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environment and Bacillus-like genera, and thereby clarify the functions of pig feces degradation, odor elimination, pig
disease prevention, and resource utilization, the random sampling method was used to obtain a total of 14 samples from the
upper (0—20 cm) and under (40—60 cm) layers of the MFB. Nutrition condition analysis and metagenome sequencing
methods were used to analyze the nutrition characteristics of the litter samples (organic matter, total nitrogen, humic acid,
crude fiber) and growth conditions ( moisture, pH) , with identification of the Bacillus-like genera and determination of
their relative abundance (reads). Cluster analysis, correlation analysis, spatial distribution analysis, and ecological niche
width and overlap were used to reveal the characteristics of the spatial ecological niche and the relationships between it and
other factors. A total of 24 Bacillus-like genera within six families were identified in the samples from the MFB (including
two non-Bacillus genera) , of which the genera Ammoniibacillus, Desulfuribacillus, and Tuberibacillus were all newly
recorded genera in China. The three genera with the highest relative contents (reads) in the measured ecological niche were
Bacillus (reads=8020) , Lactobacillus (reads=4565) , and Tuberibacillus (reads=1418) , respectively. The total numbers
of the Bacillus-like genera showed no significant differences (P > 0.05) between the upper and under layers of the
ecological niche in the MFB. However, differences in the Bacillus-like genera were found at the level of their subcommunity
structure; the top five genera with the highest contents were Bacillus (532.86), Lactobacillus (480.43) , Geobacillus
(88.86), Gracilibacillus (70.00) , and Paenibacillus (40.86) in the upper layer, and Bacillus (612.86) , Tuberibacillus
(188.57), Lactobacillus (171.71) , Paucisalibacillus (60.00) , and Ureibacillus (46.71) in the under layer. The results
showed that the five highest ecological niche breadth values of Bacillus-like genera were those of Bacillus (10.5159),
Ornithinibacillus (8.6094) , Paenibacillus (7.8463) , Oceanobacillus (6.9927), and Rummeliibacillus (5.7417). The
results indicated that the Pianka measurement values of the spatial ecological niche overlap between any two Bacillus-like
genera ranged from 0.00—0.99, some of them had a high overlap, such as Gracilibacillus and Ammoniibacillus , while some
of them had almost no overlap, such as Desulfuribacillus and Aneurinibacillus. Moreover, there existed a relationship
between the ecological niche breadth and ecological niche overlap: the genera with a wide ecological niche breadth, such as
Bacillus , had niche overlap values from 0.20—0.80 with the other genera, while those with a narrow ecological niche

breadth, such as Geobacillus, had niche overlap values under 0.20 or over 0.80.

Key Words: microbial fermentation bed ( MFB) ; Bacillus-like genera; ecological niche breadth ; ecological niche overlap;

spatial distribution pattern; subcommunity differentiation

584 W & B2 R ( microbial fermentation bed , MFB ) Fl| FHAE 4 & 3590 tn 45 7¢ FEFF AR BS54 B 4 &
EPRER 2 RIS FRAE 2 L e S0 A P 0 T 40, D R A ALAE Y, R B 5
A T W A TR PR SR B 2 S B2 S T A5 PR A i AL — b [ SR R R R R | B8 W b 038 4 4 TN 19 3R
B 1A T BRI IR, S5 G g, A ARIE IR T8 R A S50 14 A 38 DD B AR BR A 25 W O SR R A
JE B2 Kaufmann SERFSE T 5 IR A% f4: 90 % B2 IR (the biological—bed system for fattening pigs) "%
FEE TV VR E A Bonneau 48 R RS- AL T IR B R AG RBE R PR | ] O 2 o R A
EAEESE T I ) R R R 3 K AT R R R A 4 FE S5 Y A T B W R T DR X 4 4 K M T
JEL A A Bl VA A R R TR T ) ZE AT R R0 B 45 | LA il AT BILT A R 4 S AR

AW K B R R 25 RS R AR R R AR R 7 (B SR U RS R pH GBS ) T T
BHIE R IR TR A7, Grinnell 48 H AARLAE5E (microhabitat) \3EA: ¥ K ¥ (abiotic factor) | % U
(resource ) A B ( predator ) SEFRBE BRI 1 R 1, 3825 0] A A5 28 SR 1A G- A W e o 0 1) B i 2 A o
B3 A R A A BRI R A0 T S ST T PR (9 A M D RE R T o Al s [ R A W R3S
B AR A —E A R G, SR SR A L O R A B B L A A A e R
i B B T RE AL, BN R SR A IZ A I T R G AR S Fazion S WF5T T 5 25 4 2F MUK B AE
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W) Zhang SE0ET S LA SRR ZE AT B TS YL BN R AT A I B R I AR A T R LB RS Y Y
He Ay 2 s Blackburn 28837 T 75 /K 5 Wl HH 5 I 28 AT B8 A S A A | T AR AR 22 A R RS ;s Morton %5
TER T S A3 0 3 s A 1 1 A A 2 ; Piché —Choquette W T AR E AL e Zs i A )
FEASHE) s Hong SEBIFFY T #1456 22 57 5 1L 1) £ 3843 1 B ( Thaumarchaeota ) HE 3L 4346, Chikerema 45
ST T HE A S SR AE ZE AT PR AR A s AL Y

ZEMLFF R AR e 3Ah 2 o 8 2 T ) R T R AR s ) A A 0 R 20 A5 R P R 35 00 88 04 0 o8 T
FEIBIAA ) e DR 2 LA 1 5 () 3 A1, DA 32 (e ity v L3R A 2 AT T 452 #k, 20 il SRR T 20 MOAF BT 49 1 2 4>
FE.8 M@ 48 AFh B B A 4.41x10° cfu/g, AP R BER M0 2E AT BRI 2R 51 B ™ . CFIRR
P2 RO A A A 7 — 2 AT T 25 ) A AL R P AR AT 5 R LA

A RAERR T A W) A I R [ 25 TR o B A ORI A TSR A A BT BRORHE 3R o7, R T2 B O
I OB WA EA T 2 AT TR TR TR, 0 A BB 2 AT TR 2 () A A B i A TR A RS
PLvERE S S A LIS 75 R0 R T R 28 AT 1 25 TR A= SRR | O o) W) e e R A S e A LRV B 4 i B
5 BRI R IR 0

1 ST

1.1 A R B DR 25 o) A A0 R RAE Ty 1
SRAE A AR A AR B B A T AR AOM FE AR TRE /R, SREEXT G b ) & TR KA 320
B KRR B A B SR AN 2100 m* (1K 60 m, 55 35 m) , FEFIE LN 1600 m? , K BRI EE 80 cm, K&
PRERH 33%MPRE 33% 5 BER 34% 5S4,
REERIAFE 1600 LB, W% B R K 1 3k SRS R 2 30em & 2 KIE#t 1 Ik, IRZATER
HE, BB T DU 785 SR 2 5k 5 B R A e e fdi ) 2 4F W RS R EER K 7 1a %4> 8 £2(i8 N 1.2.3 4,
5.6.7 F18) , GeEEI RIS 4 BE(IE N 1.2.3.4) , 35 32 A/IEE  SRAEAS S5 P R WL IED 1, MRS BEH LR AR e
FRE S A SR TS IR DT 1 SR )2 0—20 em Al )2 40—60 cm R JE #0B RAERKE S SIR G
JEHL 1000 g 2 A JCE R LM BRI, 5 S22 A 4 °C UREE P, PEA 7 20 MOAT B8 10 15 3% 40 18 A 22 L IR 4 4y
Mo HOBHEA I (KB pH AP 2R JEREIR KLEF2E ) b 08 ot S 4 8 R BB E AR 52 Ak
1 2 3 4 5 6 7 8
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Fig.1 Sampling pattern for spatial ecological niche analysis in microbial fermentation bed for pig raising
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2 -4 DNA #2567 & FastDNA SPIN Kit for Soil AUERVEFE I, FREL 500 mg HURHEAR #4781 DNA #42
B, SR FH SRR WHEE I FL VR I 5 DNA YR B R B B4R N 1 ng/pl R 5 2255 . SRR AZAEY) 165
rDNA K V3—V4 X3l H 514 U341F F1 U785R Xf 45 B B DNA #E47T PCR 73, PCR W HE & 3 1K,
BUHRMABUR A5 64T B 09 R Be Il i F I TRt 1) & AxyPrepDNA 5 i TR & ( Axygen A ] .
% QuantiFluor ™ —ST #5475 i i R4t ( Promega 23 F) ) XF IS ™ M) E A7 o s sr il 44 4 A B Ry 350
bp 4 paired—end ( PE) 3CJ% ( TruSeq™ DNA Sample Prep Kit #ZEi5 &, Mlumina 23 7] ) , 28 Qubit && H A1 S0
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Kz, HiSeq ALY, 07 i b3 9875 58 %,
1.3 TUEY R PR 2 B) A 3507 25 AT B 3 3 T4

T A R B UR AT 1%, 43 B I A ) 2 TR RARE ot v P 20 BT BT, AR 0 RV B A8 R AR A5 R A T 28 AT R AP 2
R TR G, B REAR TR 3 U, R EE AR 2 AT 2GS TR, PR TR 500 T A
P LA AT 25 5 5 o B Al B ik, SR FH —80°C H VA R HEA T ORAF , >R H Tris—RL F 0 72 42 B2 MO AT 127 2 A 21
DNA R FH3 4N E 16S tRNA BIE 7044 My Y558, Tk 2 W Liv S5 iflig >,
1.4 TUEY) KRR 2 [0 A 3507 ZE AT R (reads ) 4347

N LR 21 43 A 5 SR v SR B AT B i R HE T 2% g 0 (veads ) MY I, 70 BT ELECHRRL 2 S T EH
WS FHATHEILAE 50,
1.5 TICEY) KR 25 o) A= 3540 28 AT B A V% 531k

FI 7 JE AL A 4 5, SR IBCEE AT P s S LT @ B0 (reads ) | 4% 2RI J2 2040 40 A (4G 15, LA
JEFPIERFEAS R S RS, S IREE B N R, ] AR S BE AT R GRS, b L2 T 2 28 M AT I
& ARRE
1.6 AW K BEIR ZF AT IR 25 M A S T S HE

PAZE AT T A B R MR A | LAZS [ REA R HE 0, MBS, FH Levins ZE 0758 AN Pianka B 25
MEEARDHITE S M S ESED HEARIT .,

(1) Levins ZEARIFBEAR: B =1/ (P?) , PRIV i /A H b

(2) Pianka ABMEEAX(O0,) :

r

0, = Z (nij X nA/)/JZ (n,]) ZZ, (nkj) :

S, 0, 2 MORF RN | AR k1097 25 T A, m, B,y SEMRT R RS § A0 K ZEVEIR AL | 5P R o
AR HA) v Ay ST B R MK, SMWFAR PSR DPS v16.05 $ClibAh S5 5

2 ERESH

2.1 AR R BEIRZS [A]AE A HORRE SRR 5 2E MOAT R TR T B AT

HORLUE FRFHIEFR PR SEIR A5 SR R 1, UEY R R R SRS R 22 7 i 2 BB ke 22 7
TR 37.7%—62.6% ,pH 22 75 R 6.2—9.2, A HLEL 22 Y0 [l o~ 37.4%—48.5% , = RIEH K 2.0%—3.
2% , JEFE IR 25 SN 9.3%—16.5% M A 4E 22 55 Fh 10.0%—17.8% , L 2R T R HORY o Rt
AR 5 22 5, BIREBHNK A pH AEART R 2 AHLBT R 4 5 s T 1 2, 2 E MR T T2,

K1 WEMEBRRESBREFEEST

Table 1 Analysis of nutritional characteristics of the bedding litters sampled from the microbial fermentation bed

v REE+AR R " B/ % A% BRI/ % AU % 2T TR T T
R Y5 K3/ % . . b
Depth and . pH Organic Total Humic Crude Numbers of Bacillus/
Number . Moisture A . . .
site material nitrogen acid fiber (x10° cfu/mL)
1 0—20+(4,4) 61.60 9.20 45.30 2.40 11.10 11.40 26.7
2 0—20+(3,2) 59.60 7.10 38.90 2.30 9.30 11.30 10
4 0—20+(4,1) 37.70 6.30 45.90 2.00 9.90 17.80 11
6 0—20+(1,1) 54.60 7.80 42.50 3.50 9.00 13.00 21.7
9 0—20+(4,7) 61.40 9.50 42.20 2.10 12.70 12.80 12.3
12 0—20+(1,8) 28.70 8.10 45.30 2.60 12.90 13.00 15
14 0—20+(3,5) 47.60 6.50 48.50 2.10 11.10 17.30 10.7
=1 R P4
LR 50.17 7.79 44.09 2.43 10.86 13.80 15.34

Average of upper layer
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11 41 X A5 FRAE AR 0 R TR DR 28 AT 181 25 ) A S SRR Y 5
s BRI e e T Numien of il
Number site Moisture material nitrogen acid fiber (x10° cfu/mL)
3 40—60+(3,2) 60.20 7.50 42.20 2.20 10.60 11.70 14
5 40—60+(3,5) 43.60 6.20 45.10 2.10 11.40 14.80 16.3
7 40—60+(4,7) 62.60 9.60 39.30 2.60 9.70 10.00 14.7
8 40—60+(4,1) 51.90 7.50 38.30 2.50 13.60 11.90 43
10 40—60+(4,4) 60.50 9.10 44.80 2.70 16.50 11.70 15.7

1 40—60+(1,8) 46.00 8.50 37.40 3.20 12.30 13.60 6
13 40—60+(1,1) 50.80 7.40 38.20 3.20 18.10 16.20 1.7
FREREP 53.66 7.97 40.76 2.64 13.17 12.84 11.81

Average of under layer

S W 28 A ) IR R BB ZF MAT PTG TR B (3R 2) |, DT AR AR 2 IO RS B A T e it oAl (3R 3) o Tk
Wy & I R} 25 ] R A5 2E AT R TG TR BUR A 5 25 59, I/ IV i 4.3 (X10° cfu/mL) , Fe K& i 26.7
(x10° cfu/mL ) s BB F 2 (0—20 em) SRAEBLIT2F MAFT B & i P2 {E R 15.34(x10° cfu/mL) , T2 (40—60
em ) RAEFATTEIME A 11.81(x10° cfu/mL ), FHALBE )y 2255 0%, {H 2 A5 1= 1.1634,df= 12, P =0.2673,
K25 SRR | B ERORHS T B8R 2 AT AR 22 R A B3 (P>0.05) .

TR0 W A B PR ) = B RE AR 2R B AT B A T

Table 2 Colony forming unit of the Bacillus-like species taken from the MFB

HOBHARE + A0 AL R

ZE R BRI B AR (X 109 efu/mL)

i’ .
Number Deep+ relative i/‘E 1 EE i ig 1 SFllg{E
coordinates Repeationl Repeation2 Repeation3 Average
1 0—20+(4,4) 20 31 29 26.7
2 0—20+(3,2) 10 8 12 10.0
4 0—20+(4,1) 19 6 8 11.0
6 0—20+(1,1) 26 18 21 21.7
9 0—20+(4,7) 18 11 8 12.3
12 0—20+(1,8) 11 15 19 15.0
14 0—20+(3,5) 9 12 11 10.7
bt M B BT 2 5 642
Average of upper layer T

3 40—60+(3,2) 10 13 19 14.0
5 40—60+(3,5) 13 18 18 16.3
7 40—60+(4,7) 17 16 11 14.7
8 40—60+(4,1) 5 4 4 4.3
10 40—60+(4,4) 19 16 12 15.7
11 40—60+(1,8) 3 5 10 6.0
13 40—60+(1,1) 10 16 9 11.7
2N B B BT 2 |L8124.50

Average of under layer

2.2

TUUEE 0 5 TR DR 225 ) A 25 AN 4 T 2 5 R 4 T
MFF25 R 03 4, HORFEAE T3] (reads) 10 F Dl 83279—135829 4%, 4 FIZE (OTUs) {u Flh 929—1714
A, DN 75 55 2 ( Coverage ) F7E 0.99 LA I 5 Ace $8 4 Chao $5 %0 . 5 A 48 U ( shannon ) |23 £ 48 %X ( simpson )
FEA R R 8 (18] 2) A R M Bt 42 (&1 3) Bl V- &, R BNy R 2 & A s AEAS vh B I AT
Prb, B (>0.99) .
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R3 HEMREBRENZEEARFRFEEEITROE R
Table 3 T-test on colony forming unit of the Bacillus-like species taken from the MFB
brifE2: Frifiis

Hi BEA KR HfH . . 95% FfF X 1]
Standard Standard . .
Number Numbers Average . Confidence interval
deviation error
J2HEL Average of upper layer 7 15.3429 6.4257 2.4287 9.4001 21.2856
TIEHEL Average of under layer 7 11.8143 4.8064 1.8166 7.3691 16.2595
(K Difference 3.5286 5.6741 3.0329 -3.0796 10.1368
* P(HZE Y 1= 1.1634,df=12,P=0.2673
x4 WEVRBRENZEHESOERAEEZEFANE
Table 4 Metagenome sequencing of the space ecological niche samples from the MFB
. Gl KT 16S rDNA P (0.97) Sequencing of 16S rDNA
L T . : e
Nomber  Read mumbers perational Ace FEHC Chao J5C ] TR AR
taxonomic unit Ace Chao Coverage Hannon Simpson
1824 1879 5.14 0.0212
1 102575 1608 0.997114
(1779,1882) (1809,1973) (5.13,5.15) (0.0208,0.0216)
1922 1973 5.55 0.0101
2 129891 1698 0.997721
989 o (1875,1981) (1902,2068) 9 (5.54,5.55) (0.0100,0.0103)
1928 1932 5.54 0.0118
3 129077 1726 0.997846
(1885,1983) (1878,2006) (5.53,5.55) (0.0116,0.0120)
1604 1592 4.68 0.0252
4 8327 1255 0.995845
? (1536,1689) (1511,1700) 9 (4.67,4.7) (0.0248,0.0255)
1381 1421 4.85 0.0187
5 137195 1192 0.998287
(1337,1438) (1356,1512) (4.85,4.86) (0.0185,0.0189)
1832 1855 5.37 0.0111
6 120249 1620 0.997613
(1787,1889) (1793,1937) (5.36,5.38) (0.0110,0.0112)
1886 1908 4.8 0.0306
7 134760 1624 0.997544
(1834,1951) (1839,2001) (4.79,4.81) (0.0301,0.0310)
1591 1597 5.1 0.0166
8 135829 1386 0.998115
(1546,1650) (1539,1676) (5.09,5.11) (0.0163,0.0168)
1997 2047 5.11 0.0255
119811 1711 .997087
? % (1942,2067) (1966,2153) 0.99708 (5.1,5.12) (0.0251,0.0260)
1950 1961 5.17 0.0163
10 131818 1714 0.997618
(1902,2010) (1899,2043) (5.16,5.19) (0.0161,0.0165)
1666 1692 4.88 0.0263
11 123334 1414 1997584
333 (1614,1733) (1621,1789) 0.99758 (4.87,4.89) (0.0259,0.0267)
1566 1574 4.96 0.0153
12 111290 1257 0.997232
(1503,1646) (1493,1683) (4.95,4.97) (0.0151,0.0155)
1121 1098 3.59 0.0943
13 113781 2! 0.998137
3 929 (1075,1181) (1048,1169) 99813 (3.57,3.6) (0.0932,0.0954)
1791 1817 5.19 0.0159
14 113573 1564 0.997385
(1744,1851) (1752,1904) (5.17,5.2) (0.0157,0.0161)

2.3 BTN RE PR R G ) T DR 2 T AR 2507 28 AT TR 75 = (reads) 4341
231 JRIKCFRY AT R PR

FFHZE BRI, 40 i 2F BAT I H 21 A& (3R 5) FIEEZEMAT I H 19 3 A&, 408 T 6 ZFMUAT BB,
BIZEMOFT R IR AR 2 MAT T S 2F MO R BBk R ZF B FLAT R AR T Rk R 55 2t i e (9 I
3 4N& N Bacillus ( ZE AT HE ) (reads = 8020) | Lactobacillus (FLAT T J& ) (reads = 4565) | Tuberibacillus ( Ff Bt 2
AT E ) (reads=1418) ; Hii Halothiobacillus  ( AR E) J& T v I AN , Roseibacillus + ( (I
B B TIEME NN E |, Lactobacillus (FLFFE &) J& TN H M . Ammoniibacillus# . Desulfuribacillus# .
Roseibacillus * #  Tuberibacillus# 4 /&7 E N & W SR HGE |, 0 E N Hric st )E .
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Fig.2 Dilution curve of bacterial reads in the litter samples from

the MFB
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Fig.3 Dilution curve of shannon index of bacteria in the litter

samples from the MFB

%5 EFRERNFMENRBFLNEKT FRARHLEE

Table 5 Identification of the Bacillus-like genera in the litter samples from the MFB based on metagenome sequencing

LTS S i o
Genus name Family Chinese name Reads
Ammoniibacillus#' >’ JZFHUAT AL F AT R 39
Aneurinibacillus'>*! FIF MR kG 2% 2 AT ) 134
Paenibacillus'*"] 2 AT PR JE2F R R 431
Thermobacillus!®! JEFHIAF R A NAT R 231
Amphibacillus'*] AT R e 2 M AT & 61
Bacillus*’ ZF HOAT R ZFHUAT 8020
Caldalkalibacillus™" ZE AT AR AT 2 AT 147 43
Geobacillus s-**! ZF MR HoZF AT ) 796
Gracilibacillus s ZFMUAF AR £ 202 MU T 661
Halolactibacillus s*** ZF MR LT 456
Oceanobacillus s* AT A RTEZF WA T R 397
Ornithinibacillus s AT A B R 2 M TR 305
Paucisalibacillus s ZFMOAT R 0 3R ZE AT 1R 598
Sinibacillus s-*% AT A AR 2 M TR 34
Vulcanibacillus s} AT R KU 2 AT R 239
Rummeliibacillus s} BERA R B R AT TR 51
Solibacillus s">"] SRR AT R 11
Ureibacillus s-* PR} JR R ZE AT 1R 383
Tuberibacillus# s> ZFHFLAT R Ji B 2 B AT v e 1418
Sulfobacillus 5" BRI R R AL 2 HAT R R 43
Desulfuribacillus# ' RS AR JR 2 ML A R 12
Lactobacillus MU, FLAF AR FUT IR 4565
Halothiobacillus * s> R A E T R N BRI 137
Roseibacillus  # '] PET B4, VoA R BT )m 8

w ARZE AT R NS, 00 h E L )R
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8 S % 39 &

232 ZFMUFFEECR (reads) HE H M

R F 7 JE DR A D 1 28 BT B (reads ) W5 (32 6) , EA T30 0 R IR 1 )2 AR )2 28 M AT 1 8 K O 5 i
(reads) A% ¢ K050, T4 R L3R 7, L) ZFMUFT EECRF-3E 0 1212.13, 41 S50 1.25% 5 2 2F AT
BEBCRSEYIE A 1339.43, A7 40 TR BB 1.06% ; BIALH T 25500 I 22 2K 1=0.0798,df=12,P=0.9377,
Giitet L 2ERAE (p>0.05) , KL REN, DEH8A S TE8RZFETREEER AR,

®6 ETHEEEANFRIRMEMKEEKSFRITEEKF S E (reads)

Table 6 Contents (reads) of the Bacillus-like genera in the litter samples from the MFB based on metagenome sequencing

S T B C JEHR 5 B Reads of upper layer TR fiE Reads of under layer

Bacillus-like genus 1 2 4 6 9 12 14 3 5 7 8 10 11 13
AR .
%;"ﬁ%ﬁ“}g;‘% u 0 0 5 4 0 4 2 1w 2 0 3 16 2
%‘%ﬁ‘gﬁg‘}a 0 | 4 6 0 1 0 3 0 | 84 0 16 18
%ﬁ%ﬁ; 70303 101 630 248 861 517 1237 654 123 697 666 560 353
Wi St e e s
iR o
fé%ﬁ‘?éﬁ%@ I 12 3 15 4 5” 8 21 I 8 13T 13
Z’Zg%f;g;% u 313 3§ 2w 31 8 350 20 6 16
gﬁé‘ﬁ;‘%ﬁgﬂ‘” 57 4 9 18 27 13 14 2 253 28 4 5 10 12
bt T
;E;‘;%ﬁig’“ s35. 18 171 238 55 1975 281 56 74 182 £ 9 8 19
Zi%ﬁ}‘éf#%ﬁ 7 5 7B 3 2 st o2 %8 8 2 B 3 8
gg%n;gg%ﬁ s 0 1 8 1 3136 4 16 0 6 42 30 17
g:;g%’%ﬁ 8§ M § 6 18 55 93 13 28 301 e 4
fz;;‘;;‘%fg”m 8 15 1B 0B 7 7 25 4 25 3 6 243 28 18
SR oo b e e
Sinibacillus 0 1 0 10 0 0 3 | 0 0 21 2 4
e 0 e
AR Coo ot ey
Q;";éi‘j%‘% 0 9 2 8 2 4 15 1 0 0 124 1 20 35
;;;i’i‘};’# Jﬁ 0 o0 a2 0 1S 6 1232 2 40 4 62
Hﬁﬁ%ﬁ%ﬁ 6 3 0 1 6 16 0 0 1 7 229 0 90
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x7 ETREREANFHMENRBER EEMNTREFRETEEKFSE (reads) % t 1936~

Table 7 T-test on contents (reads) of the Bacillus-like species in upper layer and under layer litters taken from the MFB

. T - brifii2E b iz 95% {5 X [1]
S FEAHR #MH 4 e i
Standard Standard 95% confidence
Samples Numbers Average . .
deviation error interval
JZHKL Average of upper layer 7 1385.2857 1264.2256 477.8324 216.0722 2554.4993
T2 Average of under layer 7 1339.4286 844.6243 319.2380 558.2814 2120.5757
#1H Difference 45.8571 1075.0945 574.6622 -1206.2241 1297.9384
« BIME 22 KK 1=0.0798 ,df=12,P=0.9377
TS
2.3.3 NIRRT L
Roseibacillus 8

AN TR ZE AT R 8 B G 2 JB 85 i (reads) & IR 57
LR DR (B 4) AR BEIR 14 A SR AR I
B 24 N ZEMIFTF IR , B (reads) 35 19073, A [A] J& i
OIATZE S AT S A A i 2 BT D 2 AT T
( Bacillus) (8020) \FL¥T 5 )& ( Lactobacillus) (4565) i
Y ZE MU AT B 8 ( Tuberibacillus ) (1418) | b 2F MU AT & &
( Geobacillus) (796 ) F1£F 41 2 M AT B )& ( Gracilibacillus )
(661),

ZEMUFTFRTEERL 2N R B o (K S5) .
B JZEHRZE AT T 45 I8 S (reads) 9697, 5 1 i 1K
(94 - ZEWIAT B8 ( Solibacillus ) XK 7 (reads) , Fe e Y
N MIFT R E ( Bacillus ) 35 3730 (reads) ; I JZ2HVE 2R
FFE45 I8 i (reads) by 9376, 5 B2 2R A E 3,
SRR BT B (Roseibacillus) H 0, T 5 B9 H 2
IR T & ( Bacillus ) 1% 4290, AN) 27 MOFT B D0 4 2 2
BEFRAT BB B A 22 5 B (K 6) , W ZF AT
R ( Bacillus) 24534 (3730) 1K F T 2434 (4290)
R ZE M AT B @ ( Tuberibacillus) £ 2 (98) KT T 2
(1320) ; ALFF B ( Lactobacillus ) 12 (3363 ) 2346 & T
TZ(1202) , HZF HUAT TH 8 ( Geobacillus ) )7 (622) 1=
TRIE(174) , 2 41 28 AT 58 & ( Gracilibacillus ) - )2
(490) = TR 2 (171) %455
2.4 TR AT R S TR AR 2SN 2 AT DIV oAk

Gy R bR AT JE BB R A AR 2 B AT T Rk
(reads) HilF, VAR WA FEJ7 M8 bR, B [GHE 2 A R
B2 RIS AT R RIS, FTDVE W R BT
JZ2 2N AR IS A BB 22 5

HORE R (R 8 K 6) , 2P MUAT RN EvE e 4 A
A5 1 AN AL B (reads ) BRI 18.67 4055
T 9 NZEMITHEE, Bl Ammoniibacillus ( 2, 2 18 FT 1
J&) . Amphibacillus ( FHeVE ZF T 5 )& ) | Aneurinibacillus
(ffrB% 1 35 FF BB ) | Caldalkalibacillus ( #AHH 2F 70 FF B

Solibacillus 11
Desulfuribacillus 12
Sinibacillus 34
Ammoniibacillus 39
Sulfobacillus 43
Caldalkalibacillus 43
Rummeliibacillus 51
Amphibacillus 61
Aneurinibacillus
Halothiobacillus

Thermobacillus

Vulcanibacillus
Ornithinibacillus
Ureibacillus
Oceanobacillus
Paenibacillus
Halolactibacillus
Paucisalibacillus
Gracilibacillus
Geobacillus
Tuberibacillus
Lactobacillus*

Bacillus

8020 |

0 2000 4000 6000 8000 10000
Reads (FF511%0)

B4 MEMEBRENEFHRTEIEN S

Fig.4 Read distribution of the Bacillus-like genera in the MFB
Roseibacillus ( B 3 ¥T H J& ) . Solibacillus ( + 2 10 /T B J& ) .
Desulfuribacillus (55 2 AT BIJE ) | Sinibacillus . Ammoniibacillus (
AR ) | Sulfobacillus (B 2F A FF 168 ) | Caldalkalibacillus ($
BZF 48 FF B ) . Rummeliibacillus (8 H§ /R ZF 460 FF 3 )8 ) |
Amphibacillus (FVE 25 FFF R ) | Aneurinibacillus ( 57 % 3 AT T
J& ) Halolactibacillus ( ¥ FLATF T J& ) | Thermobacillus ( #4 2f 1 ¥T 14
&) Vuleanibacillus( R/R S HFFH)E ) | Ornithinibacillus ( &% 82
ZEHUFF PR ) | Ureibacillus (WRZEFFF TR R ) | Oceanobacillus ( 1§V %
HUFFPHJR ) Paenibacillus (S 2FHFF IR ) \Halothiobacillus ( R HiAT
IRWE ) | Paucisalibacillus (T FF B R ) | Gracilibacillus ( £ 41 2 il
FFHRJE ) | Geobacillus ( M ZF fFF B J& ) . Tuberibacillus ( e 25 J AT
VR ) \Lactobacillus(FLIT AR ) \Bacillus (21T & )
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A

10 =

A,
&

Eild 39 %

J&) . Desulfuribacillus ( 5B 2F f8 T & J& ) | Roseibacillus
(AT HJE) .« Sinibacillus | Solibacillus ( + ZF /A #T &
J&) \Ureibacillus (WX ZF fAFF &8 ) 5 56 2 Al b & w4l
B (reads) BLFIR 1494.99 G185 T 3 D 2EMATH &,
B0 Bacillus (ZFAFF & ) | Geobacillus ( Hb2F FLFFIH R ) |
Ornithinibacillus (2R 5T HE) ;56 3 AP &
K (reads) BRIR 553.48 615 T 8 A 2F MUFF A
J& , Bl Gracilibacillus ( £F 20 25 JOAT B )& )  Halothiobacillus
(R B T R B )8 ) . Lactobacillus ( 3 T & & ) .
Oceanobacillus (1 7 2F L FT 1 J& ) | Paucisalibacillus ( 13
AT H B ) . Rummeliibacillus ( B /R ZFWATH B ) .
Sulfobacillus (B 2 AT B J& ) . Thermobacillus ( # 2 AT
R ) 35 4 AUARE B2, BUE (reads) A 154, 41
T 4N FEMATEE, B Halolactibacillus ( £ 3L FF
J&) Paenibacillus ( ZEZFAMFF B ) | Tuberibacillus ( i Bt
AT R ) Vulcanibacillus ( BRI AT HEIR) -
HOBINZ (R 9. 7) ZF A R E ey 4 4
5 1R A B (reads) SR 57.27 (0%
T 1A ZEMAFE JE, B Ammoniibacillus ( 2 % M AT
J&) Amphibacillus ( FeVE ZF KT B 8 ) | Aneurinibacillus
(RN ZFH R ) | Caldalkalibacillus ( $H8 2F 70 FF 1
J& ). Desulfuribacillus ( i B 2 & #F H & ).
Halolactibacillus (EFLFT T J& ) . Halothiobacillus ( £ 54T
IREJE ) | Roseibacillus ( BUIR AT T )& ) . Rummeliibacillus
(EMF/RZEATH R ) | Sindbacillus | Solibacillus ( + 2F 1
FFEE) ;58 2 P &, B (reads) BLFIR 756,
WET 7T ANEMATEE, B Bacillus (ZE BT HEE ) |
Geobacillus (i ZF AT & ) | Gracilibacillus ( £F 40 25 #0FF
W J& ). Oceanobacillus ( ¥ ¥ 2 1 ¥ & & ).
Ornithinibacillus ( = Z 1R 2 fFT 5 8 ) | Paenibacillus ( 35
ZFAUFT RS ) Thermobacillus (FAZFRIFT & ) 526 3 8
S B4, Bkt (reads ) BURIR 451,75, 605 T 4 A~ 2R
S, B Lactobacillus (FLFTHE ) Paucisalibacillus ( 3
FF W OJE ) . Sulfobacillus ( Wi AT E R ) .
Vulcanibacillus (RIRIX S AT H IR ) ;55 4 A E & &

(=)}

Sulfobacillus

Solibacillus O F =k

B b

Roseibacillus

Desulfuribacillus

[}
— = N0 O R

—
I\)NO
[\S]

Aneurinibacillus
Sinibacillus
Amphibacillus
Caldalkalibacillus
Ammoniibacillus
Rummeliibacillus
Thermobacillus
Ureibacillus
Halothiobacillus
Vulcanibacillus

Tuberibacillus

Ornithinibacillus
Halolactibacillus
Paucisalibacillus
Oceanobacillus
Paenibacillus
Gracilibacillus
Geobacillus

Lactobacillus*

3363
1 4290
3730

4000 5000

Bacillus

1000

2000 3000
reads (#5150

ES5 BEVMEABRLIENTEFRAEHESF

Fig.5 Read distribution of the Bacillus-like genera in the upper
layer and under layer litters in the MFB

Sulfobacillus ( B 2 # FT B J& ) | Solibacillus ( L Zf 8 FT B J& ) .
Roseibacillus( BUBLFT & )& ) | Desulfuribacillus ( B 5E 2 fLFT B R ) |
Aneurinibacillus( fEFRBEEATE R ) | Sinibacillus . Amphibacillus ( 3tk
ZFRUFT B ) | Caldalkalibacillus (3458 2 #4086 & ) | Ammonii -
bacillus (ZEHUFT R & ) | Rummeliibacillus (A /R ZEAFTF B R ) |
Thermobacillus ( # 2F fL¥T W J& ) | Ureibacillus (& 2F fUFT & )& ) |
Halolactibacillus (5 FLFF T R ) | Vadeanibacillus ( 3% K 355 041 T
J&) Tuberibacillus ( I ¥ 2F L FF B J& ) . Ornithinibacillus ( 2 & B2 2
AT ) | Halothiobacillus ( R HEAT R B ) | Paucisalibacillus ( 13
ERATHR ) | Oceanobacillus (¥ ¥ 2EHIAT W I8 ) | Paenibacillus ( 26 %
TUFFER ) | Gracilibacillus ( £F 48 2 U FF R ) | Geobacillus ( 3 2 41
FFUAR) \Lactobacillus (FLAT TR ) Bacillus (ZEAAFF & )

2 B (reads) BV 823.5 05 T 2 D ZEMUAT &, B Tuberibacillus ( MR ZE AT B & ) | Ureibacillus ( IR %

TR ) o
2.5

2.5.1 PRV R R AR E IR R T i

T A e PR 2 1) AR A5 07 2 AT B KR (reads ) S HORHE FRFFVE AR G

BT TR R RARREE TR IR DN 5 S AR B | AR PR B Oy RUBE , R SR M A 2o, & 2R W3k
10, % 11 [ 8, #BHEFRFHEMSE 1 ERUMRHE IR 96.15 65 T E2G B FM i3 vl LI
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Tuberibacillus

Paenibacillus ssad
Vulcanibacillus ——— =

Halolactibacillus ——1

Oceanobacillus
Lactobacillus* :'—‘7
Sulfobacillus |
Halothiobacillus : —
Thermobacillus — s ]
Paucisalibacillus
Rummeliibacillus
Gracilibacillus
Ornithinibacillus
Geobacillus ,:|—’— _
Bacillus L
Ureibacillus
Solibacillus I
Aneurinibacillus
Caldalkalibacillus
Desulfuribacillus %140
Amphibacillus
Roseibacillus
Sinibacillus }
Ammoniibacillus

2.00 4.00 600 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Maximum distance between clusters

6 LERRMFRFETIHESL
Fig.6 Cluster on subcommunity polarization for the Bacillus-like genera in the upper layer litters in the MFB

Tuberibacillus ( WPH ZE MUAT T )& ) | Paenibacillus ( 25 2F 0K W R ) | Vulcanibacillus ( 3 /R 2 %% Wi 47 1 &8 ) | Halolactibacillus ( R FLAT H R )
Oceanobacillus (AR HR ) Lactobacillus( FLFF T & ) | Sulfobacillus (B EEAEFTE B ) | Halothiobacillus ( FARATIRTE & ) | Thermobacillus ( #
AT EEE) \Paucisalibacillus (FEFTE 8 ) . Rummeliibacillus MR AT E B ) . Gracilibacillus ( £F 40 2F JEFT s ) . Ornithinibacillus ( E=)
TRZETE AT T IR ) |« Geobacillus ( 3t 2 T8 AT B J& ) . Bacillus ( % 70 FF % J& ) . Ureibacillus ( Bk 2F 10 4T T8 J& ) . Solibacillus ( 1+ 2F #1¥T & ) .
Aneurinibacillus(fRFMEEATHE IR ) | Caldalkalibacillus (AT ZEFOAT B I8 ) | Desulfuribacillus ( BB ZE TR AT B &)  Amphibacillus ( FEHE 22 HLFT 7
J&) \Roseibacillus( LT # )& ) Sinibacillus Ammoniibacillus( & 2FOFFE &)

BRI AU EGR IR, R P 74320 9 TUE L B BT 3 00 32, 53X 5 R 45 RARAT
BB AT, BRI F0r AR RN BRI (151 8) .

®8 LEBNFRMAEELEESNL

Table 8 Subcommunity polarization for the Bacillus-like genera in the upper layer litters in the MFB

4“5 Number 25 1 41 Frist group %5 2 4 Second group %5 3 4 Thirdgroup %5 4 4 Forth group

1 2.33 25.33 71.12 23.25

2 1.56 111.67 20.12 12.25

4 1.00 372.00 25.37 9.25

6 6.22 224.33 57.75 26.00

9 0.44 84.33 8.62 24.50

12 4.56 490.33 318.25 18.00

14 2.56 187.00 52.25 40.75
JF Total 18.67 1494.99 553.48 154.00

®9 TEBNFHEFHEBLAZES ML

Table 9 Subcommunity polarization for the Bacillus-like genera in the under layer litters in the MFB

%i*5 Number 25 1 4H Frist group %5 2 41 Second group 2 3 4H Thirdgroup 2 4 41 Forth group

3 3.64 184.29 26.75 3.00

5 27.73 107.57 192.50 616.00

7 3.09 19.71 67.00 1.50

8 10.73 146.86 29.00 10.50

10 2.45 112.29 88.50 114.50

11 6.18 121.57 34.50 2.00

13 3.45 63.71 13.50 76.00
& Total 57.27 756.00 451.75 823.50
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Ureibacillus
Tuberibacillus

T
I
Paucisalibacillus
Vulcanibacillus ;’—,7 s34
Sulfobacillus
Lactobacillus*
0

A ]

Paenibacillus
Gracilibacillus

Ornithinibacillus
Oceanobacillus :|.—_|
Thermobacillus — LR
Geobacillus

Bacillus |
Solibacillus
Sinibacillus

Roseibacillus

Halothiobacillus
Rummeliibacillus i '—
Halolactibacillus — BN

Aneurinibacillus
Desulfuribacillus
Amphibacillus
Caldalkalibacillus

Ammoniibacillus

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Maximum distance between clusters

7 TEBRRMIFRFELIHESL
Fig.7 Cluster on subcommunity polarization for the Bacillus-like genera in the under layer litters in the MFB

Ureibacillus (RS AT 1 78 ) | Tuberibacillus ( M ¥ 2F #8047 B J8 ) | Paucisalibacillus ( $80CER AT B I8 ) | Vulcanibacillus ( i /R %% 3 4 1 | ) |
Sulfobacillus (i 2EHUFF B ) Lactobacillus (FLFF TR ) Paenibacillus (5 ZFAFTF IR ) | Gracilibacillus (21 20 2-AFF A& ) |\ Ornithinibacillus (%4
R 2ZF AT I IR ) | Oceanobacillus (V7 25 FAT 1 J& ) | Thermobacillus ( 4 2 fAT 18 J& ) Geobacillus ( 1 2F #1FT B J& ) . Bacillus ( 2F fLFF B JE )
Solibacillus( +2E KT & ) \Sinibacillus Roseibacillus (IR AT W& ) | Halolactibacillus ( 3 FLFFE IR ) . Rummeliibacillus (S MR 2E AT HE) |
Halothiobacillus(E:GATIR IR ) | Aneurinibacillus ( f# i N Z¥F 1 & ) | Desulfuribacillus ( BB 2 AT B I8 ) . Caldalkalibacillus ( B 2F AT B
J&®) Ammoniibacillus (2 ZF AT IR IR ) \Amphibacillus (HEPEZF fIFFRE )

R0 BEVMREBABRERFEEIRSHIEE

Table 10 Principal component eigenvalues for nutrition characteristics of the litters in the MFB

I PCA FHIE(E Ep e S E AR %
Principal component analysis Eigenvalues Percentage Cumulative percentage
1 13.46 96.15 96.15
2 0.48 3.41 99.56
3 0.03 0.25 99.81
4 0.02 0.17 99.99
5 0.00 0.01 100.00

R WMEMEBRKBREFRBEINS FAE

Table 11 Principal component analysis score for nutrition characteristics of the litters in the MFB

P Factor Y(i,1) Y(i,2) Y(i,3) Y(i,4) Y(i,5)
KM Moisture 5.3890 -0.9694 -0.0099 -0.0303 -0.0017
pH -2.5162 -0.1922 -0.1292 0.1524 0.0587
FHLBT Organic material 3.8224 1.1277 -0.0538 0.0818 -0.0100
4% Total nitrogen -3.4830 -0.2375 -0.1550 0.0255 -0.0618
B34/ Humic acid -1.7325 -0.0178 0.3620 0.0651 -0.0062
HMLAF4E Crude fiber -1.4797 0.2892 -0.0142 -0.2945 0.0211

252 ZFMUAT R SRR R AR SR S A
PAZFMIFT R (reads ) FIEVRLE FRFFMONREA OB S RIREA g S8 0R AR I (3 12) , BEATAH OGP 2>
B, ZEREAT B B IR AR B G R B 10, AR RBUR F R IR FH{E a=0.05 I ,r=0.5324(23) ,a=0.
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1.1 G L <
L4 { ML Y
SR . S
09 | P h A
pH —
| AP ——
0.7
71(&} Il Il 1 1 1 1 1
20.00 60.00 100.00 140.00 180.00 220.00 260.00
0.5 Maximum distance between clusters

ANLRERS

I ! I | I | | I
-2.561 -1.561 -0.561 0439 1.439 2439 3.439 4.439

B8 WMEMEABKREMEFRHUERESWTEEINS AN

Fig.8 Cluster and principal component analyses of nutrition characteristics of the litters in the MFB

01 B, r=0.6614 (3 ) ; G5 R RBIK > 4 T 2F AT B A A2 5500, AN B A E 25 5%, 5 Geobacillus
(-0.6825) . Gracilibacillus( —0.6804) . Lactobacillus( —0.6636) 5 i 2 71 AH 3¢ ; Bt i (CAPLT) $24L T 28 i
FFIRAAEBE T, X A 20 MAT TR OC RECR W3 R 75 240 s B IR E R A T 2R AT I8 FR 5500, AR s
FETEZESE , 5 Vudeanibacillus (0.7063 ) # i E A G, 2 A5 Sinibacillus (0.6021) i 241, JEFHIR S Ureibacillus
(0.6898) 1l fit E ARG , HAAHSCHEAR .2

F12 R2(EFHM) TR 6( FMHESE (reads) ) &3
Table 12 Merging of Table 2 and Table 6

&% FEA LS Number of samples
Genus 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Ammonitbacillus
b b7 3 i 0 2 1 0 0 7 1 10 0 0 0 18 0 0
R
Amphibacillus

. 0 0 1 5 22 4 2 0 0 3 16 4 2 2
Hettk AT 1A S
Aneurinibacillus

N 0 1 3 4 0 6 1 84 0 0 16 1 18 0

BTN AT T R
Bacillus
S 70 303 1237 101 654 630 123 697 248 666 560 861 353 517
RIS
Caldalkalibacillus

S . 0 2 1 0 0 3 1 17 1 0 5 11 0 2
G2 AT I
Desulfuribacillus

e . 9 0 0 0 0 0 1 0 1 1 0 0 0 0
W
Geobacillus

[PV, 1 12 2 3 19 15 1 48 4 13 78 579 13 8

AR
Gracilibacillus

- - 3 13 11 3 8 51 3 50 2 20 63 381 16 37
AT R
Halolactibacillus

U, 57 4 2 9 253 18 28 4 27 5 10 13 12 14
LR
Halothiobacillus
e 1 0 28 1 20 56 0 1 0 7 14 2 2 5

E T R INE)
Lactobacillus 535 108 s6 171 74 238 182 £ 55 91 8 1975 19 21
FLAT R
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&% HEA S5 Number of samples
Genus 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Oceanobacillus
N 7 5 22 7 28 73 8 12 3 33 38 102 8 51
T 2 AT TR
Ornithinibacillus
et oAy 7 b 5 20 4 12 16 28 0 63 1 42 30 31 17 36
S W AR
Paenibacillus
P, 8 43 13 8 28 61 3 34 18 1 62 55 4 93
KA IR
Paucisalibacillus
P - 8 15 41 13 25 33 3 62 7 243 28 71 18 25
THERAT T I
Roseibacillus
- 1 5 0 0 0 1 0 0 1 0 0 0 0 0
BT R
Rummeliibacillus
R TR 15 8 3 4 10 3 0 0 0 0 1 5 0 2
Sinibacillus 0 1 1 0 0 10 0 2 0 11 2 0 4 3
Solibacillus
e . 5 0 0 0 0 1 0 0 0 0 4 1 0 0
MR
Sulfobacillus
e "~ 0 3 1 2 0 0 0 12 0 0 8 0 15 2
Tl 24 F A T
Thermobacillus
e 0 9 1 2 0 8 0 124 2 11 20 4 35 15
AT R
Tuberibacillus
RN 0 1 6 20 1232 21 2 14 0 0 4 1 62 55
P PCEE AT R
Ureibacillus
e e 6 3 0 0 0 24 1 7 1 229 0 6 90 16
JOR 2 FAT 1R R
Vuleanibacillus
. e 28 1 9 0 21 4 83 0 53 20 14 3 2 1
RIRIKS T i
KA/ %
k{,ﬁ v 61.6 59.6 377 54.6 61.4 28.7 47.6 60.2 43.6 62.6 51.9 60.5 46 50.8
Moisture
pH 9.2 7.1 6.3 7.8 9.5 8.1 6.5 7.5 6.2 9.6 7.5 9.1 8.5 7.4
J/ %
ﬁm% § . 453 38.9 45.9 42.5 4.2 45.3 48.5 422 45.1 39.3 38.3 44.8 37.4 38.2
Organic material
= /0
%ﬂ/{o 2.4 2.3 2 3.5 2.1 2.6 2.1 2.2 2.1 2.6 2.5 2.7 3.2 3.2
Total nitrogen
I Tl /L\‘/
Jﬁ&ﬁ.ﬂﬁ % 11.1 9.3 9.9 9 12.7 12.9 11.1 10.6 11.4 9.7 13.6 16.5 12.3 18.1
Humic acid
F -4t/ 9
*E}(E.//ﬂ 11.4 11.3 17.8 13 12.8 13 17.3 11.7 14.8 10 11.9 11.7 13.6 16.2
Crude fiber

R 13 FHEFTEHE (reads) SRRIEFZENHEXLRY

Table 13 Correlation coefficient between number (reads) of the Bacillus-like generaand nutrition characteristics of the litters in the MFB

= % FH 2T 4

i kB e M Tt e e
o i material/ % nitrogen/ % acid/% fiber/%
Ammoniibacillus 54 2 FFT 1 & -0.5119 0.0031 -0.0070 0.2080 0.0084 -0.1900
Amphibacillus JEPE LR B R -0.4433 0.0409 -0.3171 0.0805 -0.0457 0.2856
Aneurinibacillus fRBRE ZFATH R -0.0460 -0.4850 -0.1108 0.1623 0.2774 -0.0843
Bacillus AT # & -0.4965 0.2611 -0.5171 -0.1632 -0.0584 0.3118
Caldalkalibacillus $H8 SEFFT & -0.3635 -0.2709 -0.0329 0.1395 0.1094 -0.1877
Desulfuribacillus fifii 25 F0AT 7 & 0.3646 0.2292 0.4569 -0.0978 -0.0655 -0.3102
Geobacillus 1 ZF 14T 18 & -0.6825 ** 0.1615 0.0517 0.1009 0.1228 -0.0390
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11 4] XUPE S5 SRR IR W) R TR R 2 BT B 2 ) A S S R PR 15
A B R L2 4

i PP - v I v

o ’ material /% nitrogen/ % acid/% fiber/ %
Gracilibacillus ZF 41 2F foLFT B8 ) -0.6804 0.1705 0.0311 0.1637 0.1075 -0.0222
Halolactibacillus 35 FLFT 7 & -0.1635 0.2636 -0.2929 -0.2683 -0.1059 0.1276
Halothiobacillus FHEATR 1 & 0.0561 0.0388 -0.1643 0.4625 -0.3250 -0.0310
Lactobacillus FLFF )& -0.6636 ** 0.4257 -0.0396 -0.0688 -0.0372 0.0091
Oceanobacillus 17 2FfFT 16 )& -0.5776 ¢ 0.3603 -0.0904 0.3544 -0.0485 0.1048
Ornithinibacillus & Z R 2 AT & -0.2911 -0.0543 -0.2279 0.2608 0.3430 0.0803
Paenibacillus J8 2K & -0.3984 0.1706 -0.3480 0.1436 -0.2983 0.2823
Paucisalibacillus tEEFF A I8 0.0405 0.1942 0.2150 0.1463 0.5207 -0.2058
Roseibacillus BUFT & 0.3363 -0.2423 -0.0506 -0.0955 -0.3635 -0.3112
Rummeliibacillus S5 /R 1A 1R )& -0.0511 0.3706 -0.1736 -0.3029 -0.3868 -0.0823
Sinibacillus 0.2215 0.0376 0.1073 0.6021* 0.3211 -0.0314
Solibacillus + 2 HIFF & 0.0195 -0.0368 0.3755 0.3017 -0.0992 -0.1824
Sulfobacillus B 2 FLFT 14 J& -0.1057 -0.6388 -0.2052 0.3906 0.5682* 0.2463
Thermobacillus FASETAT B @ -0.0306 -0.4414 -0.1335 0.1555 0.3590 -0.0438
Tuberibacillus MR ZF ALK 1 IR -0.2468 0.2253 -0.4478 -0.2551 -0.0469 0.2254
Ureibacillus Ik - 74T T @ 0.2179 0.0893 0.2324 0.2911 0.6898 ** -0.0464
Vulcanibacillus BIRIKES AT R 0.4947 -0.1413 0.7063 ** -0.1112 -0.1374 -0.4899

# FHIE R BUIGAHE Correlation coefficient critical value ,a=0.05 i}, r=0.5324,a=0.01 i ,r=0.6614

2.6

DA 0 A e PR 2 AT B 2 T A 2 6 i
2.6.1 AT ARSI SEE

IIMTEE R LR 14, 25 ARSI Levins VLA 10.5159 ( Bacillus ) —1.3178 ( Tuberibacillus ) , {5 4~
BRI B T W) JE A : Bacillus ( 10.5159) | Ornithinibacillus ( 8.6094 ) | Paenibacillus ( 7.8463) | Oceanobacillus
(6.9927) .Rummeliibacillus(5.7417) Vulcanibacillus(4.9111) ; o] F] % IE B A KA 5 ( Paenibacillus ) , e /M)
J& 1(Roseibacillus ) ; 4# W7 L4 0.10-0.18 W), Paenibacillus 45 5t 22 0 H FH IR, 43918 S2=9.98% .S6 =
14.15% S11=14.39% .S12=12.76% .S14=21.58% , Roseibacillus W& RN 1 4~,52=62.50% .,

R4 FREFETZEESMEE"

Table 14 Space ecological niche breath of the Bacillus-like genera

HEANITEE X1

J& 4% Srace eoolonical Tl A B IRE X2 FWT LB X3 AR FR S X4
Genus I he b t}ngI Available resources X2 Interval censored data X3 Common resource types X4
niche brea
Bacillus
S 10.5159 3 0.10 $3=15.42% S4=13.73% S12=10.74%
Ornithinibacillus
é’%ﬂ%ﬁ%m 8.6094 3 0.10 $7=20.66% $9=13.77% S13=11.80%
Paenibacillus
%’:Lfgﬁgﬁ 7.8463 5 0.10 $2=9.98% S6=14.15% S11=14.39% S12=12.76% S14=21.58%
Oceanobacillus
i —— 6.9927 3 0.10 S6=18.39% S12=25.69% S14=12.85%
Rummeliibacillus 5.7417 3 0.12 S1=29.41% S2=15.69% S5=19.61%
MR AT R ' ' SIT N e m T e T
Vulcanibacillus
S 4.9111 3 0.11 S1=11.72% S6=34.73% S7=22.18%
Paucisalibacillus
T 4.8022 3 0.10 $8=10.37% S10=40.64% S12=12.88%
http . //www.ecologica.cn
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ALY X1 e . . SN
W4 AR XL e x2 TR LB X3 AU Xa
Genus Pace ceoroglea Available resources X2 Interval censored data X3 Common resource types X4
niche breath X1
Amphibacillus
e - 4.5433 2 0.12 S3=36.07% S7=26.23%
AelE T IR ’ 0
Sinibacillus 4.5156 2 0.13 S3=29.41% S5=32.35%
Lactobacillus 42142 3 0.10  SI=11.72% S5=15.86% S12=43.26%
HAFF S
Sulfobacillus
S _— 4.0998 3 0.14 S4=2791% S5=18.60% S6=34.88%
LT ’ ’ ’
Halothiobacillus
- 4.0793 3 0.11 S2=20.44 S4=14.60 S5=40.88
SRR R ’ % % %
Caldalkalibacillus
. - 4.0637 2 0.12 S5=39.53% S8=25.58%
AT R ’ ’
Ammoniibacillus
- e 3.1754 3 0.15 S3=17.95% S5=25.64% S6=46.15%
FUF AT A ’ 0 0
Thermobacillus
e e 3.0462 2 0.11 S5=53.68% S10=15.15%
TR ’ ’
Halolactibacillus
B et 2.9771 2 0.10 S1=12.50% S5=55.48%
e E R 0 0
Solibacillus
e 2.8140 2 0.18 S1=45.45% S3=36.36%
AT R ’ ’
Gracilibacillus
. 2.7893 1 0.10 S12=57.64%
PN TR IR 0
Uretbacillus
e e 2.3850 2 0.12 S7=59.79% S9=23.50%
R 35 ST v ’ 0
Aneurinibacillus 2.3319 2 0.12 S6=62.69% S9=13.43%
f BRI AT TR R ' ' o o
Roseibacillus
2.2857 1 0.18 S2=62.50%
BT A ’
Geobacillus
e - 1.8377 1 0.10 S12=72.74%
1o 2T R 0
Desulfuribacillus
. . 1.7143 1 0.18 S1=75.00%
LIRS AT 0
Tuberibacillus
e R~ 1.3178 1 0.11 S4=286.88%
BB 2E LT R i

2.6.2 IS0 TE RS HRHE IR A A

S50 T MUFT B 5 BORLE TR SR A DG 3R 12 FIZE AT T AR AR B B2 3R 13 R4 40 M, 28 ) AR 286 B B 1Y
J& , H 5 HORE R A M55, A0 Bacillus (10.5159) | Ornithinibacillus ( 8.6094) | Paenibacillus (7.8463) |
Oceanobacillus (6.9927) .Rummeliibacillus(5.7417) 55, 5 #RVE FE R F (K . pH AP 2R IR S ) 2
[ AHOCHEA B3, BB FR 2R R 3 WM B T s (A AR AR B0 & , 5 HORb s 5 R AR DG PR 0 , 2
Gracilibacillus (2.7893 , 57K/ 5 [ H) Geobacillus(1.8377 , 57K 435 [ Hb) | Ureibacillus (2.3850 , 5 J& 5 fiR & 1F
b ) %5, 5 HOR RS SR - Z A DG 2, VX 8 IR BOR A il M7
2.7 WY R PR 2 AT B s () A S
271 FMEAFEAESAES

OITAE R IR 15, /3 A R W] 25 M) A= A5 AL HE B Pianka U FZYE I 0.00-0.99, % i) A= 2507 5 & >0.90 )&
A : Gracilibacillus F1 Ammoniibacillus , Thermobacillus F1 Aneurinibacillus , Gracilibacillus 1 Geobacillus , Lactobacillus
F1 Geobacillus , Lactobacillus 1 Gracilibacillus , Tuberibacillus F1 Halolactibacillus , iX Y6 J& 2 [B] 4= 2547 BB R 5 ;25
[B] A= T E = 0.00 W) JEA : Desulfuribacillus F1 Aneurinibacillus , Tuberibacillus F1 Desulfuribacillus , Tuberibacillus
FI Roseibacillus * , AN 1Z BIESMILTFAES,

http ; //www.ecologica.cn
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272 FHEGE SAESMES LR

56 AT R (3R 6) FIA AL E S (3 15) #4704, 2R MU e & 2 S HAE SR & 0y 3 FIE R,
BRIV AR ity 7 5 B (LR S AL & T 0.20—0.80 Z [H]) 2R &R (0.00—1.00 ZJ)) B o 8 & B (<0.20 s>
0.80) 5 = 7 12t 1Y ZE AT P ( Bacillus ) ) (reads =8020) B T 5 Desulfuribacillus =351 EETE 0.07 Z 40, 5HAllL
JE A=A HE B FIE 0.19—0.75 Z (0] A BN S A it 0.75 8T 0.20 (d/D 8 TAENImEE R & &
BEHAFTEE (Lactobacillus) (reads=4565) S5HAM B A BN EE M 0.8 B9 Geobacillus F1 Gracilibacillus ; %
T 0.20 A Aneurinibacillus(0.05) | Roseibacillus (0.12) | Sinibacillus ( 0.13) . Sulfobacillus ( 0.06) . Thermobacillus
(0.08) | Ureibacillus (0.09) , K73 1£ 0.20—0.80 Z [0, J& T4 F8 d & A, & & & i fib Do 28 O AT 1 )
( Tuberibacillus) (reads = 1418 ) 5 H A J& 4= 2547 8 S 7E 0.320—0.80 Z[H HY 2 A 2 &, Bl Amphibacillus
(0.78) .Rummeliibacillus ( 0.48) , KA1 HE F <0.20 5>0.80, J& Tk imE S A,
273 ESMTEESESNES KR

553 14 TR 15 F-AT /00T, ZF M TR 2 (8] A AL W 5 AR S B AR R A OGRS e &
UNZF AT IR ( Bacillus ) 5 5% 1 2F AT 1818 ( Ornithinibacillus ) 5225 AT 18 I8 ( Paenibacillus ) , €A1 HAl
J& Z ] ) 23 () AR A HL & AR PR 0.30—0.70 Z ], A0 1 B<0.20 5(>0.80 i & 5 25 ] AR B AT &
4N Roseibacillus . Geobacillus . Desulfuribacillus , Tuberibacillus -5 HAt & 2 [8] () 23 [6] 4 A0 8 B 280 H B ity 2 5
RUL, B AE 2507 5 B B A 7E<0.20 2(>0.80,,

3 e

ZEMAT IR BN 7= A 20, R — SR Z A IR B RO IR N A A R, B AR SR A P e Y
ZEMOFT TR AE T 56 % 57 A 7 T 2 A A, Qi SR i A ML R A 55 . AR R I TR 40 5 35 % S
FEIZHEAR | TR AR W K T R AR A3 BT B ZE B AT TR 24 8 (b 2 4N J@ B 2R AT A &4 Rtk AN
TF2EMIFTFRR) , AR F e = O R 3 N8N Bacillus (ZEMIAT R , ZEMEFFEEEL) (reads =8020) | Lactobacillus ( Fl.
FFAJE , ZFMIAT IR 2N) (reads =4565) | Tuberibacillus (I ZF MIAT I8 , ZFMIFLAT WAL ) (reads=1418) , i AL H
J& o JAEAR W AETA: W R RIS S8 438, (E AT Hi 08 R I3 3 A 25 AT 17 49 1) Jas Al 2 e S B 5% v 1) £ 34
J& , Hatayama 2538 1 Tuberibacillus ( I 25 MOAT 18 )& ) S HEAE 1 #2 A g ) ;s Mowlick S5 HgiE T bk 25 ity
I a8 EL AT T TR R 9 P v 7 T e 2t — G R e 7 0 e v RO 388 L0 5 FLATF B R 2 3 W
AR TR e I PR s B AR 2 A P 2 AT T 000 34 A 0 2 e i (R R B 5, 0 288 A A T B
FUH R A H, X — 45 5 5 1 POt A el 1) 28 MO AT 0 %o T 2 I 215 R 3 i SR DR B o AR —
% W R BUMEY K BER B Ammoniibacillus (B ZFNEF R , 5 2F AT HERL) | Desulfuribacillus ( AT 2 M
FEUAE AR EEST TR ) | Tuberibacillus (PR ZFHIAFT RS , 2P M FLATBARL)  ZEE R ILRGE , b EFHC 8 |,
A=) 2 TR DR 43 A 36 G0t 22 %) 28 IO 1 T8 S HO 208 AR DUAH DG IR IE o SR G B TH450RM 2 2k BRL 0 19t e
ITIEMESE R B, WA ) R B R B ARAE Ry — A A A 5 58, AN [R) 25 o] SRAE 1) 25 BT 781 53 A PO B8R 22 S 30K, T
R 8RAs TR REAR ZE AT B 75 S ] 4.3—26.7x10° cfu/mLL 2Z 8], #1122 6.2 % ; 72 F RN 25 1t (reads ) 3 Bl 7E
424—A4130 Z[8] , #H2E 9.7 15 WG R FEOTCTE G T AN AT 35 5% 09 ZE BAT AT, PR D7 A 0 1 %) 2 AT 1 22 5 7 (W)
— MR TR SR SERT DO E & PCR L ANE B THEUE I (g FIER A B, I RR 7 e A 22 1—2 8
GO0 B SR AN BT B DGGE AR Z3 AT A AL VT 7358 43 b DX 17 41 B R B 2 R L 5 36 BT T 450N
T 5 R 0 7 28 AT B S i 5 2 St ) T oG T s

P & B IR )2 (0—20 em) IR JZ (40—60 cm) AN [RITREE FIVE I A 807 % 458, RS U E Y A R L
TRk A R AR SAE R 2 T B, BERKS pH E 2R JEHERILT T2, mirA & (LZE 2
REBE LW, TREARPE) AHLS EIEHINTE F2) RLLT4E (Rh e oRE B2 &8 & T 1 2, PRI Jy
I ZEMEAT I B T 225 5N 0 iR AR A 2 S AR 2 T TR B Al R DUREEIR | R RAER
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114 XYL A5 FRHE Gl A o R 2 I T T 2 ) A A A AR AT 5 19

B ZFERAT TR RS o0 A A2 A 22 S AR, R AR ALET 5 A7 1 B 2 AT B O A s (BRI 23
Bacillus(532.86) . Lactobacillus (480.43) . Geobacillus ( 88.86) . Gracilibacillus ( 70.00) | Paenibacillus (40.86) , 1
JZ 4 Bacillus (612.86) | Tuberibacillus ( 188.57) . Lactobacillus ( 171.71) . Paucisalibacillus ( 60.00) . Ureibacillus
(46.71) , W LR IEA R ZFMIFT B SRS e P AN )5 SRR A SOk A 25, 2 3 K Al 5 DT 3 28R
G O ol N Pa P VAL A2 I 8 70 4 757 o o £ e -4 L7 NABRr VA RE R R 2 1 S R i - SN T G R 7o 7 ol )
T 45 () A 2507 B S Fh R I PR SR RN B S5 5 20 A T A= W~ R AR EL AV P A 25 2R IR 8 % I8 T PR BF
SR A W LA B8 W78 R AR EOR AR A AR, 2 1) AR 25 AL v BE R0, IR TR IR 2, R Z TR 5
ZEHAT R S R AE S AL AL TE 0 & | H 5 HOBEE 37 FI PR BT R 1 M DGR 8055 , AN Bacillus (A 2507 96 BE = 10.5159) |
Ornithinibacillus ( 8.6094 ) . Paenibacillus(7.8463) . Oceanobacillus (6.9927) . Rummeliibacillus ( 5.7417) %5 , 588}
BRI 1 (K pH A HLET 2R JETEIR S ) Z [ A M 8.3 (P>0.05) | BRI 8 IR RN & 38 I
PETE T 28 () A= 3SR R, S HOBHE FR AR EE R 1 AHOC PR , T Gracilibacillus (AR 2500 8 B = 2.7893,
KRB =—0.6804, 5K 4 L L) | Geobacillus ( 1.8377,—0.6825, 57K 43 5 JZ 1) | Ureibacillus ( 2.3850,
0.6898 , 55 B FH R 51 1F [0 ) 55, iX i 5 HORL R L0 08 FOR PR BE R 1~ Z [ A DG M 3, RN 9 R R B 2R
T PR 5 2 AT TR A ) 2 M 3 O PR B SR I R AR SRR, D T A BE e B 4 2F AT TR R
( Bacillus ) REAR U HLIE N VFZ AN 2R BY AR B AR A S8 FEAR T o A S A Rh o 2 AT 1 s s o o S
S AR A AT 58 oA S G SRR RS A P AT AR I R A3 B 3 147 BREFIEAT I, Horh 2 AT
P ( Bacillus) S JE T8 AT T AR 2R 2507 2 HAT BRRRAE AR E ) 5 R 3855 A pa b 3 rh 4 B 5] 23
PRZEMOFT B8, F2 22 2E AT PR ( Bacillus ) , T URE W A 38 A 25007 28 MOAT B ARRAERRAET ) L 5 — SE b S i 2
WIFT T ( Geobacillus ) BESK A A7 Z5 A LR 21, AL AL B8 BE RS, BB AE AR A 455 T 2B A7, Sung S AL R4
B B —AHE Geobacillus toebii , I I 22 FR T HA A Hb 27 FO AT 4 i 200 T8 8 0 1 8 0, L@ AN B A 45°C DA IR EE R
M OB BRI 60°C , X E K IR EBOR &, S i IRAE SO R g 7

T 0 I3 PR 2 LT T 2 ) A 2507 E B T 9 i B, A S J 22 (] 114 2 ) A 2506 T & AR i (>0.90) |, 4l
Gracilibacillus 1 Ammoniibacillus , Thermobacillus 1 Aneurinibacillus , X35 J& Z [R] 4= 250 S 1 0.90, A HL[H]
B AP AE S G 2R A S g 2 1) (1 25 [B) AR B AL & ARG (0.00) |, 4N Desulfuribacillus F1 Aneurinibacillus
Tuberibacillus F Desulfuribacillus , B AN Z RIS AL AR E S X GIR A ERAF, AEERR LR, AT
AR S S 5 HAE BN S FEAFAEE MO R AR B S E |, W ZF M AT 8 8 ( Bacillus ) , 5 5 298 2 fL AT
W & ( Ornithinibacillus ) 2 2FMIFTF & ( Paenibacillus ) 22 [8) /)28 [8) 4= 50 S TP AE 0.20—0.80 Z [8], Ry Fi
HE, B0 <0.20 5>0.80 MM S ; 25 W) AR SN B &E , U Roseibacillus . Geobacillus  Desulfuribacillus .
Tuberibacillus , 5 FABJE 22 A1) 25 6] A 2507 7 B 22 Hh I e IR B0, B0 A 2546 0 & 2 0 A1 7E < 0.20 5(>0.80,
W2 HESHARRGEP LR , EAESERE (GEFCRMR) , MR WAHGE , X — R e T
TR AR A S A IR A A HEE R X,

A= R T PR 2 AT DA AR 2 AR A6 A R P R SR TR 1 T 2 AR A2 I T AR 3R L [R) 8 s 28 T
AYRIELBRFE MR R 3K 5 EM BN T353R 0 & A W RS D LA AR BB A 4 A %5
FE AR TR FREE A W70 ik D BE AR S G 00 AR PR B TP AR B 4, DRI TR AR A A PR 1 B FR AR AR A A7 25 A
TE LAY A A5 L AR VR T I W) s BRI A5 A L2 TR A Je 15 Y i 3B e 9% 1 i 2R MOAT v v Ui R S R
PR SR AL E A B, R R E R R IR A R S R PO R T AU RS A
T VTR B (Serratia) P24 MIAT # @ ( Paenibacillus ) W RS 21 4 2 BIR-G R R A A7, % 21 4 22 5L i b
I RA 70T ZE AT B PR P B A ML R A B, T /NDR AR 1 9 T AT Y B A R A A P 4 B
2R AT AT, A5 0 RN f fif 22 BEAE 7™ A B Ol 2T 24 25 il SR SR il 4 2 P it 3R, 76006 2 B B A K [ ek
RIFEERTRET o RHICE Y R IR A R 3575 B A 22 G0 b ) 28 AT B8 AR 2500 58, A B B SR A1 3505
TE LY A A5 L PR, R PSR I 2F MEAT TR RN, A4 (0 AR S TR, Sy I WY G2 ) i o R S R A | SR T
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