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PR RRL : FOKRFE AT B b5 e 2 Be 2027 il
Y, MG RiAz/NF 3 em, C/N FLoh 41,8, & AU i &
YR 1.25% |, A A Ay B0 0. 12% , 4 B T i
G3H0R 0.80% , & /K% 10. 10% 5 320 7 b 5t i
FEPREIH BB 3R 393, C/N ool 14,3, & A & 4y
B 2.93% , A5 E > HUCh 6.09% |, 4 B T g
BHh 2.58% , 5 KK N 63.85% .

I AU I AR AE B & K R 2 B A HLIE &
P rpR S =

A AT IR R 2R 4E R oy i 2 &
B CC—1 Jehidg bW 3% i % A A F EM, o
CC—1 thh BD1 .SM KC F1 C.v. [ — & 19 il 4l
G, A ROE B AL (cfu) 2y 12 {2/ mL, EM A %0 T8 4L
(cfu) iy 20 42/mL,
1.2.2 HETZ
1.2.2.1 Bt

(1) #SL R CC— 1 B HF A28 IE i i fE: T
208 C/N L PRI IR K 38 5l AR R 7 B A
T4 R 2F 2% 1 I oA AT R A (R 2 AT R AR
Wit (£ 1), SRS HOCIK[3]M6], Hd C/N b
FPPEMR] I B 7K 2380 2 915 R O 88 1 K 5 #F
FUBrEEXS ) (V8 i S B, RO B A
I CC— 1,36 BECH 12 f2/mL XF HE 0 i B2 e K
GEUE SR AR C/N L BB SR S SR .

()W CC— 1 Fy R AR et T8 & i
THENE , B E R A CC -1 FEM B HENE AL, If
BE HARMENE CR 4D AE X i, Hp CC -1 f
ROE AL (cfu) 2 12 44/mL, EM 75 %006 7 4L ( cfu)
20 {¢/mLo I HE A b R D U R HE R 25 RS 1Y
pH {B Fh ¥ R 485 (GI) (F7 50 & & I MR & &
LY R LT HER TR R I

F1 EXHERRKE&EIT
Tab.1 Orthogonal composting test

s YRWIME  C/N RRIER 3 R [/

TR % o (BB /% (min-d™")
1 65 32 0.5 10
2 65 28 0.8 20
3 65 26 1.0 30
4 60 32 0.8 30
5 60 28 1.0 10
6 60 26 0.5 20
7 55 32 1.0 20
8 55 28 0.5 30
9 55 26 0.8 10

T ¢ AOR A A3 RIS RN 1. 63 m®/min,,

1.2.2.2 HECid A2
R 0 TV 5 4 1 Rk e B R IR R T

T PR A A M B AL R B 3t
9 AL, LTS 3 R HEALHES . A KA
FIAE R T S B 5 o i R S A AR . i TR RS
) 58 42 % B, R By 1k A B IR AR AR i Sk, A HE R
IR PN T R ME AR A o a0 R R R e R
ARG (A F R HAHE A RA R A sl s, Bl
() B% 30 min, X435 B T B 2 RUE S5, B HENE o &
SE T i o) 38 XU G SR T B B

1.2.3 {8k

1.2.3.1  HuRE ik

FHEAE XY R RHE 5] 56 B A HERE 45 3 J5 , B/
T AR IR R 2 MR 10 ~ 20 ¢m 30 ~ 40 cm Fl
50 ~60 cm A [a] HE 7R T B AL AL S IR SR Ay R
0y, — O FE R FE 2 K F I 5 b & ZF 4R H(GT)
g3 MBI T T2 pH (H 2k 2 A
ERER A

PEFYER LY R MR R & W i AR
BORE D5 i R) b, B IR, 52 i 80°C 0 24 b,
HURE B ] S HENE 0.3 .7 .14 F123 d,
1.2.3.2 84500 Jr ik

o GTEZ MGk 7] ¥IRSB5 88
i HE LR i 500 g, SR DY 4375 BURE 200 g, FRELS0 g
i 250 mL Z& 4R /K IR 5 1 30 min J5 , 28 3 000 r/min
B0 10 min, VBB HEIE R IR . EH AR 9 em
BT UE AU 0 R RS R L, B A A 20 R SR
( Brassica campestris L. ) # 1 , W B 5 mL HENE IR #2K
TR UE AR, AZE K AEXT B, b B 3 R E L, 7
25C 1H IR 55 746 TP K5 9% 24 b I8 Bl 7 & 2F R RINAR
N S = R B i

FE&h pH {8 R JH & # PHS - 3C 5 pH 3t ( i
KR AR A BR A ) ME . FREOU T 5.00 ¢
F 100 mL BERF 1 50 mL ZE4E K, 553 15 min,
H 30 min, I &

W T FE SR A, 0 ik 2 A SR 42
S I D7 v NYS25—2012" o Ji 4 R 4 2t )
R R B A L .

LR FHEEMARE S &, WE T LS R
k[ 10]

1.2.4  HEJERCR DR J7 ik

RN ASLBF 43 5 ok G 56 45 Ak L ) S S A0SR, AL

SCHER(3, 1T]RIER 2,

2 HREHMH

2.1 BRI ESHES
2.1.1  MEAR AR R AR AL
YL AR Al B W T R A PN AR A W T ) AR A fiE



5 43

FH) 2 - AL 4 2R 00 i 5 A R SR AL AR 2SR AL T 203

x2 REBRRTMITE

Tab.2 Evaluation standards for composting effect

A A W bR
S (1) IRBER FTHE 50°C, RBEA RN, 45 0 43,
i 52
(340 (2) FHiR R, IR e A, A IR R S IR B R IR T, 15 3 4,

) T ER = F 2 0], 854 A B Tl 5 ol — ORI IR 74 1 2 e 2 4

HEREAESL C/N L (3 43)

MM 25 05 25 A0 A 1 C/N L R BN IEATHEFR  HEIP 24005 0.3 (R SR BUR %4k B 73

(1) FEFT A 2R 23 B RIS 2 MR T AR R 15 0 40

(2) FEFTWEAT 2 AR A B R 151 2

(37%) (3) AT IR S3 IG5 28, eI S IR, 75 2 4

() FEFF A FE T 58 Al MR B 5ok (HREHE %

%3 0%

AL S5 A5 b BAE i TR0 & i DN BRI HERE , HEFE 2 005 0. 1 B BURIZAL BEAS)

AR B S W M L 3o R T 3 B AR AT 4% b B
HENE i A A il RE R A OO BEAT 20 B (I8 1) m]
AR AR A A — B R T R B
i B B A0 R i B B, X5 OR 2 R0 B g A5 R A
e

—— JbF] —e— KhEH2
—— b3 —— LbFH4
—— JbHS —e—LbF6

250t AN —s-AbE7 —fhrEs
= 0 —— 4519

13 5 7 9 11 i3 15 1719 2i 23 25
HENE R H/d
L R AT S R Pl B e 3 AT R 5 A A i 2k

Fig.1 Changes of temperature during composting

in orthogonal test

TR AT (F 3) ,4b30 2 4h 5 7 FAb 5 8
B A A 3 T U R PR, RS 2 R BITE B 55°C LA
FLANER 3 FIALEE 4 ES 4 KTFE T 50°C L b, HA
REFAESS 3 R THF] S0°C LA 5 Mimy i 5 25 1 1] oK
BT AN 3 4bFE 6 FIAbBE 9 7E 50°C LA I 5 B 4
BT 1 ~3 d 2 8h, S AL B 4 I 3 ) S0 -
55C UL I, RS T 5 ~8 d, ik 3 T IR [H 3% L& Ak
T A FRAE(GB 7959—1987) HisE ' .
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Tab.3 Changes of temperature during composting

in orthogonal test

K3 50°C 50°C Lh I 35 F) 55°C #5458 55°C A B R B
AEBE R RHE ZERFREC LB RER ML RECRIE KK miRE

/d /d /d /d /d /C
1 3 7 4 5 5 72.7
2 2 7 2 5 3 78.6
3 4 1 0 0 4 50.7
4 4 6 4 5 6 68.9
5 3 6 3 6 2 66.7
6 3 2 3 1 4 56.6
7 2 8 2 7 3 68.7
8 2 6 2 5 4 65.3
9 3 3 4 2 3 56.6

2.1.2 MENEFRO A C/N E by

T HE AR 25 55 X 45 A BIRORE IR T RE 7R 4 A
(32 4) T, & A 3 HE NP 25 o 5 0 35 43 o 43 B3
TE 4% Lh b Forb 35 3 T i o3 B s 1 AL 3 S 5k
8.04% ,HR N ALFE 2 FOAbFE 7, B3R 40 5 = o BUTE
7.0% LA b b PR 1 5543 5T 40 BOR AR, O 4.88%
AR ISR 3 BTt 4 3 T 5.0% ~7.0% Z[h]
Xt C/N A M ol 0, HE AR 45 o5, HERL ) C/N AR R
KT B TALFE 1 AALER 3 24, HiAth kb B C/N FL#RIA
120 LIF 454 Golueke HEAR 2 A bRE"

x4 HERELERSOE

Tab.4 Nutrient contents of composted cattle manure

Ak AR B/ % R % W e M % S i o B % BRABES /% C/NI
1 39.54 +0.32 1.79 £0. 05 1.82 +0.00 1.27 £0.01 4.88 22.09
2 38.32 +0.51 2.45 +0.03 2.98 +0.01 1.74 £0.05 7.17 15. 64
3 44.43 +0.23 2.07 £0.01 2.35 £0.01 1.53 £0.02 5.95 21.46
4 40.39 +0. 12 2.63 £0.06 1.48 £0 1.24 £0.01 5.35 15.36
5 43.12 £0.45 2.86 +0 3.45 +0.02 1.73 £0.09 8.04 15.08
6 42.85 £0.07 2.52£0 2.52 +0.01 1.24 £0.05 6.28 17.00
7 36.31 +0.76 2.62 +0.04 1.99 +0 1.26 0. 04 3.88 13.86
8 38.65 +0. 12 2.73 £0.03 2.82 0 1.52 £0.03 7.07 14.16
9 42.83 £0.30 2.56 +0.03 2.51 0 1.23 £0.03 6.30 16.73
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2.1.3  REEHCRIEM

FRAEFE 3 HEALROR PP 48 AR S s X 44> Ak
FEAT B 73 (32 5) , TR« 4% 4k B R TR A0SR 22 St A8
Ko LEEWANT2.0~8.3 Z[H, H b3 2 1545
e (8.3 73) AL B 3 7303 iR (2.0 43) o

23 RS R o, 138 S i A R W 22 AT LU
A A RN K RO e Hy K BRIy - HEIE
A C/N L T 7 e Ao G KU ] 4R K R
I AAEAR WSS 50 5 8, B CC — 1 B0 T8
26 R HE I A BRI g 3 R e DR R 2 )R IR
C/N Ho, HC Y2 T 700 2 A, J XU I ) 04 kL 5 K
L AL, LE L/ o A L A R R A
[F] 7K - 1 - 25 S8CR AR AT R, W0 R ) B C/N L Dy 28
IR B i, C/N HE oy 32 PR Z, C/N LR 26 I R%
T % T ) B AP R 0. 8% ISR A T, B b R
1.0% ROR 5 Z M 25, M5 0. 5% I ROCR$52% 5 1
SRS [E]20 min fz £ , 38 XURF[E] 10 min 55 30 min 2R
PO 2% s DRI 0 & K R 55% fe ol & 3, W it A
HAERRE ARG T ,CC—1 W HFA4FEME T2
RIS HOZ YR IR & K F K 55% ,C/N 1y
28, W ARl 5 0. 8% , 3 K3l XU ] 20 min (38
KEH5.09m’/(min-m’) ),

x5 EXHERAEZBHRITEN

Tab.5 Results of orthogonal composting test

PRGN AR BN e

hib B
TS % o (RRLE) /% (min-d™') #3443
1 65 32 0.5 10 3.4
2 65 28 0.8 20 8.3
3 65 26 1.0 30 2.0
4 60 32 0.8 30 6.0
5 60 28 1.0 10 8.0
6 60 26 0.5 20 2.4
7 55 32 1.0 20 7.0
8 55 28 0.5 30 7.1
9 55 26 0.8 10 2.8
YIfE 1 4.5670 5.4670 4.3000 4.7330
HME 2 5.4670 7.8000 5.7000 5.9000
¥{E 3 5.6330 2.4000 5.6670 5.0330
e 2 1.066 0 5.4000 1.4000 1.1670

2.2 HFICC-1AMEE
2.2.1  MENEEEAZ 4L

AL R ] CC — 1 EM RN $2 187 0 1R 4%
Ab P ) HE AT Ao R v 3 B AR Ak (L 2) W HEJE T IR
Jai 25 A B R AR AR S — B, & i T THR B B
o T B BRI B B o PR 6 TN R TR Y B B
it CC — 1 1y 4k 2 315 380 B e P, FEHENIE 565 1 K B
TLE] 50°C L) I, HedeF EM T 551 A0 o B2 14 7 Ab 3 4%

AT 2 ~3 ds 2 B B, 3280 EM 70 i Ak B i it £
SR IR E] 13 d, LAl 2 MR PEZ 3 d; TERR IR
BB, A CC — 1 5 A A 2 it 3 2 11 R G
PS4 FE L 7E 17 d BITRRER] 40C LA, 8] 25 d T
W2 30°C Ze A, T L I 42 Bl EMBRj 5 19 A0 B, 3t B2
W B 21 40°C 7 A7, R 32 17 40 1A% IR JEE IR 5 12
43°C LA

—4— CC-1 —#—EM —— CK —o— Ik}

1l 3 ‘sl 7 ;)'1‘1‘1‘3‘ 1‘5‘ 1‘7‘1‘9‘2‘1‘2‘3‘2‘5‘
HENE R H/d
[ 2 AN [ T 790 A s o 4 A O 50788 £k oty 2k

Fig.2 Changes of temperature during composting

with different inoculums
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Tab.6 Changes of temperature during composting

BF50°C 50C AL GAFIS5C #54:55C ikFlfR  iKF
hEL RE MEFEREC LLER DR mRE B

/d /d F¥/d /d K¥/d /T
cc—1 1 10 4 8 4 75.5
EM 3 13 3 10 6 63.6
CK 4 10 5 4 6 58.0

2.2.2 FR4rE (C/N LRI B R

DNFR T AL, He A CC — 1 i A Ak 38 HC 4 250
A BRI 35 40 R 4 B v, U W AT o R R
PR, N C/N WRE, T A L BRI T 20, 4F
4 Golueke HEJEJE By bR i CC— 1 Mk
14.3 X AT g f& i TP CC — 1 By ab 3 L 5 5k 2 4
Ab BRI S Bk LD or i R T AR R D
8 Y o

i3 B R S Sl AE ) e R 22 3 A W - it i B
PR 2 A AT AL A B Ay, A R A
MFE L2251, e 5 LI & )8 & 7 Fk L5
Yy RIE B HLIGHL A A 4, 0o 38 45 4 1 55 4 0 4
R E RAAER . AU E 3 A4 BEHEE
SR E R RTERR & (R T) AT LVE B4R CC - 1
F14) S IS Ak L R 5 i e v L, IR B T 27.50% 5 2R
EM (1) i JE b 8 56 IR & w2, O 23.63% 5 i oK
2 TR HE TS A 388 B e B B AR, A 18.64%
2.2.3 pH{EF GI

pH {E & WA Y AR K B 22 4508, HEIE pH (E 2
v 5 R I E TR L i T AT
Flt CC — 1 F1 EM B 71 1% 40 B, kI 25 5 )5 (1) pH {E
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SR 7.9 8.2, J&@ T B M, R B B g pH
M H B 0 8.9 ARIE AP CC— 1 B HI A1 EM
T ) ) A BT 5 R FE A b AT M o v o A LI e R ik
R 5.5 ~8. 5 HLAE

P % 25 5 50 (GT) 2 4 T B 9 — > o JEL I 2k
JiE A b, 2% 18 B A T B 0 S A L, R AR K
20 6 07 R T S I S ) e 2 R e L 35 I 7

T CI AU R T PR R EHIET
P 35 M ) T R AR AR S . 2 R 2R R BGR
F 80% i, Ay A 0 HE B B A R Y T B UL HE
e A A (R T) R 3 A E Gl
HEARTF 90% , LA 3 A~ kb B3k EL S 65 2, Hh 4
fl CC—1 By HENE AL 3 GT KT 100% , ik g F 1 F
TR*,

RT HREFUAZER

Tab.7 Chemical characters of composted cattle manure

e EERiIRO e Wiy A T 4 lliei JH 5E R I Ak WIS C/N pH Gl
B %o B % 8 % B % 58 % o % t i /%
cc-1 40.52 £0.23 2.84 £0.03 2.58 +0.02 1.67 £0.01 27.50 £0. 12 7.09 14.3 7.9 106.5
EM 38.32 +0. 09 2.38 +0.01 2.67 %0 1.52 +0.03 23.63 +0. 10 6.57 16. 1 8.2  94.7
CK 42.45 +0.17 2.23 £0.04 2.26 +0.08 1.23 +0.03 18. 64 0. 05 5.72 190 89 90.6

2.2.4 BN FRPLYER AHEEMATE S &
HERE TF UG J5, HE ORI 2 £F 4E R FE S R
(& 3a) , S HAERT 14 d, 2 25 4 2 4 fife 7 5 e b, 20
TF1) B 4 it s 1) 8 A S I o R A 0 A i B9 80% LU
o UL UL 2T Y R OE A A G A R,
TEAEHE AL A = R VI 4 . BEFR BRI R) CC — 1 R HEE
Wb FE P EF 2 B R B HEIE S 3 R, B
23.52% FI&E 20. 12% 43R K 14. 46% , |5 &4
HENE 2ok P S fif 1 33. 80% LRI ) EM AR 42 1R
P18y M JES A 3~ 2F 2 3R 5 ok A3 AR 3 R AR 2R 43 Bl
H2.07% F10. 1% ; 4645 7 K, 40 255 51 20. 32%
1 14.86% , 5 B G40 ff 1) 60% L4 s HENE 28 23 d
Ip, 3 50 B R CC — 1 M JIE b 7 2 2F 4k 5 ) it R N
42.77% 43 B4Rl EM ORISR 322 18 X BRI 1.2 £ AN

26 —+—CC-1 —#—EM —*—CK 8
24 - 17 F

= -
= S 16 ¢
W= mE 14
il @12+
Ny H
i el
10
0 3 6 9 12 15 18 21 24 0 3 6

——CC-1 #—EM —+—CK

1.8 5, XULHIAN CC — 1 H A1 EM B H A F] T
HEAC T R rp o 2 R oy R, oW R A R oy 2
AU CC—1 RHFEMERER,

YR G A E L R R4 TR (I 3b) L 7
HENEEE 7 KRR R CC— 1 F1 EM 1 i I 4b 35 27
Y KRR N 19.32% Fi1 7.06% , 5 ) 43 il Y
46.10% F1 31. 16% , 52 £1 4 25 43 fif 3 B AH L 201
VO 2F 4t R HE P 2F 4E R B0 . e HETIE AT 14 d
(T A sy L 1), 2 T RN AS 2 T 1) 3 I A B & 4
oM B R R 60% DL b HiAy 40% 15 [
TR sE (18] 3e) o EHENRAS 23 K, 7 CC —
| S 4k 500 % Jp P2 Rl EM IS 12 15 A A 1. 8 %
2.1 i,

X 45% ——CC-1 —=—EM —+—CK

HENER Hvd
(@

9 12 15 18 21 24
HEAER H/d

0 3 6 9 1215 18 21 24
HEAO R Hud
(b) ©)

3 A% b FIOE N S 2T Ak 3R 2T 4 3R R R B SR o ko 00 S I ] £ 22 A o 26

Fig.3 Changes of concentration of hemicellulose, cellulose and lignin in different treatments during composting

AR 5 2 21 45 3 F0 27 4 R A0 bE, S X ) i
MIEL 3e AT DU i HE A G i v A 52 3R 20 il R AR
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I, B Tt o X R]RE S H TR HE AL A Y AT o
B TR AR W By A 7 A O RS R
AR, S O R B R A S R T
MR A 5 f 1 TR SR A, 3R i) CC - 1
{14 R ML A BLAC Joie 2 AT 5 1 I S /0N o X AT i

VLT, HE M ERR) CC — 1 55 0t 2 A Sf AT A0 BEAH I,
PERE T AR (19 93 1

3 £t

(1) ABEFE T AR CC — 1 3 25 Bk K40 K R
T AL A I B B i 28 26, 22 2 YR BE L s SO T
R FEHENE A R, PRI T R A 3 B R BT S H AR I
RBEI AR 4R 1R R AT RO A R T
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e, T B HERE PXE TR E BE A IR X DS R
JREFYE R oy fif B CC — 1 fe it 1 /4= FEHE JIE R s Jig 2%,
ANAS T 3 PR Y T R T L T A

A 5T 4k 2 W A M 0 OB . AR SE  OR 2R
e R fi e CC— 1 AR R 0.8% , W1 k40 4 &5 7K
N 55% ,C/N [y 28, B K38 KU E] 20 min (Gl <,
R 5.09 m*/(min-m®) ) Bf, A 5 £F 4k 3 289 %oy

PR IR IR R D

fifp T DR, iR 23R 1 5 RE AR A2 A 2 O T R A e R AR

(2) HENCWPRL PR 2T HE R R RO = SRR IR AR

U A S IS A P ) — A R O 2 DR 2
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Enhanced Technology of Cattle Manure Compost by Microbial
Inoculum with High Lignocellulose Degradation Ability

Wang Shunli'  Liu Kefeng” Li Rongqi’ Wang Jianzhong' Jin Zhulida® Yang Jianshan’
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Abstract; Effect of independently developed microbial inoculum on cattle manure enhanced composting
was studied, which was named CC — 1 with high lignocellulose degradation ability. CC —1 was a mixture
with Geotrichum candidum-BD1 , Streptomyces thermocarboxydus-SM, Bacillus subtilis-KC and Coriolus
versicolor, in which the first three kinds of microbial were selected from cattle manure in Beijing areas.
The orthogonal composting test was conducted in simulated fermentation tanks to study the effects of
different parameters such as C/N ratio(26, 28, 32) , initial water content(55% , 60% , 65% ) , aeration
rate (10 min, 20 min, 30 min ventilation every day, with 1. 63 m’/min ventilation pump power) , and
inoculation amount of microbial agents on cattle manure composting. And composting effect was evaluated
from temperature changes, C/N, sensory effect (including material particle size and stench) and total
nutrients contents. The results showed that the optimum control parameters were as follows: C/N was 28,
water content of compost materials was 55% , microbial inoculation amount was 0. 8% ( volume ratio) and
20 minutes ventilation every day ( ventilation volume was 5. 09 m*/(min-m®) ). Then, with the optimum
conditions, another composting was carried out to prove the effect of CC —1 on cattle manure composting,
and the composting inoculated by EM and composting with non inoculum were taking as the controls. In
this test, temperature changes and lignocellulose degradation during composting were measured. Besides,
pH value, GI ( germination index), TC, TN, TP, TK, and humic acid were determined when
composting finished. The results showed that the composting period was shortened. The period of
temperature rising to 50°C was 2 or 3 days earlier and the period of temperature decreasing to 40°C below
was 8 days earlier, compared to that inoculated by EM and non-inoculated. When composting finished,
pH value and GI of compost inoculated by CC —1 were 7.9 and 106. 5% . Compared to compost that
inoculated by EM and non-inoculated, the TN was 19.33% and 27.35% higher, total nutrient was
7.91% and 23.95% higher, and the humic acid was 16.38% and 47.53% higher in compost that
inoculated by CC — 1. Degradation ratios of hemi-cellulose and cellulose in compost inoculated by CC —1
was 1.2 and 1. 8 times, and 1.8 and 2.1 times that in compost inoculated by EM and non-inoculated,
respectively.

Key words: Cattle mature Aerobic fermentation Compost technology Inoculum Lignocellulose



