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Effects of slatted floor fermentation bed on gas emissions and microbiological mechanism during fattening

lamb breeding
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Disease Prevention and Control Center, Shijiazhuang 050000, China; 4. Hebei Provincial Livestock Breeding Work Station, Shijiazhuang
050000, China)

Abstract: In this study, we aimed at investigating how the slatted fermentation bed impacts ammonia (NH;) and greenhouse gas emissions,
we thus constructed two animal pen types: ground floor and slatted floor and fermentation bed, then investigated the NHs;, N,O, CO,, and

CH, emission characteristics as well as the microbiological mechanisms during fattening sheep breeding using metagenomics. Compared to
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the ground control, the fermentation bed could significantly reduce the NH; emissions (P<0.05), exhibiting NH; emission rates ranging

between 21.64-58.92 mg-m™+h™', cumulative NH; emission of 86.36 g+-m™, and a reduction rate of 58.60%. The slatted floor fermentation
bed could also significantly reduce the CH emission rates (P<0.05), with a cumulative CH. emission of 26.66 g-m™ and a reduction rate of
64.42%. However, the slatted floor fermentation bed could significantly increase the N,O and CO, emissions (P<0.05), especially those of
N>0, yielding 190.84 times higher values than those of the ground control. The metagenomic analysis results revealed that the relative
abundance of beneficial microorganisms, such as that of Salinicoccus, Corynebacterium, Brachybacterium, and Nocardiopsis, displaying salt
tolerance and being involved in nitrification and denitrification, significantly increased in the fermentation bed (P<0.05). Moreover, the
relative abundance of key nitrogen conversion genes, such as that of narG, napA, nirS, nirK, norB and nosZ, significantly increased (P<
0.05), reducing the NH; but increasing the NoO emissions of the fermentation bed. Compared with the ground control, certain anaerobic
microorganism populations, such as those of Anaerococus and Anaerococus, were significantly reduced (P<0.05) in the fermentation bed,

yielding lower CH, emissions. In addition, the higher CO, emissions of the fermentation bed were closely related to microbial pyruvate

metabolism and tricarboxylic acid cycling.

Keywords : slatted floor fermentation bed ; fattening sheep ;ammonia; greenhouse gas ; emission
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Figure 1 Impacts of slatted floor fermentation bed on NH; emission rates during fattening lamb breeding process
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Table 1 Impacts of slatted floor fermentation bed on cumulative

gas emissions during fattening lamb breeding process

Eitan RWEIR o B
NHy/(g-m™) 86.36+1.06 208.58+0.93 .
N.0/(mg-m™) 994.30+11.81 5.21+1.53 ok
CH./(mg-m™) 26.66+2.90 74.94+1.45 ok
CO»/(g-m™) 52.13+0.84 14.22+0.13 ok

TE e FOR 25 8.3 (P<0.01) .
Note : ** indicates significant difference(P<0.01).
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1 4H (6.65% . 5.83% #1 0.85%) (P<0.001) , [fi Fir-

R2 AEEARNME A IEE R RIBE AR LS

Table 2 Physical and chemical properties of fecal samples between fermentation bed and ground treatment

A ) /d Ak 3 pH IR % UL/ % TN/% TP/% TK/%
1 HiTA] 6.9+0.1 35.1+4.1 48.8+0.2 2.9+0.1 0.8+0.1 2.3+0.3
RTER 8.3+0.17%% 24942 3% 51.240.7%* 3.9+0.1%%* 1.120.2 1.2+0.3%%
51 HiuTAT 6.8+0.3 47.6+2.3 49.3+0.4 2.4+0.2 0.9+0.1 43+0.3
KRR 8.8+0. 1% 30.0+1.7%* 56.0+0.9% 3.3+0.2%% 1.6+0. 1% 2.3+0.3%*
101 Hiu i 6.8+0.3 51.9+1.3 48.5+0.9 2.2+0.1 1.1£0.1 4.4+0.3
R 8.10. 1% 40.7+0.5%% 52.240%% 2.7+0.3 1.3+0.1% 1.5+0.3%*

VI = S IZR R TE P<0.05 H P<0.01 553 1 AH ) il W1 42 T8 DR 2L 5 e TAT ZH E (A it ) 2 SV 5

Note: * and * * indicate significant differences between the fecal samples of the fermentation bed group and the ground group at the same time under

the level of P<0.05 and P<0.01, respectively.
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Figure 3 Microbial composition analysis of fermentation bed and ground feces samples at phylum (a) and genus(b) level
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Al FR A AT BR, A5 1) KA HECA NHs 9870, (B
[F] I 30T R NLO I A B
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THUAE W) R T R AE T B = 55 i 288 0 M A2 25 i
— S W SE 11 CHL AN CO,, 3 B8 R 1 HE il 5 e s Ak 2ok
FEBYIAHDC, B, 28 b A WU AE RS A S 2
Bl IR ARG W 93 M A B — 5 Wk BE 1) CHL, IR 40™ CH,
RN 6a FT7R ARG I 28 R AN TR] , CHL I R4
WA R E A 3 i 42 CO, b 5 (Hydrogenotro-
phic) . TR 24 fi# (Acetoclastic ) Fl B JE & 5% (Methylo-
trophic)™, FEF 72 B R 4 2= B X 2 5 CHAR &
128 0 K B il 1 R DR A 740 T, A1) 6b TR | 78 R R IR
FEMERESL R, B B R 3 Rl CHL A Bl ag 42 56 B i A 3
DAL Fg AR 32 B 349 25K T b T 41 (P<0.001) o i,
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Figure 4 Analysis of species differences between fermentation bed and ground fecal samples at phylum (a) and genus(b) level
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Figure 5 Nitrogen metabolism pathways and key enzyme genes of the fattening lamb breeding process
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Figure 6 CH4 metabolism pathways and key enzyme genes of the fattening lamb breeding process
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Figure 7 Comparative analysis of differences in CO, production function genes between ground and fermentation bed
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