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Abstract: [Background] The bacterial community diversity affected the composting process and biochar
affected the growth of bacteria, but the effect of biochar on the bacterial community structure of pig manure
composting has not been reported yet. [Objective] According to the variation of bacterial community
structure and composting temperature, adequate content of biochar was added to pig manure composting to
improve the proportion of major bacteria and composting efficiency of pig manure composting, so as to
provide reference for the joint application of biochar and pig manure composting. [Methods] The biochar
content of 0%, 3%, 6% and 9% was set, and four levels of biochar were selected in the high-temperature
period and the stable-temperature period of composting process, respectively. According to the Illumina
MiSeq’s high-throughput sequencing results of bacterial 16S rRNA gene, the effects of biochar content and
composting temperature on bacterial community structure of pig manure composting were analyzed.
[Results] At the phylum level, the major bacteria with the highest abundance in pig manure composting were
Proteobacteria, Actinobacteria, Bacteroidetes, Chloroflexi, Gemmatimonadetes, Firmicutes, Acidobacteria
and Deinococcus-Thermus. At the genus level, the major bacteria with the highest abundance in pig manure
composting were Chryseolinea, Subgroup 6 norank, Steroidobacter, Anaerolineaceae, Nonomuraea,
Longispora, Bacillus, Sporacetigenium, Luteimonas, Phyllobacteriaceae, Truepera, Rhodothermaceae and
Aquamicrobium. The change of biochar content could promote or inhibit the growth of major bacteria in pig
manure composting. As the content of biochar increased, the abundance of Bacillus, Streptomyces,
Rhodothermaceae and Firmicutes increased, whereas the abundance of Chryseolinea, Longispora and
Steroidobacter decreased. At the high-temperature composting period, the abundance of Firmicutes, Bacillus
and Streptomyces was greater than that of the stable-temperature composting period; while Chloroflexi,
Anaerolineaceae and Longispora were opposite. The number of bacterial community in high-temperature
composting period was up to seventy, significantly greater than stable-temperature composting period of
fifteen. Among them, the number of bacteria played a major role in pig manure composting was up to seven
(Rhizobiales, Incertae_Sedis, Proteobacteria, Alphaproteobacteria, Xanthomonadales,
Gammaproteobacteria and Steroidobacter) in the high-temperature period, while only three
(Micromonosporales, Longispora and Micromonosporaceae) were found in the stable-temperature period.
The bacterial diversity of pig manure composting in high-temperature period was significantly higher than
that of stable-temperature period. After adding biochar to pig manure composting, environmental factors
(electrical conductivity, water content, temperature and pH) had no significant effect on the major bacteria of
pig manure composting. B-Proteobacteria, Rhodothermaceae, Phyllobacteriaceae and Bacterium were
significantly affected by the water content, temperature and pH. [Conclusion] The content of biochar and
composting temperature could change the bacterial community structure of pig manure composting, and
significantly increase the number and diversity of bacteria in pig manure composting at the high-temperature
period. The electrical conductivity, water content, temperature and pH of pig manure composting could affect
the growth of composting bacteria, but the effect on the major bacteria with the highest abundance in pig
manure composting was not significant.

Keywords: Biochar, Pig manure composting, Bacterial community diversity, High-throughput sequencing,
Environmental factors
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Figure 1 Changes of temperature in different composting treatments
fE: CK: HEREMAMIAG L T1. T2, T3, T4: AEWRBMEN 0%, 3%. 6%H 9%MHEALELEE. T 1A

Note: CK: The environmental temperature during the composting; T1, T2, T3 and T4: The composting temperatures with biochar content

of 0%, 3%, 6% and 9% respectively. The same below.
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Figure 2 The OTUs rarefaction curves of the composting
treatments at cut off level of 3%
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Table 1 The alpha diversity indices of microbial in each treatment

(e TR FEEL BB ZSHIT ACE $85K Chaol #5%% Shannon 5 %% Simpson F5%{ R
Treatment No. Reads OTUs ACE index Chaol index Shannon index Simpson index Coverage (%)
Tl 1 30482 629 715 735 4.04 0.057 0 99.60

T1 2 30482 627 709 732 432 0.032 4 99.60

T2 1 30 482 692 755 754 4.62 0.026 7 99.65

T2 2 30482 653 724 714 4.05 0.059 9 99.64

T3 1 30482 654 717 715 4.42 0.034 1 99.67

T3 2 30482 520 615 607 4.07 0.038 4 99.63

T4 1 30482 680 733 748 4.73 0.020 3 99.68

T4 2 30 482 643 725 723 4.47 0.029 9 99.61

W T 1, T2_1. T3 1, T4 14051 4 MR PEAEENT; T1 2, T2.2. T3 2. T4 2 4r51CEE 4 AR P AR & 401
Note: T1 1, T2 1, T3 1 and T4 1 represent the high-temperature period of four composting treatments, respectively. T1 2, T2 2, T3 2
and T4 2 represent the stable-temperature period of four composting treatments, respectively.
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Figure 6 The community heatmap of bacteria at the genus level and clustering tree analysis

TE: I R AN AE & 4326 (y SI7E R RE R o Gl A AR RS 3218 s B 2 ARIRAR XS T2 B /DN, BB O ANA T 00 43 550 S e i 2 B A
YR AR, A DAL A3 5 R RS FIAE A SRR . B b 8 B R A S AR R = BE B R AIG,  1E T T G e i AR Al
TN [ 18 20 A X 5

Note: The relative percentage of genus classification of bacteria (y axis) within each sample (x axis clustering) was shown. Colour bars
represent the relative percentage, the bottom and the right side of the heat map are the sample name and species name respectively, the left

and the upper side are the species clustering tree and the sample clustering tree respectively. The shade of color represents the abundance of
species. The relative values for bacterial family are indicated by color intensity with the legend indicated at the top left corner.
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Figure 7 Composition and relative abundance of bacteria
groups among different treatments at phylum level
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Figure 8 Composition and relative abundance of bacteria groups among different treatments at genus level
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