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Effects of Different Inoculation Methods on the Colonization of Functional Microorganisms During Composting
YAN Hai-yin', LIU Ke—xing", MAO Jing-lin', ZHANG Jun-tao® LIAO Zong—wen'

(1.College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2.Guangzhou Institute of Land—
scape Gardening, Guangzhou 510405, China)

Abstract: With the construction of ecological city, garden wastes increase rapidly. How to deal with the garden wastes becomes a challenge
problem. Aerobic composting with high temperature is one of important technologies, which kills harmful organisms and recover from garden
wastes. However, exploitation of new added value to the compost is of great significance for the development of this technology. In the paper,
garden wastes and powder rock phosphate were used as the raw material. The composting with different inoculation methods (inoculating at
the early stage, inoculating at the late stage and inoculating at both early stage and late stage) were carried out to study the colonization of
functional microorganisms ( phosphate —solubilizing bacteria, antagonistic bacteria ), using the antibiotic mark and selective medium. The
functional diversity of microbial structure, phosphate-releasing and antagonistic effects on the pathogen of bacterial wilt were analyzed. The
results showed that, the temperature of the compost inoculated with functional microorganisms was high enough to kill pathogens. Inoculating
at the late stage and at both early and late stages increased the quantities of Bacillus subtilis and Bacillus mucilaginosus, while inoculating at
the early stage did not increase the quantities of functional microbe due to the high temperature. This indicates the late stage of composting
was the critic time to inoculate for the colonization of functional microorganisms. Inoculating at the late stage and inoculating at both stages
also significantly increased the functional diversity, water—soluble and bio—available phosphate, and the antagonistic effect on the pathogenic
bacterial wilt. These results provide new evidence of functional microorganisms developed during composting and promote the application of
the compost.
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(1)PIRETA « 4 5 ZEHIAT B (Bacillus subtilis ) FHAE
A R A HT AR IR AT FhO 2 B IR AR, X B
IR BB REPUER, RAFE R, FES
HR[23], i 1215 258 € 9 PUFFR-F 200 wg-mL™ B4
BELE TR o S 2R AT B ( Bacillus mucilaginosus ) i
FREALGEIRA 5T F 3R A, S PR K B 1 E AR
BERE T, X K BRI Rk B R 3.15 pg-mL™, T X AR
1 40.05 pg-mL?,

(2)JBE . F B AKRE (Trichoderma viride ) \E K
2 fFF B (Bacillus magaterium ) |, BR {8 B% £} (Saccha-
romyces revisiae ) & 22 +F ( Candida tropicalis ) . f# i
18 22t} ( Candida famara ) ¥ 35 BERFE VR SE 50
B, FEREIER.
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Pk B T V& TR b 43 0 I A B AR B SR
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YRR RS B 3 SR BT SRR 3 A5
RHE AR T, KR EER 50~55 em, BREE
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R(AWCD ) FiE Y BEE DI RE B AR TR E

() FEPLAE A E - e AR EERE KR 10:1 Ho g,
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Figure 2 Variation curves of Bacillus subtilis during composting
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Figure 1 Variation curves of temperature during composting
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Table 1 The antagonistic effects of different compost extraction on

the pathogen of bacterial wilt

b CK T1 T2 T3
34 B B A2 /em — 1.80+0.06b  4.40+0.06a  4.33+0.07a

W R T HI B, [F— 17 FFAEF Duncan’s £E K
EREE(P<0.05),

Note ; “—”"stand for no inhibition circle. Numbers with different letter

in the same row show Duncan’s significant differences at P<0.05.
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Figure 3 Variation curves of Bacillus mucilaginosus

during composting
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HIFFEEERER . 25RFRM(E2), 5XTH CK ML,
M E A RN EE (T1.T2.T3) K ¥ 8% A 23y
BERS., 2.3 KEMHTEEES BREET
RUHAEE AP AL EE T1, Ab¥E T2.T3.T1 S5%FEE CK #HLEL,
TKEE AT BIHE AN 21.70% . 15.83% .6.68% 43 1A %0
AILVEH, AR 5K R R AR — 3,
BRTACEE T2 ARBERE T T3, 5% CK AL,
T2.T3.T1 AR5 BN 12.37%.5.03%.2.02% ., A
I, B A B FIMERE A DU SRR 4 20, 4R = 3
REFR KB B AR & &, T HR B R s,
TPRIREEFP R IR Z
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Table 2 Water—soluble phosphate and available phosphate in the

different composts
4 IKIE PR /mg kg A g kg
CK 171.198+3.975¢ 1.224+0.006¢
T1 182.637+3.665b 1.249+0.001bc
T2 208.344+2.493a 1.376+0.033a
T3 198.294+2.890a 1.286+0.008b

1 : [Fl—F AR FBEFR Duncan's £ E HHE2EF B3 (P<0.05),
Note : Numbers with different letter in the same column show Duncan’s
significant differences at P<<0.05.
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BEZARER, 3 3 B]Hl, AWCD . Shannon index 254k,
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Table 3 AWCD and functional diversity indices of microbial
communities in the different composts
AbE CK T1 T2 T3

AWCD 0.848+0.015¢ 0.897+0.012b 1.026+0.012a 1.023+0.004a
Shannon index 3.157+0.010c 3.224+0.001b 3.272+0.008a 3.277+0.008a
1 A —F7ARFEHREE Duncan's £ & AR F BE (P<0.05),

Note: Numbers with different letter in the same row show Duncan’s

significant differences at P<0.05.
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Figure 4 Principal component analysis for metabolic function of

microbial community in the different composts

FEHEARAER, H B 4 T, ARALE S A 2R
AYES  RbEE T2 T3 43 4afE PC1 BHIEJ7 1], T1.CK fii F
PC1 306 71, UiBA T2.T3 HERE A Y B 75 T REAR
L, B E S ERILE T1 5 T2 T3 AR KE
5, Bk B — R HERE A W B TE DO RE , T R R R
AEFGIE CK JE T 75— UiE s, X 5k
W ZHEE T (3R 3) 5 RN N . B BF5EFI A Biolog
XoF A M BEE HEAT E L T R UUAE ) 2
PR EAL T PCLIE 0], &AL T PCL IES
A FEEA B B 1B 1A AR E R, A5 HEHE
T2.T3 fiiF PC1 IEJ5 1], 85 & HEAEFE DL H M A ASUR
(F 1), LA TF PCL IE J7 [ MERE X A% 1 2 A B
BIEPIRCR , HHEE PR IR R AR B FIE 8 .

3 &g

(1) FEbRER LB ST H A 2 6 BRI AL AT AR =5
R R ZF AT B AT B D B R, HLR %
T A SRR R , 70 PRYCHERP R B FERCRIK Z o

(2) AP & B AR SRR S P HENE XS 5 4
i B EA W R RS HUMERE , T LS S A 20 PR U G
HERESE DU REE B

(3)EEIARER LB S+ 10 525 T 750 AT LA s A
FEELIRE , T2 R HEHE P T A FIBE 5 &, T LS Al

(4) BEl P o A 13 3 W 45 b 52 45 1590 T A48 1 O
HEAUAE W) S ARSI P D RE 2 e, T EL
JR A PIR R RCR AL, SEACJR AR HR
BIEE,

S 30k

[ AFER, Bt 3K, PRSHEE. FEAME PR T YENEAL BE AR KA
RO FT]. = E AR, 2009(4) . 12-14.

SUN Ke—jun, RUAN Lin, LIN Hong-hui. The composting disposal of or—
ganic garden waste and the application of compost product[J]. Chinese
Landscape Architecture, 2009(4).12-14.

[2] Fraser B S, Lau A K. The effects of process control strategies on compost—
ing rate and odor emission[J]. Compost Science and Utilization, 2000, 8
(4):274-283.

812 K, EBEL, R, & ¥R R A REE ISR SRR
PR RHERGA R W] RV IFFER R, 2008, 27(4):
1653-1661.
LI Bing, WANG Chang-quan, JIANG Lian—qiang, et al. Effect of chem—
ical amendments on NH; emissions and compost maturity during co—
composting of pig manure and straw[]J]. Journal of Agro—Environment
Science, 2008, 27(4):1653-1661.

[4] ek, X5E, & 45, 5. SRR A MEY R ER ORI Y



2044 BRIRED, 45 By SO HEL S AR P T BE T s SR A R i

2012410 A

REFA[T]. BRERLE, 2001, 22(5) : 122-125.

XI Bei—dou, LIU Hong-liang, MENG Wei, et al. Composting process of
municipal solid waste with high effective complex microbial community
[J]. Chinese Journal of Enviromental Science, 2001, 22(5):122-125.

[5] B, a2, A . PRI Y5 BT RHR/NERS
FRREAREOR1T]. 3R, 2011, 32(1) . 247-252.

YIN Zhong—wei, FAN Bing—quan, REN Ping. Isolation and identifica—
tion of a cellulose degrading fungus Y5 and its capability of degradating
wheat straw[J]. Environmental Science, 2011, 32(1):247-252.

[6] Shin H S, Hwang E J, Park B S, et al. The effects of seed inoculation on
the rate of garbage composting[J]. Environmental Technology, 1999, 20
293-300.

(716, x0ss, &, 45 SEBORIE R AE A HEE MR RO 4
[J]. FRBERL2EBFSE, 2003, 16(2) : 58—60.

XI Bei—dou, LIU Hong-liang, MENG Wei, et al. Study on preparation
technology of complex microbial community in composting process|[J].
Research of Environmental Sciences, 2003, 16(2):58-60.

(8] =B 2K, B/INBH, 2537 4H, 45, WSEAEFHAIRG S o IR Th i A= W 8

A YL BL2E, 2010(2) : 365-368.
LAN Shi-le, DAI Xiao-yang, LI Li-heng, et al. Study on microorganism
quantity changes during the composting of chicken manure and cole
stalk under higher temperature[]]. Jiangsu A gricultural Sciences, 2010
(2):365-368.

[O1#AFM, Bk B, ek, % RS SRR A R A BRI
FIERL2EATSE, 2010, 23(8):1039-1044.

HU Chun-ming, YAO Bo, XI Bei—dou, et al. Study on optimized combi—
nation of complex functional bacteria in compost[J]. Research of Envi—
ronmental Sciences, 2010, 23(8):1039-1044.
[10] fEdbt, & A6, X5, 5. = Fr B iR An I R sh e 2 S 1vE
YIRS LR SE]. FREARLAE, 2003, 24(2):152-155.
XI Bei—dou, MENG Wei, LIU Hong-liang, et al. The variation of inoc—
ulation complex microbial community in three stages MSW composting
process controlled by temperature(J]. Environmental Science, 2003, 24
(2):152-155.

[11] e}, 38Rk, BE R, 5. A8 SRR E YR AR AE X R 7
BEE ORI, Aok TR, 2011, 27(3H)): 227-231.
XI Bei-dou, DANG Qiu-ling, WEI Zi—min, et al. Effects of microbial
inoculants on actinomycetes communities diversity during municipal
solid waste composting|J]. Transactions of the Chinese Society of A gri—
cultural Engineering, 2011, 27(Suppl) :227-231.

[12] 527k FS, 2209158, JE L}, 5. HEAR R 2 B BOR A B A Xt 41 TR A
TSR] BRERLSE, 2011, 32(9) :2689-2695.
DANG Qiu-ling, LI Ming—xiao, XI Bei—dou, et al. Effects of multi—
stage strengthening inoculation on bacterial community diversity during
composting[J]. Environmental Science, 2011, 32(9) : 2689-2695.

(131 2, 8 4,5 #, % PLFA %L1 DGGE &4 NE 4N B
FRAALLT. AL FREER 22224, 2011, 30(6) : 1242-1247.
YU Man, XIAO Hua, ZHANG Qj, et al. Changes of bacterial communi—
ties in composting by PLFA and DGGE methods[J]. Journal of Agro-
Environment Science, 2011, 30(6):1242-1247.

[14] 5ERKZS, X B, REAL, 55. AL TG SRR S R AN R AR

R[] FRERIEBIST, 2011, 24(2):236-241.

DANG Qiu-ling, LIU Chi, XI Bei—dou, et al. Dynamic succession law
of bacterial communities during domestic waste composting[J]. Re -
search of Environmental Sciences, 2011, 24(2):236-241.

[15] Badr M A. Taalab A S. Release of phosphorus from rock phosphate
through composting using organic materials and its effect on corn
growth[]]. Bulletin of the National Research Centre ( Cairo), 2005, 30
(6):629-638.

[16] A R, EHF, FEdbt, 4. AT SPORIEN R EREA AU A
mH[JT]. S ERL2E, 2007, 28(3) :679-683.

WEI Zi—min, WANG Shi-ping, XI Bei—dou, et al. Effect of municipal
solid waste composting on availability of insoluble phosphate[J]. Envi—
ronmental Science, 2007, 28(3) :679-683.

[17] Nishanth D, Biswas D R. Kinetics of phosphorus and potassium release
from rock phosphate and waste mica enriched compost and their effect
on yield and nutrient uptake by wheat ( Triticum aestivum )[J]. Biore—
source Technology, 2008(99) :3342-3353.

(18] 2R B R, Fedb}, EHEP, 45 mRRAFSE R EAL ST A A P B R

ALK FE[]]. FREERL, 2008, 29(7):2073-2076.
WEI Zi—min, XI Bei-dou, WANG Shi-ping, et al. Phosphate transform
of composting with pre—mixing insoluble phosphate using high temper—
ature dissolved phosphorus microbes inoculation[J]. Environmental Sci—
ence, 2008, 29(7) :2073-2076.

[19] Termorshuizena A J, E van Rijn, vander Gaag D J, et al. Suppressive—
ness of 18 composts against 7 pathosystems: Variability in pathogen re—
sponse[J]. Soil Biology & Biochemistry, 2006(38) :2461-2477.

[20] Gina M, Edurise Escuadra, Yoshimiki Amemiya. Suppression of Fusar—
ium wilt of spinach with compost amendments[J]. J Gen Plant Pathol,
2008(74):267-274.

[21] EIRHE, 48T 3, XIFT B, 46 NIRIHERE RS 2 5 7 At B B SR B

TEBAE YRR T RE SRR R ML) AR AL K224, 2000,
40(2):10-14.
TAN Zhao—-zan, XU Guang-mei, LIU Ke-xing, et al. Effects of different
composts on control of tomato bacterial wilt and soil microbial func—
tional diversity[J]. Journal of South China Agricultural University,
2009,40(2):10-14.

[22] BAHEB, XIATE, B0, 45 AR ZFHIAT B X—4 X L EE T Al T TN

KA B BRI AT BIIEAAL R, 2011, 50(12):2425 -
2428.
XIAO Xiang-zheng, LIU Ke-xing, LIAO Zong—wen, et al. Effect of in—
oculating Bacillus subtilis X—4 on ralstonia solanacearum in soil and
controlling tomato bacterial wilt[J]. Hubei A gricultural Sciences, 2011,
50(12):2425-2428.

(23] #ESLHT, 4552, B IR, . A AT BS-208 il BS-209

BRTEZ A 10 B - 3 b @ B B 1 BOBFSR D). T bl R 241,
2004, 27(6):78-82.
DU Li-xin, FENG Shu-liang, CAO Ke—giang, et al. Study on coloniza—
tion of Bacillus subtilis strains BS—208 and BS-209 on phylloplane of
tomato and soil[J]. Journal of A gricultural University of Hebei, 2004, 27
(6):78-82.

[24] 22470, 3K BA, B B B3 SERRRUEMBIAREIM]. JUT . Bl



3165 108 & Ok ®H O O#

¥ ¥ 2045

H ik, 2008:90-91.
LI Zhen-gao, LUO Yong—ming, TENG Ying. The methods for studying

prevention capacity of an antagonistic bacterium against Rdlsionia

solanacearum[J). A cta Microbiologica Sinica, 2010, 50(3 ) : 342-349.

soil and environmental microbial biomass[M]. Beijing: Science Press, [28] & anis. AR AL HTM]. J63E - o EARML R H AL, 2000.

2008:90-91.
[25] Garland J L, Mills A L. Classification and characterization of het—

LU Ru-kun. Soil agricultural chemistry analysis[M]. Beijing:Science
and Technology of China Agriculture Press, 2000.

erotrophic microbial communities on the basis of patterns of communi— [29]1 £ &, #JLE, RKTF, & YA SR HET Biolog kK

ty—level sole—carbon—source utilization [J]. Appl Enwiron Microbiol,
1991, 57.2351-2359.

[26] Bakde, B 4, el RS Y LM YRR TR AR
BOSZMA[T]. A4k, 2000, 20(2) :23-25.

BRI £ 2R, 2010, 30(3) . 817-823.

WANG Qiang, DAI Jiu-lan, WU Da—qian, et al. Statistical analysis of
data from Biolog method in the study of microbial ecology[J]. Acta Eco—
logica Sinica, 2010, 30(3) . 817-823.

YANG Yong-hua, YAO jian, HUA Xiao—mei. Effect of pesticide pollu— [30] FEZhEE, $IHLE, & 5. Biolog 5 B TE MM S AL W BEIE BTSSR Y

tion against functional microbial diversity in soil[J]. Journal of Microbi—
ology, 2000, 20(2) . 23-25.

[27] BEREI, SRELH. — R A A os A B 1 A9 S5 5E 5 B s E BRLBE D
[J). =¥, 2010, 50(3) :342-349.

LI Zhi—kun, ZHU Hong-hui. Identification, colonization and disease

N 24k, 2003, 43(1):138-141.

XI Jin-ying, HU Hong-ying, QIAN Yi. Application of Biolog system in
the study of microbial community[J]. Acta Microbiologica Sinica, 2003,
43(1):138-141.



