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Prokaryotic community structures in biogas plants with swine manure
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Abstract Slurry samples from 13 industrial biogas plants using swine manure as raw substrate were collected
from different regions in China. The prokaryotic community compositions were investigated using 16S rRNA
amplicon high-throughput sequencing technique. The results showed that Firmicutes was the most abundant
phylum in these biogas plants, followed by Bacteroidetes, Proteobacteria and Chloroflexi. The ratio of ammonium
to phosphate was the main factor affecting prokaryotic community structure and diversity for similar temperatures
and substrates. A high ratio of ammonium to phosphate enriched Firmicutes, especially the genus Clostridium
sensu stricto, while Bacteroidetes and Proteobacteria preferred a low ratio. Ammonium influenced the
compositions of methanogens since their tolerance degrees to ammonium were different (hydrogenotrophic
methanoges > Methanosarcina > Methanosaeta). Community compositions of methanogens and syntrophs were
the most important biotic factors affecting biogas production rate. Biogas production rate could be increased by
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increasing the abundances of hydrogenotrophic methanoges and syntrophic propionate-oxidizing bacteria.
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1
Table 1 Slurry properties in samples from biogas plants with swine manure
L Fermentor Biogas production _ + _ Phosphate
Sample Sampling site volume /m? m? -t HRT/d  Temperature/ pH COD/mg -L Y NH, /mg -L! jmg - Lt
BJ1 Beijing 500 400 30 35 7.16 7244 419 79.40
BJ2 Beijing 300 230 10—15 36.5 7.55 5640 2482 67.64
BJ3 Beijing 500 350 33 7.71 3622 2007 17.85
DT Dongtai 10000 6000 17 35 7.75 1027 1125 16.86
SH1 Shanghai 400 35 7.6 6848 3474 92.39
SH2 Shanghai 500 400 30 35 7.35 1912 1766 29.60
SH3 Shanghai 70 8-10 20 35 7.51 2054 1799 31.45
PJ1 Pujiang 300 25 7.25 346 838 49,51
PJ2 Pujiang 60 25 6.99 331 552 58.20
YC Yinchuan 700 450 18 35 7.02 695 828 32.30
zz Zizhong 500 500 18 36 7.64 1217 603 7.67
HZ1 Huizhou 1000 400 <5 30 7.64 802 1475 7.21
HZ2 Huizhou 1000 400 <5 30 7.07 315 588 48.43
Note: Biogas production from SH1, PJ1 and PJ2 are not measured.
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3 cluster
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97%

Table 2 Prokaryotic diversity indices at 97% 16S rRNA gene sequence similarity and ratio of NHZ to phosphate

Sample  Number of sequences

Chaol estimator of richness

Observed OTUs

Shannon’s diversity index NHZ/phosphate Cluster

BJ1 16462
BJ2 22375
BJ3 23991
DT 23831
SH1 11080
SH2 18177
SH3 23084
PJ1 19638
PJ2 24724
YC 32553
zz 19651
HZ1 25054
Hz2 23629

2266
1463
1256
2099
1952
1882
2000
2084
3009
1618
1983
1420
1197

1188 7.38 5.3
731 5.495 36.7
605 4.398 1125

1082 6.807 66.7
794 5.652 37.6
925 6.426 59.7
979 6.573 57.2
929 6.632 16.9

1311 7.732 9.5
958 7.069 25.6

1084 6.442 78.7
683 4.297 204.6
771 6.263 12.1

All sequence datasets were re-sampled to ensure equal number of reads (11080 reads) for diversity indices analysis.
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abundances of methanogens
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Fig.7 Community structure of syntrophs in biogas plants
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Table 3 Pearson’s correlation coefficients between dominant syntrophs and methanogens

Dominant systrophs

Methanogens
Syntrophomonas Smithella Syntrophorhabdus Pelotomaculum Syntrophus

Methanosaeta 0.748 0.825 0.853 0.531 0.916
Methanocorpusculum 0.069 0.135 -0.199 -0.242 -0.129
Methanosarcina 0.109 0.078 —0.244 -0.231 -0.215
Methanobrevibacter —-0.159 0.432 -0.104 -0.289 -0.225
Methanospirillum 0.017 0.160 —-0.064 0.074 -0.179
Methanobacterium 0.330 0.457 0.533 0.689 0.396

Correlation is significant at p < 0.01 level.
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