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350003, China; 2. Institute of Animal Husbandry and Veterinary Medicine, Fuzhou Academy of Agriculture Sciences,
Fuzhou 350013, China)

Abstract: In order to screen out functional strains of bacteria that can be applied directly to promote composting of fresh
swine manure, eight strains of bacteria that may possibly promote fermentation of fresh swine manure were isolated from
swine manure compost, and identified with the 16S rDNA molecular biological method as Bacillus subtilis, Enterobacter
sp. , Bacillus licheniformis, Bordetella sp. , Nocardiopsis sp. , and Microbacterium sp.. Effects of the strains promoting
composting of fresh swine manure was investigated separately. Results show that Bacillus subtilis and Enterobacter sp.
could raise temperature of the pile of manure under composting and extend duration of high temperature, thus accelerating
decomposition of organic matter, reducing pH of the pile at the initial fermentation stage, reducing of C/N ratio and water
content in the compost, and increasing relative content of total nitrogen. As a result, composting of the manure was accel-
erated. It is, therefore, held that Bacillus subtilis and Enterobacter sp. are the two optimal strains for use in composting
fresh swine manure. When Bacillus licheniformis was used, the temperature of the pile should be properly lowered at the
initial stage of the composting so as to improve its effect on composting. Nocardiopsis sp. could be used as supplementary
zymogen in composting. As Bordetella sp. and Microbacterium sp. could be used to raise temperature of the pile under fer-
mentation, but did not show any significant effects on other indices, they are not recommended as zymogens for use in
composting fresh swine manure.
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AE TR HAT S5 A90 000 1 A0 B e 9 1 7 e, B0
MU TREIR ) AR A R -5 SR
PrRh MR 22 52, ORAESE L 7 il i AR o 1%
ol R 7R 0 HE A 1) e e e e 1 B A P DL B e &2
RIGVERT 1 B Z R 40 B RGP, 258
KBEFEAE PO B 8 MR R FEHENIE K 19 il REA fie 1k
YERIR BRI AR , K F 16S tDNA 735~ 25 ) =4 J5 1 0
PEATHERE G0 K AN [7) b 218 T R 2 A i 49 2% o 2k
FTHEAE 1 , 8 2 7 W HE AR B9 IELIE L pHL B L 3 7K R
EALEK (TOC) & & (TN) /A C/N HE
AR AR B0, $R 12 b T 0] X6 3 JIE e 1 1ol 7 1) 52
Wi, Sy 3 T P T HEE A 1 AR 7 A HILE 3R 43 w] ]
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1 #B5H®

L1 #E5EE

NA K F 520 73 Stk o : ik 10 g, 4= P 2
g,NaCl 5 g, 35fi§ 15 g, 7K 1 L,pH {H 7. 0; &[R35 57
L2 3 KA iR PETE R 20 g, NaCl 0. 5 g, KNO, 1
g, K,HPO, - 3H,0 0.5 g, MgSO, - 7H,0 0.5 ¢,
FeSO, - 7H,0 0.01 g,¥ifig 15 g, 7k 1 L,pH{H 7.5,
ARG s AL 15 574 ;s Starter 3C pH 1 ; Neofuge
15R V515 5.0 ML ; Mastercycler pro S 48 il B &
PCR 1¥;DYY —8C %l i 3k ¢ ; ALphalmager EP #¢ %
AR R G 5 Sartorius BSA124S Hi§ 4 HL 1 K- 5 HLAAVE
TSR T HRA4E ; KDN — 102C € AL .
1.2 Fik
L2.1 HEACLREAN R 3 25

FEFER A A AR o ELRE TP R 37 A HE L
Flo) o, AR T d BAEFE 2 o, HIJCTE K B 2
1077, 5 200 wL 433 vk A F NA Rl R B g 3t
35 CEAMF T iME IR 7% 36 F1 108 h, Pk iiv& B
AN 0 BT P A T Al RS R R AT
12,2 MEAE A I 20 T 1) 28

DNA il & <R L1 5 2 P B of2 AR I )9
PREE g 35 C AR TR SR 24 h, 1.5 mL
PR, R ] TIANGEN 2% W] ) 4 7 55 R 4 DNA $2 Bt
R A P2 DNA, DNA HL IR - 7N A GG
gelview [ w = 1. 0% W BEARAE Hh #E1 T HERS IR 73 15,

BALIIFE 6 pL(5 pLFESL +1 pl EAEZZOhIR) L1
VKR E 120 V, B3k 30 min, 43 BBk 16S rDNA %)
P14 R B4 F968(5'— AAC GCG AAG CTT AC —
3') f1 L1401 (5'— CGG TGT GTA CAA GAC CC—3")
P 1 BT AR 16S rDNA (3L V6 ~ V8 AIAR X, 4™
R BK FEZ 7R 434 bp, PCR 47 34H2)7:94 C fiiAs
£ 5 min, k)5 94 C7ZEP: 1 min,55 CiE K 1 min,
72 °C FEfF 1 min, 3 35 MR, BeJg 72 °C 585 SEAH
10 min,4 °C &k F4£47. PCR F=¥y FigA T4
Y TR AR MR 55 A FR 2 W] R A7 B ) Uy o 0 75
7 51 2 52 3] NCBT /3% (http: // www. ncbi. nlm.
nih. gov/) , & Blast £ /7 ¥ H 5 GenBank %45
FRORE R 55 s ) R AR 1) 16S rDNA KL K731 i1 7 ()
JEPES T o SR MEGA 4 33478 90 1 LR B2 3
SR BRI T
1.2.3  JEFEHENC & EET

HEAE S T KR B0 B3 &= N AT, 54T A
TRIMEE S, s 7 DHER, HEIRROR R B A8
SR IR P S i 2, LA A M T s
K H 702.0 g - kg™, pH {H K 7.34,w (TOC) K
222.1 g+ kg™ ,w(TN)}9.2 g- kg™ ,C/N HAE N
24. 11, DA 1 ANHEAR X BE S350 6 A HER 5351
ANGIE RN ~6 ST, B MR E 29 0.9
m, RN 1.2 m, BHEIE . % ¢ =0.4% WEHEA
PRI, BT AT A0 38 T B K 107 7', Sk R o {4
HI AR & B KT NA 5tk A BITEHERE &
f#0.3.7.10 .13 .20 27 F134 d B HORE, B B8 3 1A T
Ui 2] 40 em Ab43 5 RURARURE R SR A ISR
BRI 2 E A, W IR 3 IRE A
1.2.4  MEAR S FRAR DA A5 A

AR 8 SR FH B R R R T DR B X KT
L RERE 3 d I E 1R, B R MR B R = R
1ko F7KFE A E 105 °C 24 h X4 THTHTG
it ) o A8 AR W . BBURT B R 3 10 g, i 25
mL 4K, @33+ 10 min, i 0.5 h J5 4] pH it
DE pH {E, TOC F1 TN & i 43 il 1 H 5% TR P 75 1t
W B A R IR E R E ', C/N Ll R
TOC & TN Ea iy i,

2 HBREHH

2.1 HERXBAENSEREE

A A2 ] A TR G Tl 4 2 s A M I 7 [ A T
FErP RN THPATE 20 BRI AL X R IE I A R R
JE R W DL S o3 i 2T ME R BE T B M E , B Horp 8
i, P AR B 0k 20 18 2 AL AT B B B k.
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H,7 BRZE NA BESRIERE IR 36 h, 450 N1 ~ N7, 1
PRzg i [ FRIE R SR 36 h, 45 Gl ff 8 Bkt
17 DNA $2HUR FF2E4T PCR 717, 973 7= 4y 28 L ik
Je R BRI AR R R A R 45 R I 1. [ 1
R BR X IR (CK) R WL DNA 4738 7= 99 J B LS,
G1 N1 ~ N7 1 i 4" 38 7= ) | BoR /NI e 250 ~
500 bp Z[al. FIH] MEGA 4 #R{FXT 4577 85 AR -5 L
JH Blast #5221 195 Z A7 B8 [FIEPE R AR 9 16S 1D-
NA 7 1) 8o R[] A B 80 A, F LABPE N - 0
(neighbor-joining ) YA A4 H 2 40 % 7, 0 2 Tk 19
IrRHA . HTIEL 2 R, R AR N1 N2 A N3 A R
Tl —Fh L, 95 Wbk NS 8 T A —JE A
HAWRRAS R — &, SRR R

5 GenBank $(4f6 JE vh B A A% IR 7 51 AT L
BB, bR G bR -5 4000 e v B[] — b 7 [ 98
PED 97% Sb, Hox T RRIRIIR T 99% (R 1)

M CK GI N7 N6 N5 N4 N3 N2 NI
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Fig.1 Electeophoresis analysis of the products of
amplification of strains 16S rDNA by PCR
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100 I Nocardiopsis sp. ( AB562493.1 )
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100
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Fig.2 Phylogenetic tree of strains based on 16S rDNA sequences homology
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Table 1 Identification of strains of bacteria isolated

Fe 5 BRh 5 LR i RT %4 VEPid—EE/ %
1 N1 N2 F1 N3 A AR AT Bacillus subtilis 100
2 N4 kR Enterobacter sp. 100
3 N5 WA ZEFAT B Bacillus licheniformis 100
4 N6 (kS ENE Bordetella sp. 100
5 Gl PR R E it E B ) Nocardiopsis sp. 97
6 N7 W HEE Microbacterium sp. 99
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2.2 HEAEEMEEEIEHEEDIIER
2.2.1 FEFEHERR R R RS ARk
FH & 3 AT, RT3 d B, 45 A 3HUME (AU B2 23k
BB, 5 SRR 25 B BIF ST 45 R — 5 Ab B
1 ~6 By EEE T 60 °C AHE 3 JREETEHENE 3 d i
CFHZ(66.50 £0.71) C, & &b v i
Xof HEHE T e T %) B v i B2 SR (56..83 £1.26) C
2.2.2 JEFSEIEA R AR R
Y [l 4 W HENE R G, 25 AL BE AR 5 kR
EXTHRAH L, BRACFE 4 BSA s oh , oAb FRI 2T
Rfasi, HENE 34 d BF, HER 1 SRR TR Z, I
Xt HEFAA 98.3 g - kg™ s HEAR 6 97 KRN FFAR 14.9
g - kg ' HEMR 4 BRI IR 26.3 ¢ - ke '
0r — X e AbFEL
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Fig.3 Variation of temperature of

the piles under composting
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Fig.4 Variation of moisture content of

the piles under composting

2.2.3 IS AR pH EIAE

LS AT, A 40 BEOR pH (RS T R BT,
WEFERIUG K pH (BN 7. 34 £0. 13 3EAE 3 d i, X
MRS A HE pH 44V T B 7R HEAE Bl B B,
AR B RE IR SR 22, AR ) SR AR AR TR, AR
s A LR (I EAE pH (B R B, /b A 1L
PR it 5 L B8 180 P 8 17 4 A s ol A 0 e A, D et £k

HEM oS A LB A R A HEAE pH 3T
I ETb . eI CRBEER 3 ~ 13 K) ALF 1 F12 /Y
pH {E T R0 B2 R T A AL B, BT 2 A4k BHHE (A
TEFENHH L B TR M 5 XA L Y 23 e 31— E /Y
fEBEAE AT, A A HLRRIE 22, pH (H T [ 1A 4 4L
M pH {ETT46 BTt HEAE 20 d I, 2540 3 pH (B K 2
R X2 T /N 1A LR B 45 5
RAPL ™ & P2, 2 )5 B8 HE AL A 18 e [a] i) 2
T, AR AT Bl i D553 , o A 7 A ) 21 1
O, pHAEA BT MR fEBEHERE S A v, A pH
fE7ES. 5 ~6.5 Z[a], MBI IR, X nl g th T
SR UG S HEATHENL , HE A P 350 A B P 7 B2 AR
S SO AT PR 2, DT M A PA) 08 3 0 4 2
PRAK I, 51 EA PRI KRR

7~5I- - XTH m AbFHL
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Fig.5 Variation of pH of the piles under composting
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HIPE 6 H] R, 2% Ak B A (28 i Ak ) 3 AE
FEAEREAR AR 3% ) TOC 25 i i 25 3 JES Ak ] 9 4%
IR RS, KB 10 d AR T ~3 ) TOC
R T N E, R a7 A 4 ~ 6. QAT
AP T ~ 3 (R e R B 4 v X B A A A
B 3) ,RIMA L ~3 -SR] B b L
OMRIEE . S 34 d i, BRACEE 4 DISN, A AL BT
TOC &t 44 F x5 B, A0 3 3 19 1 B Wt B2 e K, L
A HRREAR(53.1£16.2) g - kg ™' o Y& 6 B WT AN,
SR (R 28 T M40 Ak B AR S IES 4 2 R i, ) PR ABEAE )
TOC &g Gk b 1 F e ¥ e & w1, TOC &
TR B R, R 10 d J5 T BRI EE AR /N, 3X
BEL-5 i I ey & S ) R N T
2.2.5 JEFSENEL AT TN SE ML

w1 [ 7 AT, Bt R I I T8] A4 3 o, 3 TN &5
EE TG SHELIIRA L, AL 34 d B,
ARFE LA 2 R TN 5 T b, 23500 (20. 8 =
0.0)FI(17.7+1.2) g - kg™, &5 pH {EAIZ LT
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O, AE T BEE By AR B 1A 2 /4 pH (A XTI

ST A T B Wl 34 d i AR B
3~6 /Y TN & EART 0 I, A Al G2 7 pH
{EAREA R HEBLR , BTN ar LA st A 1 10 AR
G B 5t B, A P S 0t 2 o0 il T AR R R
AU BARA AL FE pH B, A R PR B R
PERARA T E G, 38 80 TN 8 46 %451 2%, AT 3 21
L TN (920 5 i R el 7 aE ml A, SR L
KT A AL BEEAE TN 5 1 Bl S I I 1] 55 34 m ot

w(TOC)(g * ke™)

2 ETHER. K3 d B, BAR A AL pH (H AR,
REIERIE D, (H 45 b BRI B A e T TR R Ok B
SEGRIRIAEE T 2 A A AR, A TN A
X BT TR, K BE 10 d B TN & 146 Bt
K34 d B ABER TR 2 59 TN 5 5 35 5 F X BRI
WhFE 3 ~6, SRR EL , TN 5 AR I 4/ o
2.2.6 JEFESMEIE R C/N AR AR
PR FE P &b HE C/N F (AR L LI 8

fief

&6
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Sz st Al /d
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Fig.6 Variation of dry and fresh TOC in the piles under composting
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Fig.7 Variation of TN in dry and fresh matter of the piles under composting
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Fig.8 Variation of C /N of the piles under composting
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YA SR , 3 A P A o i, —
P TA R HE AR 3 A8 L B v T 50 °C LA b s [ 2= 2
BREEES d UL b HEAEAE 5 A gk B JE R AL B K
FEHENE I FE T IS TR A HE AR K 00 30 1) e v iR
VI R v TR A s 1) 359 w3 % B, DRI A B T
PR P () AU S S5 B R ) e AR R 2E 5
FERRA AL 3 1 B2 A A ZFFRFF 1R i A 38 3 FIE A
JAFT B s B RR AL B 2 76 R 3 d B TR 430l ik
F(65.00 +1.41) . (66.50 = 0.71) FI (64.00 =
1.41) C {HALFE 3 7£ 50 C L Frymii Raesk 7 d,
MALFE 1 A1 2 MIRREE 10 d,

IR R FH ARG 2 E AT HE AL & 1, DR L A4
A K314 (702.0 £6.0) g - kg™ BEAK H bk
OMERL A B 5, b BE 1 ~ 3 HE AR K B 5 2 390
g+ kg™, [AIHHE A FCRR R AR AR FE 5 ok
F(427.6 £14.7) g - kg™, RARARFXF BRME (A 5 K
H((485.9£4.9) g~ kg™ ), ZEEHEMRIRIEAL
B, ANXET 7K A [ B 40 1) 5 M A A v iR
V& K e IR SR 1) 22 ) AR | B IR A O

M T oG S KR E, S EOREE 3 d BEHER pH
ARG 7. 34 £0. 13 M TR 6 247,
PR T 2 TREmRE . BRACEE2 1 pH HAE AT d
R B AR ASN , A AL B AR B % 3 d B3k k&)
Hefio MENEE AR, pH (25 M il A A 4K 1) T
PHE,— i pH {ATE 3 ~ 12 Z A4 AT DLgEA 7 HERE .
pH (BT B 22 2 0k A 3l ™ A 0 A LR
TR, L pH A W AR {0 AE — e R L e T
EEIRTE S Ol LT b, vl AL B 1 A2 A
KBRS A E B R R A 2 B AR
S SRR T R, 3 55 IR AR 1 5 TR S B (]
IR ARV, E— 25 Ul B R I FF B X 4l 28 1 HE
JE & A AR AT A2 R o

A BB DA 20 1) 32 ZERR IR FIRk U,
(BGEY/EBUR AV REErI b N o IR A 3 e
AU A ALk oK FIIRE. I, A AL
TR B L R T E AR L. Kk
F# 3 d AL 1 ~3 1 TOC %) & B R T I, &
T 34 d B, BR T AL R QR 8 T AR 1 AL B 4 D)
Ah, FHAALBE TOC 48 %F 5 PR T4 BR, e B Ab 2
1 ~3 F15 ~6 ARl JEab B 1 ~3 A e R Bl A 0
TG SRt BERE B . HMENE S5 W B T HER & KR T
RS SRR, AR A BRI TOC AN & 2 BT

HENE b 72 B ML R AR R R BT T AR R
— B A Y R AR R, 55— 843 e [ AU E
AN RS AR B R EE Y o AbBE 1 AN 2 HE(R TN

F 260 X5 F5 AR T 5 8 2 R F 43 Ik 1] 249 R % B
FEIE R B 34 d B, BERE TN A5 KK 5 T4 1
X BR A TN 2 i, 3 2B T HER B K R AR
W , TR BB W7 20 A , S SO SR TR/, eI
Ju T, 36 B TN 6 % 25 ik R W, AR 2 ik BT
A LI 35 7 2% 1, I A B 28 F00FF 1 R AT
T TR P S A 2 TR i 1) 4 2 A5 LR TN 5 T LA
BENE,

C/N HAR 2 15 5 A8 WL 37400 4 4034 JE Fg — A
TEEERR, VR AR W A B RE TR I, TR
BRI 5 R 9 B, GARCIA 2817 BE 5T R
TSR C/N HARN 1% 16 T L B s ik iy ¢/
N FOAR, B 16 2o, B3 AR A C/N LA I 14
1 30 FEARE] 20 LUF I, AT I E B 2 2
A AbPRE C/N PRI, 0 34 d B, AbBE 1 ~3 Y
C/N HABH/INT A I (17.96 +1.53) K HIMA 1 ~
3 S B TSR C/N LM REAL.

4

(1)1 518 CR B 2R AT ) A 2 5 18 (R i
J&) I AR K BRI BN TR ( > 50 °C) Rk
BF 1), JIERAT ML 1 40 A B2, A B 1 AR s
HEAR S K BEARME R & B0 0 pH (B, 3 m TN
AR B, NP C/N EGAEL ) T Bk B2, 12 128 34 A JE
AR . A X 2 AN BRI IE Al SR &
TR 1Y) e P R T DR A

(2)3 51 (b A ZE AT ) AT 42 i ME AR R 8
JE B 205 HEAR 5 KR, Il C/N B Y T R
PR, — R b n (R o A AR . (H e
KT o MR & B ) S TR b s b, DR o A fof
T2 R I I 7 2 R0 U3 084 T R0 VR B, 3 24 AR
TRLE , AR i H 8 38 Y ME AR

(3)5 SH R HE BRE R KEE) 7 KRG
AT AR HE AR 5 K % 25 T8 3 2RO T O R i
SR B, R AR RS AT LT, il
YER 1.2 13 5 Bl B B Rl A LR i 4l 25
HEJE T — IR K

S 3k
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