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Effects of compound bacterial inoculant on the conversion and
loss of carbon and nitrogen during rabbit manure composting

ZHANG Guoyan, DONG Yuanjie” ; SUN Guiyang, YU Bin, XU Ke
(College of Resources and Environment/National Engineerning Research Center for Efficient Utilization of

Soil and Fertilizer Resources, Shandong Agricultural University, Taian 271018, China)

Abstract In order to develop fermenting agents with both decay promotion and nitrogen retention functions, the effects
of different ratios of agents on the decay of rabbit manure and sesame oil cake compost and the conversion and loss of
carbon and nitrogen were investigated. In this experiment, two kinds of self-made bacterial agents, cellulose
degradation composite bacterial agent and functional bacterial agent, were used as the research objects. Closed
aerobic composting experiment was carried out, and six treatments were set up: no bacterial agent (CK), EM
commercial microbial agent (EM), only self-made cellulose degradation composite bacterial agent (CR), V (functional
bacterial agent) : V (self-made composite bacterial agent) =1 : 1 ratio (CAR1), V (functional bacterial agent) :
V (self-made composite bacterial agent) = 1 : 2 ratio (CAR2) and V (functional bacterial agent) : V (self-made
composite bacterial agent) =1 : 3 ratio (CAR3). The effects of the treatments on the fermentation parameters, carbon
and nitrogen losses, nutrient content, maturity and other related indicators of the piles were investigated during the
decomposition process. The results showed that during the start-up of composting. the temperature of CAR3 pile
heated up quickly and the pH level was suitable, which was beneficial to aerobic fermentation. At the end of

composting, the degradation rate of organic matter of CAR3 was as high as 34. 17% . However, the CO, emission of
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CAR3 was 13.43% lower than that of CR. In addition, the total humic acid production of CAR3 reached 15.52% ,

which was 11.92% higher than that of CR. The total nitrogen content in the pile was significantly increased, and the

ammonia volatilization was 10.28% lower than that of CK. At the same time, the organic nitrogen content of CAR3 was

significantly increased by 19.74% compared with CK, which was beneficial to nitrogen retention. In conclusion, when

the ratio of V (functional bacterial agent) :

V (self-made composite bacterial agent) = 1

: 3 (CAR3), it can

significantly improve the maturity of compost, promote carbon conversion and reduce nitrogen loss. This study can

provide a basis for the research and development of efficient spoilage and nutrient loss reduction fermentation agents for

rabbit manure composting.

Keywords rabbit manure composting; carbon emission; ammonia emission; maturity; compound bacterium agent;

ammonia assimilation
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Table 1 Physical and chemical characters of initial composting material

JURE wCA HLER) / % w5/ % C/N w(FHKHE) /% -
>/ 1 p
Material Organic carbon Total nitrogen Water content
R 36. 31 2.16 16. 81 68. 82 6.95

Rabbit manure

i 62.07 6.92 8.97 11.62

Sesame oil cake

KB 60. 71 0.43 141.19 12.74
Wood chip

F2 BEHRBAMEENER

Table 2 Comparison results of strain similarity

i b L L/ %
Strain Closest relative Similarity
A-2 Trichoderma reesei strain SP02PU (MG018728. 1) 99. 83
B-3 Escherichia marmotae strain HT073016 (NR_136472. 1) 99. 02
C-2 Proteus alimentorum strain 08MAS0041 (NR_163665. 1) 99. 64
C4 Aspergillus glaucus strain CBS 529. 65 (MH870342. 1) 99.12
D-1 Bacillus paramycoldes strain MCCC 1A04098 (NR_157734. 1) 98. 69
D-3 Corynebacterium glutamicum strain ATCC 13032 (NR_074663. 1) 98. 46
Z-1 Serratia marcescens subsp. Marcescens ATCC 13880 (NR_113236. 1) 98. 33

x3 TRASEHKAR

Table 3 Composition of strains in different combinations

G HtkHE Tl W AR L

No. Strains association Seed liquid volume ratio
1 A-2.D-1 1:1

II A-2.B-3.D-3 1:1:1

| A-2.D-1.D-3.7Z-1 1:1:1¢:1

Iy A-2.C-2,C-4.D-1.D-3 l:1:1:1:1

V A-2.B-3.C-4.D-1,D-3.Z-1 T:1:1:1:1:1

Vi A-2.B-3.C-2.C-4.D-1.D-3.7Z-1 1+:1:1:1:1:+1:1

T 4% 20 A 38 D R TR R BRI T BTG IR A
Note: Each combination in the figure is the highest enzyme activity combination

under the same number of strains.
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Table 4 Enzyme activities of the consortia with different

combinations of the strains U/mL

%5

No. CMCase FPA B-Gase

I 28.35+0.79 23.09+2. 36 22.16+1.25
I 47.74+0. 94 49.41+0.79 51.49+1.12
I} 68.78+£1.47 69.82=£0. 65 72.01+1.47
I\ 89.48=+1. 30 74.50+1.10 82.61+1.88
V 127.13+1.72 81.47+0.83 107.89+1.10
VI 141.89+1.41 104.56+1.74 131.18+1.26
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VIIRewEAD : VIARIE AW =1+ 1 B AR a6 2E SR R EE D 120 mL/min, 3% 2238
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F)=1: 3 B LA FE (CAR3) , B4 BRi% 3 W H SRR AR IR O E R A 1T
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Fig.1 Schematic diagram of composting equipment
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CAR2, V(IIBERAD : VIHEIEAHEA) =1 2;CAR3.V(IIEEREH) : V(AR EAS®E D =1:3, FM,

CK., no bacterial agent; EM, EM commercial microbial agent; CR, (cellulose degradation) self-made composite bacterial

agent; CAR1, V (functional bacterial agent) : V (self-made composite bacterial agent) =1 : 1; CAR2, V (functional bacterial

agent) : V (self-made composite bacterial agent) =1 : 2; CAR3, V (functional bacterial agent) :

bacterial agent) =1 ¢ 3. The same below.

V' (self-made composite

2 FARESGEFERITEIEFREBELERHEN

Fig. 2 Changes of physicochemical properties of compost with different compound bacterial agents
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(36. 10%) > CAR3 (34. 17%) > CAR2 (32. 63%) >
CAR1(26.54%)>EM(23. 34%)>CK(18.73%),
CRAMLFE & CK W EHMALT 24, 49% (P <
0. 05) H[ fiff 5 5 i » Ui W 4 B ) &2 6 1T b 33 % it e
LM REI G, A T A PR R R A, CARS3
AL R T CROE SIS HR S8Rk, 5
CRAEL BN T 11.92% (P<<0. 05) , U B 4
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Table 5 Changes of organic matter and humic acid
content during composting %
A BB R ETH R
b
L Organic matter Total humic acid
Treatment
0d 26 d 26 d

CK 89.70+3.12 a 72.90%1.59 a 9.56+£0.29 e

EM 87.3340.54 a 66.9541. 22 ab 12.31+£0.76 d
CR 86.1440.36 a 55.0540.33 ¢ 13.86+0. 76 be
CARI1 88.23+4.79 a 64.8144.66 b 13.2140.39 cd
CAR2 85.4143.47 a 57.5444.17 ¢ 14.7540. 24 ab

CARS3 84.5746.46 a 55.6846.61 ¢ 15.527+0.45 a

RV BRA R 7R R R E R B EP<0.05)  MHFEFHERERALF (P>

0.05). T,

Note: Within the same column, different letters represent significant differences

(P<C0.05), while the same letters represent no significant differences (P>

0.05). The same below.

2.2.2 ZAfmHEK

N i AR b A A e HE OIS O UL IR 3. AT L
HERE A, 25 HE R R B T T R A ML K AR A
CO, HHEitE R F I EH KE. Bk CK Al EM
4b,CR.CARL~3 ¥ #E4 4 KK FIWE(E, CR i &
A A PR = 3. 69%~29.80% , UMl AHIE S
A7) B i 19 CR G R R BRI 2, 7= 28 K CO,

CAR3 Kz . KB 10 d J5 . 45403 CO, HEMH R H
W ERE., R34 CO, B
ERIRREIS K S S22 i R, HENE 25 R,
A HEAR B S IR S CR> CAR2 > CAR3 >
CARI>EM>CK, CR,CAR2 fil CAR3 % CK 4}
S 33.75% .22, 03 % F 15. 78 %6 BLBAES N A 1l
326 B A e kAT ML R A A CO, HERK .
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Fig. 3 Emission rate (a) and cumulative emission (b) of CO, during composting
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Fig. 4 Changes of ammonium and nitrate nitrogen content during composting
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Table 7 Germination index and C/N of each treatment at the end of composting
fib 2 KA N K /cm G1/ % C/N
=/
Treatment Germination percentage Root length Germination index
= H 91.1140. 05 ab 2.1640.36 cd
CK 82.22+0.05 b 1.94+0.13d 81.05+0.05 d 10.9440.45 a
EM 86.67+0.07 ab 2.40740. 66 bed 105.69+0.08 ¢ 9.434+0.54 b
CR 87.78+0.02 ab 2.84=+0.26 ab 126.6740.03 b 7.4340.11 ¢
CARI1 88.8940.07 ab 2.50=£0. 34 be 112.924+0.09 ¢ 8.9040.65b
CAR2 93.3340.03 a 2.8840.33 ab 136.5940. 05 ab 7.46+0.53 ¢
CARS3 92.2240.02 a 3.0440.27 a 142.46+0.03 a 6.96+0.81 ¢

WS HEARES . MAEYXABEEEH L, EM>CK., @A &l &2 4w kB GLE H CK
AL GIEFEI H CAR3>CAR2>CR>CAR1 > B E T 39.32% ~75. 77% (P<C0. 05) . fi£ A= %k
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