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Analysis of the microbial community of pig manure fermented with straw litter in an ectopic fermentation system
YE Shi-hao', SHEN Qi*, LI Yuan—cheng’, SUN Hong?, YAO Xiao—hong?, WU Yi—fei’, WANG Xin®, LI Wei-lin', TANG Jiang—wu®"
(1.College of Life Science and Technology, Huazhong Agricultural University, Wuhan 430070, China; 2.Institute of Plant Protection and
Microbiology, Zhejiang Academy of Agriculture Science, Hangzhou 310021, China)

Abstract: The objective of this study was to explore the effect of different straws on the fermentation process of pig manure in an ectopic fer-
mentation system (EFS) and to reveal the succession of microbial communities on different straws. Three types of litter were used in this ex-
periment. Group Y was composed of rapeseed straw, wood chips, and rice chaff ; group S was composed of rice straw, wood chips, and rice
chaff ; and group CK was composed of wood chips and rice chaff. Litter samples were collected at different times during the EFS process to
analyze the physicochemical properties and conduct [llumina high—throughput sequencing. The results showed that the microbial diversity
in group CK was significantly lower than those of groups S and Y. The trend of microbial succession was similar in all vessels during the
EFS process, but the degree of change varied considerably. The abundance of Proteobacteria in group CK decreased by 75.0%, while those
in group S and group Y decreased by 38.0% and 23.2%, respectively. The dominant microorganisms in the thermophilic period of the three
treatments were Bacillus, Lactobacillus, Sphingobacterium, and Pseudomonas, but their abundance varied. Gene prediction and functional
analysis indicated that the abundances of lipid, amino acid, and carbohydrate metabolism—related genes in group Y were the highest. The

changes in the dynamics of physicochemical indexes in all treatments were similar in the fermentation process, but the heating rate, overall
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temperature, and dissolved N concentration of group Y were the highest. The results suggested that the addition of straw to litter increased

the microbial richness and diversity in the EFS. Meanwhile, rapeseed straw made the organic matter metabolism more active and contribut-

ed to high—temperature operation of the EFS and the formation of organic fertilizer.

Keywords: ectopic fermentation system; straw litter; microbial community
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Table 1 Experimental group setting

i3 HORLAL K

Treatments

LY

The microbial agent

1 g-m™ A il &7

Composition of litter

S IKFEFERT 25% A 30% 724§ 45%

Y THSEFEFT 25% A 30% 220 45% 1 g-m™ Al 7 5
CK KB 40% 754 60% 1 g-m™ [ il 7

TE U AR S ARG WA (B1:B2:B3=1:1:1,V/V) . Bl K
T RE AT IR, B2 Sy HACEF FAT T, B3 SV by 27 J AT 1A

Note : The microbial agent contained mixed microbes (B1:B2:B3=1:
1:1, V/V). Bl was Bacillus subtilis, B2 was Bacillus licheniformis, and

B3 was Bacillus amyloliquefaciens.
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Figure 1 The changes of temperature, moisture, pH, electrical conductivity and the content of ammonium nitrogen and nitrate nitrogen in

the fermentation process of different litter combination EFSs
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0.982 598 Z [a] , 5 6.9 . 12 d Y Shannon 5 % CK 21 %
BEALFSAMY 4.
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AR OTU R 43 #1432 b 067 4 58 45 5%, 7T LR T
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Figure 2 C/N changes during fermentation of different litter
combination EFSs
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Figure 3 Statistical diagram of OTU classification and

OTU %% & The number of OTUs

classification status identification results of different litter

combination EFSs in different periods

M ERERT] U ETTE TS B 96.5%, i fié
o X AL AL . AT T T B R X A R A
oS R R R S Hop CK AR T 75% , S RFAR T
38%, Y HFFME T 23.2%.

M 4(b) A& i, TE T8 1Y 53 K- BT Kk T
BH UL AR REE AR BRI 208 A 2
I & (Bacillus) \FUFF T & (Lactobacillus ) 5 BEAT
W J& (Sphingobacterium) i -} 7 J& (Pseudomonas)
S5 Horp, CKZH 27 AT 1 Ja AR N 3 2 d5e e 36.8%,
FURF IR fi i 0 12.9% , AR 18 fie e 0 3.8% 3 S 2L
ZERAT TR AR T f i o 16.9% , FUAT TR & fie s

R2 AHRENSHEEELY
Table 2 Microbial diversity index

AR P Treatments  Simpson Chaol ACE Shannon
S3 0.966 441 147205 151843 6.95
S6 0982598  1597.04  1569.77 7.79
S9 0977945  1473.02  1501.20 7.55
S12 0973067 136052  1357.95 7.29
Y3 0976228  1513.10  1533.45 7.25
Y6 0973096 135563  1321.88 7.23
Y9 0.974127  1383.00  1383.00 7.74

Y12 0.952709  1467.12  1482.92 7.21
CK3 0.975452 145165  1449.67 7.15
CK6 0.953927  1308.67  1324.27 6.46
CK9 0.957582  968.00 968.00 6.92
CK12 0.948595  1083.01  1083.95 6.93

H: 013,69, 1238 KB 3.6.9.12 d
Note: 3, 6,9 and 12 in the table are the 3, 6,9 and 12 days of

fermentation.

8.1% , I SN 1 i fi M 9.8% 5 Y 21 27 A AT 11 A X
F= B R i o 40.5% , FLETF RS 55 5 R 6.5% , A1 HR L TR
JE = R 6.1% . I 4 () v] KB, Bl & I () AN 7
TR, BB S| 41 TR SR % 1 T i 0 R X = B R M B AR
IR 3 d B4 12 d, CK 4 v ve B4 R T & (Klebsi-
ella)H 28.7% T 5 0.4% , I H 17 J& ( Enterobacter ) FH
40.8% T K& 2 0, KIGAT B & — i 28 Q& & (Escherich-
ia—Shigella) H1 7.9% T %5 0.1%; 11 S 2H 5 T 11 QA
J& 1 13.6% T K2 0.2%, 11 17 & i 12.1% T B 3
0.4% , K13 @ - B B IR T & 1 4% FREE10.1%5 Y
0 78 AN FC R 36.9% T R 5 0.7%, i kT 1
29.3% N FEE] 1.7% , KIHAT R 8 -5 8 [C & i 9.3%
T3 0.3%.
24 RIUEBRDEMEMRHEEXERNEZER

HR 4 PICRUSE 0 3 FhAS [7] kL A 5500 & 18
IR LAY, s I X AR 2 L 0
iR A e K A G P A5 A R DG 56 DR 8 D1 B30 22 Sk
FERA R FEERR R, 3 2l PR [  AROEAR OG 3k P ARk
AEARL, B e WA A T, BRI 2 R Aok AL & 1K
T B AH DG BE DR 4 DUBCA sl /b 52 R BB 3 (181 5) 5 I
KBS 3 d 205 12 d, IR 2 A SR Aok A& G
B A 26 JE IR $% D180 CK 40 20 T 65.82% . 69.95%
76.73%,Y HIF /0 T 42.88% .45.52% .60.31%, S ZH Jik
T 39.87% .41.73% .57.72%. 453 dJEZE B ELMR M
T K AL A 1 A B4 A DG 6 PR DL B0 s, b CK 41
43512 2 099 003 .6 235 987.7 890 496, Y ZH 43 5l K
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Figure 4 Relative abundance of the taxonomic group at the gate level (a) and genus level(b) of the different litter combination

EFSs in the fermentation process
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Figure 5 Gene differentials related to lipid ,ammonium acid and carbohydrate metabolism in different litter combinations in EFSs
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