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FFW#i ( B. rhizosphaerae) ; /73 T 26, 4025 i 25 MUFTF T8 ( B. flexus ) MCHE FLECRY AT 20 Dy o & LU0 SRR, Q01 3 A 28 JE T 7
(B. licheniformis ) ; H 25t 2HL %6 DLRRHE | TS £ 461 202 2 AT 18 ( Lysinibacillus halotolerans ) 3 5% 7 1t 41 55 UL R , QAR BR 25 MO AT B
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VIR TEIR 0 3 AT R BRAE S A o (AR ) R TR R ARR) v B AR A IS 2 it 35 4,41 10° A/ g, JLRR S 55 555 61y 0.01—
94.1x10°4>/g(H{H Ky 8.96x10°4/g) , -5 FEFREL(D) WLHBEEHEEL(A) (Shannon-Wiener 8L (H') FIFSIEEREL () 43514 0.
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Spatial distribution pattern and community diversity of the Bacillus-like species in

a fermentation bed system for pig rearing
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Agricultural Bio-Resources' Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China

Abstract: To provide a foundation for the management of microbial fermentation beds, new resource mining of Bacillus-like
species, and development of microbial agents, we investigated the spatial distribution pattern and community diversity of
Bagcillus-like species in the litters of a pig-on-litter system. The microbial fermentation bed was divided into 32 square areas
of 4 rows X 8 columns. A sample from each area was obtained using a five-point sampling mode. Bacillus-like bacteria were

isolated from the 32 samples using a culture method and preliminarily identified based on 16S rRNA gene sequences. The
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spatial distribution pattern of the Bacillus-like bacteria was analyzed using a concentration index and regression analysis.
Moreover, the Shannon-Wiener diversity index, Simpson dominance index, Hill index, and richness were separately
calculated to reveal the community structure and diversity of the Bacillus-like bacteria in the microbial fermentation bed. A
total of 452 Bacillus-like isolates were obtained from the 32 litter samples, and identified as 48 species belonging to eight
genera and two Families ( Bacillaceae and Paenibacillaceae) within the Bacilli by 16S rRNA gene sequences. The species
numbers for the genera were as follows; 30 for Bacillus, six for Lysinibacillus , five for Paenibacillus , three for Brevibacillus ,
and one for each of Ornithinibacillus, Oceanobacillus, Paucisalibacillus, and Gracilibacillus. There was a large difference in
the distribution of Bacillus-like species in the fermentation bed. On the basis of their occurrence frequency, the Bacillus-like
species could be discriminated as the widespread species, including Bacillus licheniformis; sparsely distributed species,
including B. rhizosphaerae; and rare species, including B. flexus. According to the abundance of each species, the Bacillus-
like species could be classified into the high-content dominant populations, including B. licheniformis; medium-content
common populations, including Lysinibacillus halotolerans ; oligocontent oligo populations, including B. rhizosphaerae, and
low-content occasional populations, including B. humi. The concentration class and regression analysis results indicated that
the spatial distribution pattern of the Bacillus-like species in the microbial fermentation bed was anaggregated distribution.
In the litters, the content range, total content, richness, Simpson index, Shannon-Wiener index; and Pielou’s evenness
index of the Bacillus-like species were 0.01—94.1 x 10° cfu/g, 4.41 x 10° cfu/g, 0:4928, 0.2634, 1.3589, and 0.9803,
respectively. Moreover, B. licheniformis appeared to have the highest Shannon-Wiener index value. On the basis of the
diversity index cluster analysis, all the Bacillus-like species could be divided into a high richness high content group and a
low richness low content group. The Bacillus-like bacteria can actively inhabit microbial fermentation beds and have rich
species and abundant contents. Thus, the microbial fermentation bed ¢an be considered as a natural bacterial “fermentation
tank ,” which is expected to be directly used as a microbial inoculum and applied in the fields for purposes including soil

improvement, crop disease prevention and control, and pollution management.
Key Words: Bacillus-like species; piggery bédding; 16S rRNA gene; spatial distribution; diversity
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Fig.1 The piggery bedding
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Fig.2 Samples information collected from fermentation bed in the piggrey
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Table 1 Distribution index of Bacillus-lile species in the piggery bedding
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SCEREE R W 2, MRPEEVEIE SRR X 53, DN 32 03 Tl A W & I DR 225 Tl A i v 0 B AR AR 1 2R AT 1T 452
B, a5 16S rRNA K FP81 HEX 704 , B A AT esl R AR LR B T 97.0% , %2%E T 48 Fh SRR T2 i
FFEE9E 2 AL BD 2F B AT 58 B ( Bacillaceae) F1 28 25 §g #F 1 #} ( Paenibacillaceae ) , 8 4~ J& RI Z§ M #T 15 J&@
( Bacillus) (30 Ff) ZEZEHIFTF AR ( Paenibacillus ) (5 Fh) Hi & BR 28 MUFT 1 J& ( Lysinibacillus ) (6 Fi) 8 2E MU FT
)& ( Brevibacillus) (3 Fl) | 2 & MR 2E AT & ( Ornithinibacillus) (1 F) K IEZEMFT B & ( Oceanibacillus)
(1 F) D ERZEMIFT TR & ( Paucisalibacillus) (1 F) FIZF 240 2 AT & ( Gracilibacillus) (1 F) .
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Table 2 Isolation and identified of Bacillus-like species from the piggery bedding

H15 No. RS 16S rRNA AHUM:/ % /L S
Strain no 16S rRNAsimilarity Species name Number
[1] FJAT=41456 98.1 TR M 2E AT I Bacillus altitudidns 30
[2] FJAT-41678 99.3 TRUER ZEMIAT B Bacillus amyloliquefaciens
(8] FJAT-41614 99.5 Bl [C 2 UFF I Bacillus aryabhattai
[4] FJAT-41708 100 WEAR ZE AT Bacillus cereus
[5] FJAT-41599 99.5 MR ZEMIAFT B Bacillus circulans
(6] FJAT-41623 99.7 5257 REEMIFT I Bacillus clausii
77 FJAT-41407 99.10 WS 2R MUAT 1R Bacillus eiseniae
(8] FJAT-41644 99.0 5 M ZE AT Bacillus flexus
[9] FJAT-42923 99.3 W O ZEMFT Bacillus haikouensis
[10] FJAT-41639 99.5 WEERWEREZEMUAT I Bacillus halosaccharovorans
[11] FJAT-41679 99.8 B [CZEMIATH Bacillus horneckiae
[12] FJAT-41709 97.9 + M ZE AT Bacillus humi
[13] FJAT-41627 99.3 ERZS W ZEMUAT B8 Bacillus isronensis
[14] FJAT-41629 99.7 52 AT B8 Bacillus kochii
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4N R 16S rRNA MU/ % YiFh 2 Fh%L
Strain no 16S rRNAsimilarity Species name Number
[15] FJAT-41609 99.3 AR AT Bacillus lLicheniformis
[16] FJAT-41224 99.4 WO 2E AT I Bacillus marisflavi
[17] FJAT-41714 99.8 Vg H IR ZEMUAT B Bacillus mesophilum
[18] FJAT-41604 99.5 BB TR AL MU I8 Bacillus methylotrophicus
[19] FJAT-41602 98.2 Je &M Bacillus nealsonii
[20] FJAT-41408 99.5 JRIR ZENEFT T8 Bacillus niacini
[21] FJAT-41206 98.8 TR ZEMIATT Bacillus oceanisediminis
[22] FJAT-41638 99.0 B MIATH Bacillus oleronius
[23] FJAT-41641 99.7 MBR 2 MUAT 1 Bacillus rhizosphaerae
[24] FJAT-41494 99.6 B FEMUAT I Bacillus siamensis
[25] FJAT-41608 99.9 HIE L MUAT I Bacillus siralis
[26] FJAT-41518 99.9 T EEZEMUFT 18 Bacillus subtilis
[27] FJAT-41219 99.9 HEIERT ZEMUAT 8 Bacillus tequilensis
[28] FJAT-41593 98.2 Ze I 1ZE AT Bacillus timonensis
[29] FJAT-41252 99.5 A ZEBFT A Bacillus vietnamensis
[30] FJAT-41633 99.8 JE 2N Bacillus xiamenensts
[31] FJAT-41635 99.9 W ok HH S 2 AT B Brevibacillus borstelensis 3
[32] FJAT-41467 99.2 JE 56 2EMAT R Brevibacillus limnophilus
[33] FJAT-41640 99.6 Tl Ak 2F MUAT 1 Brevibacillus nitrificans
[34] FJAT-41653 99.0 WL ZE AT Gracilibacillus marinus 1
[35] FJAT-41606 98.5 T [ MR TIAT IR Lysinibacillus chunghukjangi 6
[36] FJAT-41646 97.5 e R AR 2 AT 1 Lysinibacillus composti
[37] FJAT-41611 99.6 2 IR 2 MUFF 1R Lysinibacillus fusiformis
[38] FJAT-41610 99.7 it ER 385 2R 2F MUAT B Lysinibacillus halotolerans
[39] FJAT-41612 99.6 A R 2 MIAT B Lysinibacillus macroides
[40] FJAT-41607 99.3 0 AR ZE BT A Lysinibacillus manganicus
[41] FJAT-42930 99.4 TRVE KT ZEMUFT B Oceanobacillus caeni 1
[42] FJAT-41619 98.7 A SRATRZEMIATE Ornithinibacillus scapharcae 1
[43] FJAT-41201 99.9 EAE RS2 AT I Paenibacillus barengolizii
[44] FJAT-41656 99.0 NZ L ZEMIFTF I Paenibacillus ginsengiterrae
[45] FJAT-41484 98.3 PREDZEZEMIAT B Paenibacillus illinoisensis
[46] FJAT-41526 99.5 A A MIFT T Paenibacillus lactis
[47] FJAT-41673 98.4 TR ZE AT B Paenibacillus pabuli
[48] FJAT=41371 98.3 INERIR AR ZERIAT B Paucisalibacillus globulus 1

FJAT J& FuJian Agaricultural Technology (& &4V Bl ) 46 5

2.2 TR IR AR ZE AT B 25 18] 3 A
2.2. 1 TR R IR 23 ()RR A ZF A B PP o0 A

SEUGZERL L 3, Sl R BRI Ay BB 1] 4 A B0C G 8 NPT SREURE 32 A AR B S S
V45 A8 REAS P 2 MR TR ORI AN RO 25 SRR I . (1) 5 S RIRE A ZE M AT I P2 22 AR K, M 2 19 14 Fh
(MF-1-3) B/ 5 FiV(MF-6-3) 5 (2) ZEBAT R 5340 76 & TR IR 25 8] 25 AR K, A7 6 2E A B R 2 o A 26 24>
25 [ REAS H | AN AT [ 28 B AT 1] ( Bacillus aryabhattai) BT Aoy A AEZS [AIFEAS MF-1-1 MF-1-2 MF-1-3 MF-1-4 %
19 23 [HAEAS A S0 W3 A 70 AR 1 28 [RUREAS i | Anieg 11 28 BAT B ( Bacillus haikouensis ) AN 5347 £ %5 [i]
FEAS MF-5-3 5 )8 2 UAF B8 ( Brevibacillus limnophilus ) (M A TEZS [RIFEAS MF-4-1 455 (3) 25 AT I BRI
TE— 28 AR A o i B K& B SR PR ZE AT T ( Bacillus circulans) |, 73 A 504 50.0x10°4~/g( MF-1-4) ; & &
I/ M ENAS W 25 AT 1 ( Bacillus isronensis ) %8 , 43 A B0~ 0.01x10°1~/g( MF-4-3)
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Table 3 The content of Bacillus-like species from the piggery bedding
SRR mEAE Do o | e s EERE s
Sample Strain o Closﬁ:st (x10%1~/¢g) Sample Simain e Clos<lesl (x10°1/g)
species Content species Content
MF-1-1 FJAT-41614 Bacillus aryabhattai 0.3 MF-4-3 FJAT-41215 Bacillus altitudinis 0.5
12 FJAT-41599 Bacillus circulans 5.0 7 fip FJAT-41209 Bacillus isronensis 0.01
FJAT-41616 Bacillus altitudinis 1.0 FJAT-41214 Bacillus aryabhattai 0.05
FJAT-41609 Bacillus licheniformis 8.0 FJAT-41220 Bacillus kochit 2.7
FJAT-41604 Bacillus methylotrophicus 1.0 FJAT-41216 Bacillus licheniformis 0.2
FJAT-41602 Bacillus nealsonii 2.3 FJAT-41219 Bacillus tequilensis 1.3
FJAT-41608 Bacillus siralis 0.2 FIAT-41213 Bacillus subtilis 1.0
FJAT-41611 Lysinibacillus fusiformis 0.1 MF-4-4 FJAT-41495 Bacillus. kochii 0.1
FJAT-41610 Lysinibacillus halotolerans 0.1 7 FJAT-41488 Bacillus eiseniae 0.5
FJAT-41612 Lysinibacillus macroides 0.1 FJAT-41489 Bacillus' licheniformis 0.3
FJAT-41606 Lysinibacillus chungkukjangi 1.0 FJAT-41494 Bacillus siamensis 0.07
FJAT-41607 Lysinibacillus manganicus 0.3 FJAT-41491 Bacillus tequilensis 2.5
MF-1-2 FJAT-41620 Bacillus aryabhattai 3.0 FJAT-41492 Bacillus subiilis 0.2
11 FJAT-41622 Bacillus circulans 2.0 FJAT-41496 Gracilibacillus marinus 0.1
FJAT-41623 Bacillus clausii 1.0 MF-5-1 FJAT-41504 Bacillus altitudinis 0.3
FJAT-41625 Bacillus altitudinis 1.0 7 i FJAT-41498 Bacillus kochii 0.8
FJAT-41629 Bacillus kochii 2.0 FJAT-41499 Bacillus licheniformis 1.5
FJAT-41630 Bacillus licheniformis 1.0 FJAT-41503 Bacillus rhizosphaerae 0.1
FJAT-41621 Bacillus methylotrophicus 5.0 FJAT-41511 Bacillus tequilensis 1.8
FJAT-41633 Bacillus xiamenensis 0.1 FJAT-41506 Lysinibacillus halotolerans 0.7
FJAT-41627 Bacillus isronensis 1.0 FJAT-41510 Ornithinibacillus scapharcae 1.2
FJAT-41632 Lysinibacillus halotolerans 0.7 MF-5-2 FJAT-41519 Bacillus altitudinis 0.02
FJAT-41619 Ornithinibacillus scapharcae 0.1 11 FJAT-41512 Bacillus amyloliquefaciens 0.3
MF-1-3 FJAT-41636 Bacillus nealsonii 10.0 FJAT-41513 Bacillus cereus 0.04
14 i FJAT-41652 Bacillus aryabhattai 5.0 FJAT-41515 Bacillus fiexus 0.18
FJAT-41642 Bacillus circulans 2.0 FJAT-41523 Bacillus clausii 0.12
FJAT-41639 Bacillus halosaccharovorans 2.0 FJAT-41527 Bacillus kochii 0.02
FJAT-41643 Bacillus licheniformis 2.0 FJAT-41520 Bacillus licheniformis 0.48
FJAT-41648 Bagillus methylotrophicus 2.0 FJAT-41524 Bacillus siamensis 0.01
FJAT-41638 Bacillus oleronius 3.0 FJAT-41518 Bacillus subtilis 0.08
FJAT-41641 Bacillus rhizosphaerae 0.1 FJAT-41516 Bacillus tequilensis 0.09
FJAT-41635 Brevibacillus borstelensis 0.1 FJAT-41526 Paenibacillus lactis 0.15
FJAT-41640 Brevibacillus nitrificans 0.2 MF-5-3 FJAT-42924 Bacillus altitudinis 0.1
FJAT-41644 Bacillus fiexus 1.0 8 fif FJAT-42919 Bacillus aryabhattai 0.3
FJAT-41649 Lysinibacillus composti 2.1 FJAT-42929 Bacillus clausii 0.1
FJAT-41650 Lysinibacillus halotolerans 0.2 FJAT-42926 Bacillus kochii 0.4
FJAT-41637 Ornithinibacillus scapharcae 0.2 FJAT-42925 Bacillus licheniformis 0.5
MF-1-4 12 F FJAT-41656 Paenibacillus ginsengiterrae 20.0 FJAT-42923 Bacillus haikouensis 1.0
FJAT-41658 Bacillus aryabhattai 20.0 FJAT-42921 Bacillus subtilis 5.0
FJAT-41667 Bacillus altitudinis 0.2 FJAT-42930 Oceanobacillus caeni 0.2
FJAT-41668 Bacillus circulans 50.0 MF-5-4 FJAT-41532 Bacillus altitudinis 0.12
FJAT-41662 Lysinibacillus halotolerans 1.0 7 FJAT-41536 Bacillus clausii 0.3
FJAT-41663 Bacillus halosaccharovorans 4.0 FJAT-41542 Bacillus kochii 0.1
FJAT-41654 Bacillus licheniformis 0.4 FJAT-41537 Bacillus licheniformis 1.1
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Sample Strain no species Content Sample Strain no species Content

FJAT-41660 Bacillus methylotrophicus 0.6 FJAT-41529 Bacillus rhizosphaerae 0.1

FJAT-41666 Bacillus nealsonit 0.2 FJAT-41541 Bacillus tequilensis 0.1

FJAT-41661 Bacillus oleronius 1 FJAT-41539 Lysinibacillus halotolerans 0.6

FJAT-41659 Bacillus rhizosphaerae 0.1 MF-6-1 FJAT-41223 Bacillus methylotrophicus 0.29

FJAT-41653 Gracilibacillus marinus 0.1 6 fi FJAT-41225 Bacillus aryabhattai 9.2

MF-2-1 FJAT-41679 Bacillus horneckiae 1.0 FJAT-41236 Bacillus circulans 0.3

8 fil FJAT-41684 Bacillus circulans 4.3 FJAT-41234 Bacillus kochit 0.1

FJAT-41682 Bacillus clausii 2.0 FJAT-41235 Bacillus licheniformis 2.6

FJAT-41674 Bacillus halosaccharovorans 2.0 FJAT-41224 Bacillus marisflavi 0.1

FJAT-41683 Bacillus altitudinis 3.0 MF-6-2 FJAT-41552 Bacillus altitudinis 1.0

FJAT-41670 Bacillus licheniformis 5.0 6 fif FJAT-41548 Bacillus clausii 0.2

FJAT-41673 Paenibacillus pabuli 0.2 FJAT-41545 Bacillus licheniformis 1.7

FJAT-41678 Bacillus amyloliquefaciens 2.0 FJAT-41551 Bacillus methylotrophicus 0.1

MF-2-2 FJAT-41694 Bacillus aryabhattai 2.0 FJAT-41549 Bacillus tequilensis 1.7

8 F FJAT-41689 Bacillus circulans 1.0 FJAT-41544 Brevibacillus borstelensis 0.1

FJAT-41690 Bacillus clausii 1.0 MF-6-3 FJAT-41244 Bacillus methylotrophicus 0.57

FJAT-41700 Bacillus halosaccharovorans 7.0 5 i FJAT-41255 Bacillus aryabhattai 2.4

FJAT-41695 Bacillus aliitudinis 2.0 FJAT-41248 Bacillus tequilensis 0.06

FJAT-41687 Bacillus kochit 0.2 FJAT-41242 Bacillus kochit 1.0

FJAT-41699 Bacillus methylotrophicus 0.5 FJAT-41252 Bacillus vietnamensis 1.0

FJAT-41703 Ornithinibacillus scapharcae 0.4 MF-6-4 FJAT-41143 Bacillus clausii 1.4

MF-2-3 FJAT-41708 Bacillus cereus 1.0 7 i FJAT-41146 Lysinibacillus macrolides 0.1

10 FJAT-41705 Bacillus rhizosphaerae 1.0 FJAT-41142 Bacillus siamensis 1.0

FJAT-41709 Bacillus humi 1.0 FJAT-41147 Bacillus licheniformis 2.6

FJAT-41712 Bacillus aryabhattai 3.0 FJAT-41150 Bacillus tequilensis 1.0

FJAT-41713 Bacillus circulans 1.0 FJAT-41149 Bacillus cereus 1.0

FJAT-41718 Bacillus halosaccharovorans 1.0 FJAT-41145 Bacillus subtilis 1.0

FJAT-41715 Bacillus kochit 2.0 MF-7-1 FJAT-41167 Bacillus altitudinis 3.0

FJAT-41706 Bacillus licheniformis 3.0 7 FJAT-41175 Bacillus circulans 23.0

FJAT-41714 Bagillus mesophilum 1.0 FJAT-41172 Bacillus kochii 2.0

FJAT-41707 Bacillus methylotrophicus 1.7 FJAT-41168 Bacillus licheniformis 6.0

MF-2-4 FJAT-41729 Bacillus clausit 2.0 FJAT-41166 Bacillus subtilis 1.0

10 Fift FJAT-41728 Bacillus isronensis 4.0 FJAT-41176 Bacillus tequilensis 4.0

FJAT-41736 Bacillus rhizosphaerae 2.0 FJAT-41174 Ornithinibacillus scapharcae 1.0

FJAT-41739 Lysinibacillus halotolerans 1.0 MF-7-2 FJAT-41295 Bacillus methylotrophicus 0.05

FJAT-41734 Bacillus aryabhattai 3.0 7Fh FJAT-41299 Bacillus aryabhattai 0.11

FJAT-41735 Bacillus circulans 2.0 FJAT-41305 Bacillus circulans 0.01

FJAT-41726 Bacillus altitudinis 2.0 FJAT-41307 Bacillus kochit 0.41

FJAT-41722 Bacillus kochii 3.0 FJAT-41302 Bacillus licheniformis 4.02

FJAT-41727 Bacillus licheniformis 0.7 FJAT-41301 Lysinibacillus halotolerans 0.2

FJAT-41731 Bacillus methylotrophicus 0.9 MF-7-3 FJAT-41178 Bacillus circulans 0.3

MF-3-1 FJAT-41752 Bacillus kochit 1.0 7 FJAT-41180 Bacillus clausii 0.4

8 Fir FJAT-41754 Bacillus siralis 2.0 FJAT-41181 Lysinibacillus halotolerans 0.1

FJAT-41742 Gracilibacillus marinus 4.0 FJAT-41182 Bacillus kochit 1.6

FJAT-41746 Bacillus aryabhattai 2.0 FJAT-41184 Bacillus licheniformis 1.5
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FJAT-41750 Bacillus altitudinis 2.0 FJAT-41179 Bacillus methylotrophicus 0.3
FJAT-41741 Bacillus licheniformis 6.0 FJAT-41190 Bacillus subtilis 0.1
FJAT-41747 Bacillus methylotrophicus 0.5 MF-7-4 FJAT-41309 Bacillus kochii 0.16
FJAT-41740 Ornithinibacillus scapharcae 0.1 5 FJAT-41312 Bacillus altitudinis 0.03
MF-3-2 FJAT-41382 Bacillus aryabhattai 2.0 FJAT-41317 Bacillus methylotrophicus 0.21
8 F FJAT-41375 Bacillus circulans 2.0 FJAT-41318 Bacillus aryabhattai 0.2
FJAT-41374 Bacillus halosaccharovorans 1.0 FJAT-41319 Bacillus amyloliquefaciens 0.2
FJAT-41386 Bacillus licheniformis 15.0 MF-8-1 FIAT-41323 Bacillus methylotrophicus 0.18
FJAT-41380 Bacillus methylotrophicus 0.6 7 FJAT-41322 Bacillus.aryabhaitai 1.2
FJAT-41372 Bacillus rhizosphaerae 0.4 FIAT-41331 Bacillus cireulans 0.1
FJAT-41392 Lysinibacillus halotolerans 0.2 FJAT-41328 Bacillus kochii 0.1
FIAT-41371 Paucisalibacillus globulus 0.2 FJAT-41324 Bacillus licheniformis 2.9
MF-3-3 FJAT-41399 Bacillus aryabhattai 0.2 FJAT-41329 Lysinibacillus halotolerans 0.3
78 FJAT-41393 Bacillus clausii 0.4 FJAT-41330 Bacillus amyloliquefaciens 0.1
FJAT-41398 Bacillus halosaccharovorans 0.1 MF-8-2 FJAT-41595 Bacillus methylotrophicus 0.3
FJAT-41395 Bacillus kochii 0.1 8 fif FJAT-41598 Bacillus aluitudinis 0.1
FJAT-41396 Bacillus licheniformis 3.0 FJAT-41596 Bacillus cereus 0.2
FJAT-41397 Bacillus rhizosphaerae 1.0 FJAT-41590 Bacillus clausii 0.9
FJAT-41400 Bacillus circulans 1.0 FJAT-41585 Bacillus licheniformis 1.6
MF-3-4 FJAT-41410 Bacillus cereus 0.2 FJAT-41586 Bacillus siamensis 0.1
9 fi FJAT-41409 Bacillus aryabhattai 0.2 FIAT-41597 Bacillus tequilensis 0.1
FJAT-41412 Bacillus clausit 0.4 FJAT-41593 Bacillus timonensis 0.1
FJAT-41407 Bacillus eiseniae 0.2 MF-8-3 FJAT-41333 Bacillus cereus group 0.01
FJAT-41413 Bacillus kochii 0.4 6 fif FJAT-41334 Bacillus kochii 0.03
FJAT-41404 Bacillus licheniformis 0.2 FJAT-41335 Bacillus methylotrophicus 0.11
FJAT-41403 Bacillus methylotrophicus 0.2 FJAT-41336 Bacillus amyloliquefaciens 0.01
FJAT-41408 Bacillus niacini 0.2 FIAT-41338 Bacillus aryabhattai 0.06
FJAT-41445 Lysinibacillus-halotolerans 0.1 FJAT-41343 Bacillus licheniformis 1.56
MF-4-1 FJAT-41458 Bacillus altitudinis 0.2 MF-8-4 FJAT-41205 Bacillus amyloliquefaciens 2.1
6 FJAT-41463 Bagillus kochi 0.4 11 F FJAT-41199 Bacillus clausit 0.3
FJAT-41457 Bacillus licheniformis 1.3 FJAT-41203 Bacillus eiseniae 0.1
FJAT-41459 Bacillus methylotrophicus 0.6 FJAT-41191 Bacillus licheniformis 0.7
FJAT-41467 Brevibacillus limnophilus 0.2 FJAT-41206 Bacillus oceanisediminis 0.1
FJAT-41455 Ornithinibacillus scapharcae 0.3 FJAT-41195 Bacillus siamensis 0.5
ME-4-2 FJAT-41476 Bacillus circulans 0.1 FJAT-41192 Bacillus subtilis 1.1
97 FJAT-41474 Bacillus altitudinis 0.5 FJAT-41202 Brevibacillus borstelensis 0.1
FJAT-41468 Bacillus kochii 0.1 FJAT-41198 Lysinibacillus halotolerans 2.2
FJAT-41469 Bacillus licheniformis 0.8 FJAT-41197 Ornithinibacillus scapharcae 0.2
FJAT-41473 Bacillus methylotrophicus 7.0 FJAT-41201 Paenibacillus barengoltzii 0.1
FJAT-41475 Bacillus siralis 1.0
FJAT-41470 Lysinibacillus halotolerans 1.0
FJAT-41484 Paenibacillus illinoisensis 10.0
FJAT-41483 Paucisalibacillus globulus 10.0
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2.2.2 AR R DR ZF MOAT TR 2 [ AR 3 A

BT 3R 3 it I A W A T R 2 AT T A 2 s ] L BB A3 B 25 SR DL IRT 3 2 MOAT B R S G2k W A e IR
32 A ASAREAC UK 22 5 3 A IR SE T2 A0 A AR 25 [RIREAS v A B RN 2 40 A 70 /D B0 as [ A A rp -
GIARTIZAE R 30 3 28 A 1 2RON) T AR S A 8 AN A TE 14—29 A TAIREAS H | 43 ] DR A ZF B A T
( Bacillus licheniformis) (29 FEAS) AT bk 2 M AT B (B kochii) (23 REAS) L E IE B ZE M AT I (B
methylotrophicus ) (21 FEAS) | /5 M 2E BOAT 18 ( B. altitudidns) (18 FEAS) (B EQ ZE B AT 18 ( B. aryabhattai) ( 19 F
A IRZEBIFFBE (B, circulans) (16 FEAS) Tt Eh M1 2 B8 2 MU B8 ( Lysinibacillus halotolerans) ( 14 #4515
95 EFMIAF I (B. clausii) (14 FEAS) o 55 11 ZNFESPATFNSE A 8 DA MAGTE 5—10 DS FFEA T BATZF
FERLZEMIAT I (B, tequilensis) (10 FEAS) AR BRZEMUAT R ( B. rhizosphaerae) (8 FEAS) (45 Uf S84 R 2F M T 74
( Ornithinibacillus scapharcae) (8 FEAY) WEERWEME ZE MUFT 18 ( B. halosaccharovorans) (7 FEAS) - 3 Ky 2 O AT 18
( B. amyloliquefaciens) (6 FEAY) WEARZEMIFTEA (B. cereus) (6 FEAS) M FLZEMIAT BRI B. subtilis ) (8 FEAS) Fllig
B LEMUFT IR (B. siamensis) (5 FEAS) o 55 T 2R/ A PSR 32 AP or A e 14 s A,
I A 2 2 L T AR 2 AT T X T A o A RS LA IR AT TR B 2 A R T 5 O
AR RY A,
2.2.3 (AR R TR 2 AT B O3 A1

BT8R 3 Giit A AR R ZE AT TR AR o A A5 R UL 4, (BRI TR IR 48 B 2 MU AT e Al i i K (E
94.11x10°4/ g, e/ ME ] 0.1x10°4~/ g, FI{E Ky 8.96x10° 4/ g, (HRABECRE /MM nDHE H 0 4 2K 45 1 00
SrEA R, G 16.7% , B TE (17—94) x 10° /e Z Tl J8 T %25 1 2E MO B A PROIRZE AT .
Mo A ZE AT BT FQ 2E AT B L I8 R T 2R O AT B L N S - ZE BT 1R ( Paenibacillus ginsengiterrae) 0] 2F iy
FEE | i b 23 FE AT 1 G R WO 25 AT 727 5 285 10 2 rpeir e A, o WA, o5 LE 14.6% , Bl 3 A 7E (8—13) x
10°4/g Z 1) Ji T2 00 2 AT T 6 & Rp B L AT B 5 05 TR ZF AT 1 | JE IR ZF AT T ( B. nealsonii) /N
IRADER ZEMOAT 5 ( Paucisalibacillus globulus) AR ZEZEMIAFT 1 ( Paenibacillus illinoisensis) i ¥ 2 AT 1 Al
T 50 R 2 T 5 585 100 2 B 3t 4, BRULARHE , 5 B 18.76% , B /0 AR AE (3—5) x10° 4/ g Z ], J& T
IR N ENZS W2 MU 18T ( B. isronensis.) MR PR 25 MOAF I VERY 2 UFF I ( B. amyloliquefaciens) (i TH£T 4 2
MEAT B ( Gracilibacillus marinus) i 262 MEFFH ( Bacillus oleronius) 6 Mh = % 1R 2 BUFT 1 ( Or. scapharcae) |75
W22 2E MR B8 ( Bacillus siralis ) SER 28 BT B A0 ME AR R 28 AT B8 ( Lysinibacillus composti) 356 TV MR E
A ILANEE , o5 b 50% B 3 78 (2—0.1) X 10° A4~/ g Z (8], J& Tz 2S00 28 IOAT 0 A7 R 2R IOAT 10 B %
SEMUFTE ( Bacillus siamensis) 16 ZEMUFF I ( B. haikouensis) B FC & MFF I ( Bacillus horneckiae) | %8 T
W ( Bacillus humi) V&% 8 2E AT 5 ( Bacillus mesophilum ) A ZEHUAT R ( Bacillus vietnamensis) 15 [ i 22 iR
ZEMUFF A ( Lysinibacillus ‘chungkukjangi) % XI5 ZEMIFF T ( Brevibacillus borstelensis ) i 1 #6 Z BR 2 MO AT 7
( Lysinibacillus manganicus) HER 2E AT ( Bacillus niacini) & #1928 AT 8 ( Brevibacillus limnophilus) fil4k
55 2EMIFFE ( Brevibacillus nitrificans ) A< 1 2 1R 28 BT 7 ( L. macroides ) I J¢ K E ZF BLFT 5 ( Oceanibacillus
caent ) AIRFE ZE WO FT 7 ( Paenibacillus pabuli) | 4 W5 25 2 M FF B ( Paenibacillus lactis) .2 {1 2 AT # ( B.
Slexus) B0 ZEMFT I ( B. marisflavi) RIS ZEMIFTIE ( B. oceanisediminis) (%% 1 2E KT T8 ( B. timonensis) | J&
[VZEBIAT B ( B. wiamenensis ) | 2 52 41 & R 28 B AT B4 (L. fusiformis ) A1 AT B 23S 28 B T B ( Paenibacillus
barengolizii)
2.3 AR R T R 2 AT TR s 18] 23 A1 Y

BT 3,8 4 B 8 I3 FIY 32 > [BIAEAS BATT N 2% 2 UM B B 4% 5o o iV E SR Ge i, 5 482 i
FERAE R — DR KRR 0925 [ 20 A AL et 45 R LR 4, S5 R R 3 ) A e R 5 I AR A B TT 2 AT
PRI S A 22 AR, PR AR P oo B s A 97.6x10°4N g, A TS AR AR M-4- 1, FE AR A0 J2: 0.800% 10° 4/
g NS AR M-7-4 SF34(E R 13.77x10°4/ g, FIFHER 3 Bl gt 25 8] 73 A AR B3R 5., 25 (Al 43 A AU 1Y
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H AR HUAF Bacillus licheniformis 29
Bk 2 HOUAF Bacillus kochii 23
I 3o 3 T HE AT Bacillus methylotrophicus 21
AR T EG ZE AT B Bacillus aryabhattai 19
B ZE AT Bacillus altitudinis 18
IR ZE BAT Bacillus circulans 16
it Eh AR AT Lysinibacillus halotolerans 14
A AT Bacillus clausii 14
R AT Bacillus tequilensis 10
s SRR MUATE  Ornithinibacillus scapharcae
AR AT Bacillus subtilis
SR Bacillus rhizosphaerae
LS GRS g ﬁggg};ﬂzgz Bacillus halosaccharovorans
SRR AT 1 Bacillus cereus
RTER SE AT Bacillus amyloliquefaciens
3B IR Bacillus siamensis
YR AT U ZE AT Gracilibacillus marinus 3
W R R T AT Brevibacillus borstelensis 3
FHIW AT Bacillus siralis 3
JE AT Bacillus nealsonii 3
F 22 W B AT B Bacillus isronensis 3
05 5 A B Bacillus eiseniae 3
JNERIR D £k 3 BAT Paucisalibacillus globulus 2
KW SRR A AT Lysinibacillus macroides 2
IR MAT S Bacillus oleronius 2
725 i 2R HAT Bacillus flexus 2
TR AT Paenibacillus pabuli 1
2 2 AT Paenibacillus lactis 1
(R R HUAT Paenibacillus illinoisensis 1
NS ERATE  Paenibacillus ginsengiterrae 1
ELAE EC 2 AT Paenibacillus barengoltzii 1
%III?@&‘&N‘E?‘P%< TAVR TR ZE AT Oceanobacillus caeni 1
L LR AT Lysinibacillus manganicus 1
iR T W SRR 2 AT Lysinibacillus fusiformis 1
Hi A5 SR 2 AT Lysinibacillus composti 1
v E S AR AT Lysinibacillus chungkukjangi 1
AL % AT Brevibacillus nitrificans 1
S AT Brevibacillus limnophilus 1
JE T RAT Bacillus xiamenensis 1
R R AT Bacillus vietnamensis 1
RIS Bacillus timonensis 1
W PE TR 2E AT Bacillus oceanisediminis 1
YHBR 4 AT B Bacillus niacini 1
IR S AT Bacillus mesophilum 1
W AT Bacillus marisflavi 1
A H S AT Bacillus humi 1
K BRI Bacillus horneckiae 1
YO AT Bacillus haikouensis 1 | | | | |
0 5 10 15 20 25 30 35

3 YR BEK B R AR 2 REAT B BIR
Fig.3 Occurrence frequency of Bacillus-like in the piggery bedding

AN S5 R 2R AT B 1 4845 =22.6183>0, AN FIWEE (m ™ /m) F8H5 = 2.4212>1, B
eI 5 CA 1665 = 1.421250 , AR IR EL(C) = 23.6183> 1, W RAE 1T 5 11 "I/ A K 545 =1.0778
>0, FRE A, R ZEMUFT TR TE & BEIR vh oA R R AR A

WFFEHETE (m ™) 5 E(m) ZBIKRER, H m ™ -m BT, 35 m™ -m MIEHRX m ™ =a+bm, 451 E
B, m ™ -m FIEH TR (IWAO) A m* =-47.1208+5.9076m,r=0.7795 ;a = —47.1208 <0, & B ZF M AT B ik A= Ak
HEZ A EHEFR ,6=5.9076> 1, B ZEMAT R 25 (B 0 AR B RAESr A . 32 FHRRIR W3 T 22 B, Taylor i W 7
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Bacillus circulans 94.11
Bacillus licheniformis
Bacillus aryabhattai
. Bacillus methylotrophicus
LRSS Sl Paenibacillus ginsengiterrae
Bacillus kochii
Bacillus halosaccharovorans
Bacillus altitudinis
Bacillus tequilensis
Bacillus nealsonii
Bacillus clausii
EHIE Ui il Paucisalibacillus globulus
Paenibacillus illinoisensis
Bacillus subtilis
Lysinibacillus halotolerans
r Bacillus isronensis
Bacillus rhizosphaerae
Bacillus amyloliquefaciens
Gracilibacillus marinus’
KRR < Bacillus oleronius
Ornithinibacillus scapharcae
Bacillus siralis

Bacillus cereus

Lysinibacillus composti
Bacillus siamensis
Bacillus flexus
Bacillus vietnamensis
Lysinibacillus chungkukjangi
Bacillus mesophilum
Bacillus haikouensis
Bacillus humi
Bacillus horneckiae
Bacillus eiseniae

Lysinibacillus manganicus

Brevibacillus borstelensis
Oceanobacillus caeni
5BV HefE L Paenibacillus pabuli
Lysinibacillus macroides
Brevibacillus nitrificans
Brevibacillus limnophilus
Bacillus niacini
Paenibacillus lactis
Paenibacillus barengoltzii
Bacillus xiamenensis

Bacillus timonensis

Lysinibacillus fusiformis
Bacillus marisflavi

Bacillus oceanisediminis ) ) ) ) )

0 20 40 60 80 100
/(X 105cfu/g)

4 HEMEBEFIAENES S
Fig.4 Distribution diversity of Bacillus-like species in the piggery bedding

TN 1g(s)=—1.2876+3.1966lg(x) ,r=0.8233,b=3.1966>1 , W RE/M i,

25 LR  FRAE A W b I PR 2 TR 8 2 1) A D SR AR 0 A
2.4 TRV R RZF BT IR Z R E R
2.4.1  GUEY R PR 2 MOAT B [A) 201 22 FE

BT 4G, M R AR SRR A R L2 6, ZEMAT R & VI N (0.01—9.411) x 1071~/ 48
ol 2 AT BTG S 1 3K 4.41x10%1 /g5 £ 5 BEAREL( D) EHZFEEL (A ) (Shannon-Wiener 1850 (H') 5] B4
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(J') 5k 10.49276 ,0.26342 ,1.3589 ,0.98027 , ZFIFF AL 1.5%1071~/g LA L AP FRIRZFE B AT 14
(9.411x10"1/g) HIAZEHFF IR (7.566 % 107 1>/g) BT FC 28 HRLAT 1 (5.4223 %107 4~/ ) Y 3L 35 57 70 25 AT 1
(2.271x10'1/g) AZ 1 ZF JUAT 1 (2.000x 10" 1~/g) ATk 28 BLAT B (1.972x 107 /g ) | W8 Eh Wi 2 M AT 147
(1.710x10"1~/g) .

R4 REMEABRZOEATRATESE
Table 4 The content of Bacillus-like species in the piggery bedding

SR Bl 44T Column coordinate/ (X 10°4/g) FHE Tz
Location 1 2 3 4 5 6 7 8 Average Variance
1T AR 1 19.4000 19.5000  18.6000 3.0000 6.4000 12.5900  40.0000 4.8800 15.5463 172.6288
Row-coordinate 2 16.9000 14.1000  21.4000  30.5000 1.4900 4.8000 4.8000 3.4000 121738 157.3118
3 29.9000 15.7000 5.8000 5.7600 7.6000 5.0300 4.4000 1.7800 9.4963 85.1001
4 97.6000  20.6000 2.1000 3.7700 2.4200 8.1000 0.8000 7.5000 17.8613  1142.4909
RS5 HEVRBRFEAEZESHRIEN
Table 5 The distribution index of Bacillus-like species in the piggery bedding
BTt PEFIE IR we/mifte CAdSER PRRH C K 4515
Sample row Congestion degree I index m * /m index CA index Diffusion coefficient K index
1 25.8085 9.7499 1.6071 0.6071 10.7499 1.6471
2 24.1162 10.9300 1.8289 0.8289 11.9300 1.2064
3 17.4526 8.0706 1.8602 0.8602 9.0706 1.1625
4 79.9375 61.7225 4.3886 3.3886 62.7225 0.2951
TFHI{E Average 36.8287 22.6183 2.4212 1.4212 23.6183 1.0778
R6 WMEMREBKRFRTEESHEEER
Table 6 Diversity index of Bacillus-like species in the piggery bedding
TiH K SgE| Hoht
Item Account Item Account
23[R BE 741 Samples 32 P EFEEL Simpson diversity index(A) 0.2634
AT & HE Content of Bacillus /(x107 47/ g) 4.4062 Shannon-Wiener $§%1 Shannon-Wiener index( H') 1.3589
F & EHEE Richness index(D) 0.4928 Y51 BE 85 Pielou’s evenness index(J') 0.9803

2.4.2 AR BER ZEMUFT AR o A0 2R

ZEMIAT BRI ZREMER O T35 3 11, a5 R WL 7, ZEHEAT B Shannon-Wiener 455031 [l 0—2.88 , e K
PSR A 28 AT PRI 2.88 ) , S/ INFFP S A T 1 25 AT D7 | 3015 28 BT B V3 2R AT TR 46 22 28 AT 1
P HRBOE T 0.08=1 , Fe R ARSI B0 ZEIUFE I 1V 2 RAT TR 55 22 Bl ZE MO B4, 5 /N RS2 AR 2F
AT TR (0.08 ) s Hill F8 G 1—17.75, S R AR ISR R ZEMAFT I (17.75) , Fe/NRFP ISR 101 2 AT 18 | 8%
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Table 7 Distribution diversity of Bacillus-like species in the piggery bedding

" sk i kORI ST e
Species Fjrequen.cy Co;]tenl/ . (D) . evenness Shannon-Wiener . (A ) ( ]YI )

distribution (10 /l\/g) Richness index index index Simpson index Hill index
Bacillus licheniformis 29 7.566 6.47 0.85 2.88 0.08 17.75
Bacillus kochii 23 1.972 7.38 0.81 2.55 0.10 12.85
Bacillus methylotrophicus 21 2.271 6.40 0.75 2.27 0.16 9.72
Bacillus aryabhattai 19 5.322 4.53 0.70 2.06 0.20 7.84
Bacillus altitudinis 18 1.707 5.99 0.82 2.36 0.12 10:59
Bacillus circulans 16 9.411 3.30 0.54 1.50 0.35 4.49
Bacillus clausii 14 10.52 5.52 0.87 2.30 0.12 10.01
Lysinibacillus halotolerans 14 0.850 6.07 0.86 2.28 0:13 9.77
Bacillus tequilensis 10 12.65 3.55 0.78 1.80 0.19 6.07
Bacillus rhizosphaerae 8 0.480 4.46 0.74 1.55 0.27 4.70
Bacillus subtilis 8 0.948 3.11 0.71 1.47 0.33 4.34
Ornithinibacillus scapharcae 8 0.350 5.59 0.82 1.71 0.23 5.55
Bacillus halosaccharovorans 7 1.710 2.11 0.81 1.57 0.26 4.80
Bacillus amyloliquefaciens 6 0.471 3.23 0.63 1.13 0.39 3.09
Bacillus cereus 6 0.245 5.58 0.69 1.23 0.35 3.42
Bacillus siamensis 5 0.168 7.71 0.62 1.00 0.45 2.72
Bacillus isronensis 3 0.501 1.24 047 0.51 0.68 1.67
Bacillus eiseniae 3 0.080 0.00 0.82 0.90 0.47 2.46
Bacillus nealsonii 3 1.250 0.79 0.51 0.56 0.67 1.74
Brevibacillus borstelensis 3 0.030 0.00 1.00 1.10 0.33 3.00
Bacillus siralis 3 0.320 1.72 0.76 0.83 0.49 2.29
Gracilibacillus marinus 3 0.420 1.39 0.20 0.22 0.91 1.25
Bacillus flexus 2 0.118 6.04 0.62 0.43 0.74 1.53
Lysinibacillus macrolides 2 0.020 0.00 1.00 0.69 0.50 2.00
Paucisalibacillus globulus 2 1.020 0.43 0.14 0.10 0.96 1.10
Bacillus oleronius 2 0.400 0.72 0.81 0.56 0.63 1.75
Bacillus haikouensis 1 0:100 0.00 0.00 0.00 1.00 1.00
Bacillus horneckiae 1 0.100 0.00 0.00 0.00 1.00 1.00
Bacillus humi 1 0.100 0.00 0.00 0.00 1.00 1.00
Bacillus marisflavi 1 0.010 0.00 0.00 0.00 1.00 1.00
Bacillus mesophilum 1 0.100 0.00 0.00 0.00 1.00 1.00
Bacillus niacini 1 0.020 0.00 0.00 0.00 1.00 1.00
Bacillus oceanisediminis 1 0.010 0.00 0.00 0.00 1.00 1.00
Bacillus timonensis 1 0.100 0.00 0.00 0.00 1.00 1.00
Bacillus vietnamensis 1 0.100 0.00 0.00 0.00 1.00 1.00
Bacillus xiamenensts 1 0.010 0.00 0.00 0.00 1.00 1.00
Brevibacillus limnophilus 1 0.020 0.00 0.00 0.00 1.00 1.00
Brevibacillus nitrificans 1 0.020 0.00 0.00 0.00 1.00 1.00
Lysinibacillus chungkukjangi 1 0.100 0.00 0.00 0.00 1.00 1.00
Lysinibactllus eomposti 1 0.210 0.00 0.00 0.00 1.00 1.00
Lysinibacillus fusiformis 1 0.010 0.00 0.00 0.00 1.00 1.00
Lysinibacillus manganicus 1 0.030 0.00 0.00 0.00 1.00 1.00
Oceanobacillus caeni 1 0.020 0.00 0.00 0.00 1.00 1.00
Paenibacillus barengoltzii 1 0.010 0.00 0.00 0.00 1.00 1.00
Paenibacillus ginsengiterrae 1 2.000 0.00 0.00 0.00 1.00 1.00
Paenibacillus illinoisensis 1 1.000 0.00 0.00 0.00 1.00 1.00
Paenibacillus lactis 1 0.015 0.00 0.00 0.00 1.00 1.00
Paenibacillus pabuli 1 0.020 0.00 0.00 0.00 1.00 1.00
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SERARGHTT R IEIRSBA P RUE Y ZREE , & R RSB T U E ) Z R L5 T ELAA A Fh 2k
ZRER 2 MO B ( Bacillus-like ) (BHRER % ) .

ZEMFF B R — R E W RUE YR F B 2w LA SR A M TR I, 40 1R 1T 2R R A
# (lantibiotics) 7', PRI, ZF MUFF B % 3% BE LA BB B DI R, AT 1M 25 26 B JF & (9% 71 Manhar 256 5¢
R BUAG R ZE AT T AMS6 HATTH SRR (pH 2.0) AT (0.3% ) (SHT R TEPE 0 It 5 2 B AN 5m 19 21 2 2% %
A BE 045 25 AE TEERIE | VE 9 W RH IR AN 00 T LA 34 58 3h W 27 4 25 05 AL A% A8 B . Lopetuso 25258 T 35 42 58
55 EGZF MOFT T A0 PR I AR, | 352 T 45 M T o Wk 1 P E el i -l A T REVE FHMLEE ) K ifse &
WY, ZEMOFF A B s s i 28 A WL P R A B R s S HEE T RE

R T 2 WA W e T PR AR AR v R 5 5 2 AT DA R A S L2 ) A R AR S 3 e VA A T A R
16S rRNA LR R G0 & B 45 A ik s Bbb b i ] B 3% 28 OAF B 2 8] o0 A ZRE 0, S5 3R L 1) BUEY R 2R
b ) TS IR ZEMAT B R S L 2R, | N 32 1332k 0 e T AR o o S A5 2T BT 452 Ak, SR JE T2
FERRHAIZEZE MUFF R 8 /& 1 48 Bl ;2) KB RHIH Y ZE IO ATF B S B Hh R 3 S W B Jh i e
FIIRE] 94.11x10°4/ g, HARAI IR E] T 0.1x10°4/ g, I FFE ik 8.96x10° 4 g3 3) FL A ZEMAT s A #4051
Ry A ZE MR B BT ECZE A R PR ZE AT TR A 2 AT BT | PP i S RS AT A v b 2 AT TR 55 5 4)
A= W) e DR AN [ 225 ] 1) 2 AT PR AR it o0 A1 25 AR K, e I Ry SRAE A A, i e 2 SLSRPH | 2 AT 1T S & TR IR
o b ) U YRR, BARR B IR SR R E AR B T — R

UG R T R AR 27 AT TR IR B G2 8] 43 A IR 3 A0 4 {H N M 93 38 7 LA 35 A R 28 B 58 (A
WA REHENE ) T R B A S 58t & B0 1 2SR 25 8 B, Yao&ssdb) T AT 5 9% | R a4 A B i 22 2k
( PCR-RFLP ) AR M50 i ¥ A L Pk ( PCR-DGGE ) Y543 i 2 B 28 i N 2o 2 vl v 55 % 28 AT T2 1) 00 R et
25 Ay AR B T A s R AR T S AR A R ST GRS R 2R AT TR DL S BB, AT I
1) 22 R I 2 AR 5 A o T B BB M AT 5 2 B0 ST 5 e i , 7 45 9 B B HE AR o ) 2 5 3 1K Guo
SR PCR-RFLP A 5% & B 2% i NE R 305 I B M N o 1) J2 25 AT B T S O 3R 2 DL AR e ) Ry 2 T
JEUS . Li A AT PR A 2% U A B BERE AT R R L ZE AT BB ( Geobacillus ) TN IR R A AT R R
(Ureibacillus ) A , AR B ZEBIAT B (6. thermodenitrificans ) S AUl ; 7 el 01 , 03t M JIE 3t 25 o A1
BRI (G. toebii) FIATIHI IR 3 2E MUFF BRIC UL terrenus ) SRR Guo S5 % RS 2% 0 1 AP 3o 2 v 28 B AT B )
JEREICH WAREESY | He ZRAF28 2 A 28 MEAT T Ah S 26 XS B HE AL A B BE A B g S i 00 AR S o 4%
RE PRARE S 3 REER SR LR 5 R RIIR R ZE AT B8 (AR AR BEAR — B, AT IR 34
TR ZEHE AT AR e ) O A R 2 BT R R T 2 R B (I 2 R SR RAT R AR R BER AR RI R, A2
TR HEE A D S Fh A AE SR R I R AR b R 3, SLRI S5 H 56 25 22 AR K . AR R IFM R IR AR
25 BT R O FIE S 2R 2 AT DA TR A 2 A FE N i R A B E . RUE Y R R 2F A
FFBAFN IS 340 Z REEFR BN — | AT B 55 R T DR 1) & 1 S5 BRI 2 BT TR 20T 2 I AR 18 4 10 o 4 AR R A
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AT HEE S Tslas-Espinoza 55 % S0 A 25 MLFT B 8 R4 ik 18 258 i M R it 1) 5 I A R BRI DS 245, R A 37 4%

http ; //www.ecologica.cn



6930 JAE = 378

TR 0 4 T AR P A i A 28 T T PR P A S R A B T M B B [RZF A T A RS Y 2
I, A AGIE IR o 3 i 2 M T B2 — b 2 I R ZF MOAT B, R AR R R B AT LU T AR
(VR IBR R 7 DR T [ 23 6T TR g 2 T T 1) 588 A7 1T R 5 K T8 DR 14 4 T A B Rt 2 2 DD AH O
FOIRZF MUAT B 7E I E ) R B IR B T AP AR 5 R B R HAT A Bl Do A T AT — E BOAR S E  BROIR 2 AT A
R DR (I 34T S — o 2 B () 300 2 A AT, S (SR 7 A 00 83 D5 7 14 0 JF D 3 T 590 T ek 5
AT LA R AU R R AT b5 P FA v R WAl 2F AT PR TR 13040 G T R £ 0 R T
ZERFF R TR A UL, A5 e 2 v D7 MR R 0tk IR A A0 S VAR A i I 2 4 e I R SRt 5 e TR
i, HL pH 3 7E 8.0—9.0 Z 1], B A BEm [] (10, #0kh b i bk BE R pH B 52 BIRRZS DY . DA,
PRABH 1 o5 Rl BE AR T BE S - BT () A2 M AT T M A A ) R BN (I 35 Rh ko 25 AT 7 SRR A
B R NFLH A B AT A B AR T R A RS ARV 10—40 °CRTHUE i FilpH 6.0—
10.5 FREEVE M 0%—10% NaCl'™™' 128 14 A= K M3 N 10 AR 10 K TR R K T ol A K 2R PR i e AR T 32
oA

TREEY A IR 5 A F 6 I PR AR R 30 e A 0 i I R 2 AT T Pl b 22 BE PR BT, 3RA5 T R 2 i
FRAEBEUR, SOt — Az I I RE R b S it T S BRI, S T 2R MUAF A AR 1S B E W A B R AE 25
REMY SRR 15 TRE— R ML

22 3L HR ( References)

[ 1] AR, Zuk, BT, S50, 40LIR, RICTR MR, s IRl JoR L SOA IR 3R . B384k, 2013, 19(18) : 90-94,
105-105.

[2] FFIF, X, Mk, ST, XIPHEE. FRIBENR IR R A M b0 a8 0 R i o 48 2 S A 0 R 9 1 401k PREERF 22223k, 2009, 29
(11); 2306-2317.

[3] ®&FH, RETV, Bl AWk BRI ARERE B B RBTIE. Rl 2, 2012, 21(2) ; 212-218.

[ 4] ZE%, B, shigT, PSS, £/NG, B0, BN, FM 5 R R #OR KR 2 130 i 5 M LR M T Al IR Rl 2 2 3
2014, 33(4): 777-782.

[5] kB WIS, dtat. 4R, 1956 50-50.

[ 6] Gadd J. Unnel housing of pigs in Livestock Environment IV // Fourth International Symposium. Michigan: American Society of Agricultural
Enginneers, 1993; 1040-1048.

[7] Tiquia S M, Tam N F Y, Hodgkiss I J. Effects of turning frequency on composting of spent pig-manure sawdust litter. Bioresource Technology,
1997, 62(1/2) ; 37-42.

[ 8] Kaufmann R, Heller W, Bieri M. Nutrient balance in the biobed system for fattening pigs. Agrarforschung, 1997, 4(1) . 25-28.

[ 9] Connor M L. Update on alternative housing systems for pigs. Manitoba Swine Seminar Proceedings, 1995, (8): 93-96.

[10] Margeta V, Kralik G, Hanzek D, Margeta P. Deep-litter pigkeeping-Croatian perspectives. Acta Agraria Kaposvariensis, 2010, 14(2) ; 209-213.
[11] Knecht D, Popiotek M, Zalesny G. Does meatiness of pigs depend on the level of gastro-intestinal parasites infection? Preventive Veterinary

Medicing, 2011, 99(2/4) ; 234-239.

[12] XU, BEVTAK, SEERH, sSoif. b & B R R R KR R0 S 4 .t 224, 2014, 29(5) : 505-509.

(137 XUk, FITT7, REME, WETLA, MoE, Most, MBI BER A Prbric i O o8 ZHE U & 3L TR R MU MR 2 ek, RS2,
2008, 28(11) ; 5488-5498.

[14] IS, Xk, PRER, WETIAR, X a2 FIUTBEAR NG AR A b3 10 47 38 35 T 4R 2 Ak W ML BE VR (0 oAk IRBERR 24253, 2009, 29
(11) ; 2306-2317.

[15] Skepud, JRWESC, BREF, SUMMR, 220000, AR SR IR0 38 000k W R e PR AR S0 A M B B (0 B . i 1 35BS 2 4z, 2013, 33
(9) : 1458-1462.

[16] Tl 5 FAEY) & BRI P E R 2 RE AR AL BOF AT IR 0 B S5 25 [ D] BRI, kil K2, 2012.

(171 MR, 25, ME, 65, T8, kol RBERIEHE M & 50 5 IR R HE W ARG BE5E. ZRURE L2, 2010, 38(34) .
19530-19532.

[18] SRERT, #AMA, “Roed, (THI4, RIE, T, XIER, T, AAFEEH T & B P A0 B A0 A 4 2 IR S AR 2. L AR
folr B4, 2009, (4): 99-105.

http ; //www.ecologica.cn



20 1 UFEILL 25 FRAE A ) e PR 25 AT B 25 [ A3 22 A 6931

[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

XAk, BRAF, SREZE, GRS, B AR R A AR WY 4 4 MRS BRI IR Y. EANE M S #2010, 30(2)
62-64.
ETF, XU, WEVCRR, IR, AR, R EME. A KRR X AT B SR A B IR AR B, o E AR RRE, 2011,
(22) . 4728-4739.

BN 8 AR R AR T A W S A A R S e T RS2 [ DL Kb IR Al R, 2011.
FIEFIN. R R RS L MRS B2 B H R AN TR SR AR B R IR E [ D] AR . R AR 2, 2011.
K Te. M R WE PR SREE HH ZF AT R R AR AT 8 2 S R AR ROALALL DL 2. )1l R, 2009.
Liu B, Liu G H, Hu G P, Chen M C. Bacillus mesonae sp. nov., isolated from the root of Mesona chinensis. International Journal of Systematic and
Evolutionary Microbiology, 2014, 64(10) : 3346-3352.
Kim O S, Cho Y J, Lee K, Yoon S H, Kim M, Na H, Park S C, Jeon Y S, Lee ] H, Yi H, Won S, Chun J. Introducing EzTaxon-e: a
prokaryotic 16S rRNA Gene sequence database with phylotypes that represent uncultured species. International Journal of. Systematic and
Evolutionary Microbiology, 2012, 62(3) . 716-721.
Tindall B J, Rossells-Moéra R, Busse H J, Ludwig W, Kampfer P. Notes on the characterization of proKaryote strains for: taxonomic purposes.
International Journal of Systematic and Evolutionary Microbiology, 2010, 60( 1) : 249-266.
Barbosa J, Caetano T, Mendo S. Class I and class II lanthipeptides produced by Bacillus spp. Journal“of Natural Products, 2015, 78 (11):
2850-2866.
Manhar A K, Bashir Y, Saikia D, Nath D, Gupta K, Konwar B K, Kumar R, Namsa N D, Mandal M. Cellulolytic' potential of probiotic Bacillus
subtilis AMS6 isolated from traditional fermented soybean ( Churpi): an in-vitro study with regards to application as an animal feed additive.
Microbiological Research, 2016, 186-187; 62-70.
Lopetuso L R, Scaldaferri F, Franceschi F, Gasbarrini A. Bacillus clausii and gut homeostasis: state of the art and future perspectives. Expert
Review of Gastroenterology & Hepatology, 2016, 10(8) : 943-948.
Maeda K, Hanajima D, Toyoda S, Yoshida N, Morioka R, Osada T. Microbiology of nitrogen cycle in animal manure compost. Microbial
Biotechnology, 2011, 4(6) : 700-709.
Kuroda K, Waki M, Yasuda T, Fukumoto Y, Tanaka A, Nakasaki K Utilization of Bacillus sp. strain TAT105 as a biological additive to reduce
ammonia emissions during composting of swine feces. Bioscience, Biotechnology, and Biochemistry, 2015, 79(10) : 1702-1711.
Islas-Espinoza M, Reid B J, Wexler M, Bond P L. Soilbacterial consortia and previous exposure enhance the biodegradation of sulfonamides from
pig manure. Microbial Ecology, 2012, 64(1) : 140<151.
Gutarowska B, Matusiak K, Borowski S, Rajkowska A, Brycki B. Removal of odorous compounds from poultry manure by microorganisms on
perlite-bentonite carrier. Journal of Environmental. Management, 2014, 141. 70-76.
Hanajima D, Haruta S, Hori T, Ishii M, Haga K, Igarashi Y. Bacterial community dynamics during reduction of odorous compounds in aerated pig
manure slurry. Journal of Applied Microbiology, 2009, 106(1): 118-129.
YiJ, Wa HY, WuJ, DengC Y, Zheng R, Chao Z. Molecular phylogenetic diversity of Bacillus community and its temporal-spatial distribution
during the swine manure of composting. Applied Microbiology and Biotechnology, 2012, 93(1) : 411-421.
Guo Y, Zhang J L, Yan Y'F, Wu J, Zhu N W, Deng C Y. Molecular phylogenetic diversity and spatial distribution of bacterial communities in
cooling stage during swine manure composting. Asian-Australasian Journal of Animal Sciences, 2015, 28(6) : 888-895.
Li R, Li LZ; Huang R, Sun Y F, Mei X L, Shen B, Shen Q R. Variations of culturable thermophilic microbe numbers and bacterial communities
during the thermophilic phase of composting. World Journal of Microbiology and Biotechnology, 2014, 30(6) : 1737-1746.
Guo Y, Zhang J.L., Deng C Y, Zhu N W. Spatial heterogeneity of bacteria;: evidence from hot composts by culture-independent analysis. Asian-
Australasian Journal of Animal Sciences, 2012, 25(7) : 1045-1054.
He Y M, Xie K Z, Xu P Z, Huang X, Gu W J, Zhang F B, Tang S H. Evolution of microbial community diversity and enzymatic activity during
composting. Research in Microbiology, 2013, 164(2) : 189-198.
B, BN, BT, AT, B, RS, (TR, WHAR AR LR X R AT R Rom B R ST E. AR, 2011, 48
(3): 612-618.
AR, YWD, S, iARIR, 2. Biolog-ECO MR B I ME A 5 J5 5k BT P i A U REVE 45 W Z REVE R AE. TP AL RME, 2016, 49
(5): 942-951.

MASC, S, XN, EHF, BROTT, XU, PRig, JHA R, Gk Py R e RSB I P A8 (o, ARl 24l 2016, 31(1):
52-56.
FME, RIS, KA, E)Eé Rpl, BRI AR S R o v T A 2 T 8 S SO Bl T, SRR AL AR SR, 2012, 33(6) : 97-102.
INE X, WPk, ZaE, Vs, BLLTH. FRE R IEOR Tk ZE A 0 9 23 85 BOHC I AR R ERITSY. PREE AR, 2014, 32(11) : 60-63.

http ; //www.ecologica.cn



6932 A E = 378

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

Me Carthy G, Lawlor P G, Coffey L, Nolan T, Gutierrez M, Gardiner G E. An assessment of pathogen removal during composting of the separated
solid fraction of pig manure. Bioresource Technology, 2011, 102(19) : 9059-9067.

Vijay Kumar E, Srijana M, Kiran Kumar K, Harikrishna N, Reddy G. A novel serine alkaline protease from Bacillus altitudinis GVCI1 and its
application as a dehairing agent. Bioprocess and Biosystems Engineering, 2011, 34(4) : 403-409.

Madhuri A, Nagaraju B, Harikrishna N, Reddy G. Production of alkaline protease by Bacillus altitudinis GVC11 using castor husk in solid-state
fermentation. Applied Biochemistry and Biotechnology, 2012, 167(5) ; 1199-1207.

Mukherjee S, Das P, Sivapathasekaran C, Sen R. Antimicrobial biosurfactants from marine Bacillus circulans: extracellular synthesistand
purification. Letters in Applied Microbiology, 2009, 48(3) ; 281-288.

Subba Rao C, Madhavendra S S, Sreenivas Rao R, Hobbs P J, Prakasham R S. Studies on improving the immobilized bead reusability and alkaline
protease production by isolated immobilized Bacillus circulans ( MTCC 6811) using overall evaluation criteria. Applied Biochemistry' and
Biotechnology, 2008, 150(1) ; 65-83.

XN, XVELL, M55, FETHRITTRAE YR IC F AT R MR RE R E . MEY IR, 2014, 54(2) : 139-158:

WEITAR, RBEHE, XV, s, $EEIT, MAE. SR & B RS [ R B okl 2 BB AR A A0 441, 2013, 28 (11) : 1132-1136.
Seiler H, Schmidt V, Wenning M, Scherer S. Bacillus kochii sp. nov. , isolated from foods and a pharmaceuticals manufacturing site. International

Journal of Systematic and Evolutionary Microbiology, 2012, 62(5) : 1092-1097.

http ; //www.ecologica.cn





