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G ZE R NH, B9 2 BRBE 0 B, 23 3l ik 31 15.76 20
108720 F17.07 06 , K 3k SE Rk FH T HE AL 18] S0B% 2R 42
A a1 AgBiE
®1 IREEMTENEE B0 SEIHBHOESABER

MEEZEEREZL
Table 1 The ratio of transparent circle diameter to
colony diameter of amylase, protease and

cellulase produced by functional strains
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RS H .
. Amylase Cellulase
Strains Protease
enzyme enzyme
KRl 2 AT 5-
BIRDSAF AT o1 5.58 0 10.69
Paenibacillus pabuli 5-1
- e
WERZIRHFE 6L 2.64 8.67 9.44
Bacillus amyloliquefaciens 6-1
AT 6-6
6.82 0 9.86
Paenibacillus taichungensis 6-6
R # 8-3
R BT 2.25 8.77 6.77

Bacillus subtilis 8-3
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B T RN 5-1:6-1:6-6:8-3=2:3:2:3, 8
A AL A 5-1:6-6:K4-1:SC=2:2:2:1,
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CK: %} H& 2] The control group; AB T : &4 &7 1 41 Compound microbial inoculant T group; ABII : & & B3 I 41 Compound microbial
inoculant T group; AB T : & A B 57 I 41 Compound microbial inoculant Tl group. F [/ The same as below.
Bl E6EFEMBEHEETEFREA . pHB) . EKRCFMMFEFIBHD MEL
Fig. 1 Changes of physicochemical indexes including temperature (A) ,pH(B) ,moisture(C)and seed germination

index (D) during composting of chicken manure inoculated with compound microbial inoculants
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g. 2 Changes of ammonium nitrogen (A), nitrate nitrogen (B) and total nitrogen (C) content during composting
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DA AL AEHE N R I 4T 4 R B E 52 2 F A
2 (P>0.05) , HE AL J5 1A X 25 (1 4 00 00 2
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Urease activity
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*P<0.05;*%P<0.01;***P<0.001. F [f] The same as below.
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Fig. 3 Changes of cellulase (A) and urease (B) activity during chicken manure composting with
compound microbial inoculants
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Table 2 Physical and chemical properties of compost products

AT 1 el Rty il
AR . . L . o . S
. . . CK Compound microbial Compound microbial Compound microbial
Physi-chemical properties . . .

inoculant [ inoculant [l inoculant [II
F HLFE 4/ % Organic content 82.97+0.33 84.2740.57 86.54+0.32"" 89.75+0.16™
C/N 16.52£0.31 17.3040.30" 14.9440.93" 16.56+0.19
K,0/% 0.8540.02 0.8720.01 0.9040.02" 0.9540.02""
P,0,/ % 2.2340.06 2.76+0.13™ 2.7740.14™ 2.30%0.06
TN/ % 1.4440.01 1.3340.02" 1.6540.017" 1.5640.02"
H3%43/ % Total nutrient

4.52 4.96 5.32 4.81

(TN+P,0;+K,0)

3 i
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oK1 i HE TR A 0 v B 47 2 2 RO B 0 A
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Lus licheniformis) i ELA [ & 66 41, AT BF 5 1

HZEMUAT R (Paenibacillus ) W™ A= 1Y 21 4k % Tl %
fR LT e R R EF 4 2L ARG BT FH T AR A
A HE JE R 48 D5 A B i 0 TR A L B
I o R0 o i R [ R R 2 A RS 3 e ok ) 7 R
TR B BE S, U T RE B AR, A& I ZE MOAT R R
TR 6-1 A1 8-3 7™ K 1 il AN 4T 24 25 S e e, 2
RIS ZEMUAT B 5-1 F1 6-6 7= JE A B BETG 41 4 R B i
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LA, BN T A VL R A A IR
I G AT AR T 43 A, RO 23 i,
MFESE 3 d DL AT DUAT R0 B 0 2 HE A i )95 D
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S 228 P 5% i M 5 o, BT R SRR O H
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2019; 18 CK 404N 47.89 % , A ik F1) KA Jif A ER
IR TR PR AER T 1]
AR 4 X0 28 HE R 20, B IR i 4 A K AR T
AR C/N/NT 20 I HEE IS 2, B3 JE 5 C/N
Z IR P T RS o R A R
B C/NY/NT 20, iK 2B C/N Ry R .

N Y =R i i I S R SR e 1 S A
Tit RV 2T 24 2% T R 00 205 o9 1 TR R, RE AT RIC0E 0 S AT op
A HLY T R, S B AR 2T A S 1 B = M
ACHR B T PR M IS st (L PR M S 3R A 2 g,
BEARERE R E, NTARZHABIL . TiE

A gn I PR A B 2 AE B Y R BE I AR
S A 40 MO T 055 1 D S4B 2K, AT (0 M A ™ o B A e
19 R IR I o o TSI A A5 BRI AT LA I e
A A, D R W T A D A s B P
B SR, e B S RO I S R, sl i AR
K U 2 A A7 NI D 200 7= A o Guo %119 &
LA I R 25 JRAT B RE A5 i 0 R T S AL 7
REAC R A . Mao 5519 92 56 %8 AL A 52 2
HEATHENIE A B, AR 0 BRI Ry 24035 1 S EL v A L A A
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KM o TEAHIETE b, AT iS00 R e P v L B
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170 1 2L AT R O S o 7 v Rl % P R R A K R
3 YT (R R 8 T35 4 T LA ) A 4 A, BT o A o
P i A AR O o TR R T B, — i el fE R
AN B4 52 5 R AT A1 o R P 1 A B R 55—
1 e A BT o e R A A Dol e v S5
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TRAER AT —E R D e f SR 43 i
KX T RESG HFEAR TR R BURA K

2 % L #k References

[1] GONG B, ZHONG X, CHEN X, et al. Manipulation of com-
posting oxygen supply to facilitate dissolved organic matter
(DOM) accumulation which can enhance maize growth[J/OL].
Chemosphere, 2021, 273: 129729 [2022-04-08]. https://doi.
org/10.1016/j.chemosphere.2021.129729.

[2] ALEGBELEYE O O,SANT'ANA A S.Manure-horne patho-
gens as an important source of water contamination: an update
on the dynamics of pathogen survival/transport as well as prac-
tical risk mitigation strategies [ J/OL ]. International journal of
hygiene and environmental health, 2020, 227: 113524 [ 2022-
04-08]. https: //doi.org/10.1016/}.ijheh.2020.113524.

[3] KIMIJK, LEE D J, RAVINDRAN B, et al. Evaluation of inte-
grated ammonia recovery technology and nutrient status with an
in-vessel composting process for swine manure [J]. Bioresource
technology, 2017, 245:365-371.

(4] B, FNER B AR , 45 A W AT LI B NE P i 4 T
I8 FH D). 04 9238 4R L 2021, 48(1) : 223-240.ZHAO B H,



26

LS N AN S o ¢

941 %

[5]

[6]

L7]

[8]

[9]

[10]

il

[121]

[13]

SUN X Y,HUANG 7, et al. Application and effects of microbial
additives in aerobic composting of organic solid wastes: a review
[J].Microbiology China,2021,48(1) : 223-240(in Chinese with
English abstract).

LIY,GU J,ZHANG S Q, et al.Effects of adding compound mi-
crobial inoculum on microbial community diversity and enzymat-
ic activity during co-composting [J]. Environmental engineering
science, 2018, 35(4):270-278.

DUANM L,ZHANG Y H,ZHOU B B, et al. Effects of Bacil-
lus subtilis on carbon components and microbial functional metab-
olism during cow manure-straw composting [J/OL] . Biore-
source technology, 2020, 303: 122868 [ 2022-04-08] . https://
doi.org/ 10.1016/j.biortech.2020.122868..

JEIZR2%, T M, SRJUCER 45 NI P i 24 3R I i T O o 4
L EEA AR AT T LT]. AR A R 224, 2018, 49(5) + 60-68.
ZHOU D X, WANG G D, WU X H, et al.Compost isolation and
enzymatic characteristics of cellulose-decomposing bacteria [J].
Journal of Northeast Agricultural University, 2018,49(5) : 60-68
(in Chinese with English abstract).

PEREZ R, TAPIA Y, ANTILEN M, et al. Interactive effect of
compost application and inoculation with the fungus Claroideo-
glomus claroideum in Oenothera picensis plants growing in mine
tailings [J/OL] Ecotoxicology and environmental safety, 2021,
208 111495 [2022-04-08.  https//doi.  org/10.1016/j.
ecoenv.2020.111495.

KUMAR A, KUMAR A, PRATUSH A. Molecular diversity
and functional variability of environmental isolates of Bacillus
species [J/OL]. Springer plus, 2014, 3: 312 [2022-04-08] .
https://doi.org/10.1186/2193-1801-3-312.

YIN'Y N,GU J, WANG X J, et al. Effects of rhamnolipid
and Tween-80 on cellulase activities and metabolic functions
of the bacterial community during chicken manure composting
[J/OL]. Bioresource technology, 2019, 288: 121507 [ 2022-
04-08]. https://doi.org/10.1016/j.biortech.2019.121507.
LIU X M,LIQ,LIY B, et al. Paenibacillus strains with nitrogen
fixation and multiple beneficial properties for promoting plant
growth[J/OL].Peer J,2019,7:¢7445[ 2022-04-08 ].https: //doi.
org/10.7717/peer;j.7445.

KO CH,YANG C Y,CHANG F C, et al. Effect of Paenibacil-
lus cellulase pretreatment for fiber surface[J/OL]. Journal of en-
vironmental management, 2019, 241: 1331 [2022-04-08].
https://doi.org/10.1016/j.jenvman.2019.03.1331.

BAI F L, TIAN H, MA J.Landfill leachate treatment through
the combination of genetically engineered bacteria Rhodococcus
erythropolis expressing Nirs and AMO and membrane filtration
processes [ J/OL ]. Environmental pollution, 2020, 263: 114061
[2022-04-08 ].https: //doi.org/10.1016/j.envpol.2020.114061

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

FRIEDRICH K L., SOUZA A D R, FIA R, et al. Nitratation in
pilot-scale bioreactors fed with effluent from a submerged biolog-
ical aerated filter used in the treatment of dog wastewater[J].En-
vironmental technology , 2021,42(24) : 3852-3862.

JAIN M S, JAMBHULKAR R, KALAMDHAD A S.Biochar
amendment for batch composting of nitrogen rich organic waste:
effect on degradation kinetics, composting physics and nutritional
properties[ J].Bioresource technology, 2018, 253:204-213.

LUO Y,LIANG J,ZENG G M, et al. Seed germination test for
toxicity evaluation of compost: its roles, problems and prospects
[J]. Waste management,2018,71:109-114.

MOHAMED O Z,YASSINE B,HILALI RANIA E, et al.Eval-
uation of compost quality and bioprotection potential against Fu-
sarium wilt of date palm [J]. Waste management, 2020, 113:
12-19.

GUO H, GU J, WANG X, et al. Beneficial effects of bacterial
agent/bentonite on nitrogen transformation and microbial com-
munity dynamics during aerobic composting of pig manure [ J/
OL]. Bioresource technology, 2020, 298122384 [2022-04-08]
https://doi.org/10.1016/j.biortech.2019.122384.

MAO H,LU Z Y,SUNH D, et al.Improvement of biochar and
bacterial powder addition on gaseous emission and bacterial com-
munity in pig manure compost[J ].Bioresource technology, 2018,
258:195-202.

CHEN X, CHENG W, LIS, et al. The “quality” and “quantity”
of microbial species drive the degradation of cellulose during com-
posting [J/OL]. Bioresource technology, 2021, 320: 124425
[2022-04-08 ].https://doi.org/10.1016/].biortech.2020.124425.
HU T, WANG X J,ZHEN L S,et al. Effects of inoculating
with lignocellulose-degrading consortium on cellulose-degrad-
ing genes and fungal community during co-composting of
spent mushroom substrate with swine manure[J/OL]. Biore-
source technology , 2019, 291: 121876[ 2022-04-08]. https://
doi.org/10.1016/j.biortech.2019.121876.

ZHANG H L, WEIJ K, WANG Q H, et al.Lignocellulose utili-
zation and bacterial communities of millet straw based mushroom
(Agaricus bisporus) production[J/OL ].Scientific reports, 2019,
9: 1151 [2022-04-08]. htips://doi. org/10.1038/s41598-018-
37681-6.

JURADO M M, SUAREZ-ESTRELLA F, VARGAS-
GARCIA M C, et al. Evolution of enzymatic activities and
carbon fractions throughout composting of plant waste [J] .
Journal of environmental management, 2014, 133:355-364.
BOHACZ J.Changes in mineral forms of nitrogen and sulfur
and enzymatic activities during composting of lignocellulosic
waste and chicken feathers [J]. Environmental science and pol-
lution research international , 2019,26(10) : 10333-10342.



4 KRR A I A R A R T A 14 S 2 B A X8 S L S A v 4 10 27

Screening of functional strains for composting fermentation and its
application in aerobic composting of chicken manure

ZHANG Shengguo,PENG Yan, LI Ruyu, LI Zhanxin, HUANG Yihao,
WANG Guolei, REN Zhuging, WU Jian

College of Animal Science and Technology , Huazhong Agricultural University, Wuhan 430070, China

Abstract Livestock manure causes serious environmental pollution problems, and aerobic compost-
ing can realize the harmless treatment of livestock manure. However, traditional aerobic composting still
has problems such as slow temperature rise, long cycle, serious nutrient loss and serious odor volatiliza-
tion, and the efficiency and quality of composting need to be further improved. The addition of external mi-
crobial inoculants can improve the traditional natural composting process of livestock manure. The function-
al strains for composting fermentation were screened by analyzing the enzyme production and deodorization
ability of the strains, and two kinds of compound microbial inoculants were obtained to develop the microbi-
al inoculants with high efficiency of degradation, transformation, deodorization and nitrogen-fixation for aer-
obic composting of livestock and poultry manure, and to further improve the efficiency and quality of com-
posting. The effects of adding compound microbial inoculants on the conventional physical and chemical in-
dexes, the activity of cellulase and urease, the loss of nitrogen and the product quality of aerobic compost-
ing of chicken manure were studied. The results showed that the compound microbial inoculant significantly
increased the cellulase activity of the composting due to its higher ability to degrade organic matter, and the
activity of cellulase reached 4.937 U/g at the later stage compared with the control and the compound mi-
crobial inoculant [l . Adding compound microbial inoculant [ significantly increased the temperature of the
composting, and the maximum temperature reached 65.8 °C, which was 5.8 °C higher than that of the con-
trol. The compound microbial inoculant I significantly reduced the activity of urease and the loss of nitro-
gen of the composting because it contained the bacteria with strong ability of deodorization, and the loss of
nitrogen was lower than that of the control. The content of total nutrient and the quality of compost prod-
ucts were improved by adding compound microbial inoculant Il , and the total nutrient of compost products
was 5.32% , which was higher than that of the control (4.52% ). The addition of compound microbial inoc-
ulant I and II both accelerated the maturity of compost. On the 7th day of composting, the GI of seed
germination index of adding compound microbial inoculant | and Il was 75.12% and 75.29% , while the
GI of the control was only 47.89%. It is indicated that the compound microbial inoculants developed has a
good effect in the application of aerobic composting of chicken manure , which can increase the temperature
of composting and the activity of cellulase, reduce the activity of urease and the loss rate of total nutrient
and nitrogen of compost products.

Keywords chicken manure ; aerobic composting; compound microbial inoculant; cellulase; urease;

deodorization ; organic fertilizer production
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