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Livestock excreta on pastures is an important source of nitrous oxide (N2O) emissions, however studies
measuring these emissions in tropical regions, particularly Africa, remain limited. Therefore we measured N,O
emissions from different quantities of dung patches during three observation periods (dry, wet and transition
from dry to wet season) and different volumes of urine patches during wet and dry seasons. Dung patches did not
stimulate soil N3O emissions in any of the three observation periods, while urine application stimulated soil NoO
emissions during both seasons, with higher emissions observed during the wet season. The dung EFs
(0.00-0.03%) and the urine EFs (0.04-0.40%) showed no detectable effects of dung quantity or urine volume.
We further synthesized observations from other studies in wet and dry tropical regions, which indicated that the
excreta NoO EFs were similar to the default values provided in the IPCC 2019 refinement (0.11% vs 0.07% for
dung and 0.41% vs 0.32% for urine in dry climates, and 0.13% vs 0.13% for dung and 0.65% vs 0.77% for urine
in wet climates). However, sub-Saharan African (SSA) studies had consistently lower EFs, possibly due to the
lower urine-N: dung-N ratio in SSA compared with the other tropical regions, suggesting that the refinement may
still overestimate excreta emissions in SSA. Moreover, considering the large variations in the summarized
tropical excreta NoO EFs, from -0.01 to 1.77% for dung and 0.00 to 4.90% for urine, more studies under diverse
conditions across tropical regions are recommended.

1. Introduction

Grasslands used for livestock grazing are important nitrous oxide
(N20) sources (Jones et al., 2005). Estimated global N2O emissions from
livestock excreta deposition on managed grasslands were 1.31 Tg NoO-N
in 2014 (Dangal et al., 2019) and are expected to increase in the future
due to increased livestock numbers and higher stocking rates (Tian et al.,
2020; Smith et al., 2016). The high amount of nitrogen (N) deposited on
a small area (e.g. 16 g N in 0.35 m? for urine and 9 g N on 0.08 m? for
dung) during cattle defecation lead to high localized N loading rates,
equivalent to 113 g N m™ for dung and between 47 and 61 g N m? for
urine (Saarijarvi et al., 2006; Selbie et al., 2015), which greatly exceeds
plant utilization rates (Cai et al., 2017). Stimulation of soil N3O emis-
sions following livestock excreta deposition to grasslands are therefore
due to the increased soil N availability for microbial processes involved
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in N3O production (e.g. nitrification and denitrification).

The Tier 1 approach has been developed by the Intergovernmental
Panel on Climate Change (IPCC) to help jurisdictions that lacked suffi-
cient information for the development of local emission factors estimate
N-O emissions from livestock excreta deposition (IPCC, 2006). The IPCC
then developed a set of refinements with disaggregated EFs for urine and
dung for both cattle and sheep under wet and dry climates to reduce
uncertainties (Kristell et al., 2019).

Globally, about 60% of the N excretions and N2O emissions from
animal production systems are due to cattle (Van Groenigen et al.,
2005). Africa, particularly sub-Saharan Africa (SSA) and Latin America
(LAM) are home to more than 40% of the world’s cattle, with the ma-
jority of these grazed on grassland (Butterbach-Bahl et al., 2020; Maz-
zetto et al.,, 2014). Even though livestock excreta deposition is an
important N2O emission source in SSA and LAM (de Bastos et al., 2020;
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Tully et al., 2017), the studies used in the IPCC 2019 refinement were
mostly from temperate regions, with only two studies from Kenya and
seven studies from Brazil, which likely results in high uncertainty for
emission estimates from these regions.

Furthermore, the N partitioning between urine and dung in the tro-
pics was estimated to be near 40:60 by Rufino et al. (2006), which de-
viates significantly from the 60:40 split used by the IPCC 2019
refinement, which was based on a summary of trials primarily from New
Zealand (Kelliher et al., 2014). Marked differences in N partitioning may
result in large uncertainties in excreta NoO emissions in regional as-
sessments due to the higher N availability and subsequent higher N,O
EFs in urine (Cai and Akiyama, 2016). Besides, the IPCC 2019 refine-
ment did not consider the effect of soil properties on N,O emissions from
excreta patches. However, soil properties have been found to influence
soil NoO emissions after urine application (Zhu et al., 2020a). Also,
Kelliher et al. (2014) reported that soils in terrain with slopes >12° had
lower excreta N,O EF than soils on flat terrain. Hence, there is some
uncertainty as to how applicable the EF recommended in the 2019 IPCC
refinement are for tropical regions, especially SSA and LAM. To address
this uncertainty, reliable data sets are required to develop country- or
region-specific emission factors and to better assess the emissions from
livestock production systems in tropical regions.

Therefore, we measured how dung and urine application rates affect
N0 EFs based on a field study in Kenya, while also synthesizing existing
data on these EFs for tropical regions in order to determine whether the
new N3O EFs in the 2019 IPCC refinement are appropriate for urine and
dung excreted on tropical pastures, particularly in SSA.

2. Materials and methods
2.1. Experimental design

The field experiment was conducted at the International Livestock
Research Institute (ILRI) research farm, Nairobi, Kenya (S 1°16°13"; E
36°43°23"; altitude 1809 m asl). A detailed site description can be found
in Zhu et al. (2020b). Briefly, the pasture is predominantly a mix of
Kikuyu grass (Pennisetum clandestinum Hochst. ex Chiov.) and Rhodes
grass (Chloris gayana Kunth). The grass was cut to 5 cm by hand every
two to three weeks during the wet season During the dry season the grass
did not need to be cut. The soil at the experimental site is a well-drained,
deep humic nitisol, with 62.7% clay and 24% sand. The C content is
22.59 + 0.50 g C kg ! and the N content is 2.22 + 0.04 g N kg~! in the
top soils (0-0.10 m depth). The soil pH (water) was 6.8, while the bulk
density was 1.07 + 0.03 g em™.

To determine excreta effects on soil N3O emissions, two experiments
were set up. In experiment 1, dung quantity effects on NyO emissions
and EFs were tested in six treatments through the application of three
quantities of cattle dung (either 0.5, 1.0 and 1.5 kg fresh dung) and two
quantities of cattle excreta (dung and urine mixed) that had been
digested in a biogas digester (“bioslurry”, 0.87 vs 1.735 kg in Trial 1,
0.72 vs 1.45 kg in Trial 2 and 0.919 vs 1.838 kg in Trial 3) compared
with a no application (“control”). In experiment 2, the effect of urine
volume on N3O emissions was determined by comparing N,O flux rates
from six treatments (a control [no application], 0.5 L distilled water, 2.0
L distilled water, 0.5 L urine, 1.25 L urine, and 2.0 L urine). Each
treatment in both experiments consisted of three spatial replicates. The
experiments were repeated at different times of the year. For the dung
quantity experiment, the first trial was conducted from 11 April to 18
May 2017 (Trial 1, dung rainy season), the second trial from 01 June to
04 July 2017 (Trial 2, dung transition period) and the third trial from 17
July to 24 August, 2017 (Trial 3, dung dry season). For the urine volume
experiment, two trials were conducted from 24 May to 04 September
2018 (Trial 4, urine rainy season) and 24 September to 30 November
2019 (Trial 5, urine dry season). Each trial ended after N5O fluxes in the
treated plots were similar to NoO fluxes measured in the control plots for
a period of at least two weeks. The amount of dung and the volume of
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urine were determined in a previous animal feeding trial where freely
grazing cattle and cattle fed at different maintenance energy require-
ment levels were monitored (Zhu et al., 2020b, 2018). To our knowl-
edge, this is the study first to examine the effects of bioslurry additions
and urine volume on N5O emissions to tropical rangelands in SSA. The
dung was collected in the morning before application from a barn where
Boran steers (Bos indicus) that had spent the previous day grazing
pasture (a mixture of Kikuyu and Rhodes grass). Approximately twelve
kg of dung was collected and mixed to ensure homogeneity. A small (1.0
kg) sub-sample was set aside for analysis, while the rest was used to
apply to the pasture as described above. Urine was collected from pen-
ned steers (ca. 1 year old) fitted with urine collection harnesses. The
individual urine samples were then mixed together to form a single
composite sample with an acidified sub-sample set aside for later anal-
ysis. The bioslurry was collected with a bucket the same day of appli-
cation, from the discharge of a small (12 m®) biodigester located on the
ILRI farm with the feedstock being the manure from the same cattle
described above. Then fresh bioslurry was then mixed well and applied
accordingly, with 1.0 kg sub-sample set aside for further analysis. Bio-
slurry and dung total C and N content were determined on an elemental
combustion system (Vario Max C/N Analyzer, Elementar Analy-
sensysteme GmbH, Hanau, Germany), while the water content was
determined by oven-drying at 55 °C until constant weight. Urine N
concentration was determined via Kjeldahl digestion followed by
colorimetry on an ultraviolet spectrophotometer.

Soil N2O fluxes were measured using an automated static chamber
system (Butterbach-Bahl et al., 1997), consisting of 18 individual
chambers divided into six blocks of three chambers, and an automated
gas sampling system that was connected to a cavity ringdown laser ab-
sorption spectrometer (G2308, Picarro Inc., Santa Clara, CA, USA). The
individual chambers were placed approximately 0.5 m apart from each
other. Each block of three chambers was closed and sampled for 45 min
with changes in the mixing ratios of the headspace monitored sequen-
tially in 1-min intervals during deployment. After the 45 min measure-
ment period, the chambers were re-opened and the next block was
closed and sampled. A measurement cycle therefore consisted of 45 x 6
-+ 7 = 277 min for all 18 chambers. Chambers were moved after each
trial to unaffected grassland to avoid potential legacy effects on N3O
fluxes of the prior excreta residues. To maintain chamber measurement
integrity, soil moisture was only recorded outside of the chambers at
0.05 m soil depth with the Decagon 5TM sensors every 5 min to repre-
sent the soil moisture across all treatments.

2.2. Data collection of excreta N2O EF in tropics

Peer-reviewed publications were collected by searching Scopus with
the keywords “urine” or “dung” or “excreta” and “N,O” and “soil” from
1990 to August 2020. From these publications, only field studies from
the tropics and subtropics were included. Including this study, we found
20 studies that reported N2O emissions from excreta deposition onto
tropical pastures, with a total of 170 measurements, including 14 studies
with 85 measurements on cattle dung, 16 studies with 68 measurements
on cattle urine, 2 studies with 3 measurements on sheep dung, and 2
studies with 14 measurements on sheep urine (Supplementary material
Fig. S1). Although 7 studies had observations for less than the 30 days
recommended by the IPCC, we still kept those in our dataset due to the
limited number of available field studies. The climate for the different
tropical study sites was classified as “wet” if annual precipitation
exceeded 1000 mm and dry if the annual precipitation was less than
1000 mm, as per the IPCC 2019 refinement (Kristell et al., 2019).

2.3. Data analyses
Differences between seasons in the properties (e.g. water content, C

and N concentration and C/N ratio) of the fresh dung and the urine N
concentrations were tested using a one-way ANOVA with Tukey’s HSD
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Table 1
Dung and bioslurry water content, carbon and nitrogen concentrations, and urine N concentration applied to grassland at the International Livestock Research Institute
near Nairobi, Kenya.

Period Season Type Dung, bioslurry and urine property parameters
Water content (%) Ceone (& kg'1 DM) Neone (8 kg'1 DM/g L'hH C/N ratio
2017.04.11-2017.05.18 Wet season Dung 77.1 +1.2a 405.3 + 0.5a 10.5 £ 0.2a 38.6 + 0.7a
Bioslurry 83.8 +3.2b 367.6 + 3.6b 19.6 + 0.4b 18.8 + 0.4b
2017.06.01-2017.07.04 Transition period Dung 78.7 +£ 2.9a 408.1 + 0.5a 12.3 £+ 0.5a 33.3+1.2a
Bioslurry 85.4 + 2.2b 369.9 + 0.1b 20.9 + 0.2b 17.7 £ 0.2b
2017.07.17-2017.08.24 Dry season Dung 81.9 + 0.3a 368.5 + 2.5a 17.7 £ 0.3a 20.8 £+ 0.5a
Bioslurry 90.2 + 0.0b 359.4 + 3.5b 21.9 £ 0.6b 16.5 + 0.6b
2018.05.20-2018.09.04 Wet season Urine 4.43 £+ 0.30A
2019.09.20-2019.11.30 Dry season Urine 5.65 + 0.11B

Note: Values are mean =+ 1 standard deviation (n = 3); Different lowercase letters indicate significant differences between dung and bioslurry properties within each
season and different uppercase letters indicate significant differences for urine N concentration among seasons (P < 0.05). DM: dry matter.
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Fig. 1. The N,O-N fluxes over time as affected by additions of different amounts of dung or bioslurry to grassland during the wet season, along with the temporal
dynamics of mean daily soil moisture at 0.05 m depth (b) and air temperature and the daily precipitation (c) at the study site. Each flux value represents the mean of
three chambers (+SE), with fluxes observed in six hour time intervals. Dotted vertical lines indicate application of the excreta.

test. Differences in NoO EFs between the dung quantities or urine vol- 2019). A linear regression analysis between dung/urine EF and excreta
umes were tested with a two-way ANOVA using treatment (e.g. quantity application rates, N concentration and soil pH was conducted with
or volume) and season as fixed factors. Differences between seasons in Sigmaplot 12.5 (Systat Software, Inc. SigmaPlot for Windows).

the N2O EF for cattle urine and dung from the synthesized data were also
tested using one-way ANOVA with Tukey’s HSD test. All data were
tested for normality using Shapiro-Wilk and were log-transformed when
necessary. All statistical calculations were done in R v3.5.3 (R core team,
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Fig. 2. The N,O-N fluxes over time as affected by additions of different volumes of urine to grassland during the wet season, along with the temporal dynamics of
mean daily soil moisture at 0.05 m depth (b) and air temperature and the daily precipitation (c) at the study site. Each flux value represents the mean of three
chambers (+SE), with fluxes observed in six hour time intervals. Dotted vertical lines indicate application of the excreta.

3. Results
3.1. Feed diet effects on dung and urine property

We only report significant differences except when explicitly stated
otherwise. Results of the ANOVA analysis can be found in Table 1. In our
study, chemical composition of the dung was different between seasons,
with lower N concentrations (10.5 + 0.2 g kg™! dry matter) and higher C/
N ratios (38.6 £ 0.7) in the wet season, while N concentrations were
higher (17.7 £ 0.3 g kg'1 dry matter) and C/N ratios lower (20.8 + 0.5)
in the dry season. The urine N concentration was also lower during the
wet seflson (4.43+0.30gN LY than during the dry season (5.65 + 0.11
gNL?.

3.2. Effect of excreta additions on soil N2O fluxes

In our experiment, the dung application treatment had no measur-
able impact on soil N3O fluxes across all three trials (application rates
from 48 to 192 kg N ha'l) as all observed N5O fluxes were similar to the
control. Instead, N2O fluxes were related predominantly to rainfall
events (Fig. 1, S8 and S9). The N2O EFs ranged from 0.00% to 0.03% for

the dung applications, with no detectable effect of dung quantity across
all three periods (P > 0.05). Although small increases in soil N3O fluxes
were observed after bioslurry application, the NoO EFs of bioslurry were
similar to those of the dung patches (Fig. 1, Supplementary material
Table 1).

In contrast, the urine application, with application rates from 89 to
452 kg N ha'l, increased N,O fluxes during both the dry and the wet
season (Fig. 2, S10). The highest NoO flux during the wet season
(594 pg NoO-N m? h) was almost six times larger than that observed
during the dry season (108 ug NoO-N m™2 h'!). The N,O fluxes were also
stimulated by heavy precipitation (Fig. 2, S10). Urine patch NoO EFs
were similar across the different volumes. Consistent with the pattern
observed for emissions, the N2O EFs was higher when urine was applied
during the wet season (0.22-0.40%) compared to the dry season
(0.04-0.07%, P = 0.001, Supplementary material Table 2).

3.3. Summary of excreta-derived N2O emissions in tropical regions

The synthesis of published data from tropical and subtropical regions
showed that the N application rate for cattle dung patches ranged from
49 to 1300 kg N ha'l, with a mean of 303 kg N ha! and 85% of the
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Number, reference, year published, location, observation period, excreta type, N application rate and N,O emission factors of available studies that investigated N,O

emissions from excreta applied to tropical rangelands.

No. Reference Year Location Observation period (days) Excreta type N application rate (kg N ha™) N0 emission factor (%)
1 This study 2020 Kenya 31 Cattle dung 48-226 -0.01-0.03
68-104 Cattle urine 89-452 0.04-0.40
2 Sordi et al. (2014) 2014 Brazil 90 Cattle dung 52-188 0.09-0.40
Cattle urine 89-392 0.10-0.45
3 Mazzetto et al. (2014) 2014 Brazil 30 Cattle dung 1300 -0.00-0.02
4 Lessa et al. (2014) 2014 Brazil 37-94 Cattle dung 171-188 0.00-0.16
Cattle urine 267-421 0.01-2.55
5 Cardoso et al. (2016) 2016 Brazil 14 Cattle dung 147-294 0.15-0.21
43 Cattle urine 329-658 2.43-4.90
6 Pelster et al. (2016) 2016 Kenya 28 Cattle dung 197-352 0. 04-0.36
Cattle urine 69-71 0.64-1.39
7 Tully et al. (2017) 2017 Kenya 60-63 Cattle dung 240 0.00-0.04
Cattle urine 1090 0.05-0.21
8 Simon et al. (2018) 2018 Brazil 60-68 Cattle dung 516-562 0.04-0.23
Cattle urine 176-256 0.19-0.45
9 Zhu et al. (2018) 2018 Kenya 25-29 Cattle dung 49-131 -0.01-0.01
10 Cardoso et al. (2019) 2019 Brazil 105 Cattle dung 164-280 0.15-0.58
Cattle urine 440 0.32-1.20
11 Rivera et al. (2019) 2019 Colombia 26 Cattle dung - 1.37-1.77
Cattle urine - 0.30-3.47
12 Zhu et al. (2020) 2020 Kenya 25-73 Cattle dung 270-393 0.00-0.20
39-73 Cattle urine 715-807 0.01-1.36
13 Bretas et al. (2020) 2020 Brazil 78-89 Cattle dung 665-837 0.00-0.06
Cattle urine 102-403 0.04-0.39
14 Zhu et al. (2020) 2020 Kenya 42-59 Cattle dung 90-132 0.02-0.12
Cattle urine 61-81 0.03-0.25
15 Barneze et al. (2014) 2014 Brazil 30 Cattle urine 859 0.20
16 Mazzetto et al. (2015) 2015 Brazil 30 Cattle urine 360 0.08-0.38
17 Byrnes et al. (2017) 2017 Colombia 29 Cattle urine 1230 0.00-0.07
18 Chirinda et al. (2019) 2019 Nicaragua 20 Cattle urine 464 0.37-1.23
Colombia 10-20 112-789 0.01-0.46
Brazil 20 619 0.48-0.72
Argentina 20 546 0.02
19 Tomazi et al. (2015) 2015 Brazil 39 Sheep dung 13 0.06
Sheep urine 161-403 0.22-0.31
20 Bastos et al. (2020) 2020 Brazil 40 Sheep dung 76-81 0.01-0.05
Sheep urine 96-478 0.06-0.34

values <500 kg N hal (Table 2). The N application rate for urine
patches ranged from 61 to 1230 kg N ha'!, with a mean application rate
of 436 kg N ha! and 66% of the values <500 kg N ha'l. Dung N,O EFs
ranged from —0.01 to 1.77%, while urine N5O EFs ranged from 0.00% to
4.90%. There was no detectable relationship between N application
rates or urine N concentrations and NO EFs (P > 0.05, Supplementary
Figs. S2-5). However, a positive linear correlation was found between
dung N concentration and dung N,O EF (P = 0.0003, Supplementary
52).

The mean (+1 standard deviation) N2O EFs (%) for cattle dung and
urine on tropical pastures were 0.14 & 0.03 and 0.48 + 0.03, respec-
tively. Following climatic division as per the IPCC 2019 refinement, the
cattle dung N,O EFs (%) were 0.11 £ 0.04 in dry climates and
0.13 £ 0.15 in wet climates, while for cattle urine the EFs were
0.41 + 0.14 for dry and 0.65 + 0.16 for wet climates (Fig. 3). However,
the mean cattle dung and urine N,O EFs (%) were considerably lower in
SSA (0.05 £+ 0.01 and 0.32 + 0.09 for dung and urine, respectively)
compared to LAM (0.23 &+ 0.07 and 0.67 + 0.16 for dung and urine,
respectively). The mean N2O EFs (%) for sheep were 0.04 + 0.03 for
dung and 0.23 + 0.09 for urine with both studies conducted in Brazil
(Table 2, Fig. 3).

4. Discussion
4.1. Influence of excreta chemical composition and excreta N partitioning
Animal diet, which substantially differs between dry and wet seasons

in tropical regions (Onyango et al., 2019), is known to influence the
urine and dung N concentrations (Dijkstra et al., 2013). Feed quality and

quantity also influences the amount of dung and urine excreted per
dropping, as well as the total N excretion per animal. A cattle feeding
trial in Kenya where animals were fed at or below their maintenance
energy requirements reported that daily urine volume was positively
correlated with feed intake while the urine N concentration remained
unchanged, resulting in greater total urine N excretion with increased
feed levels (Wassie et al., 2019). They also found that the N excretion via
dung increased with increasing feed intake due to greater total daily
dung excretion rates and higher dung N concentrations (Wassie et al.,
2019; Zhu et al., 2018).

Greater N intake also increases the proportion of N excreted as urine
compared to dung (Dijkstra et al., 2013). As the urine N,O EFs are
generally higher than the dung N,O EFs (Cai and Akiyama, 2016),
developing disaggregated N,O EFs for urine and dung is recommended.
Indeed, the IPCC 2019 refinement uses disaggregated N,O EFs for urine
and dung along with a fixed value for N partitioning between urine and
dung of 66:34. The protein- and energy-rich cattle diets typically found
across the “Global North”, where diets are tailored to maximize animal
productivity, causes the N split between urine and dung to be about
60:40 (Chadwick et al.,, 2018). In Brazil this ratio ranges from
60:40-50:50 (Lessa et al., 2014), whereas the urine-N: dung-N ratio in
SSA is estimated to be near 40:60 (Rufino et al., 2006) due to the overall
low nutritional value of feeds and frequent episodes of feed scarcity e.g.
during dry seasons in SSA. There, urine-N: dung-N ratios as low as 13:87
were reported from cattle fed on wheat straw hay (Korir et al., 2016),
and 33:67-50:50 from cattle fed on Rhodes grass hay at different
metabolic energy requirements (Wassie et al., 2019). Therefore, to more
accurately estimate excreta NoO emissions, not only are separate dung
and urine N3O EFs required, but also the total amount of N excreted via
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Fig. 3. N,O emission factors for different cattle and sheep excreta types applied to tropical grassland under dry or wet climates in previous as well as our studies.
Note: The horizontal lines indicate the Intergovernmental Panel on Climate Change 2019 Refinement default values for NoO EFs from cattle urine and dung under dry

or wet climate.

the urinary or dung pathway. Since the application rates of dung and
urine in our experiments had no measurable effect on N,O EFs, annual
excretion rates should be sufficient to determine emissions.

To our knowledge, our study is the first examining the effect of
bioslurry additions to tropical rangelands on NyO emissions. However,
this is an important feature as there is a strong push by development
agencies to motivate smallholders to install biogas plants with the
number of small-scale biogas plants in Kenya estimated to be 16,419
(Muturi et al., 2021). Farmers who have small scale biogas plants usually
spread the slurry to adjacent pasture (Smith et al., 2014). The EFyy0 we
found for bioslurry were comparable to those we found for dung patches
(Supplementary Material Table 1), which could be ascribed to the quick
drying due to the relative low humidity and high solar radiation in
Kenya (Zhu et al., 2018). In addition, urine volume did not influence the
urine N»O EFs which was in contrast with a study in Brazil (Sordi et al.,
2014). This could be because of the higher ammonia volatilization and
higher leaching from greater urine application rates (Zhu et al., 2020b).

4.2. Application time and soil effect on excreta N2O EFs

From the synthesized data, we did not find that N,O EFs were always
related to seasonality. This is inconsistent with our field study, which
showed higher urine N»O EFs in wet season compared to the dry season.

More precipitation in the wet season may favor N,O production via
increasing soil moisture (Marsden et al., 2016), however more precipi-
tation may also lead to higher NOg3™ leaching and higher rates of com-
plete denitrification, thus decreasing N»O production (Zhu et al.,
2020b). Therefore, measurements with high temporal resolution in both
dry and wet seasons are essential to evaluate annual N2O emissions.
No significant relationships were detected between excreta N2O EFs
and soil pH (Supplementary material Figs. S6-7). However, soil type is
often overlooked as an important component for differences in excreta
N-O EFs, especially for urine. Zhu et al. (2020a) reported that although
the dung N»O EFs were similar across five different soil types, the urine
N0 EFs for those same five soil types ranged from 0.01% to 0.29%
during the dry season and 0.12-1.36% during the wet season, which
were attributed to differences in soil clay content and pH. Kelliher et al.
(2014) also suggested disaggregating urine and dung N»O EFs based on
the terrain, as lower NoO EFs were found under soils in terrain with
slopes >12°. Although Van der Weerden et al. (2011) found inconclusive
relationships between N2O emissions and soil drainage class (well vs.
poor) in New Zealand, they suggested that drainage classes should be
considered when calculating national N,O inventories due to the large
variation in N2O EFs across drainage classes. Unfortunately, most of the
studies that estimated excreta N2O EFs were only conducted on a single
soil type, with many of these studies lacking basic soil information such
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as clay content. In the future, experiments on diverse soils with specific
soil descriptions are necessary to further reduce uncertainties in excreta
N,O EFs that can be used to improve national N,O inventories.

4.3. Comparison with IPCC estimates and results from temperate regions

The IPCC 2019 refinement distinguishes between wet and dry
climate but without separating tropical and temperate regions. How-
ever, excreta NoO EFs are generally lower in tropical regions compared
to temperate regions (Zhu et al., 2020b; Lessa et al., 2014). This may
create a bias for overestimation of excreta N2O emissions in tropical
regions due to the limited number of available observations (9 studies
for tropical versus 116 studies for temperate regions). Consistent with
this, the mean N3O EFs for cattle dung (0.14%) and cattle urine (0.48%)
based on the 153 observations in our study were lower than the values of
0.28% (cattle dung) and 0.76% (cattle urine) reported by Cai and
Akiyama (2016), which included only five studies from tropical regions.
However, the values we found were consistent with the values given in
the IPCC 2019 refinement. The two sheep excreta studies were both
conducted under wet climate with the mean NoO EFs for sheep urine
(0.23% vs. 0.39%) lower, while the mean N2O EFs for sheep dung
(0.04% vs. 0.04) were in line with values for wet climate given in the
IPCC 2019 refinement (Kristell et al., 2019).

However, we found that dung N,O EFs in SSA were one magnitude
lower than those reported for LAM, while urine NoO EFs in SSA were
50% lower than in LAM, which might be due to differences in excreta
chemistry (Bertram et al., 2009), soils (Zhu et al., 2020a), plant com-
munity (Simon et al., 2019) or climatic conditions (Chadwick et al.,
2018). Based on the 14 studies from LAM and 6 studies from SSA, the
IPCC 2019 refinement may be representative for certain tropical areas
such as Australia and Brazil, however more data are needed for SSA as
the EFs from excreta on pasture in SSA were inconsistent with other
tropical areas and the IPCC refinement. In addition, studies investigating
the effects of climate, soil, animal type (cattle vs. sheep) and excreta type
(dung vs. urine) on N5O EFs should be conducted in different production
systems across SSA, ranging from pastoral low-input systems in arid and
semi-arid areas to (relatively) high-intensity dairy systems in the more
humid highlands.

5. Conclusion

Through our field study, we determined that the N,O EFs for dung
and urine patches from cattle deposited onto grasslands were not
affected by dung mass or urine volume. In our synthesis of observations
from tropical regions in SSA and LAM, we found that excreta N2O EFs
were in line with the values provided in the recent IPCC 2019 re-
finements. However, NoO emissions from excreta patches in SSA may
still be overestimated by the IPCC refinement as the EFs were substan-
tially lower than those for LAM. In addition, the large variation among
N-O EFs highlights that to better estimate N2O emissions from livestock
excreta, other parameters (e.g. soils, vegetation, etc.) should also be
considered. Finally, when determining national inventories of N,O
emissions from livestock excreta, it is crucial to include not only the
disaggregated EFs for dung and urine, but also an appropriate measure
of how N is partitioned between urine or dung as the proportion of N
excreted appears to be quite different between SSA and other regions.
This indicates that more studies are required in SSA that determine the
relative proportions of N excreted as urine and dung and/or uses proxies
to determine N excretion rates such as intake measurements, or live-
weight gain measurements etc.
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