Soil physicochemical properties
Different types and application contents of organic materials have different effects on soil physicochemical properties. As shown in Table 2, compared with CK, the addition of different organic materials increased the pH of the soil and the organic matter content. Treatment with additional biochar increased the pH of the soil more significantly, with BC1, BC3, and BC5 significantly increasing the pH by 1.55 units, 1.66 units, and 1.81 units respectively. Compared with the control, VC3 and VC5 increased the pH by 1.16 units and 1.29 units, respectively (Table 2). Compared with the control, the organic matter content of all treatments showed an increasing trend, except for VC3, which showed a slight decrease in organic matter content, with BC3 and BC5 showing a significant increase of 54.6% and 72.8%, respectively (Table 2). Therefore, biochar is more effective in enhancing the organic matter content of the soil compared with vermicompost. The dissolved organic carbon (DOC) content of the treatment added with an organic material was higher compared with the control, with BC3 being significantly higher by 43.9% (Table 2).
TABLE 2 | Effects of biochar and vermicompost on soil physicochemical properties.
[image: Table 2]3.2 Microorganisms
3.2.1 Microbial community diversity
The diversity of the microbial community is positively correlated with plant’s ability to adapt to adversity. In this study, the V3-V4 region of 16S rRNA in 18 sample bacteria and the ITS (ITS2) region of 18 sample fungi were sequenced separately. After the application of organic materials, the alpha diversity index of tomato bacterial and fungal communities was improved compared with CK (Figure 2 and Figure 3). Except for the abundance-based coverage estimator (ACE), significant differences in Chao1, Simpson, and Shannon–Wiener (Shannon) indices were found between the treatment groups and the control group (p < 0.05), whereas the inter-group differences between the biochar-treated and vermicompost-treated groups was not significant (p > 0.05). In the biochar-treated group, all indices of BC3 reached the highest value, that is, the 3% biochar content had the most significant effect on enhancing the homogeneity and abundance of tomato bacterial community (Figure 2). The difference between the treatment group and control group was significant (Figure 3), and significant differences were observed in ACE and Chao1 indices of BC1 and BC5 (p < 0.05). The application of additional organic materials significantly increased the diversity of tomato bacterial and fungal communities.
[image: Figure 2]FIGURE 2 | Alpha diversity index of soil bacterial communities. (A) ACE index; (B) Chao1 index; (C) Simpson index; (D) Shannon index. CK, soil untreated; BC1, soil amended with 1% biochar; BC3, soil amended with 3% biochar; BC5, soil amended with 5% biochar; VC3, soil amended with 3% vermicompost; VC5, soil amended with 5% vermicompost.
[image: Figure 3]FIGURE 3 | Alpha diversity index of soil fungi communities. (A) ACE index; (B) Chao1 index; (C) Simpson index; (D) Shannon index. CK, soil untreated; BC1, soil amended with 1% biochar; BC3, soil amended with 3% biochar; BC5, soil amended with 5% biochar; VC3, soil amended with 3% vermicompost; VC5, soil amended with 5% vermicompost.
3.2.2 Microbial community abundance
Amplicon sequences of each group of samples were analyzed and species annotated (Figure 4). The dominant populations of the tomato bacterial community at the phylum level included Proteobacteria, Acidobacteria and Actinobacteria, which accounted for more than 90% of the overall relative abundance; the dominant species in the fungal community included Ascomycota and Anthophyta, with the relative abundance of these two phyla accounting for more than 90% of the total.
[image: Figure 4]FIGURE 4 | Chord diagram of tomato microbial community distribution. (A) Bacterial community. (B) Fungal community. CK, soil untreated; BC1, soil amended with 1% biochar; BC3, soil amended with 3% biochar; BC5, soil amended with 5% biochar; VC3, soil amended with 3% vermicompost; VC5, soil amended with 5% vermicompost.
The three main genera at the bacterial level (Proteobacteria, Acidobacteria, and Actinobacteria) and the three main genera at the fungal level (Ascomycota, Anthophyta, and Mortierellomycota) were analyzed for variability.
Compared with CK, the addition of vermicompost had no significant effect on the three genera at the bacterial phylum level, and the abundance of each genus in VC5 was lower than that in the VC3 treatment group. The addition of 1% and 3% biochar significantly increased the abundance of Actinobacteria and significantly decreased the abundance of Proteobacteria in the soil. In addition, no evident regularity in the effect of changes in biochar content on the abundance of bacterial genera was observed. The addition of 3% and 5% of biochar significantly increased the relative abundance of the fungal Ascomycota, and the BC3 and BC5 treatment groups increased by 92.7% and 91.0%, respectively, compared with CK. Moreover, the addition of 3% and 5% of biochar significantly reduced the relative abundance of Anthophyta, and the BC3 and BC5 treatment groups decreased by 92.9% and 93.2%, respectively, compared with CK. The VC3 treatment group significantly increased the relative abundance of Mortierellomycota. The change in vermicompost content had no significant effect on the relative abundance of Ascomycota and Anthophyta. The results showed that the application of organic materials increased the abundance of Actinobacteria, Acidobacteria, Ascomycota and Mortierellomycota, and decreased the abundance of Proteobacteria and Anthophyta in the soil in Table 3.
TABLE 3 | Effects of biochar and vermicompost on soil microbial abundance (lg copiesg−1).
[image: Table 3]3.3 Soil enzymatic activity
Organic materials could affect the activity of soil enzymes. Biochar and vermicompost significantly increased urease activity compared with CK, which increased with the increase of organic material content. VC5 had the most significant effect on urease activity, with an increase of 222.76% (Figure 5). Biochar and vermicompost had a significantly positive effect on the activity of alkaline phosphatase. With the increase of biochar content, the activity of alkaline phosphatase initially increased and then decreased; the change in vermicompost content had no significant effect on the activity of alkaline phosphatase. The increased application of organic material inhibited the activity of nitrate reductase, with BC3 being the most effective treatment, with a 39.23% reduction. The activity of nitrate reductase initially decreased and then increased with the increase of biochar content. In the treatment group added with vermicompost, the activity of nitrate reductase increased with the increase of organic material content. The results showed that biochar and vermicompost significantly enhanced the activities of urease and alkaline phosphatase in soil and inhibited the activity of nitrate reductase.
[image: Figure 5]FIGURE 5 | Effects of biochar and vermicompost on enzymatic activity in greenhouse soil. CK, soil untreated; BC1, soil amended with 1% biochar; BC3, soil amended with 3% biochar; BC5, soil amended with 5% biochar; VC3, soil amended with 3% vermicompost; VC5, soil amended with 5% vermicompost.
3.4 Correlation analysis
As shown in Table 4, the three major genera of bacteria were closely related to one another. The abundance of Proteobacteria was significantly and negatively correlated with the abundance of Acidobacteria and Actinobacteria (p < 0.05). The correlation among enzymes was significant, with a significantly negative correlation between nitrate reductase activity and alkaline phosphatase activity (p < 0.05). In addition, a certain relationship was observed between soil microorganisms and enzymatic activity, with a highly and significantly positive correlation between Acidobacteria phylum abundance and alkaline phosphatase activity (p < 0.01) and a significantly negative correlation with nitrate reductase activity (p < 0.05). Organic materials affect microbial and enzymatic activities by regulating soil physicochemical properties. A significantly positive correlation was observed among pH, dissolved organic carbon, and Acidobacteria phylum abundance (p < 0.05). In addition, a highly and significantly positive correlation with alkaline phosphatase activity (p < 0.01) and a significantly negative correlation with Aspergillus phylum abundance (p < 0.05) were observed. DOC was significantly and positively correlated with organic matter content, alkaline phosphatase activity, and Acidobacteria phylum abundance (p < 0.05).
TABLE 4 | Correlation analysis among soil physicochemical properties, microbial abundance and enzyme.
[image: Table 4]4 DISCUSSION
In this study, biochar and vermicompost significantly altered soil physicochemical properties, microbial diversity and enzymatic activity. As good organic amendments, biochar and vermicompost can significantly change the physical and chemical properties of soil, such as soil bulk density and pH, and improve soil quality (Zhang et al., 2020; Guo et al., 2021; Li et al., 2022; Šimanský et al., 2022). Previous studies have suggested that the application of biochar can significantly increase the pH of the soil, particularly acidic soils (Lu et al., 2022). A similar effect was reported for vermicompost, which can increase the pH value of soil through the association of negatively charged functional groups with hydrogen ions (Wang et al., 2021b). Biochar and vermicompost are mostly alkaline in nature, with biochar having a strong ion exchange capacity and vermicompost having a certain acid-base buffering capacity (Zhao et al., 2015; Li J. et al., 2018). Thus, both organic amendments can increase the pH of the soil. Our studies have shown that after adding organic materials, the pH of the soil was significantly increased, and the acidic soil can be improved to weakly alkaline soil, which is consistent with the previous research results. Applying fertilizer, exogenous elements can be imported into the soil, thereby altering the nutrient content of the greenhouse soil (Hernández et al., 2014). As the core of soil fertility, soil organic carbon is inextricably linked to the material cycle and energy flow in the soil. DOC is an active part of organic carbon, which is fast, less stable, and easily oxidized (Kaiser and Kalbitz, 2012; Guillaume et al., 2022; Zhang Y. J. et al., 2022). Biochar and vermicompost can effectively increase the organic matter content of the soil (Liu M. et al., 2020; Bi et al., 2021), which accounts for less than 10% of soil’s solid phase composition but plays a critical role in driving microbial activity and promoting mineral transformation. Their content also characterizes the nutrient status and quality of the soil (Wang Q. et al., 2022). Here, our findings revealed that the application of organic materials could enhance the content of organic matter and DOC concentration in the soil, both of which increase with the proportion of vermicompost. A significantly positive correlation was observed between pH and DOC concentration, as well as soil organic matter and DOC. Therefore, under the experimental conditions, the improvement effect of biochar and vermicompost is more pronounced as the organic matter content increased. Furthermore, the improvement effect of biochar was more evident than that of vermicompost.
In this study, urease activity was significantly higher in all treatments compared with CK, and the promotion effect increased with the increase of organic material applied. The increase in urease activity may be due to the amount of organic material applied, improving the physicochemical properties of the soil and providing a suitable environment for microbial colonization (El-Bassi et al., 2021; Lopes et al., 2021; Wang G. et al., 2022). Urease and alkaline phosphatase are hydrolases; the former can hydrolyze urea, and the latter can catalyze the mineralization of soil organic phosphorus compounds. Nitrate reductase plays a role in denitrification, and its activity, together with that of urease, can reflect the nitrogen use and transformation capacity of the soil (Li C. et al., 2018; Fu et al., 2020). Studies have revealed that vermicompost has a significant effect on plant nitrogen metabolism (Raza et al., 2022). Contrary to the results of previous studies, nitrate reductase activities in this study showed a decreasing trend compared with CK (Faccin and Di Piero, 2022), probably because that the application of organic amendments increases the organic matter in the soil, which increases the substrate available to microorganisms, thus enhancing the activity of denitrification enzymes. (Yang et al., 2020). The decrease in the relative abundance of Proteobacteria may also affect the carbon and nitrogen cycle in the soil. Contrary to previous research results, the results of this study showed that the alkaline phosphatase activity was inhibited under the action of vermicompost (Song et al., 2022). Combined with the results of correlation analysis, alkaline phosphatase activity was significantly and positively correlated with pH, DOC concentration, and Acidobacteria abundance, which may be due to the fact that vermicompost increased soil pH, thereby inhibiting enzymatic activity. The soluble salt content in vermicompost is high, and salt affects the abundance of Acidobacteria, thereby inhibiting the activity of phosphatase (Wang et al., 2016). DOC concentration and the activity of alkaline phosphatase showed a trend of first increasing and then decreasing with the increase of biochar dosage. On the one hand, it may be because that 1% biochar served as a habitat, which improved microbial abundance and enzyme activity. However, biochar at higher dosage may adsorb substrate needed by the phosphatase. On the other hand, we speculated that biochar changed the DOC concentration, thereby affecting the activity of alkaline phosphatase. Therefore, further studies are necessary to investigate the specific mechanism. Vermicompost can promote the increase in the number of bacteria and fungi and microbial biomass in soil, significantly enhancing microbial diversity and changing the microbial community structure (Maji et al., 2017). Biochar addition will affect the community structure of bacteria and fungi in the soil, significantly increasing the relative abundance of potentially beneficial bacteria and significantly decreasing the relative abundance of potentially pathogenic bacteria in the soil, which is beneficial to plant growth (Hou et al., 2022; Yang et al., 2022). The Actinomycetes phylum contains many bacteria that produce antimicrobial substances that are effective in suppressing soil-borne diseases, promoting nutrient cycling, and maintaining plant health (Liu H. et al., 2022). This finding indicated that the addition of biochar and vermicompost can significantly increase the diversity of bacterial and fungal communities, as well as the relative abundance of beneficial microorganisms. Organic amendments enhance the diversity and activity of microorganisms by adding nutrients to the soil and using its porous nature to provide a breeding ground for microorganisms (An and Tang, 2017). The diversity of the bacterial community increases with the increase of vermicompost levels, and the increase in bacterial community diversity in BC3 is the highest among the biochar treatment groups, indicating that the effect of biochar on bacterial community diversity does not increase indefinitely with the increase of biochar levels.
The physicochemical properties of the soil can also affect the microbial community. As biochar contains a large number of soluble nutrient elements, it can directly influence the physicochemical properties of the soil, and it has a positive effect on the activity of soil microorganisms. A study has demonstrated that Proteobacteria, Actinobacteria, and Acidobacteria are significantly correlated with the organic carbon content in aggregates (Zhao et al., 2018). Proteobacteria and Acidobacteria belong to eutrophic and oligotrophic groups, respectively. The former is suitable for growth under high carbon conditions, whereas the latter is suitable for growth under low carbon conditions (Liu P. et al., 2020; Su et al., 2022). In this study, correlation analyses showed that pH was negatively correlated with Proteobacteria but positively correlated with Acidobacteria. Proteobacteria are related to nitrogen fixation and carbon and nitrogen cycle (Li et al., 2021), and Actinobacteria associated with anabolic functions (Li et al., 2020; Zheng J. et al., 2021), the relative abundance of Proteobacteria decreased and the relative abundance of Actinobacteria increased, which may affect some metabolic functions. In addition, there was a significant positive correlation between Acidobacteria and DOC, which was consistent with previous studies. Proteobacteria is negatively correlated with DOC, contrary to previous studies (Zhao et al., 2018). Recent studies have borne out claims that Proteobacteria was key group which changes SOC mineralization and DOC structure (Cong et al., 2022). Under the conditions of this experiment, we speculate it may be that the increase of DOC was not significant, so the effect on the utilization of carbon by Proteobacteria was limited, and it may also be affected by pH.
5 CONCLUSION
In this study, correlation analysis and high-throughput sequencing methods were used to explore the effects of different contents of biochar and vermicompost on microbial and enzymatic activities of greenhouse soil. Based on the results, the following conclusions can be drawn:
1) Biochar and vermicompost have positive effects on soil physicochemical properties, and they showed a trend that the improvement effect increased with the increase of organic material content. The improvement effect of biochar was better than vermicompost.
2) The application of 3% biochar can effectively improve the homogeneity and richness of bacterial community.
3) 5% vermicompost had the best promotion effect on urease activity (with an increase of 222.76%). 3% biochar had the most obvious inhibition effect on the activity of nitrate reductase (with a decrease of 39.23%). It also has the most significant effect on alkaline phosphatase activity (with an increase of 68.6%).
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