J
e]'-jﬁﬂj"ﬁ wos otk 425100 2023 4 10 A

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 42,No. 10 October 2023
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2023021105

TR0, BT, S, 5 R . TR . TR X XSS T AR BT R A AR R 2 L] PRI 2, 2023, 42(10): 3500-
3510.

XU Yishuo, ZHAO Zhe, WU Di, et al. Impacts of biochar, vinegar residue and microbial inoculant on the physicochemical properties,

ammonia and greenhouse gas emissions of stored chicken manure[J]. Environmental Chemistry, 2023, 42 (10): 3500-3510.

Wk ERIE (R T X G FAE PR R
RANE = S HE R R0

fr—m R X w FEMNT B dARK

CITABAR MY R 2 BEUR S PRI R 22 e A b A R AR SRR EE G S0 %, (R, 071000)

i B BRNESEEAMSE TSRS AEHEOR M s 3R 5 08 1 E BT ARG N FH B
SHBARGT TEMEES (CZ1) | EEHIRA (Cz2) . AW (BCl) | E¥RIES (BC2) | W
R (JI1) FEFRA (112) ST kxt 3 SRHEAE XS ZE 0 R 2R 5. AR SR LUK A A
W (N,0) fEEm AW (CHy) RESEHW W, 251 LW, (1) BRFMIRPRAERIRE
T EUR NH; HE (>98.0% ) , =AM ET DL EAZ A N0 HECh F (>85.0% ) 5 (2) S%FHEAH
o, WS o R A XY 2 A A b AL R A R R TR MR HE B A S i T 39.4% —63.3% il
19.3%—36.7%, SRS AR ) A B A R RS BUR A3 AR T 12.4%—32.2% 1 31.2%—36.2%, it
FERHETEME T 23.0%—35.9% il 47.5%—49.9%, {HEERTIR A AL BA 3N CH, HE A AR ; (3) 5
KB AR 1L, A 7 o R B Ak B T () 20 R AT 2 i JoT B AR NL,O R A A JL I CH HE ;s (4)
M AEY BBV FEARAS2E BEC, RS AE A SRR T R AR 5L, SEAIMESRAELL, A4
WYy 7 78 15 SR A PR BRI XS 2 A A ad B v SRR = SR HE A . B2 1= X 2 HH il FH 8 4 19 A 3 .
KR A, 'R, RESR, AW, B

Impacts of biochar, vinegar residue and microbial inoculant on the
physicochemical properties, ammonia and greenhouse gas
emissions of stored chicken manure

XU Yishuo ZHAO Zhe WU Di GAO Zhiling * LIAO Wenhua LIU Chunjing
(College of Resource and Environmental Sciences, Key Laboratory for Farmland Eco-Environment of Hebei Province, Hebei

Agricultural University, Baoding, 071000, China)

Abstract Reducing ammonia and greenhouse gas emissions from chicken manure storage is of
great importance to promote the green development of livestock industry. This study investigated the
impacts of management practices including vinegar residue covering (CZ1), vinegar residue mixing
(CZ2), biochar covering (BC1), biochar mixing (BC2), microbial inoculant spraying (JJ1) and
microbial inoculants mixing (JJ2) on the germination index, gaseous nitrogen loss and greenhouse
gas emissions (including nitrous oxide (N,O) and methane (CH,)) of the naturally stacked chicken
manure compared to the CK without any control. The results showed that: nitrogen loss of the
chicken manure storage was dominated by the NH; emissions (>98.0%), and the greenhouse gas
emissions were dominated by the direct and indirect N,O emissions (>85.0%). Compared to the CK,

the application of microbial inoculant enhanced the N losses and greenhouse gas emissions by
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39.4%—63.3% and 19.3%—36.7%, respectively. However, the application of vinegar residue and
biochar reduced the N losses by 12.4%—32.2% and 31.2%—36.2%, respectively, and reduced the
greenhouse gas emissions by 23.0%—35.9% and 47.5%—49.9%, respectively; meanwhile, the risk
of enhanced CH, emission with the vinegar residue addition was noticed. Of the vinegar and biochar
application, the latter practice can both reduce long-lived (N,O) and short-lived (CH,4) climate
pollutants simultaneously. Additionally, applying vinegar residue and biochar improved the quality
of chicken manure at the aspects of electrical conductivity, ammonical nitrogen content and
germination index. In conclusion, biochar covering or mixing methods are effective measures to
reduce NH; and greenhouse gas emissions from chicken manure storage and can improve the safety
of chicken manure utilization in farmland.

Keywords chicken manure storage, ammonia, greenhouse gases, biochar, vinegar residue.
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Table 1 Basic physical and chemical properties of chicken manure, vinegar grains and biochar

SRR - TR % AR/ %% 2R%
Tested materials P Water content Organic carbon Total nitrogen
X93&Chicken manure 8.3 68.6 353 24
i Vinegar residue 3.6 62.4 34.8 1.2

7% Biochar 29 43 30.9 0.6
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Table 2 Material ratios of different treatments

SERGAL P XL YR Ab3RT7
Treatments Chicken manure and added materials Application methods
CK 3.5 kghy Epayein]
Cz1 3.5 kX 2E+0.5 kel TEXS S T3
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BC2 3.5 kgh38+0.5 kg E W% EXIEREI
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2 5B 53718 (Results and discussion)
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Fig.1 Ammonia emissions from stored chicken manure storage under different treatments

The small letters in the bars indicate the significant difference among treatments, =0.05
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Fig.2 CO, emission from stored chicken manure under different treatments
The small letters in the bars indicate the significant difference among treatments, 0=0.05
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Fig.3 Nitrous oxide emissions from stored chicken manure under different treatments

The small letters in the bar chart indicate the significant difference among treatments, a=0.05
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Fig.4 Methane emission from stored chicken manure under different treatments

The small letters in the bars indicate the significant difference between treatments at the beginning, 6=0.05
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Fig.5 Changes of pH value and electronic conductivity (EC) of stored chicken manure under different treatments. In the bar
chart, small letters indicate the significant difference between treatments at the beginning, and uppercase letters indicate the

significant difference between treatments at the end, 6=0.052
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Fig.6 Changes of total nitrogen , total ammonia nitrogen, organic carbon and germination index of stored chicken manure
under different treatments. Small letters in bars indicate the significant difference between treatments at the beginning, and

uppercase letters indicate the significant difference between treatments at the end, =0.05
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Fig.7 Nutrient losses and gas emissions of stored chicken manure under different treatments

a. nitrogen loss; b. carbon-contained gas emissions; c. greenhouse gas emissions
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Fig.8 Comprehensive effects of different management techniques on storage nitrogen loss(N loss), greenhouse gas
emissions(GHG_N,0: CO,-e emissions from N,O, GHG CHy: CO,-e emissions from CH,, GHG _t: CO,-e emissions

combined for N,O and CH,)and germination index(GI)of chicken manure

i b, BR TSI T R AT Z A1, R A AR ) 0 B A SRR AR SR R AR R MR =
AR HE IO Bl HEHE T, 535 7 b 15 i 02 i o 399 NLO AR A= i Je 31 CHL it 28 PR R R DR A0
FAAE—E 22 57, TIX S22 5 55 il 38 SCURHE R A LI AT S0 42 ) F A 2 DIAH OG0 ), (L 2R P ) vh
W42t T 2030 4F Bk U BE A1 i H AR, IX7E— @& 2 L2 T N,O H1 CH, Pl 28 SR B AU A,
RIFE CO,-e(100 AFHIRR) S5 B HERL AT RIS T, 350 1 X5 CH, 42 38 VI, ZRTM1X 25 5 20 NL,O ik
PEREAE S, W T S B 2100 AR il SRS AN A 2 °C BYXMEREE. IR EER, TS % U



3508 7N 54 1t

3

2%

HE 2 DA B R NyO = (18] 7e), HA=W) o FSERE AL B0 NLO B8 il R LT CH,, JE
HIR AWy e Ak B, 3 3 WX -Gk v 7 P A= ) 3 ] eI G Ml 2695 N,O F1 CH,, BRI I HE, A 233
J NLO P HERE A SR AG . J5 41, o T ARSI 0 e ) B, R 75 EE AR TR N, 10 X8 Je A it
e v it FEY A 400 0 1 4 T AR DR | T B R S P O e DA 11 ST M T, s — 2D R A S
AR IR

3 %518 (Conclusion)

(1) X FeAFfifd R vh R R M0 3220 A NH; HEBO 32, i 28 U 32 2 DB RIRlE NLO HERCy 3.

(2) BEFIALBEIE AN T 3G SEA7fiff v SR A0 Al & UAHEL.

(3) TR A0 A5 9y 0 1) 6 i R A L% T 0 3 [ R XS 77 i i A b R0 RS 0 R L 2 A HE
T, AELTE R TR 5 Ak BEAT 398 0 PR e A KU, . 5 AR L, A 7 7 i R TR 5 Ak B8 T[] 20 A1 I A i
MR NLO FN A i R ) CHY HFR.

(4) BERE | A=) B4k BRI T AR RS XS BC, IR M FE 2 R & MRl TR 2 e 2L

Li LTI, TEXO FEATRRI R I A W) D AE R HEFR I3 S i AR T IR0 R DA SR 28 Ml HE 25 4 JEE 4
DU MR IR AN 2L ) R 5

S & 3k (References)

(1] Ebil, skowss, #3845, 4. W) A4 260 B X S5 R 2O N i A UM HE O A B SR 2 B AR JEUR M (0] A= ARG 23, 2021,
30(2): 420-429.

BA S D, ZHANG K Q, YANG Z J, et al. The In-situ monitoring of gas emissions and nutrient losses from turning and trough
composting of dairy manure [J]. Ecology and Environmental Sciences, 2021, 30(2) : 420-429(in Chinese).

[ 2] IPCC,2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change [Core Writing Team, R. K. Pachauri and L. A. Meyer (eds. )] [R]. IPCC, Geneva,
Switzerland: 151.

[3] LIAOWH,LIUCI,JIASY, et al. Comparing NH; emissions under different cattle housing conditions in cold regions in China with
an inverse dispersion technique [J]. Agricultural and Forest Meteorology, 2021, 301-302: 108355.

(4] ZEE, BREL, 25060, 55 607 38 S0l B2k R &8 SRR | RRIERBIG X3 (1], 5342, 2020, 39(9): 2529-
2539.

LI A Z, CHEN S X, LI H'Y, et al. Characteristics and evaluation of eutrophication in major reservoirs of a northern city in China [J].
Environmental Chemistry, 2020, 39(9): 2529-2539(in Chinese).

[5] XIZZ, vbas, R, &5, S E KRR M AR | kB R 5 BOR A [I). R RIS, 2021, 34(1): 149-157.

LIU X J, SHA Z P, SONG Y, et al. China’s atmospheric ammonia emission characteristics, mitigation options and policy
recommendations [J]. Research of Environmental Sciences, 2021, 34(1): 149-157(in Chinese).

6] EIHE, mkls, X%, & FR0Y . AR HAIE 8 K TPM, s K 7 VB 775 YRR 3 (0. 3855 4k2%, 2017, 36(11): 2398-
2407.

WANG X J, GAO Z L, LIU X J, et al. Composition analysis of water-soluble ions in atmospheric PM, s from dairy farm, farmland and
road [J]. Environmental Chemistry, 2017, 36(11): 2398-2407(in Chinese) .

[ 7] DAIXR,SAHA CK, NIJ Q, et al. Characteristics of pollutant gas releases from swine, dairy, beef, and layer manure, and municipal
wastewater [J]. Water Research, 2015, 76: 110-119.

[ 8] HOLLY M A, LARSON R A. Thermochemical conversion of biomass storage covers to reduce ammonia emissions from dairy
manure [J]. Water, Air, & Soil Pollution, 2017, 228(11): 434.

[ 9] VLI, SCHUCHARDT F, 2= [ % 4 2 i IU v ol i P 2 %ol 28 MR A SCHEI 5 ) (7] Rl TR 241, 2011, 27(10):
212-217.

JIANG T, SCHUCHARDT F, LI G X. Effect of turning and covering on greenhouse gas and ammonia emissions during the winter
composting [J]. Transactions of the Chinese Society of Agricultural Engineering, 2011, 27(10): 212-217(in Chinese).

(101 A4, Ze 4@ e, TEELH, &5 8 5 A0 RH AR BE X MEAF A 26 G RN 2 UM HE R 2w (7). Rl TRE 2441, 2015, 31(6) - 223-
229.

ZHU H S, ZUO F Y, DONG H M, et al. Effects of covering materials and sawdust covering depths on ammonia and greenhouse gas

emissions from cattle manure during storage [J]. Transactions of the Chinese Society of Agricultural Engineering, 2015, 31(6) : 223-


https://doi.org/10.16258/j.cnki.1674-5906.2021.02.023
https://doi.org/10.16258/j.cnki.1674-5906.2021.02.023
https://doi.org/10.1016/j.agrformet.2021.108355
https://doi.org/10.7524/j.issn.0254-6108.2020040902
https://doi.org/10.7524/j.issn.0254-6108.2020040902
https://doi.org/10.13198/j.issn.1001-6929.2020.11.14
https://doi.org/10.13198/j.issn.1001-6929.2020.11.14
https://doi.org/10.7524/j.issn.0254-6108.2017032001
https://doi.org/10.7524/j.issn.0254-6108.2017032001
https://doi.org/10.1016/j.watres.2015.02.050
https://doi.org/10.3969/j.issn.1002-6819.2011.10.037
https://doi.org/10.3969/j.issn.1002-6819.2011.10.037

10 TR — B4 AW . TR . BRI ZE A7 A b AR BT L RN S U HE I R 3509

[11]

(12]

[13]

[14]

[15]

L16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

229(in Chinese) .

NS, RALIE, BRI, . F & FE AL AR b B AR R SRR IE (1] RALLTFSE, 2010, 32(1): 13-17.

LI S Y, ZHANG H J, GUO X L, et al. Ammonia volatilization and the regulation measures in the livestock manure compost [J].
Journal of Agricultural Mechanization Research, 2010, 32(1): 13-17(in Chinese).

B AR, BEAC. B IAT 5RO0S H E E HE a 8 vo THlBE R M S 0 R B2 ) (0], BT AR 252741, 2014, 25(4) : 1057-1062.
HUANG X D, XUE D. Effects of bamboo biochar addition on temperature rising, dehydration and nitrogen loss during pig manure
composting [J]. Chinese Journal of Applied Ecology, 2014, 25(4): 1057-1062(in Chinese).

LEHMANN J, Da SILVA J P Jr, STEINER C, et al. Nutrient availability and leaching in an archaeological Anthrosol and a Ferralsol of
the Central Amazon basin: fertilizer, manure and charcoal amendments [J]. Plant and Soil, 2003, 249(2): 343-357.

W3, /AT, BART, S VTR SR M L B4 RICR S A= 8oz (7] Alk BREE B} 22741, 2006, 25(4 T]2): 604-608.
HUJ,QINL,LV Z Y, et al. Function and field test of compost inoculated with VT microbes[J]. Journal of Agro-Environment Science,
2006, 25(Sup 2): 604-608 (in Chinese).

B3 . VTR AE S U AL b 09 7 AL B R R0 92 D] b s b A0l R 2%, 2005,

HU J. The mechanism of aerobic composting with the inoculation of VT agent and the field testing of composting products[D].
Beijing: China Agricultural University, 2005 (in Chinese).

CHEN H Y, AWASTHI S K, LIU T, et al. Effects of microbial culture and chicken manure biochar on compost maturity and
greenhouse gas emissions during chicken manure composting [J]. Journal of Hazardous Materials, 2020, 389: 121908.

WZETR, AR R AR, AL, 55 MENC AL A XY FE IR 2 AU HE O R R O R L] A0l TR, 2003, 19(1): 192-195.
XIEJF,L1'Y, DONG H M, et al. Influence of different factors on greenhouse gas emissions in composting of layer-hen manure with
closed composting bins [J]. Transactions of the Chinese Society of Agricultural Engineering, 2003, 19(1): 192-195(in Chinese).

JIA XY, WANG M, YUAN W Q, et al. The influence of biochar addition on chicken manure composting and associated methane and
carbon dioxide emissions [J]. BioResources, 2016, 11(2): 5255-5264.

1% 5. 55 . DRTARNS % 2 U S I LA 1 I ) 5 i B 0 T SR P FR) 3T BT 5 (D). BT JR » B LA R 2%, 2021,

HOU Y Y. Effect of fungus chaff on physicochemical properties of pig manure aerobic composting and evaluation of its ripening
characteristics[D]. Ala'er: Tarim University, 2021 (in Chinese).

i B R A A (M. 3. b st o [ Al i iiA:, 2000

BAO S D. Soil and agricultural chemistry analysis[M]. 3rd ed. Beijing: China Agriculture Press, 2000(in Chinese).

r A N B A Rl AR A HUAE L NY/T525-2021 [SD. b5t v = oll i AL, 2021,

Ministry of Agriculture of the PRC. Organic fertilizer: NY/T525-2021[S]. Beijing: China Agriculture Press, 2021(in Chinese).

B — 0 o, PNV, S5 WA A S R0 X A e i R HE A R B [T ARl TR 24, 2011, 27(2) : 243-247.

LUO Y M, WEI Z Q, SUN Q P, et al. Effects of zeolite addition on ammonia volatilization in chicken manure composting [J].
Transactions of the Chinese Society of Agricultural Engineering, 2011, 27(2): 243-247(in Chinese).

T4 Fi . T L 25 0 A A SR URNR & A HEEGE BT S (D] A€ - Wb AR R 2, 2019.

ZHANG J R. Study on the impact of the typical covering on the ammonia and greenhouse gases emissions from cattle manure[D].
Baoding: Hebei Agricultural University, 2019 (in Chinese).

B, FLLH R, S R AAL X 9 UK R A i ad A8 v U HE R 2 i) (D). RO PRI R 27 2741k, 2016, 35(4):
774-784.

LIL L, DONG HM, ZHU Z P, et al. Effects of acidification on gas emissions from raw pig slurry and biogas liquid during storage [J].
Journal of Agro-Environment Science, 2016, 35(4): 774-784(in Chinese) .

HE, TN —, WS, L XIS o AU A B A AR AR AR YRR E ST (7], R SEEHE KL, 2004(4) - 40-43.

CAO X T, HUANG W Y, CHANG Z Z, et al. Nitrogen transformations and the successions of microbial community during chicken
manure composting [J]. Soils and Fertilizers, 2004(4) : 40-43(in Chinese).

BREN, £ MSEst, . i A R BERR 45 0 X 2 S b ME T WY e HE T S S HEL (0], 0, 2017, 49(1): 63-69.
LIHJ, WANG Y M, LIN X G, et al. Effects of adding zeolite and superphosphate on greenhouse gas emission and methanogens during
chicken manure composting [J]. Soils, 2017, 49(1): 63-69(in Chinese).

WFZET, 2 . A R AT b B 2R S SR HE L S R TR RS 0] AR PRI 22 41, 2003, 22(1) 2 56-59.

XIE J F, LI Y. Release of greenhouse gases from composting treatments on piggery excreta [J]. Journal of Agro-Environmental
Science, 2003, 22(1): 56-59(in Chinese) .

INELAE, L, DK, S5 DRI RRAL o %) 2R 200 IR & AUARH R 2 (1], 40l TRE2A41, 2015, 31(3) 1 262-267.

SUN K J, QI X, FU T, et al. Effects of plastic sheet covering on greenhouse gas emission from beef cattle manure during storage [J].
Transactions of the Chinese Society of Agricultural Engineering, 2015, 31(3): 262-267(in Chinese) .

HE X Q, CHEN L J, HAN L J, et al. Evaluation of biochar powder on oxygen supply efficiency and global warming potential during

mainstream large-scale aerobic composting [J]. Bioresource Technology, 2017, 245: 309-317.


https://doi.org/10.3969/j.issn.1003-188X.2010.01.004
https://doi.org/10.3969/j.issn.1003-188X.2010.01.004
https://doi.org/10.13287/j.1001-9332.2014.0113
https://doi.org/10.13287/j.1001-9332.2014.0113
https://doi.org/10.1023/A:1022833116184
https://doi.org/10.1016/j.jhazmat.2019.121908
https://doi.org/10.3321/j.issn:1002-6819.2003.01.049
https://doi.org/10.3321/j.issn:1002-6819.2003.01.049
https://doi.org/10.11654/jaes.2016.04.023
https://doi.org/10.11654/jaes.2016.04.023
https://doi.org/10.13758/j.cnki.tr.2017.01.010
https://doi.org/10.13758/j.cnki.tr.2017.01.010
https://doi.org/10.3321/j.issn:1672-2043.2003.01.016
https://doi.org/10.3321/j.issn:1672-2043.2003.01.016
https://doi.org/10.3321/j.issn:1672-2043.2003.01.016
https://doi.org/10.3969/j.issn.1002-6819.2015.03.035
https://doi.org/10.3969/j.issn.1002-6819.2015.03.035
https://doi.org/10.1016/j.biortech.2017.08.076

3510 7N 54 1t

3

2%

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

GUO R, LI G X, JIANG T, et al. Effect of aeration rate, C/N ratio and moisture content on the stability and maturity of compost [J].
Bioresource Technology, 2012, 112: 171-178.

XUSE, SREATE, B AL A oo d U AR A A B e B T E R (7). RBERL A SR, 2018, 41(9): 170-175,182.

LIU L, ZHANG C S, ZHAO M H. Impacts of biochar on aerobic composting: A review [J]. Environmental Science & Technology,
2018, 41(9): 170-175,182(in Chinese).

W B, o at, 2 [ 2, S SR RTDUUIR M 56 P 20 95 08 3 N 3L 2 <R N (0] ARl T AR 2448, 2017, 33(6) 2 199-
206.

CHEN S L, YUAN J, LI G X, et al. Combination of superphosphate and dicyandiamide decreasing greenhouse gas and NH; emissi ons
during sludge composting [J]. Transactions of the Chinese Society of Agricultural Engineering, 2017, 33(6): 199-206(in Chinese).
CHEN M L, WANG C, WANG B R, et al. Enzymatic mechanism of organic nitrogen conversion and ammonia formation during
vegetable waste composting using two amendments [J]. Waste Management, 2019, 95: 306-315.

YANG Y, WANG G Y, LI G X, et al. Selection of sensitive seeds for evaluation of compost maturity with the seed germination
index [J]. Waste Management, 2021, 136: 238-243.

o, B, TRIRE, . SR AL AL A B AR P A R L BB BT ST (1] AR A5 54, 2002, 13(11): 1459-1462.
HUANG G F, ZHONG L J, ZHANG Z T, et al. On nitrogen transformations and maturity during composting of pig manure [J].
Chinese Journal of Applied Ecology, 2002, 13(11): 1459-1462(in Chinese).

B — N SR EN, S A, 5. VTR R 6 IS 35 4% 3 36 i e 1 AT s E R 52 i) (0] 98 TR, 2015, 33(44 FI 1): 610-614.
LUO Y M, ZHANG L L, WU D M, et al. Effects of VT microbes on high-temperature composting process of pig manure[J].
Environmental Engineering, 2015, 33(Sup 1): 610-614 (in Chinese).

AR, DU, TR B, S oA W T R0 0] R AT S & e R A [0]. 2 BeR L B, 2022, 50(11) - 45-49.

ZHU J X, ZHOU W S, QIAO C S, et al. Effect of microbial agents on corn straw composting fermentation process [J]. Journal of
Anhui Agricultural Sciences, 2022, 50(11): 45-49(in Chinese).

SMITH M A, CAIN M, ALLEN M R. Further improvement of warming-equivalent emissions calculation [J]. npj Climate and
Atmospheric Science, 2021, 4: 19.

CAIN M, LYNCH J, ALLEN M R, et al. Improved calculation of warming-equivalent emissions for short-lived climate pollutants [J].
npj Climate and Atmospheric Science, 2019, 2(1): 29.

RIDOUTT B, LEHNERT S A, DENMAN S, et al. Potential GHG emission benefits of Asparagopsis taxiformis feed supplement in
Australian beef cattle feedlots [J]. Journal of Cleaner Production, 2022, 337: 130499.


https://doi.org/10.1016/j.biortech.2012.02.099
https://doi.org/10.1016/j.wasman.2019.06.027
https://doi.org/10.1016/j.wasman.2021.09.037
https://doi.org/10.3321/j.issn:1001-9332.2002.11.025
https://doi.org/10.3321/j.issn:1001-9332.2002.11.025
https://doi.org/10.3969/j.issn.0517-6611.2022.11.013
https://doi.org/10.3969/j.issn.0517-6611.2022.11.013
https://doi.org/10.3969/j.issn.0517-6611.2022.11.013
https://doi.org/10.1038/s41612-021-00169-8
https://doi.org/10.1038/s41612-021-00169-8
https://doi.org/10.1038/s41612-019-0086-4
https://doi.org/10.1016/j.jclepro.2022.130499

	1 材料与方法（Materials and methods）
	1.1 实验材料
	1.2 实验设计
	1.3 气体排放和鸡粪理化性质测定
	1.3.1 气体排放
	1.3.2 鸡粪理化性质
	1.3.3 种子发芽指数（GI）

	1.4 气体排放测定与计算
	1.5 数据分析

	2 结果与讨论 （Results and discussion）
	2.1 醋糟、生物炭和菌剂对鸡粪存储气体排放的影响
	2.1.1 NH3排放
	2.1.2 CO2排放
	2.1.3 N2O排放
	2.1.4 CH4排放

	2.2 醋糟、生物炭和菌剂对鸡粪堆存理化性质的影响
	2.2.1 pH和EC
	2.2.2 氨氮和全氮
	2.2.3 有机碳
	2.2.4 种子发芽指数

	2.3 不同技术的综合对比

	3 结论（Conclusion）
	参考文献

