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Abstract; In order to investigate the effects of exogenous enzymes on composting of rice straw, the simulated composting experiment was conducted by the
application of exogenous cellulase, protease, and mixed exogenous enzymes( cellulase and protease ) . The related indices during composting were analyzed.
In addition, the effects of exogenous enzymes on the composting process were also evaluated by fuzzy comprehensive evaluation. The main results showed
that mixed cellulase and protease had significant promoting effects on cellulose degradation and nitrogen release, cellulose content decreased by 14.9%,
C/N decreased by 18.4% , and germination index increased by 6% compared with the control test; exogenous cellulase promoted the degradation of
cellulose, and germination index increased significantly; exogenous protease promoted the decomposition of nitrogenous substances significantly, and
ammonium nitrogen and nitrate nitrogen increased significantly. According to fuzzy comprehensive evaluation through E,/E,, NH;-N, NO3-N, C/N and
germination index, the optimal treatment was compost with mixed enzymes application, followed by cellulase application, protease application, and no
enzyme application. The results suggested that mixed exogenous enzymes ( cellulase and protease) application accelerated the compost maturity. The
exogenous cellulase and protease may have a synergistic effect on the maturing process of compost.
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1 5|5 (Introduction)

RAEIFEFA DL & &, OF A AR i
AWy i E A TS SR OT R T R A RS AT B )
IR FF + 3 I8 J1 ( Chaves et al., 2005 ; FlieBbach
et al., 2000; Hadas et al., 2004; Hasegawa et al.,
2005 ) HEAE AL 2 At Ml 5 5 0406 R R 110 B 25
A AR eGP TR] R S LS J e 65 2 5 ) R

ENEA: W A 27 a2 Y A J5T % 45 A 1 2 e ik
T | X BOME R A 1Y) 47 4 3R 55 K5 T W SR AT 43
BEAR A I B IO R A A A A A A B PR R Y
b AR R TR ROV (2 EEAE, 200051
FAZE 2013 T8ESE, 2014) . E NI ET WA YR i
TR Z (T = WS, 2014 ) , (LI 57 % 75 FF
WA (0 52 ) T v 8 DL A AT rh AR R R A
YEZR | TI2T 2 3R BUR W G50 LA By 6 fk i e BEL
B 7 HEAE 1B . R ZEHERE i S i S IR 2T 4E 2R
AR T2 3R 00 78 50 KAk, bR S AE 9 T8 24, 2 s
HEAE =Wy ity it BT BT R TG A s A B,
THENEHEFEA FH A E M0, C/N L2 52 Wil HE AL i 7
) FEEEPN R Z—. BN AN e 2 Bk
Y5t B o0 R AL, %o T e A A A R L
AL A T A0 U5 T A 2 S R HE AT I 2 B E e T
k.

FEIRBE T B i R 5 AR A A S
FTIZ N AR DA TR G il 70 7 HE AL e
FAWEZE. DR, AS 0 52 380 o A A0 A 3, 50 1
NE A 3 8 S o Y58 ik o S JES T s R 1 R e, O
FIFHBORAZ5 G PR 15 X0 HE N R 2R B2 SR AT VRN, LA
T ARAS RIS AL B A A SSCR W A5 R S A
5Tt A S IS v 0 17 P St P R A

2 57 7% (Materials and methods)

2.1 KR

LR AR A R, R P B Y R
TEPEH 1034 U-g ™' (Ghose, 1987). feidfE IR K
40~50 C, fixif pH N 4.5~5.5. HEik & A B K
AS1.398 1 P & 4 B ( Bacillus subtilis neutral
protease ) , 1 71 & 58820 U-g™'. AN EE 1Y) e
‘H pH {EJ26.5~7.5, feili Bl JE /& 35~45 C.

FEFF MRS EREFT , AT WU & 5K 39.3% , &4
FEN 10.5%, W RN 3.4% , 2 E R HN9.9%,
C/N 2} 37.4, R TN 35.2%.

INHEZE R T RN B H ( Brassica
chinensis L. ).
22 R4 H

KRS 5 om Je 4700 /NB, J15 Bk 3
65% (5% 1), B T/IME (F129 23 em, AR 20 cm)
W B I R A AER T IR RN B S
d FEAT AU 3 LAAD 78 0, HE A o A v A0 3l 4
w1 Frs (EEAE, 2014).
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Fig.1 Temperature control during the composting process

TN AT 4k R B A0 AN IR A e A v i T A
Ty, R T sl A Tl ) 7R 0 A A 301 A o i K
TEHERCAYER 20 d IEANA SN, 2520 78 T dn
1 R, &0 FR 5 50E S CK (X IRAR B ) C (4%
g3 P (HE AL | CP (£ 4k g+ 3 H g4k
B ORI 1010 Y FOK, BEFHEAE I
FFGHTR ), AL B E 3 A A

F1 FHAENKNEE

Table 1  Enzyme concentrations of different treatments g
bR ANEETHERE AN FEFF K4y
CK — — 175 325
C 10 — 175 325
p — 10 175 325
Ccp 5 5 175 325

23 MERE L *

TEHEAR S 25 30,40 .50 .60 d A3 S HURE | 76
e R AR 3 ASERAL A S A SR 20 ¢, 0 E AH G
FEVRIE T 70 CHETORAE T ZJ5 40 il 22

B KRR FHBE I 0 5 5 pH {E A pH 11
FE(EW L 1:20) 3 EC AL S 340 %2 (W L
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1:20) ;E,/E( HENE B FERRAE 465 F1 665 nm 11
BB HEAE) A3 66 BE T 5 B4 A A0 (NH;-N)
LR B E s A A (NOS-N) FIEE Aot
TRIAE 5 Al R FH A TR B 25 1k - A ik
e ; 2 A &R LR E A kiE (43,
2000) ; 212 F S 27 4k 2R B i QSR IR
ZE (Van Soest et al., 1968).

HEFEYE R R ZEIRBRAE (Xiao et al.,2009;
Zucconi et al.,1981)  HUE W I 1:20 AU 8 mL
THA R AR B 7R ML b W] i s e B (ZE R
K BEASRE R ML B 10 AR R /N 1 S8 b1, i
BAE 30 CHFAETTIEFE 48 h, W& R HFFHMRK,
RHFFRE( G HHITEN .

GI=(R.XL.)/ (R, XL, )*x100% (1)
A R, (R A3 5 A G B ol R 2 3R 6T R o
TRZFE L, L, A3 AR A R AR
2.4 St aar

ARG R SPSS Bt #1414 b R
JH Duncan’s 587 &t 22 A6 56 SO 25 5 PE 0 2 48 X
Z R PR 2 i 52 ) 1Y S ) BB R 3k AT B P A
(Sheng et al.,2008; PRIGTE, 1984) . A58 2K 4
FUBIRASL , ) SO 255 A5 D A 5 X M IS Jg s et i 3ok
TTHE.

R A i G B =L iR A U (=t

U=(U,,U,-,U,) (2)

B n MERE, X, ARSI U, S DA TR
R

U,=(X,1s Xoas o0y X)) (3)

SRJE B A DR 3R A SR I 2 e A AR i 1)
WIFSE IR | JE 33 2 ) SR J T2 e K50 A R JL A 1
D, AR 17 0 73 5] 3 PR

1 ‘xL] = X min
X - xj
;= - Npin < X < 2, (4)
xll]d' xmil
0 Xy = Xy,
1 x;} - xma,
xj - X
r; = - Npin < Xy < Xy (5)
x xmil
0 X = Xy

2, F8 m BN TEAR n AAE B B4 3 AL 13 24
WraE ke, B2 O BPEH R bs 28 ) AR 0 =
1,2, ms3j = 1,2, nym APPHTEEBR, n W PEAY
A B R SRR AR S AR PR B v A R R

B A TPFA PR3-S A A L Y SR T pR L
M A] ARH R ERIZE SR R(R 9 mxn ) .

Tis Ty 00 Ty,
R = Tois Tmy 770 Ty (6)
rm] ’ rmZ ’ o rmn

K, R AWML G TP R, 10y o
J& PR
55 20l BRI AR SR R AS I AL, i A
AR (BEHEL4TEE ) 2006250045, 2013) .
1-H

i\
> rmn ’

W,=— (7)
m - zHi
=1
n r// 1 .
/H\qj’Hi:_kZﬂflnﬁf’ﬁ:f: n ’k:E;HLj?%
j=1 Zrij

SRR IFBE 5 £, =0 B Inf, =03 W, 1% i
SRR, B2 0 < W<1 HI 3 W, = 1.

HAEARIRELT
W= (W, W,,~, W,) (8)
X, WoOBEES W, ,W,, -, W, NAHBLA AR bR
AR .
5 A3 BB 2R 5T O A B S 45 2R
B=WxR (9)

A, B AWML SIS, W MIEES RN
B 25 G PN AE RS

3 R (Results)

3.1 AR EE A m xR MR B % o

pH EZ M A P AE K EZERN KR Z — (Lei
et al.,2000). @& 2a fr7r, 5 CK A LL, 85 B AL 2
pH {E_F T, 17 21 4 25 il Ak 341 K% 2 4 25 il + 2 11 g A
PR pH {H T . AT BRS2 AN AR IR TS Infe 2F 1 2
A BT W 20 H Rt pH b 27 4k
R AL IR N 4T 2 R+ 2 AL F rh R RE U MR
AR A B A HLER A pH BT R & 411
pH [HIEAZRLAIFLE 7.5~ 8.5 {u I .

HERE A AT I AR R AR A R EAE A
HERRZ — B FR(EC) et T HENE RS2 ]
FEPEER R A, AR 2b B] DL, 45 A B 2 ] AR /)N
W N P CP  C CK.AFFEUEM] M 48 3R H W 1Y
EC 50 & mAMEY A KR  EW A K Z Ml
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HIFRSE EC {HH 0.4x10* pS-em™ (1 H | 2000).
RS ARt 580 3 T 48 EC B, P4 R
i 60 d B EC [E#EZBR 2 B LT, RIXHEY 2R
FIEATT PR, 7T LAHERR 5 55 5% .

E,/E JEHENB B TR AE 465 F1 665 nm WG EE
WILAE £,/ E AR A, 25 I 6 0T A9 45 45 B R 5
LR A . I HENE S 5 e /E A ok &, &=
BRI TR BAIR 10 4 K5 T I W IR e b, R BLAE
E,/E HAE I BUE MR BN — A~ i E 2¢
HLR 4 SHRESLTE 25~30 d Y E,/E (EH% FTF

90 2

85

pH

8.0

75

7.0 | | |
25 30 35 40 45 50 55 60

He AT (R)/d

241

g M\/Q\é

EC/(dS‘m™")
b
T

2

0.9 L 1 1 ] 1 1 1 1
25 30 35 40 45 50 55 60

i IR R)/d

B UL B BB B I A R R 1 R A, K
N T B AR PR A 530 d LU #ERIT 4R R R, B/
O3B B R I U6 e AL UK 4 T I A IR, 7 - it 3
I 46 A BB O, DT o HE RE AT 2] Jgg 2. I 27 4
FH I+ 3 AL B A HE R RE S 7E HE R RS Y
E,/E  WARAR T 25 2 2% il Ak 30 R0 25 11 il b 7, BH G
X CK.nJ WLAT 4 2 il AR (R ER A 0E T K7
BRI B, A I T 2 e HE AT A i AL R B, TN 2
i ZE T+ 2 P A 1 255 SR B Sk )

42r b
391
36
o
=33k
1
I
30k
271 L
2411 1 1 1 1 1 1 !
25 30 35 40 45 50 55 60
H AR E)/d
—— CK
—-C
-O—P
—%— CP

B2 AEEgHFIFRMER THER pH(a) \E,/E((b) BEE(c) WEK
Fig.2 pH(a), E,/E¢(b) ,and EC(c) during composting process

FEARYS 4 AL FE KA S AR AS A
FIAR LR AR R, (045 S A B 2 () A7 7 3 I 22 57
(p<0.05) (& 3) . HENE 25~30 d Z[a] , A0 &1 5 1)
Fir A AL 3 NH, -N F i &4 KR T %30 d J5 TR
PILE , CK W — B AR R P TRt s N2 5|
AR P CP.C CK. &40 NO;-N & i+
ORI T, Forpr, B8 i A0 V5 g A BRAR BA 8 & T

X HR N B A R P CP L C CK. 7] WL iy T4
TGt S 2 N 1R A b S A S i RO R
B NH]-N, Zkmifie #f T NH;-N [6] NO;-N %4k, 5
THERE RS A A B i U R SN AR 1 R A
& B A o L e SR .

C/N i % H TIPS 4, #ig
C/NTEJE 2 B T 7 o A8 58 5T — FE 24 20 10,
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Golueke % (1990) #& tH JE A HENE C/N fH N /N T
20. 118 3¢ AL, A4 C/N B4 BB R e 7e3fENE
AR Bl 2 I R A T, MEAR N AR R
B, A IS R R A LT A R R B AR T AR
PR, Bt T BRI (2R 5245, 2000) , Rtk HE
HEf) C/N 2T ke 20 IR A iy v 5 3, S/ = i

4
a

w
T

NH;-N/(mg-kg™)
i8]
|

25 30 35 40 45
He R )/d

25 30 35 40 45 50 55 60
HefRRF )/

SIS T A B G 3 ik o 32 A 2 i ek 2, PR
I HENE ) C/N 22kt THE G RRETE 10 245
C/N W/NEIR R CLCP P CK, X Uit B S &M 5 £F
Ak 22 RN AR AR 1 T T A A I S A A AR
FH (p<0.05).

700

=N

=3

S
I

NO;-N/(mg-kg™!)
wn
=3
(=}
|

400 —

300 L1 ! 1 ] ] 1 ] 1
25 30 35 40 45 50 55 60

HefEET )/ d

- CK
—-cC
—O—P
—&— CP

B3 AEEHFRMER THERESE (a) JESE(b) BRALL () MEX
Fig.3 NHj;-N (a), NO3-N (b), and C/N (c¢) during composting process

2T 2 FR W) J5 S R ) A HE R R ) — A
BN R & 2 nTLUE ), Ui Ab B G £ 4 2 R
e 2T Y R P HE ARG 25 3 AT 2 18 B a0 A AR AT, 29 4
RO R £F 2k 2% W Ab BT 2 % 5 i 1L CK AR BRAIG
35.1% , IRA BEAL B 1 CK A 14.9% , {H 25 1 Bl ik 28
AR EE CK AL (p>0.05). X Ui H AN LT 4k
R AELT 2 2 2 W0 5009 25 W B v R 9 T ORI
VEFH, IR I, 8 0 o1 5 2T 2 25 it mT DA 4 o Mk R 1k
PR,

M 2 IR AT LAE H 45 AL R 2 4R 4 R A
ARG, P 4 e R OEAHXT A 5 A i ) o

2 Yk 2 R 90% LA b T HE AR AL i B o R 43
fife. BIHENC S5 R BT 21 2 R AL B A e R T i L
CK i 17.4% IR & B FE L CK 11§ 13.0% , 1M 85 1 il
LAbHE CK 23 AR 83 (p>0.05). WEHHAINSMNR LT
Y R AT LLAE S 30 PN T R R 2 T 2 R Y B fi
JE AN X A B R

R ZEHE B 3 3 0 3 IR R A R
SRV HERE 1) 5 24 (Huang et al.,2004) , — A
H, KRBT 90% 1 3% BHE T (9 J68 280 3 A s
Bl 4 PR, 2 AL Rk 2R B0 AT 50% , 1 I e B 4
HEAS By = My PR/, HT 30 d AN IR AL BR A & 248 %L
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HRILT 100% ; B HENE AT, £ A0 BRR 2R84 CK &A%, DR SR i S in ik — 20 B AR T HEJE 1
BT AL T 100% AR A AWk, SRR A
SR, FOUR R 2F 4k R i + 25 1 g Ak B 2Rl Ak
F2 MIESRERAEERMETESENTL
Table 2 Cellulose and hemicellulose during composting process
e AgFE PAGER AR
itfil/d CK C P CP CK c P cP
25 22.33%:0.98%" 18.29%0.57%" 22.00%0.30%" 20.00%0.26%" 12.81%0.29%" 11.50%+0.67%" 12.72%+0.77%" 12.30£+0.02%"
30 21.00%£051%"  14.90%0.08%° 20.40%+0.45%" 18.00%%0.16%"  8.70%=0.63%"  6.30%0.18%°  9.00%0.52%"  7.30£+0.49%"
40 19.00%0.28%" 13.16%+0.58%° 19.19%+0.58%" 16.00%+0.80 6.60%+0.55%"  4.70%0.17%°  6.90%0.25%"  6.00£+0.27%"
50 18.00%0.20%" 12.00%£0.42%° 17.70%£0.33%" 15.50%0.87%"  5.70%0.84%"  4.20%x0.93%"  5.90%=0.43%"  5.20£+0.65%"
60 17.86%0.59%" 11.59%0.77%" 17.50%+0.87%" 15.20%0.73%"  4.60%+0.77%"  3.80%%0.27%"  4.50%=0.60%"  4.001.00%"

NG ERERR R B (p<0.05).

0/ r—
130% K

—--C
-O-p
—&— CP

120% [~

110% [~

100% =

REIRE Gl

Qoopll 1 1 1411 |
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i R [R)/d
B4 AEEH R MER THEL FREHNEL

Fig.4 Germination index during composting process

3.2 AAHEEIERARE NERZESITEN
FIHEARSE AT, T A HE A0 Ak A I R B 45 AN
AHTE) HEAE T 1 00 45 2 B i 2 TR A 4 R e e
(), ELAA 4 AN AR T R0 25 X LA FH — AN F6 AR R BEAN 1
E (EFBEAE, 2012; HIBE AR, 2010; 7 WL 5%,
2012) . H HA A AR 8 HE AL #4088 1 D D7 i AR 4
TGRS T W HE BT Y 8 SOtk B (s TR A
2010) . FIZES B AT LLXT 22 Fh DX 2 R 5 0 1) 3
Vel 3 42 34T BB (Sheng et al. , 2008 BT
U5, 1984) . A5 H B 25 G PPN 5 i HENE 45
AR PHIT L2 FE BRI DT RE LB R HE R A0 )85 % | LR
2V AT FEAS ] &1 5 Ak 28R ) £ JE R

R ANHERE S b pH EC AR fE AN K, HARTE 3
NEGHIEEZ N, R P £ S AR THE
NP BREEFRBR | T LAAS B ARG e o A 5 SRR 2 1)
Mz AW T B IR R A R

U=U, U, U)=(E/E, NO;-N,NH}-N,C/
N,GI) (10)
B A IR 3R SR B eR AR, O 3R B ME T 28

FEVEM 25 J 1 BE 22 Pk FORS o 2. X /N3 A A G 45

W, E,/Eg NH,-N C/N H12 (1) #47H— 16 iH5;

XK E MR FR,NOS-N Gl ti=t(2) #EF7IH—1k

THE.

HRAE A A 7 TH 5545 B A 3 50 4% 48 AR A
.
W=(W,,W,, -, W, )= (0.19E,/E, ,0.17NH}-N,

0.23N0;-N,0.21C/N,0.20G1) (11)

e, BRI 2R A E M 45 50 B = (0. 17CK,
0.67C,0.50P ,0.70CP ) . FH ILA %01, £F 4 2 i + 25 11 1§
Qb B A S AR B A i, 2 5 R UK RS £F 4 K il Ak
R ABGEALEL CK. PHL, o7 AAR A, £ 4E RN 2R
1 it P T A5 T FE T IR A M TS T 2 48 v A e
T, Y AR B 2 4 2R T A 1 0 o A
BGR B —E AR HEE .

4 {118 ( Discussion)

T HEAE 2 2 v BT A 52 2% 09 A= Ak R g ok R
SELEAE DR AR T K AR Y il I M R 2 5
HERE 7= 5 S SRR FE B DL R I e b (2 2 5
2000; 5K BRAESE,2012) HERED R R 9B LY H A 7N
43/ IN T WL AT LA i A 4 ORI A T
KRS A MR DL & R XA e, R
L9 AR A A A Y A 1 A LD I, TS B 4 i
T HE R P AR (2R, 2007 ) AR AT 43y
Y6 P T L 7 e A A 2 A A0 R O K A R A
AR i A1 it S 88 A A A S 1) T 38 AL
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REVBIES, WEYREY FHER RRRE
Rafidt , (S50 I ) /DN 43 - W00 Joit 25 37 440 Joi e, S 3
oE— A (TRIGEIEEE | 2009) . ATRER AN E g 1
TIATE S B T 38 0 1 3 AR o A9 i 305 7 i A o8 T RS
BT ) R

HEREA ) O S 20 BR 2 XE 43 fif 1 21 4 2 25 W) o
P53l TERE DR AT 4540 vh | 27 4k 22 2 F5 41 40 i
RE I B AR AT, A SRR RN A AR )
TIte T80 25 W o0 e, BELAS T 40 it P9 258 40 1) R
FIH 4k (Bernabé et al.,2013; T4 ,2005) . L7 4k %
il XoF £ 24 2% S5 o 2 A RS I 3 fR R T, AT LA A3 fid
LRHEZE, T BL A 55 FF 200 JH B 1) - 2R 45 4, 45 4
JL PN i s ok S KA N S 5 A Y
FAEZ A TR R, AT I 1 M I8 228 A58 2 1 il D0 m
(D85 w3 e e Tl w0 S s o W ol | A B
T8, A M PN 25 T LA S A0 B BE L A 3 T U
ok AR AN A A, RS S A S,
M WA T HEAR B RS S5 AN HEAR Y /N EE X HE
NE AR AR EZ AR, 7 IR 28 1 i i 2R
F B KA C/N A AT HERE 1 9847

X T e AR % I8 A B VA, A [ P A

AY—WTEMA R RIS B A FE bR S0 T 02
HEAT & PRV B A5 WP N A B AR TR
HIYHTIT, EZM C/N H NH;-N Fl NO3-N & |
E/E WAL FITR T & ZFH8 %0 GI 0284055 5 Thi #E 4T
ZEA VM (Bernal et al.,2009; Cheng et al.,2013;
Hosseini et al.,2013) A7 45 0 R B, O n MR £F
Y 3R il AR RS A R TR M R B 4T 4R R
QLB FEREAL T HEAE MY C/N B3R T R 2R IR 4K
A ML B AR W T NHL-N A1 NOS-N 5 45
MM E,/E KRG 214 5 B+ il 2 PO E 1 HEAE
JEE T HL2T 4 R W+ 2 AL PR C/N L (NH;-N
FINOZ-N &8 M GI b A 422 30 Je O b 3 5 3 o A5 A
LA VPN Hh 27 4 R i+ 2R 1 AL A Fe I A 2.

A LA AP 5 21 2 2R I A A e T e A
P N R AT DR E A T SEAA RIS AL B 24T
HMIRET 2 2% Tl A1 SN IR 1 I R P W) VR AL AR AT R
HANREFHE R AL o T RS AT AT 4 R AR, IR
T REAT A0 RE B ARG R 5 SRR 1 ) A S AL A
FTA0RfLRE - (9 2R T, A A0 i BE TR R A, B AR
N N RESE R I A S B, AR .

INE iy 3 AR A2
smms [T g% [T @E TP aEn
kv || e
SE=27 AN
B SR iliot A R4
EoE [P BAR [P pREm [ DS

AR A AT A il v B A, N Sk
AIIE G AT BE T HE AR 242 VR . (82595 g ) 741
25, SRR B 3 3 TR M R A AR A
TGS AT BE T I 0 S HE AR 2 (Fante et al. ,
2012; Bao et al.,2013).

T34, AINIE R FH 8 AR [ 802 R 50 BT T 1Y
FE AR SR A A T A R RS i E ), Ak
T i 5 4 24 3R Il RN B 1T 4% 28.57 ke, R R
AT AT, 25 4 R B AN A% 2498 21000 J622 47, B 1A
g R A A% 24 13000 JTAE AT, BRI, g Wl el A 1
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