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Abstract The aim of this review is to summarize the current 

knowledge of nitrous oxide (N2O) production from manure. 

The article investigates the scientific literature regarding N2O 

emissions according to different factors, such as 

microclimate, season, manure composition, microbial 

population, management, storage conditions, and type of 

digestion. Nitrous oxide is formed through the 

microbiological processes of nitrification and denitrification. 

The amount of N2O produced from manure storage depends 

on type of manure management. The anaerobically stored 

farm yard manure (FYM) emitted more N2O emissions than 

the composted FYM. The anaerobic storage of liquid manure 

reduces N2O production. Covering the slurry store (SLR) 

with a chopped straw increased N2O emissions. Finally, 

emission factors from manure treatment and management are 

listed in table. 
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Introduction 

 

 Contemporary agriculture is characterized by the 

intensive production of livestock in confined facilities and 

land application of stored waste as an organic fertilizer. 

Animal agriculture potentially contributes up to 50 % of total 

agricultural nitrous oxide (N2O) emissions (Klein de and 

Eckard 2008). The anthropogenic greenhouse gas emission 

from animal manure is estimates on 20 % of N2O (Sommer 

and Moller 2000). 

 N2O emissions from nitrogen (N) excreted as animal 

waste alone could be as much as 30–50 % of the global 

agricultural N2O emissions, suggesting that the contribution 

of animal agriculture to total agricultural N2O emissions 

could be in excess of 50 % when including emissions from N 

fertilizer use (Oenema et al 2005; Klein and Eckard 2008). 

N2O emissions occur high when N fertilizers are used for 

production of concentrates to feed the animals, as well as 

from excretal returns (Davidson 2009; Petersen and Sommer 

2011). 

 N2O is produced during several microbial processes in 

the nitrogen (N) cycle of terrestrial and aquatic systems. 

Typically, 70 % to 90 % of the N ingested by herbivores is 

excreted, either during grazing or via application of manure 

collected outside grazing periods (Schils et al 2013). Housed 

animals excrete as dung and urine according to Paustian et al 

(2004) 80 to 95 % of the N in their diet, and some proportion 

of this N is emitted as N2O during collection, storage, and 

application. Ruminants excrete between 75 and 95 % of the 

N they ingest, with excess dietary N increasingly excreted in 

the urine, while dung N excretion remains relatively constant 

(Castillo et al 2000; Eckard et al 2007). 

 In animal husbandry, N2O emissions are associated 

with manure management and the application and deposition 

of manure in crop or pasture land. Manure treatment can be 

an important source of N2O emissions, accounting for an 

estimated 5 % of global N2O emissions (Owen and Silver 

2015). Major agricultural manure emission sources are 

reported to be N2O from poultry sheds and from beef feedlots 

(Pratt et al 2014). 

 Collected manure may be handled in solid (farmyard 

manure, deep litter) or liquid form (slurry with typically 1 % 

to 10 % of dry matter) (Schils et al 2013). Dung and urine are 

often separated to solid stacked manure and slurry (SLR), 

with or without subsequent composting of the stacked 

manure and (anaerobic or aerobic) treatment of the SLR. In 

other production systems, effluent from barns is transferred 

into open anaerobic ponds (lagoons) where the effluent is 

typically stored for many months, with the potential of 

generating large quantities of emissions (McGahan et al 

2016). 

 N2O is released from excrement and urine excreta, 

from SLR applied for crop or pasture production, and aerobic 

and anaerobic degradation of livestock waste in the lagoons 

and dry manure pile (Saggar et al 2004; Fabbri et al 2007; 

Borhan et al 2011; Redding et al 2015). 
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 The various pathways of N2O formation could 

describe for apply to the manure environment, but the 

potential for N2O emissions will depend on manure 

management practice. Manure contains most elements 

necessary for stimulating soil nitrification and denitrification 

processes that form N2O. These processes are transient, 

depending on the amount and form of available N (NH4
+
 or 

NO3
–
), soil oxidation–reduction potential, degradable carbon 

(C) sources, soil temperature, water content, and microbial 

population (Montes et al., 2013). Poor correlations between 

N2O efflux and soil physicochemical variables and fertilizer 

loading rate point to the complexity of interacting factors 

affecting N2O production and emission (Whalen 2000). 

 The main sources of N2O from agriculture are 

nitrification and denitrification processes in soil. Farms 

primarily emit N2O arising mainly from nitrogen fertilizer 

(organic manures or inorganic fertilizers) application to soil, 

direct N deposition by grazing animals, or manure storages 

(Whalen et al 2000; Crosson et al 2011; Adler et al 2015). 

Nitrous oxide can also be produced indirectly when manure 

N is lost through volatilization as NH3, NO, and N2O and is 

nitrified and denitrified in soil following redeposition 

(Montes et al 2013). The smaller contributions from barn 

floors, where both aerobic and anaerobic conditions can exist 

(Chianese et al 2009; Van Middelaar et al 2013; Eckard et al 

2003). 

 The major N2O contributor is normally the 

denitrification process under anaerobic conditions, but 

nitrification under aerobic conditions may also contribute. 

Nitrification and denitrification rates are affected by 

numerous soil and climatic or seasonal factors (Monaghan 

and Barraclough 1993; Chadwick et al 2000; de Klein and 

Eckard 2008). The rate of formation and emission of N2O 

varies through time with changes in the porosity, moisture 

content, temperature, amount of solids in the manure, and N 

or dietary protein content of the soil or manure substrate 

(Külling et al 2001; Kebreab et al 2006; Chianese et al 2009; 

Li et al 2014). Anaerobically stored solid manure emitted 

much more N2O than the compost (Amon et al 1998a). 

Chadwick et al (2000) also reported that immediate 

emissions of N2O from the beef manure was likely due to 

rapid nitrification of ammonium or denitrification of nitrate 

already in the manure. 

 Most of the N2O resulting from manure is produced in 

manure-amended soils through microbial nitrification under 

aerobic conditions and partial denitrification under anaerobic 

conditions, with denitrification generally producing the 

larger quantity of N2O (Montes et al 2013). Nitrogen in 

liquid manure is mostly in the form of ammonium (NH4
+
) 

and organic N, and though anaerobic lagoons are generally 

anaerobic, aerobic conditions which could promote 

denitrification exist at inlets. Other N2O formation reactions 

are also possible, such as denitrification of nitrate (NO3
–
) 

(Owen and Silver 2015). 

 Mahimairaja et al (1995) examined the denitrification 

loss of N from fresh poultry and animal (dairy, sheep, pig 

and horse) manures, and from poultry manure during 

composting with different amendments. The results indicated 

that during denitrification, the amount of N2 produced is 

generally greater than that of N2O. The ratio of N2O:N2 

varied from 0.09 to 0.21. 

 

Factors affecting N2O releasing 

 

 When fecal matter is excreted by animals, it undergoes 

a series of reactions such as decomposition, hydrolysis, 

nitrification, denitrification, fermentation etc., from which 

N2O can be produced. Based on the principles of 

thermodynamics and reaction kinetics, these reactions are 

commonly controlled by a group of environmental factors 

such as temperature, moisture, stacking, density, litter 

addition, mixing, composition, and aerobic decomposition 

during storage of the manure, also redox potential, pH, 

substrate concentration gradient, etc. (Oenema et al 2005; 

Yamulki 2006; Kebreab et al 2006; Li et al 2012; Rzeźnik 

and Mielcarek 2016).  The influencing factors appeared to be 

also the manure removal frequency, dry matter content, and 

time deposit of the manure (Fournel et al 2012). After 6 

weeks of storage N2O emission from farmyard manure 

(FYM) and deep litter manure reached a maximum (Külling 

et al 2002). 

 N2O emissions are strongly correlated with all these 

parameters (Mihina et al 2012; Owen and Silver 2015). This 

suggests that in FYM, at least a portion of the N2O fluxes 

were derived from denitrification, which requires the same 

general environmental conditions as methanogenesis (warm 

temperatures, abundant labile C, anaerobic conditions) 

(Owen and Silver 2015). 

 One main factor influencing the amount of N2O 

emissions seems to be the manure temperature. This would 

explain why under summer conditions the emission rates of 

N2O are different than under winter conditions (Jungbluth et 

al 2001). Sommer and Moller (2000) studied composting of 

pig deep litter during a 4-month period. Emissions of N2O 

were only significant in the low temperature phases. N2O 

was also produced in the center both initially and after the 

temperature of the compost had dropped to below 45 °C 

(Sommer and Moller 2000). 

 The initial C: N ratio and dry matter content of the 

stored FYM are also the most important factors affecting 

N2O emissions. The greater C content in the organic FYM 

compared with the conventional FYM corresponded to a 

reduction in total N2O emission (Yamulki 2006). N2O 

emissions increase with the N content of waste, the extent to 

which waste is allowed to become aerobic (allowing the 
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initiation of nitrification-denitrification reactions) and the 

length of storage (Mosier et al 1998). Further, owing to 

interactions between available C and N sources in the correct 

oxidation form, semi-permeable manure storage covers can 

enhance N2O formation (Hansen et al 2009; Nielsen et al 

2010; Gerber et al 2013). 

  

Table 1 N2O production and emission factors from manure storage facilities (per animal) 

Cattle manure, without covering; 0.78 mg.m−2 h−1 (Ross et al 1999, cited by Jungbluth et al 2001). 

Manure, summer, 3.5 t,  winter, 7 t; anerobically stored vs. composted, 3 times per week, ODC, 74.7 g.t−1 vs.  49.8 g.t−1 (Amon et al 1998a).  

Cattle manure (housing, storage, spreading); ODC, FTIR; yearly average 0.62 g.LU-1.d-1 (Amon et al 1998b, cited by Amon et al 2006a). 

Dairy solid manure system; 25.8 mg.LU−1.h−1 (Amon et al 1999; cited by Amon et al 2006a). 

Dairy liquid manure system; 25.4 mg.LU−1.h−1 (Amon et al 1999; cited by Amon et al 2006a). 

Dairy SLR, storage, 1200 m3; winter, TDL; 14 mg.m-3.d-1 (Hensen et al 2006). 

12 Brown Swiss, 52 DIM,  637 kg LBW, 30,9 kg MY, individual stalls, slatted floor, TMR, 4 MS (DL, SLR, urine-rich SLR, FYM); 7 wks, 

TDL; according MS: 9.3 ng.m-2.s-1, 5.6 ng.m-2.s-1, 12.1 ng.m-2.s-1, 556.4 ng.m-2.s-1; (DL, SLR, FYM) 42 mg.d-1, 12 mg.d-1,  886 mg.d-1 

(Külling et al 2001).  

Pig manure, without covering; from containers (0,5 m3) closed for 1 h gas measurement, summer, GC; 0.67 mg.m−2.h−1 (Ross et al 1999, 

cited by Jungbluth et al 2001). 

Pig manure, with straw covering; from containers (0,5 m3) closed for 1 h gas measurement, summer, GC; 0.95 mg.m−2.h−1 (Ross et al 1999, 

cited by Jungbluth et al 2001). 

Pig manure, without covering; winter, FMC, GC; 0.35 mg.m−2.h−1 (Ross et al 1999, cited by Jungbluth et al 2001). 

Pig manure, with straw covering, winter, FMC, GC; 0.30 mg.m−2.h−1 (Ross et al 1999, cited by Jungbluth et al 2001). 

160 fattening pigs, uncovered SLR vs. covered SLR; warm, FC; after 50 days, 23 g.m−3 vs. 30 g.m−3; after 200 days, 119 g.m−3 vs. 114 g.m−3 

(Amon et al 2007). 

160 fattening pigs, uncovered SLR, covered SLR; cold, FMC; after 50 days, 36 g.m−3 vs. 18 g.m−3 (Amon et al 2007). 

Fattening pigs; FS housing, anaerobic effluent pond, short hydraulic retention tank; 2x30 ds; N2O from housing and pond, or below the 

detection limits, total emissions from the short hydraulic retention tank:  winter 0.001 mg N2O-N.LU−1.d−1,  summer 5.9 mg N2O-N.AU−1.d−1 

(McGahan et al., 2016). 

3 fattening pigs farms; SLR lagoons; every M, MBIGA; lagoon concentration 636.8 mg NH4-N kg-1, 201.0 mg NH4-N kg-1, 236.6 mg NH4-N 

kg-1, 0.3 kg N2O-N ha-1 d-1, 0.4 kg N2O-N ha-1 d-1, 0.0 kg N2O-N ha-1 d-1 (Harper et al 2004). 

Manure, fattening pigs, DL, stored 113 ds; every wk, RC (tent), GC; d 11: 28 mg N2O-N.kg DM-1 d-1, after d 40: 6 mg N2O-N.kg DM-1 d-1 

(Wolter et al 2004). 

 

 
 The increase in manure organic matter accelerates soil 

metabolism, depleting oxygen, triggering denitrification and 

N2O emissions (Hristov et al 2013; Gerber et al 2013). On 

the contrary, anaerobic digestion, or separation of manure 

solids, lowers the organic content of manure, which generally 

results in lower emissions of N2O (Clemens et al 2006; 

Velthof and Mosquera 2011; Gerber et al 2013). Manure 

affects the balance between NH3 and N2O emissions. This 

interaction may be positive (e.g., both emissions are reduced 

by an airtight cover during storage and stimulated by 

composting), or negative (e.g., direct N2O emissions from 

soil will potentially increase if losses of NH3 are prevented 

during storage or field application) (Petersen and Sommer 

2011). N2O release from stored manure was low when NH3 

was high (Külling et al 2002). 

 The amount of N2O produced from manure storage 

depends on the amount of N excreted and duration of storage 

(Merino et al 2011). Solid manure rich in high fiber bedding 

material has a high porosity that promotes aerobic 

fermentation, and heat, which can stimulate N2O emissions 

(Petersen et al 1998). Also, the higher the density the lower 

the emission of N2O (Oenema et al 2005). However, 

covering delayed aeration of the stored manure; this reduced 

internal heat production, degradation of organic matter, and 

emission of greenhouse gases and ammonia (Hansen et al 

2006). At the study of Sommer and Moller (2000) was 

production of N2O restricted to the surface layers during the 

thermophilic phase of composting (Sommer and Moller 

2000). Brown et al (2000) found that the mean N2O-N fluxes 

were between 0 and 0.33 g N m
−2

 d
−1

, and N2O was only 

generated in samples from the top two layers of the dairy 

FYM pile. Manure samples from the 30 to 45 cm depth were 

adjusted by amendment with chopped straw to 70, 75, and 80 

% water content. These samples produced twice as much 

N2O-N as the unamended samples. 

 Slurry separation reduces emissions if losses during 

storage of the solid fraction can be kept on a low level 

(Amon et al 2006b). At the study of Hansen et al (2006), 

emissions of N2O from an uncovered and covered heap of 

solid manure separated from pig SLR were compared, and 

related to the oxygenation level inside the manure heap. 

Approximately 15 % of the initial nitrogen content of the 

solids separated was found to be lost when the separated 

solids were stored uncovered. Almost 5 % of the initial N 

content was found to be lost as N2O. Emissions of N2O were 

reduced by 12 %, when the manure heap was covered with 
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an airtight material. The oxygenation level inside heaps of 

solids separated from pig SLR was found to influence the 

production and emission of greenhouse gases during the 

storage period (Hansen et al 2006). 

 In contrast, in liquid manure lagoons particulate 

organic matter is a physical barrier against gas exchange 

when a surface crust forms (Petersen and Sommer 2011). 

Anaerobic digestion is in fact an effective means to reduce 

greenhouse gas emission (Amon et al 2006a). However, the 

anaerobically stored FYM emitted more N2O emissions than 

the composted farm yard manure (Amon et al 1998a; Amon 

et al 2001). 

 Covering the SLR store with a layer of chopped straw 

increased greenhouse gas emissions mainly by increasing 

N2O emissions. When liquid manure stored as anaerobic 

SLR, N2O emission is low, but NH3 and CH4 emissions are 

high, depending on the cover of the slurry and mixing rate 

(Oenema et al 2005). N2O emissions can occur from SLR 

when a dry crust is formed on the surface with combination 

of anaerobic and aerobic micro-sites (Philippe and Nicks 

2013). Therefore, straw cover and SLR aeration showed 

negative environmental effects (Amon et al 2006b). 

 Natural surface crusts may develop into a porous 

matrix with high O2 availability that harbors an active 

population of aerobic microorganisms. The occurrence of 

NO2
-
 and NO3

-
 in the crusts also indicate the presence of 

actively metabolizing NH3
- 

oxidizing bacteria (Nielsen et al 

2010). The floating crust is important because it provides a 

substrate that spans anaerobic and aerobic environments, 

where N2O production can occurs (Petersen and Sommer 

2011).  

 Floating crusts on manure storages are environments 

with intense microbial activity, and microbial processes are 

governed by the extent of oxic conditions that are governed 

by the moisture of the crust. Hansen et al (2009) study 

investigated whether physical properties of the crust or crust 

microbiology had an effect on the emission of the N2O when 

crust moisture was manipulated (dry, moderate, and wet). 

However, an increase in N2O emission was observed in all 

crusted treatments exposed to anoxia, and this was probably 

a result of denitrification based on NOx that had accumulated 

in the crust during oxic conditions. 

 

Comparison of manure types 

 

 The type of manure can be crucial factors in reducing 

the extent of nitrogen lost (Bell et al 2016). The amount of 

N2O produced from manure storage depends on type of 

manure management (Yamulki 2006; Merino et al 2011; 

Rzeźnik and Mielcarek 2014). Total manure emissions are 

the product of the amount of N excreted during storage 

multiplied by the associated emission factor for that manure 

management system and animal population (Crosson et al 

2011). 

 A lower dietary protein content furthermore reduced 

N2O emission rates in most manure types but increased CH4 

emission from urine-rich SLR. In deep litter manure, 

characterized by the highest C: N ratio, emission rates of 

total N, N2O values were intermediate. Substantial emission 

of N2O occurred with FYM. C: N ratio of manure was shown 

to be suitable to predict total N loss during storage in all 

manure types whereas urine N proportion and manure pH 

were only of use with liquid manures (Külling et al 2002). 

 Amon et al. (1998b) compared N2O emission in solid 

and liquid manure management systems. In the tie-stall 

housing of dairy cows no differences were found between a 

SLR based and a straw based system. Only deep litter 

systems with straw showed higher N2O emissions. This 

reflected the higher microbial biomass content and 

approximately neutral pH at FYM field (Mogge et al 1999). 

 N2O synthesis needs close combination of aerobic and 

anaerobic areas. These heterogeneous conditions are not met 

within SLR but deep litter (Philippe and Nicks 2013). 

Therefore, for waste of a given N content, anaerobic lagoons 

will result in the least N2O emissions whereas solid storage 

and dry-lot handling will promote emissions (Paustian et al 

2004). The anaerobic nature of liquid manure systems 

reduces N2O production (Kebreab et al 2006). 

 Majority of swine production systems use anaerobic or 

liquid-slurry systems for waste holding or disposal (Harper et 

al 2000). A model has been developed to predict pig manure 

evolution (mass, dry and organic matter, and N contents) and 

related gaseous emissions nitrous oxide (N2O) from pig 

excreta up to manure stored before spreading. This model 

simulates contrasted management systems, including 

different options for housing (slatted floor or deep litter), 

outside storage of manure and treatment (anaerobic 

digestion, biological N removal processes, SLR with straw 

and solid manure composting (Rigolot et al 2010). 

 The results of Fournel et al (2012) showed that liquid 

manure from deep-pit housing systems produces greater 

emissions of nitrous oxide (N2O) than natural and forced 

dried manure from belt housing systems. The study of 

Cabrera et al (1994) on N2O emissions from poultry litter 

compared pellets or fine particles. Cumulative emission of 

N2O was slightly higher for pelletized (6.8 % of applied N) 

than for fine-particle litter (5.5 %). Authors indicate that the 

effect of poultry litter physical characteristics on N2O 

emissions can be expected to vary depending on the soil 

water regime (Cabrera et al 1994). 

 

Application method 

 

 N2O emissions are strongly dependent on the method 

and timing of fertilizer application. Manure incorporation 

http://onlinelibrary.wiley.com/doi/10.1111/gcb.12687/full#gcb12687-bib-0040
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increased N2O emissions and yield for the perennial system, 

but both effects were dependent on the interannual weather 

variability and crop growth (Webb et al 2014).  High 

temperatures, high wind speed and low rainfall immediately 

following manure application promote emissions from 

manures containing a high amount of readily available N. 

Emissions of N2O were significantly affected by the timing 

of manure application, with greatest N2O emissions 

measured from manures applied and incorporated into bare 

soil in warmer and wetter autumn conditions. Mean annual 

N2O emissions across all manure treatments were greater 

from autumn (2 kg N2O–N ha
−1

) than spring (0.35 kg N2O – 

N ha
−1

) applications (Bell et al 2016). 

 The more frequent soil application may increase N2O 

emissions, if application occurs during prolonged periods 

with warm temperature, wet soil and low plant-N uptake. 

Therefore, a combination of decreased storage time in warm 

weather and extended winter storage is a viable option in 

many regions (Hristov et al 2013; Gerber et al 2013). 

Following field application, infiltration of liquid is 

influenced by manure organic matter, and retention of 

ammoniacal N at the soil surface will enhance NH3 

volatilization (Petersen and Sommer 2011). 

 

Final considerations 

 

 Farms emit N2O arising mainly from manure 

application to soil, faces deposition by grazing animals, or 

manure storages. The various pathways of N2O formation 

described above also apply to the manure environment, but 

the potential for N2O emissions will depend on manure 

management practice. Nitrification and denitrification rates 

of manure are affected by numerous soil and climatic or 

seasonal factors. 

 Emissions of N2O are significantly affected by the 

timing of manure application, with greatest N2O emissions 

measured from manures applied and incorporated into bare 

soil in warmer and wetter autumn conditions. Straw cover, 

floating crust and aeration of slurry showed negative 

environmental effects. An extended review revealed that 

more data are needed to better quantify emissions from 

manure management. 

 

Acknowledgement 

 

 This article was possible through projects APVV of 

the Slovak Research and Development Agency Bratislava 

(0632-10 and 15-0060), and the project CEGEZ 

26220120073 supported by the Operational Programme 

Research and Development funded from the European 

Regional Development Fund. 

 

 

References  

 

Adler AA, Doole GJ, Romera AJ, Beukes PC (2015) Managing 

greenhouse gas emissions in two major dairy regions of New 

Zealand: A system-level evaluation. Agricultural Systems, 135:1–9. 
 

Amon B, Amon T, Boxberger J, Pöllinger A (1998a) Emissions of 

NH3, N2O and CH4 from composted and anaerobically stored 

farmyard manure. In: Martinez J, Maudet MN (eds) Management 

Strategies for Organic Wastes in Agriculture. FAO European 

Cooperative Research Network on Recycling of Agricultural, 

Municipal and Industrial Residues in Agriculture; Ramiran, pp 209–

216. 
 

Amon B, Boxberger J, Amon T, Zaussinger A, Pöllinger A (1998b) 

Emissions of NH3, N2O and CH4 from a tying stall for milking 

cows during storage of farmyard manure and after spreading. In 

Martinez J, Maudet MN (eds) Management Strategies for Organic 

Wastes in Agriculture. FAO European Cooperative Research 

Network on Recycling of Agricultural, Municipal and Industrial 

Residues in Agriculture; Ramiran, pp 269–278.  
 

Amon B, Amon T, Boxberger J, Alt Ch (2001) Emissions of NH3, 

N2O, and CH4 from dairy cows housed in a farmyard manure tying 

stall (housing, manure storage, manure spreading). Nutrient Cycling 

Agroecosystems, 60:103–113. 
 

Amon B, Kryvoruchko V, Amon T, Zechmeister-Boltenstern S 

(2006a) Methane, nitrous oxide and ammonia emissions during 

storage and after application of dairy cattle slurry and influence of 

slurry treatment. Agriculture Ecosystems & Environment, 112:153–

162. 
 

Amon B, Kryvoruchko V, Moitzi G, Amon T (2006b) Greenhouse 

gas and ammonia emission abatement by slurry treatment. 

International Congress Series, 1293:295–298. 
 

Amon B, Kryvoruchko V, Frohlich M, Amon T, Pollinger A, 

Mosenbacher I, Hausleitner A (2007) Ammonia and greenhouse gas 

emissions from a straw flow system for fattening pigs: housing and 

manure storage. Livestock Science, 112:199–207. 
 

Bell MJ, Hinton NJ, Cloy JM, Topp CFE, Rees RM, Williams JR, 

Misselbrook TH, Chadwick DR (2016) How do emission rates and 

emission factors for nitrous oxide and ammonia vary with manure 

type and time of application in a Scottish farmland? Geoderma, 

264:81–93. 
 

Borhan MS, Capareda S, Mukhtar S, Faulkner WB, McGee R, 

Parnell Jr. CB (2011) Determining Seasonal Greenhouse Gas 

Emissions from Ground Level Area Sources in a Dairy Operation in 

Central Texas. Journal of Air and Waste Management, 61:786–795. 
 

Brown HA, Wagner-Riddle C, Thurtell GW (2000) Nitrous oxide 

flux from solid dairy manure in storage as affected by water content 

and redox potential. Journal of Environmental Quality, 29:630–638. 
 

Cabrera ML, Chiang SC, Merka WC, Pancorbo OC, Thompson SA 

(1994) Nitrous-oxide and carbon-dioxide emissions from pelletized 

and nonpelletized poultry litter incorporated into soil. Plant and 

Soil, 163:189–195. 
 

Castillo AR, Kebreab E, Beever DE, France J (2000) A review of 

efficiency of nitrogen utilisation in lactating dairy cows and its 

relationship with environmental pollution. Journal of Animal and 

Feed Sciences, 9:1–32. 
 

Chadwick DR, Pain BF, Brookmann SKE (2000) Nitrous oxide and 

methane emissions following application of animal manures to 

grassland. Journal of Environmental Quality, 29:277–287. 
 

https://forschung.boku.ac.at/fis/suchen.publikationen_uni_autoren?sprache_in=en&menue_id_in=300&id_in=&publikation_id_in=17941
https://forschung.boku.ac.at/fis/suchen.publikationen_uni_autoren?sprache_in=en&menue_id_in=300&id_in=&publikation_id_in=17940


 
18 

 

 
DOI http://dx.doi.org/10.14269/2318-1265/jabb.v5n1p13-19 

 

 

 

J Anim Behav Biometeorol (2017) 5:13-19 

Chianese DS, Rotz CA, Richard TL (2009) Simulation of nitrous 

oxide emissions from dairy farms to assess greenhouse gas 

reduction strategies. Transactions the ASABE, 52:1325–1335. 
 

Clemens J, Trimborn M, Weiland P, Amon B (2006) Mitigation of 

greenhouse gas emissions by anaerobic digestion of cattle slurry. 

Agriculture, Ecosystems & Environment, 112:171–177. 
 

Crosson P, Shalloo L, O’Brien D, Lanigan GJ, Foley PA, Boland 

TM, Kenny DA (2011) A review of whole farm systems models of 

greenhouse gas emissions from beef and dairy cattle production 

systems. Animal Feed Science and Technology, 166–167:29–45. 
 

Davidson EA (2009) The contribution of manure and fertilizer 

nitrogen to atmospheric nitrous oxide since 1860. Nature 

Geoscience, 2:659–662. 
 

Eckard RJ, Chen D, White RE, Chapman DF (2003) Gaseous 

nitrogen loss from temperate grass and clover dairy pastures in 

south eastern Australia. Australian Journal of Agriculture Research, 

54:561–570. 
 

Eckard RJ, Chapman DF, White RE (2007) Nitrogen balances in 

temperate perennial grass and clover dairy pastures in south-eastern 

Australia. Australian Journal of Agriculture Research, 58:1167–

1173. 
 

Fabbri C, Costa A, Guarino M, Valli L, Mazzotta V (2007) 

Ammonia, Methane, Nitrous Oxide and Particulate Matter 

Emissions from Two Different Buildings for Laying Hens. 

Biosystems Engineering, 97:441–455. 
 

Fournel S, Pelletier F, Godbout S, Lagacé R, Feddes J (2012) 

Greenhouse Gas Emissions from Three Cage Layer Housing 

Systems. Animals, 2:1–15. 
 

Gerber PJ, Hristov AN, Henderson B, Makkar H, Oh J, Lee C, 

Meinen R, Montes F, Ott T, Firkins J, Rotz A, Dell C, Adesogan 

AT, Yang WZ, Tricarico JM, Kebreab E, Waghorn G, Dijkstra J. 

Oosting S (2013) Technical options for the mitigation of direct 

methane and nitrous oxide emissions from livestock: a review. 

Animal 7, 2:220–234. 
 

Hansen MN, Henriksen K, Sommer SG (2006) Observations of 

production and emission of greenhouse gases and ammonia during 

storage of solids separated from pig slurry: Effects of covering. 

Atmospheric Environment, 40:4172–4181. 
 

Hansen R, Nielsen D, Schramm A, Nielsen L, Revsbech N, Hansen 

M (2009) Greenhouse gas microbiology in wet and dry straw crust 

covering pig slurry. Journal of Environmental Quality, 38:1311–

1319. 
 

Harper LA, Sharpe RR, Parkin TB (2000) Gaseous nitrogen 

emissions from anaerobic swine lagoons: ammonia, nitrous oxide, 

and dinitrogen gas. Journal of Environmental Quality, 29:1356–

1365. 
 

Harper LA, Sharpe RR, Parkin TB, Visscher de A, Cleemput van O, 

Byers FM (2004) Nitrogen Cycling through Swine Production 

Systems: Ammonia, Dinitrogen, and Nitrous Oxide Emissions. 

Journal of Environmental Quality, 33:1189–1201. 
 

Hristov AN, Oh J, Firkins J, Dijkstra J, Kebreab E, Waghorn G, 

Makkar HPS, Adesogan AT, Yang W, Lee C, Gerber PJ, Henderson 

B, Tricarico JM (2013) Mitigation of methane and nitrous oxide 

emissions from animal operations: I. A review of enteric methane 

mitigation options. Journal of Animal Science, 91:5045–5069. 
 

Jungbluth T, Hartung E, Brose G (2001) Greenhouse emissions 

from animal houses and manure stores. Nutrients Cycling 

Agroecosystem, 60:133–145. 

 

Kebreab E, Clark K, Wagner-Riddle C, France J (2006) Methane 

and nitrous oxide emissions from Canadian animal agriculture: 

A review. Canadian Journal of Animal Science, 86:135–158. 
 

Klein de CAM, Eckard RJ (2008) Targeted technologies for nitrous 

oxide abatement from animal agriculture. Australian Journal of 

Experimental Agriculture, 48:14–20. 
 

Külling DR, Henzi HK, Krober TF, Neftel A, Sutter F, Lischer P, 

Kreuzer M (2001) Emissions of ammonia, nitrous oxide and 

methane from different types of dairy manure during storage as 

affected by dietary protein content. Journal of Agricultural Science, 

137:S235–250. 
 

Li C, Salas W, Zhang R, Krauter C, Rotz AC, Mitloehner F (2012) 

Manure-DNDC: a biogeochemical process model for quantifying 

greenhouse gas and ammonia emissions from livestock manure 

systems. Nutrient Cycling in Agroecosystems, 93:163–200. 
 

Li J, Shi Y, Luo J, Zaman M, Houlbrooke D, Ding W, Ledgard S, 

Ghani A (2014). Use of nitrogen process inhibitors for reducing 

gaseous nitrogen losses from land-applied farm effluents. Biology 

and Fertility of Soils, 50:133–145. 
 

Mahimairaja S, Bolan NS, Hedley MJ (1995) Denitrification losses 

of N from fresh and composted manures. Soil Biology and 

Biochemistry, 27:1223–1225. 
 

McGahan EJ, Phillips FA, Wiedemann SG, Naylor TA, Warren B, 

Murphy CM, Griffith DWT, Desservettaz M (2016). Methane, 

nitrous oxide and ammonia emissions from an Australian piggery 

with short and long hydraulic retention-time effluent storage. 

Animal Production Science, 56:1376–1389.  
 

Merino P, Ramirez-Fanlo E, Arriaga H, del Hierro O, Artetxe A, 

Viguria M (2011) Regional inventory of methane and nitrous oxide 

emission from ruminant livestock in the Basque Country. Animal 

Feed Science and Technology, 166-167:628–640. 
 

Middelaar Van CE, Berentsen PBM, Dijkstra J, De Boer IJM 

(2013) Evaluation of a feeding strategy to reduce greenhouse gas 

emissions from dairy farming: The level of analysis matters. 

Agricultural Systems, 121:9–22. 
 

Mihina S, Kazimirova V, Copland TA (2012) Technology for farm 

animal husbandry. 1st Edition. Nitra: Slovak Agricultural 

University. 99 p. 
 

Mogge B, Kaiser EA, Munch JC (1999) Nitrous oxide emissions 

and denitrification N-losses from agricultural soils in the Bornhoved 

Lake region: influence of organic fertilizers and land-use. Soil 

Biology and Biochemistry, 31:1245–1252. 
 

Monaghan RM, Barraclough D (1993) Nitrous oxide and dinitrogen 

emissions from urine-affected soil under controlled conditions. 

Plant and Soil, 151:127–138. 
 

Montes F, Meinen R, Dell C, Rotz A, Hristov AN, Oh J, Waghorn 

G, Gerber PJ, Henderson B, Makkar HPS, Dijkstra J (2013) 

Mitigation of methane and nitrous oxide emissions from animal 

operations: II. A review of manure management mitigation options. 

Journal of Animal Science, 91:5070–5094. 
 

Mosier AR, Duxbury JM, Freney JR, Heinemeyer O, Minami K 

(1998) Assessing and mitigating N2O emissions from agricultural 

soils. Climatic Change, 40:7–38. 
 

Nielsen D, Schramm A, Revsbech N (2010) Oxygen distribution 

and potential ammonia oxidation in floating liquid manure crusts. 

Journal of Environmental Quality, 39:1813–1820. 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fournel%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pelletier%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Godbout%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lagac%26%23x000e9%3B%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feddes%20J%5Bauth%5D
http://link.springer.com/journal/10705
https://is.uniag.sk/auth/lide/clovek.pl?id=1194
https://is.uniag.sk/auth/lide/clovek.pl?id=1273


 
19 

 

 
DOI http://dx.doi.org/10.14269/2318-1265/jabb.v5n1p13-19 

 

 

 

J Anim Behav Biometeorol (2017) 5:13-19 

Oenema O, Wrage N, Velthof G, Groenigen JW, Dolfing J, 

Kuikman P (2005) Trends in Global Nitrous Oxide Emissions from 

Animal Production Systems. Nutrient Cycling in Agroecosystems, 

72:51–65. 
 

Owen JJ, Silver WL (2015) Greenhouse gas emissions from dairy 

manure management: a review of field-based studies. Global 

Change Biology, 21:550–565. 
 

Paustian K, Babcock B, Kling C, Hatfield J, Lal R, McCarl B, 

McLaughlin S, Post WM, Mosier A, Rice C, Robertson GP, 

Rosenberg NJ, Rosenzweig C, Schlesinger WH, Zilberman D 

(2004) In Agricultural Mitigation of Greenhouse Gases: Science 

and Policy Options; Council on Agricultural Science and 

Technology (CAST); Report #R141, ISBN 1- 887383-26-3. 
 

Petersen SO, Lind AM, Sommer SG (1998) Nitrogen and organic 

matter losses during storage of cattle and pig manure. Journal of 

Agricultural Science, 130:69–79. 
 

Petersen SO, Sommer SG (2011) Ammonia and nitrous oxide 

interactions: roles of manure organic matter management. Animal 

Feed Science and Technology, 166:503–513. 
 

Philippe FX, Nicks B (2013) Emissions of ammonia, nitrous oxide 

and methane from pig houses: Influencing factors and mitigation 

techniques. In Reconciling livestock management to the 

environment - Applying Best Available Technique (BAT): From the 

lab to the farm. European Workshop: Reconciling the environment 

with livestock management, du 19 au 20 mars 2013, IRSTEA, 

Rennes, France. 10 p.  
 

Pratt C, Redding M, Hill J, Shilton A, Chung M, Guieysse B (2014) 

Good science for improving policy: greenhouse gas emissions from 

agricultural manures. Animal Production Science, 55:691–701. 
 

Redding M, Devereux J, Phillips F, Lewis R, Naylor T, Kearton T, 

Hill CJ, Weidemann S (2015) Field measurement of beef pen 

manure methane and nitrous oxide reveals a surprise for inventory 

calculations. Journal of Environmental Quality, 44:720–728. 
 

Rigolot C, Espagnol S, Robin P, Hassouna M, Beline F, Paillat JM, 

Dourmad JY (2010) Modelling of manure production by pigs and 

NH3, N2O and CH4 emissions. Part II: effect of animal housing, 

manure storage and treatment practices. Animal, 4:1413–1424.  
 

Rzeźnik W, Mielcarek P (2014) Comparison of greenhouse gas 

emissions during summer from deep litter and fully-slatted piggery.  

Agricultural Engineering, 151:169-177. 
 

Rzeźnik W, Mielcarek P (2016) Greenhouse Gases and Ammonia 

Emission Factors from Livestock Buildings for Pigs and Dairy 

Cows. Polish Journal of Environmental Studies,  25:1-9. 
 

Saggar S, Bolan NS, Bhandral R, Hedley CB, Luo J (2004) A 

review of emissions of methane, ammonia and nitrous oxide from 

animal excreta deposition and farm effluent application in grazed 

pastures. New Zealand Journal of Agricultural Research, 47:513–

544. 
 

Schils RLM, Eriksen J, Ledgard SF, Vellinga TV, Kuikman PJ, Luo 

J, Petersen SO, Velthof GL (2013) Strategies to mitigate nitrous 

oxide emissions from herbivore production systems. Animal, 7:29–

40. 
 

Sommer SG, Moller HB (2000) Emission of greenhouse gases 

during composting of deep litter from pig production - effect of 

straw content. Journal of Agricultural Science, 134:327–335. 
 

Velthof GL, Mosquera J (2011) The impact of slurry application 

technique on nitrous oxide emission from agricultural soils. 

Agriculture, Ecosystems & Environment, 140:298–308. 

 

Whalen SC, Phillips RL, Fischer EN (2000) Nitrous oxide emission 

from an agricultural field fertilized with liquid lagoonal swine 

effluent. Global Biogeochemical Cycles, 14:545-558. 
 

Whalen SC (2000) Nitrous Oxide Emission from an Agricultural 

Soil Fertilized with Liquid Swine Waste or Constituents. Soil 

Science Society of America Journal, 64:781–789. 
 

Webb J, Thorman R, Fernanda-Aller M, Jackson D (2014) Emission 

factors for ammonia and nitrous oxide emissions following 

immediate manure incorporation on two contrasting soil types. 

Atmospheric Environment, 82:280–287. 
 

Wolter M, Prayitno S, Schuchardt F (2004) Greenhouse gas 

emission during storage of pig manure on a pilot scale. Bioresource 

Technology, 95:235–244. 
 

Yamulki S (2006) Effect of straw addition on nitrous oxide and 

methane emissions from stored farmyard manures. Agriculture, 

Ecosystems & Environment, 112:140–145. 

 

 

Abbreviations 

 

C = carbon 

CCH = closed chamber 

CO2 = carbon dioxide 

CV = coefficient of variation 

d = day 

ds = days 

DIM = days in milk 

DL = deep litter 

DM = dry mater  

ds = days 

FC = flux chamber  

FMC = floating measuring chamber 

FS = fully slatted 

FTIR = Fourier transform infrared spectroscopy 

FYM = farmyard manure  

GC = gas chromatography 

h = hour 

LBW = live body weight 

LU = live unit (500 kg of LBW) 

M = month 

MBIGA = mass balance method from 24 h gas sampling  

MC = measuring chamber 

MY = milk yield 

MS = manure system 

N = nitrogen 

NH3 = ammonium 

ODC = open dynamic chamber 

RC = respiration chamber 

SLR = slurry 

TDL = Tuneable Diode Laser absorption spectrometer 

TMR = total mixed ration 

yr = year 

yrs = years 

wk = week 

wks = weeks 
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