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Abstract: 12 strains were screened and purified from fungus chaff humus. They were identified as Strepromyces
sp. by 165 rDNA sequencing identification and the best one was named as Streptomyces P9, Single factor experiment
and Plackett-Burman experiment design were applied to optimize the culture medium formula. The optimal formula of
culture medium was 10 g/L sucrose.25.0 g/L peptone yeast powder,0.075 g/L. MgSO, « H.0,0.3 g/L KH,PO,
and 0.6 g/I. K; HPO,. Under the optimal culture medium formula, the obtained fermentation broth was inoculated
into the aerobic sludge composting at the mass ratio of 0 (control group CK),0.5% (mass ratio, the same below),
1.0% and 1.5%. The composting experiment results showed that the maximum temperature could reach 61.0 “C when
the inoculation amount was 0.5%,and the high temperature period maintained for 12 days. For the CK group, the
maximum temperature was 58.1 °C and the high temperature period maintained for 9 days. When the inoculation
amounts were 1.0% and 1.5% ,the sludge composting process was inhibited. At the end of the composting, the seed
germination index of the compost supernate was above 70% , which indicated that the compost material was almost
mature. So,it was feasible to apply Streptomyces P9 fermentation broth as microbial agents to promote sludge aerobic
composting,and the suitable inoculation amount was 0.5%.

Keywords: Streptomyces sp.; sludge; aerobic composting; microbial agents
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KBRS SREBMEYEANNHELLCREA

FB A ERFEEENMEYEN B EREE
B A Plackett-Burman 5 5 3% B BR AR 1k 55 7R 2 T
FLIERYAYE N EREXNFRIFAKELE
REEREE MR WU RERE YR WA TF R SIS
B, BRI E AR R,

1 H#5REE

L1 #fAeRE

LB Bk WEAK 10 /L, BERRY
5 g/L,NaCl 10 g/L, 5 g 20 g/L, il NaOH # 45
pHET7.0%KH.,

BER—SHEFE  AEERER 20 ¢/L.KNO; 1
g/L,K,HPO, 0.5 g/L,MgSO, « 7H,0 0.500 g/L.
NaCl 0.5 g/1.; FeSQ, » 7H, O 0,01 g/L; ZR g 20
g/L;pH R 7.4~7.6,

P RE -AEW 10 g/L. B8 20 g/L. &
Bl 5 g/1.. MgSO, « TH,O 0,500 g/1., K, HPO,
0.2 g/L, NA% pH,

RBIESREE MR 30 ¢/L.EA R 10 g/L. B
¥ 10 g/1, MgSO, » TH, (O 0.050 g/1., K, HPO,
0.4 g/L,KH,POQ, 0.2 g/L, A% pH.,

EREFRERBTREHE 121 CTRELHE
20 min J54 A,

1.2 #A#R€5E

FRER 10 g BB R A 90 ml K G
@K B TR RS 20 min /5 2 B804,
HE I mL EE®MA S mL ZEAF KEKHERE
107E~107 BB, HMWMHE 107 ~ 107" MEMNES
WTE LB B RS FRE L HAT TR EER 28 CTHE
5 48 h, X S M AE S FE ST E , B8 E ik
B HARRE Y, B LB B RS RE LT NER
2, fHIR 28 CH B 48 h,

1.3 EHhEosaX R a2 (PCR)Y # 5 16S rDNA

ol A

AL IFHERZELE KB S min, &
TFukEed ¥4 10 min J§ 12 000 r/min&.L> 3 min,
DL ER RO BR AT PCR 738, 3R A 25 ul
REMEZR, 4 T6 PCR SuperMix(L,1X) 22 ul,
i [ 3l 8 27F (5 '-AGAGTTTGATCCTGGCT-
CAG-3")1 pL, R 514 1492R(5°-TACCTTGT-
TACGACTT-3)1 uL, 8% DNA 1 L, % &R
513t PCR 1Y b e FHE R0 M A8 F Je (R 1 i 47 DNA
ARG T, P HEBFENN.94 CHBHEHE 2.0
min,94 ‘CA¥E 0.5 min,60 ‘CE ¥ 0.5 min,72 CIit

fi1 2.0 min, #1T 35 MEHE 72 CHESF 2.0 min, §
Ji 4 CHRAE. MMEMEIN 12 shKH B IFHEKE
17 PCR F=#4i{L 1 16S rDNA il

#M7E 16S rDNA FF 4 R 7E GenBank $ i
P BE4T BLAST L, s BUF 5 H U E R & R
A E . A DNAMAN {4317 16S rDNA 86l #
37, MEGA 6 K {17 R % & & W # &, Boot-
strap B EHIIE 500 K.
1.4 HHHBEANBERAEREA

HRKERTN 1 EK, AR —-SHERE
28 CTIEFHR 48 h MEFHF L SRE; A T8
FRAE 28 CTFEFH B h WEEKELS; RAL#
B3 30 °CL,150 o/minfH BE KPR EFH 24
h ] BURhF B
1.5 2HEEF%E

DEHROEZE QI THRE, TR R ER.F
EEAS [ B 5 R 0 05 T R AR AR RS R . (L) BRI
MR, HEEABERERY 20 JLEEKRAR
P4 30 g/ LAY TR AR R AR e AL
ARG, K& FHESWRE AL, [ 100 mL H%¥
BEAEHABERETMA S mL R FER, R
A ER 30 C, kG ®EE 150 r/min, ¥ 55 i [H]
24 h W FEREMNELRIEREIRLTRE, M
VR AERRIE 7 Al L S B P iR R IR B R K
A% 10.20.30.40.50 g/L, HFEIEHRETER
W ERG RGN EABEFREPHL T EE. K
EHMBERERBERE. ORFENER. ABEE
BEREE T, U 30 g/LEHHE KR, 25/ 20
gLHEHEL . BE8H FRE. RE. B +BE
BOREL L DARIR, H b2 259k B R 54
A EFERENERBERAXTHLTRE, W
RRERE. HERERAER AVEREARER
e 4y BIh 10.0.15.0,20.0,25,0,30.0 g/L, 48 R %
REAGTERER BREREMERBEFREF
W T RE, Mt AR ERRKE,
1.6 Plackett-Burman % % 4% it

#1 B Minitab 17 3 % %31 Plackett-Burman 32
¥, ¥ BB . & . MgS0, « 7TH, 0. KH,PO, .
K.HPO, 5 MHAR#TEEMEST.EMEERE.
B KT, K m K RERERRAKFR LS
i AEBEEANEK 12 i) Plackett-Burman 52
Bt RIS A B R E ST R
Bk B AMR 15 W.OERE RN E RBEERF
BT R 155 B R R B e IR R S AR R
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BETREMHE F4E H8H 2019458A

BCJ7 » i Minitab 17 843 52 50 25 R # 47 BB 4547,
BAERENBEN,
1.7 FiRFRRE

UBRMABEFRERE T EFRRINEBR(E
L EBEATFREEERMEYE N, SRR
FETHREMERER., SREFECELCLHRERH
R 60 L KATFHHEHT . MTIRMAFR T, I EE4E
LESXALBRBEX, FHEXNER 0.15 m*/h, 8
HREAEFRARER. BEUHIBRSEXRD
BEWURELL 4: D EEWBEFEEN 12kg £4,
HMEYHEAANBEMENEEDHE B RENSX%.
1.0%6.1.5% » LA 7S 4 Fh s A 9y 155 70 B9 o 1 O 3t 18
(CKYH A 4 MERSKRE R 55U EL. B
SHE AR H I IR AFE FhstifTEEsL 32 d
BUMEARSE0G, HE AR 4D BA (0O ~15 V4§ 3 REIHE— K,
JEMQ6~32 d) g 7 KEIHE— W, AR Y A 4R
9:00,16:00 & 1 WK E , BKE 3 P ARAMEN
2. BT HME.

HERE BRI 4E 3 KRB 1 IRHEARAE 10 g, IR
BE s ZEIEAKR 1 g 10 mL AY H Bl A K, 150
r/min F#&3% 30 min,10 000 r/min F &0 5 min, B
FEBRATHFRFLE, FEMT B 5 mL #AE
LEBMABHAERKIEEN 9 cm F3FMA, 51
FFRILH% 20 R T K B 32FF,25 CHaB SR 48
hEMELAFRZMERK, FIMLHEER 3K, R
BRDOITERFRERKS .

X100% &8

nXL
GI—noxL0

Gl AR TREEE, Y n R LI
FERFER, ;L NHER EEBRAOMFIREE, cm;n,
HZE K RIRF R ZER, U Lo AEEAKRP AT
*E‘chmo

2 ER545H
2] BHRsBLEITER

98

BRI S B Ak Y 12 MR, X T 16S
tDNA P Hr %, ROE A 4 b8 E 0, i
KEBITFH IR BEGBENEEFTPI. BEH PY
ERE—SEFEBRBhFHEEEASE2H6,5
HANH R FHEFREDER 48 h )5, HHESP
SR ERRELE. @Fid NCBI M 347551
Xt 45 E B P9 B 16S rDNA FFK K1 449 bp, &
#:5 GenBank & XX B M Streptomyces sp.
SC-JG031807 ) 16S rDNA [RIEM: K 82% , HE S
KEWILE 1,

22 RAEZEBRERLS®
2.2.1 EAUBRIEME

BMENHER PIAERMNERILE 2. WK 2
ALUES, UEFEEMRENEINEZ2EE R R
0.7¢/L. WL, MBENEFER PI ABMBERENR
R XRENERMN TS SRR
WHEEFA, Y TEMBERRFESTEERERSE
RTheE., EMEEXNSER PIAKMNERILA 3,
ME 3 WLLE M B AE R 10 g/LE S EE R
“ZBRX,ERAEMANEZE R L, X 2R
AR EIE MR BUSFEX R RSB S BN
B AKoMEMERYHRMAREK. Rk, BER
BEEAETEENREAE N 10 g/L,

2.2.2 BAREEME

RENEER PIEKNEmILE 4. NKE 4
AUEH . UEABR+BERIENABENSIMNE
#ZBEREK.H0.9 g/L, Ak, BAK BB
EWABERENRERE. BEAFENBEEREY N
BYARE EREGHEBEHAIERERE, &5
AT LRI R AR A AR A KR LT B AT
. BRETEABRBERAEXNESEE P &
KEEMILE 5, BEREX MEEAK B8
RAEREN EFREPELEFHH K, YEA K+
BN 25 g/ LN 2 8RB R K 1.0 g/L, 442 1%
JAE30 o/ L, W £ B R KIEmE > E0.3 g/L, X
Streptomyces flavafungin (EU273540.1)

[ Srrepromyces sp. MT-4 (KF750594.1)

68

190 99
327

82— P9 (TWFGXX45016)
|—Snepmmm sp. SC-JG031807 (JN408741.1)
——— Streptomycassp. YIM 61470 (FJ615282.1)

Strepromyces sp. HBUM 172143 (EU158342.1)

L Strepromyces albus (AB249915.1)

Sireptomyces sp. TI-55 (KU982633.1)

100 :Baclllm lickeniformis strain XMBO03 1(KT986159.1)

Bacillus licheniformis strain LS(KU179324.1)

B1 ETI6SDNAFIHMBNEGAETH
Fig.1 Phylogenetic tree constructed based on 16S rDNA sequences
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Fig.2 The effect of carbon source on growth of
Streptomyces P9
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Fig.3 The effect of the best carbon sourve dosage on
growth of Streptomyces P9
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Fig.4 The effect of nitrogen source on growth of
Streptomyces P9

RN AEAK I BERAEIRERREEEY

T 5 DA T 52 0 T ok ot At B 3R 0 R R WAL R G E

HEEHPIRBERAETEAKIBEREERAR

°k 25.0 g/L..

2.3 Plackett-Burman £ %#& it 5 &R 94
HERREHEFE TSI EENEETHE P4
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Fig.5 The effect of the best nitrogen source dosage on
growth of Streptomyces P9

W + B A My T U3 AR R T B R RN TR L BT RE R
%[ B+ B 8. MgSO, - 7TH, 0, KH,PO,,
K, HPO, i 7K ¥ B 2 ¥ B2 43 3 B 10,25.0,0.050,
0.2.0.4 g/L. &K B ok B4 3 15, 37.5,
0.075,0.3.0.6 g/L., R 1 Plackett-Burman £ & i%
HEH LBERRE EEME S HHE 30 C. &k
B 150 r/min FR55% 24 h. B AIH 2 LE 1. F
A Minitab 17 43 30560 25 R #47 BIA 247, 18 2
BEHEHEMEESEHF SRILE 2,

GERLIFB2H.EEH P ABEFREAN
BAER F IR 10 o/LLEAK -8BE8H 25.0
g/1.,MgSO, » 7H,0 0.075 g/1.,KH,PO, 0.3 g/L.,
K,HPO, 0.6 g/L K 24 hEHEH PINE 2B
BA.H 295 g/, ERRMNEERHPIAEKEMW
BOHE ;7 R R B > B A IR+ B A > KHLPO, >
MgSO, « TH, 0> K, HPO, , K, i85 . 5 A ik +
BARMESERLEKARE W (p<<0.05).

2.4 FRFBMREETEEZER
2.4.1 MR B AR

HHER PIERERBERER T THER 24
hHEBWEEBRATHERFEER, AREMET
AR B AL L 6,

HE6 A EW , AREMEBTHEREHNE
IR HEBEHCGEERREE SOCLUE) BRERE,
BAZHBTHRERE. HPEMEA oshmit
2 M RSSO B e, M A T IR R B, i A T
2RBEBEAZESSICT.E4 RFEANBHERE
61.0 C,HiR4EHF 12d, KRNV CK Y, CK4%
HEARE 2 R RBEEET 52.0 C. 8 4 XREAHE
T 58.1 °C, iR AEFE 9 d., HE B ) ok 44 2y 36k
HE B AR R0.5 WAL BEZHAK2.0 "C A LLTT 7 . 38
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REFLEHE 4% $8H 20194£8A
#F 1 Plackeit-Burman 2 B % it R &R
Table 1 Plackett-Burman experimental design and results
e }'é?ﬁ_ E4=] ﬂ/’ﬁﬁ-?ﬂﬁ} MgSO0, ZHZO KH2P9‘4 K, HPEL :ﬁig%
/(g+ L") /(g L7 /g L7 /(gL /(g-L71) /(gL
o 10 37.5 0.075 0.3 0.4 2.75
2 15 37.5 0.050 0.3 0.4 1.50
3 10 37.5 0.075 0.2 0.6 2.05
4 10 25.0 0.050 0.3 0.6 2.50
5 15 25.0 0.075 0.3 0.4 2.85
6 15 37.5 0.073 0.2 0.6 1.60
7 15 25.0 0.075 0.2 0.4 1.90
8 15 37.5 0.050 0.3 0.6 1.85
9 1C 25.0 0.075 0.3 0.6 2.95
10 15 25.0 0.050 0.2 0.6 1.75
11 10 25.0 0.050 0.2 0.4 2.80
12 10 37.5 0.050 0.2 0.4 2.20

% 2 Plackett-Burman 38 4> #7 45 R
Table 2  Analysis results of Plackett-Burman experiment

BWRE ! P EEMHEF
B 3.94 0.008 1
EAKTERESN 2.9 0.027 2
MgSO, » 7H: 0 —1.56 0.171 4
KH,P0), —2.18 0.072 3
K:HPO), 1.35 0.226 5
65
—w— CKA
60 |- ——0.5%
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55 —v— 1.5%
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g
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Fig.6 Temperature changes during the composting

R8N 1.0%.1.5 %40 B HE AR R M 30 22 , M AA
THEEEHXT G, AR RREE 554 54.6 C.
56.3 C,miRMARFER A5 % 7.6 d. HIKTTR,
BSR4 RN LE SRR NS
FERCE S8 0 R0 3 o L DT m b M A T B R R R
KRS E AMUEYENEARSZSMHE
it 2 FIE B b 7= A R e DAL TG 910 o 2 ES B
2.4.2 Xt GI H5m

BEMEANNARERET, HFATARIE LF
W GI L E 7, WNE 7 DIEH, B&KE 44
HHA Gl HEEBRREA BB, B2

o 014 .

R OSHIA A 6 K GI AR HRKE 41.7%, T
FBEFRE A 30 Rt GI AR HE 84.1%;
MEFMEN 10X 15X MLEHER CK AN GI ¥
TR RIZBBRME. 575 R 45.3%5.43.1.0% M0
42.5%,% 30 R4 F AR BB RME75.6%.77.8%.
77.8% X 2 B A 7 HE AR O 4 o6 oA 44 IE B A T
MADRERAIE A TRA AR MBREY
Bt . XMFFRIFFET —EWMEER  EE G
T QTR B T B X S R B T R 2 R
W Wi GI B EF. #AEL R 4 b
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Fig.7 Variation of GI during the composting
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BRI LK 16S rDNA 75 LLXT 40 B 8 5
ZEMINEER, K5 GenBank Y # K &
Streptomyces sp. SC-JG031807 ffj 16S rDNA [F] &
R 82%,

2) REELTRERRY EFE PI KBER
L B AR BRI L SR A B O B LA O R T BEREA
BAERME SN 10,25.0 g/L, R Plackett-
Burman S5 1% 1R & BE 5 57 B K07 #E— B R AL,
BB Kb R S B AR TR 5 R RN 10 /L E AR
+® R 25.0 g/L, MgSO, « 7H,0 0.075 g/L,
KH,PO, 0.3 g/L,K,HPO, 0.6 g/L, H. A 8 &
AlTESN T EER PIAERKRAERETZM.

Q) BEREEFERTFRIBNEER P K
BERAE R AR AT H R AR, £k
EEMBOSYO THEREGRENRE6L.0C, &
BMER 12498 TABRNBEDEMNN CK4
(BEEBBEBE 81 C.HERIER OO, HBAE
YEREREN 1.0% L%, dEHF S
AR E, ARG RN, ik EERR GI HTE
0N L, BB EYHERERATLTE. RAESE
B PO K BEAR 5 U i SO AR HE AR BRI 4T, 1
MEER05%.
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