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Table 1 Physical and chemical properties of raw materials for
composting (oven-dried base)

EY &S $S873 HE

HENE et

Raw Moisture Total Total C/N
materials content/% carbon/(g'kg™) nitrogen/(g-kg ™)
33 Pig 144 403.5 28 14.4
manure
SR
4 Apple 16.9 502.9 34 147.9
branches

1.2 MEMESET
G W ARG BT3RS, S A 44

#. RNIREBERE MNP RETE R (Ralstoinia sp.) « T
F% W ( Penicillium sp.) ¥ K7 % W ( Penicillium
aurantiogriseum) FISC IR (Acremonium alternatum) ,
RS TRR, K DL RS Lu R T 50 mL B2
JHRETF 4 W AR F7 3k (peptone cellulose solution) (5 g/L
FAM, 5g/LNaCl, 2g/L CaCOs, 1 g/L FEER;, 1cmX
6 cm HrHEUELLS, Z&ME/K 1000 mL) , 30°C, 180 r/min
PR 5 d, WIS EEGE 108 CFU/ML e 201
W T HENL R B
1.3 RIHZE

W8T 2014 4 4 29 H# 5 11 27 HAEPHIERMEHL
KB E B HENER IS A T S KB 1~2 em (1)
TRIRE M SHEEIRS), ATHIUG C/N LG 30: 1, &K
o 60% o WRIRTE 2 NAEEE, T AL DUTCR A 2% 4
PEEMEEHEH, CK AAFEAGRINEE . FHEE RS
JaEE N KX FEXEA 38 em*33 cmx33 cm, HEJE 4 cm [H13H
BREE G, Hog AT BIHE DLORIE AL AR MR 2 — 30
SRIEMERRIIEE 1. 24 7. 10 164 22 29 KMMEEREE
b oy RERERRE], 4°CORAT, I BEs 1 A A
IR T RE A
1.4 MHEMNESHE
14,1 BRRAE

10 IE R GO 0 FF AW AL, IFAE B N A E
HiRETE. BH 10: 00 B EEHCEAA & 2, BCFIME
VE Ry HEAR IR 5
1.4.2 J&#AFEHT

¥ K 2FFR %0 (germination index, GI) IMllE: Ff
i 5 Z8TRKEE 1:10 EeBI 7R A, B 10 mL 3B LA
3000 r/min 0 10 min, W5 mL 35T 4lA IEARH
HIRIL, JHCE 30 R B R T, FHZEIRAKAE A R
3AER, 30CHFE 2d, WWEMTIRER, HHEs
RGNS AR . AR TR, TR R
TREU(GD) : GI( % )=[(HE JLIR S Wl 1~ 5 2F 3 X Bl 14
RGP R 273 X R )] X 100%

pH fHIET 1: 5 [V EGRIEIERIE ;. 2ECR YL
Foe Bk AP H BB iR s i,
1.4.3 BgEdH

LU BRSO B s, ZeRE
IR HILLFYE RN R 7R, AR e R A 4T Y Rl
YRR R 7K w2 B, D0 e A 25 A B AR AR £ 4 32

W, WML me/(gd) Ron. @R (laccase) ME R
1 ABTS v, %4 1 min %84k 1 umol ABTS Frif (ll 2
SOH—ANBRE AT o B A (manganese peroxidase)
e R RS A, ¥ 1 min 54K 1 umol
MnSO, JIT it Il e SO — MRS AL AR A
fiff (lignin peroxidase) I3 RMAIZL S BEA, Kt 1 min Ffk
1 pmol 7= I B e Rl o SCA — MRS A
144 RAEMBEA GRS ALK

AR DR 2 FEE R Biolog ECO A2
B E o 43N 1R THRED « 28 2 K Carilidtd).
16 K (FREHD 18 HMEIE T 2 R, HAREAE
LIRS AR R
1.5 HURELIES DR

LB A AR AL F (average well color development,
AWCD) Mt AN N: AWCD=2 (Ci—R) /31, X,
Ci A% S NALAE 590 nm FHDEE AR R A ECO BObS
HAL A1 RS A Ci—R /T 0 1OFL, W5 e R o,
Rl: Ci—R=0. ZEH 4 d %KM Microsoft Excel 2003
TSI, FIH DPS v7.05 M7 25 bk B v o
BT, 2 5 S 3 A 6K FH e /S Wl 35 P 22 S A 362 (LSD)
(P<0.05) o FEHS 47 RH SPSS (16.0) K AF5E B

2 HR59H

2.1 SAEFIHERITIE FIEE R

TPEAE—ERE P F] DL EUL s W S 1 i3 R 5 S ettt
&, R mHEAC R A AR I RO R A, e R
IR — AN E SR, Wl 1 PR, Hikg
DI T HSETHE . Frmil. REAE ARE 4 M B, HE
BEZE 1R, HEMRESERHAR; S 2 KIFUh, HERRhhA:
YIFF UG R R MR A DT T 1A, (R IR OR
ERHAE, MR, T ARERT CK AR ik 2
77.0 F172.5°C, H T AFEAEEEA (R T 55.0°C) RFSET
[ L CK AREEK: 3 d; AER 10 KIFUR, BEEHEACIIEAT LK
AHHIRERE, S EPBCEE D, ACERE s,
MERTELSEANKT 1%, HEARS] T BRI SHEIES 30 K, HE
PR IR B, HEIEHE NG B B
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Note: CK is the treatment without compound microorganism agent, T is the
treatment with compound microorganism agent.
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Fig.1 Changes of temperature during composting
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FEVEFRRR . — AN, 24 G KT 80%IF, mlt il L&
HE I 5 200 i A HE NIE ) pH A — A 8.0~9.02', /N
JE VP HE IO B L E AL 2 bR, 2 HE 7= T i
C/N I&T- 20 I HEAE AT DARIA K ik BIFEASE #4021, iy GIL
C/N Fl pH A0 (K 2) , AEHEARSE RIS, CK AREERI T
AFRIIR R sk, H T AP TR e S
T CK 4b# (P<<0.05) , Ut INFAE P 71 o] LAgE =y
HENE B AR . CK ALFRAD T A3 pH {1 HH#ILE1) 9.1
F19.0 %4 8.2 A1 8.1, AL pH B R 25 A 3 o
C/N UG 30 23 IR 18.5 F1 17.5, WLt ine
A A E S, (A HENLR) pH {1 C/N BEAIG, {2
HEHERL 1)) 21
2 OBAERIERR

Table 2 Compost maturity indicators

ST
Ab3 jiﬂ—.?ﬁé.& pH 1
Treatment Germination CN H values

index/% pH valu
CK 83.3+0.01b 18.5+0.02a 8.2+0.07a
T 89.8 +0.00a 17.3 £0.06b 8.1+0.03a

2.3 AR IE P E S EFIXEE R RN
2.3.1 SfReitAE LA W A f R EEE ) R

R F R RN R T — B R RSy e T
PELT e TR R KR R €T 4 0, HETT0 K A o S 24
T FZ L A (0 — AN E R, IR T LR
e M A 3o R e R ) AR Y L R P £
EEEE AN 2 Bios, T AFRRD CK AL IR 2T 4k %
PEY RO G PR, S IR, 280
WK, R RBES RN FTE, T AREERI CK AbEE
TEEE 7 RIKB|EAE, 43500 0.96 F1 0.75 mg/(g-d); BliFH
HERE AT, 24 R BIEPE SUR N, IX T R ROk £F
O 4 10 E B AR B LN i, R AE T
N BRI 5 A B P ot 4 e 1) AR T PR, e
KFATRAE « CK AL IR £ 4 32 B iS85 HE R i v
PET T Ab3, HAEMERRIEE 7 KRS 29 K5 T WbEEE
BOREEZE  ULEIAS NS G R A A 4 R R v R
PEmEM

o
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Fig.2 Changes of cellulose activities during composting
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eSS e TN E AL EaR R AL eV T N o (8 Sy R R R A
EFFEE . MR AEAE ™Y, s 3 WTLAE Y, CK ARHEAN T
YOS ENiope S e Y A SR S PSP DN SR RN EE 2

ZEHEARES 1K, T ALFEAT CK ALBR (KA BT M 22 AN 2
PE (P>0.05) HEGIETERAR, X0 Eg A N ik} A £
AEAER S BRI/ F A WU T B, A4S 305 TR
LU FIAE PRI KA T Y TR A B b A ) %
FEE AR RE N Sl 5, T AGCEERT CK A FIAR B 1 A
T, BIFEEE 7 ROR B T B KA 4350k 72.6 F170.0 Ulg.
WA HENT IS [R) R E L, Rl AT 771 A 3L VR I P 220 Yl 25 v
T CK ALBE (P<<0.05) o 1T FALITIN, BREEE TEZWT K %,
XA RE HERL 5 A LT A 8 AR AT K
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Fig.3 Changes of Laccase activities during composting
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i H AL 0, IS5 T, KEASEET
H,0,, fil 38— FR 5 B HFRERE RN, 0 AR 374
PR REFRRY e A S R P A A R A AL B 4
B, T A BRI It S A i vt A HE P A 2 i )
AWK EFE, T8 2 RISBIMEEIE(E (927.2 U/g) HE
FET CK 4B (P<<0.05) , 1ff CK ACHRAESS 7 Kik#|
UEEAE . AR R HEAL I EAT, AR BRI A A AL BTG
PE B A HE A S TR B AR T PRI o (S AEHERRSE 22 %, W
Ab B () o SR BV S A MR I T, R R S MEIE S
WRE SR RP, ERAAHEELRES, BRTE 1
KA 29 K, WS I ER 7 HEAA B b S A P e P 2 v

T CK b3 (P<<0.05) , ULWIAMINE & 1w il LU 2K
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Fig.4 Changes of manganese peroxidase activities during
composting
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2 RiLFN AL, 205k 762.4 F1732.0 Ulg: {EREI,
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Fig.5 Changes of lignin peroxidase enzyme during composting
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2.4.1 FHEIFETIE

AWCD {EACKRGAEYIR IR I RE T, 2 & Ak
SR — A E SRR, 96 h AWCD 1 (& 6)
AU H, 1 Ak A M L PR A [ R 300 X Ak A 4 Tk 0 0
(KIS AEAE— E M ZE ] T ALBEK) AWCD {8 7L &I
[r#f T CK AREE . 7R AR I, 24148 3 8 2K
(P<0.05) , T AHEFN CK AbFEAEFEIEIIA) AWCD Hik
BT 3 A AR, FHEEIP ALY AWCD BT HAth
W, ULEHEHERR IR, AT EA S, e
AR, BT RHCE SR GE, AR, 1S
Jo WA i v B R T RN 2 A ERARH]
) AWCD (HARb v DLE Y, PP A w7 T DL 2%
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Fig.6 Values of average well color development (AWCD )
after cultivated 96 h at different stages

2.4.2 peidAR P AT 6 KEKR G F) A

SR v Ak A A0 AN R e 058 1 R P A 00 e e T 1 3 Ak
A EACH DI REISHE o AR T A Py TR A A o (1) ik
120 LL¥ Biolog Eco #i L1 31 Flii sl 6 K3S: B
(10 R ZIERR (6 Fl) RIS (TR © IR (2
Bl . ZEMLEWEE (2 Bl . ZEYK @ FH P
K 96 h IR GAE 73 T AN [F) A BRI AE D IET 25 6% 6
KREWIFRIA (K 3D, EEAWAMNEL, AFEHEALR
B A 6 KIEwIRMAMBEAR, BB T
AR FEXPREZR R H g 138 @+ CK AR EE . 3X 1] g S AEHEAE
VI N B E ] s PR B, MRS IR i 3R 2F 4
B BRI R A0, ST R AT R 2
PETHIRIY, PRACERXS 6 K ZASHRIG IR B AT T R i 35 1
ZEdto fEmnti i, T AFHE R 2 fe R R A B3 T
CK 43, 35T 50.0%A01 77.0%; MAPRRIE. £
RYRMZ WS DI 58T CK b, HATH
KA TNERT 23.5%. 44.7%K1 39.3%, X0 He 5404k
ENEUESAN A NN N TR N0 A e B S ()
W1, BRZREFELIAN, T Ab3x At 5 SRR 1) FH 35 0k 2%
T CK AL,

®3 HERIRPARFEFNARRLLER 6 KEMmIRAFI A

Table 3  Utilization of six groups of carbon sources in different treatments

96 h MG
I3 Ab 96 h absorption values

Period Treatment e RN /e bA7ES EZ2 1/ES E4U L RELTEN EAILEN
Saccharides  Amino acids Carboxylic acids Polymer compound class Polyphenols Polyamine
THE CK 0.54+0.01a 0.58+0.04a 0.47+0.02a 0.47+0.05a 0.39+£0.06a 0.58+0.07a
Raising temperature period T 0.58+0.05a 0.64+0.03a 0.45+0.03a 0.4420.05a 0.53+0.01a 0.52+0.03a
e CK 0.52+0.01b 1.16+0.02a 1.15+0.08a 1.14+0.02a 1.1240.04a 0.20+0.01b
High temperature period T 1.04+0.05a 1.09+0.07a 0.88+0.07b 0.63£0.06b 0.68£0.01b 0.87+0.01a
R3EL ] CK 0.99+0.01b 1.14£0.04b 0.91+0.01b 1.09+0.03b 0.42+0.02b 0.93+0.082
Cooling temperature period T 1.55+0.01a 1.43+0.08a 1.36+0.06a 1.61£0.01a 0.94+0.05a 1.00£0.01a

Ee BUEATHLAAHELR (Mean = SE, n=3) ; [l—FEd PR FEEOR A B 2257 23 (P<0.05)

Notes: Data were the means + standard deviations (n=3); Different letters indicate significant differences in the same columns of the table (P<0.05).
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a. Principal component analysis of community metabolism during composting
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Fig.7 Principal component analysis of microbial community
metabolic during composting process

P 7a w50, fEHEARRERE T 3 ASIHELE 3 5o Al
R AT ZE ST R, IR A BRI A R A
TR, IF BAREE T AR B R . FHRIE, T
WFEAE PC1 EAS9) RE W T CK ¥ (F=19.20, P
<0.05) , WfE PC2 LB ZES: M, T P
PC2 LM ZE W E & T CK A (F=278.02, P<
0.01) ; [IEHI, PC1 M PC2 139> R 2= e dhik 5|
BEKFE (F=69.12, P<0.01; F=12.46, P<<0.05) .

PRI 31 Fidife 2 Aoy BB K, A
SIHT 31 FPERIEXS 2 A E R I TTEkR (7D . B 7b
AL, %) PCL milk Kl (R%(>0.80) 1 2 KK,
BE 4B, 54 D-H#ERE. D-274E 3. N-ZEE-D
AP D-AKE; ZIERR Y 2 Bl 5 L-22 R A
HRAB-L-BE MR, UL PCL 1) S SR
2, X PC2 TR KRR (RE0>0.80) A4 1 Ff, 4
L-AKNAIR, RIS PC2 [ EE N EIERAE . Eln

Bralf RN, M A B Gl A v i) PO XIS A it o M
AR AT AR, iy X AR AR AL T EAAPLAE X B AN
IR R Lo

3 it it

RWBEPEH KENTERMATR, FEUR
45 R O 2R S 2T Y 31 MU T ET 2 25 11D o A A PR o S A Jos
SRR, S WHE AL i T OCBED FB Y . R AT
AR IR 20U S, 0 e HENE TG B AL 10 2 AR A
B MERL K RERE o AHTTUES R 7= S0 R B A
FEHENE R PE B FAUAL B SR, HARRR A 1 71 4
FHEAEHL R, K mR R ST ] X AR A
2 BT RATAL

HEREAL AR AL — RAUBR AR T, 8K AL
WAL RO IABTIC T  SHEW 2 A AL A L R . Zeng
A S o AN [ U 303 o 1 18 81 2 W N 1A 5
CA3R m i Al . R BRI S A e Rl 2T
ES VWS S T R R RSN PN W S SN
SR TR WIS P B0 J5 A BRI ATHE
AN PR TIELT YR MG AL s LT
F ISR T AR LB B, R m R R
IR, AT o dr S AR i e o sl 3 450U i
I RETA AR HENE R LT Y 2Rl VB ARNE . AJTTer4E
M AR ARBE TR RO, 5 AR IR R Ab B
SRS A () T W 45 I 30338 v T B ARMENE . AT S 00E L
X HEALIERE o BHE PR REAT 08T, AOREW] T AR CK
UUSERAR i USRS NI NS SUR SR A7 [ 3T R Y S
B A A HE R S A e i el T, O
H T AP PRI S K (B R T CKOAREE, 75 it Ui
WPEIR ST RO, Ut WA I R s i 52 4 v Al PR R
3R MG E,  MWFTUEE RS L2 E R AT A AR
L.

S B8 SI R Tl 2B A L R A TR i A A AT
FURII AR LR, FEsb iR b, BB AR
ITEVIES AUESEING L/ S SN S/ LA PS / d7SE Seamas
AHIETERNT, P AE AR AN [R]HE AL I 393 X Bt A= 0 e v )
e 2 FEPE A SE M ANTR], 420 525 TR AT AR 25 1 o A
SR AR I R AR AR P o AR AT T A I
FS AEAL I R rh B E R A T, Biolog T BT
KB, FRFPRGIE N T HEAE R R M AQ T e
AW R E 2 —8 %N Biolog VAT T
HERL AR AN BRI RV ZAEPER BN 6 KR
WIRMIARIIRE S, 45 RR N AEDEA R HE LR BT 6
RAEWIFHIM T BETI AR, AR BUXEBE SRS AL
2%, I HEM AR TR DR 2 FE AR
RIS . AR, ANFEMEILE B MEYXT 6
FBRIE AT BE I BA o AN Be T ALY
BRI R 238 5 1 CKARBE s FREHM AL FEXT 6 Kk
PRI FI B TR 225, (HARXTHEE . AA TRZRAN
2 WSRO R A L At B g s v dildy], T AR BEXTRE R
MR 2 W2 T CK RS, 7EFRl Y], T 4b3t
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Improving enzyme activity by compound microbial agents in compost with
mixed fruit tree branches and pig manure during composting

Shi Longxiang *, Gu Jie ™, Pan Hongjia®, Zhang Kaiyu 2, Yin Yanan *, Zhao Ting ?,Wang Xiaojuan®,Gao Hua®
(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, China;
2. College of Sciences, Northwest A&F University, Yangling 712100, China ;)

Abstract: The effects of compound microbial agents in compost with mixed fruit tree branches and pig manure during
composting in a thermophilic aerobic state were examined .The research used the inoculants compound microbial agents and
control compost. The changes of temperature, enzyme activity, and the microbial community functional diversity in compost
materials during composting were determined. The results showed the temperature during the composting period was increased
and the high temperature (above 55°C) maintaining period was three days longer. Besides, inoculation treatment and control
treatment are all carried out to achieve compost maturity, what was more, when added to the compound microbial agents
composting process, we can easily find that the number of the seed germination in inoculants treatment is obviously higher
than it is in the control treatment (P<0.05), so we can find that this process caused the decrease of the pH value and the C/N
ratio. Of course, they promoted the compost maturity. The activities of the enzymes were improved by adding compound
microbial agents. The tested enzymes Cellulose, laccase (Lac), Manganese peroxidase (MnP), and lignin peroxidase (LiP)
activities were higher in the treatment with microorganism agent than those in the control treatment by 15.0%-19.8%,
1.0%-11.0%, 4.1%-26.8%, and 4.0%-22.2%, respectively. The research showed that the activity of Cellulose, Laccase (Lac),
and the lignin peroxidase (LiP) rose at the beginning of the experiment and then dropped gradually under the inoculants
agent processing, and reached the peak value in the seventh day. Their numerical values were 0.96 mg/(g-d) and 72.6 U/g
respectively. However, the Manganese peroxidase (MnP) and Lignin peroxidase (LiP) reached their peak in the second day.
Their numerical peak values were 927.2 and 726.4 U/g respectively. In addition, the activity of Manganese peroxidase (MnP)
which was dealt with the inoculation treatment and control treatment was rising a little at the last period, and it may be affected
by the content of the nitrogen in the last period. The average well color development (AWCD) value of microbes in compost
was improved significantly, and six kinds of carbon sources used by the microbes during the high temperature period and
cooling period were also significantly changed by the inoculation compound microbial agents. The research showed that the
use of the inoculation agent processing to sugar and polyamine is obviously higher than the control treatment in the high
temperature period. They are improved by 50.0% and 77.0% respectively. However, the use of carboxylic acid, polymer, and
the polyphenolic substance were obviously lower than the control treatment, and their utilization rates were reduced by 23.5%,
44.7%., and 39.3% respectively. In the cooling temperature period, the use of the inoculants agent processing to the other five
carbon sources, except polyamine, were all higher than that in the control treatment (P<0.05). Principal component analysis
clearly revealed that adding compound microbial agents plays a main role in the high temperature period during the
composting, and the metabolic characteristics of micro flora during these two treatments were changing along with the
composting process and the differentiation in the six utilizations of carbon sources were mainly sugars and amino acids.

Key words: composting; enzymes; bacteria; fruit tree branches; microbial community functional diversity



