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Extended Abstract

Due to improved living conditions and health provision, countries in East Africa experience
rapid population growth and consequently a rising demand for food and nutrition [1]. To ensure
food and nutrition security, an increase in the productivity of livestock products such as milk, meat
or eggs is urgently required in this region. In addition, rural household income in East Africa (and
most of sub-Saharan Africa), which are dominated by smallholder (<2 ha) farming systems,
depends on livestock production (40-55 % contribution to household income and 26 % to dietary
protein intake) [2]. These smallholder farmers supply >75 % of livestock products in the region
[3]. In areas that are dominated by mixed crop-livestock systems, 50 % of the agricultural workforce
are employed in the livestock sector, while in extensive drylands this figure can even exceed 90 %
[1]. Thus, intensification of livestock productivity is not only important to ensure food and
nutritional security, it also provides an important opportunity to improve smallholder farmers
livelihoods.

At the same time, livestock manure is of great value as organic fertilizer for smallholder
vegetable and crop production. However, this manure is also a source of greenhouse gases (GHGs)
including nitrous oxide (N2O), which has a global warming potential 298 times larger than that of
carbon dioxide (CO,) calculated over a 100-year period on a per mass basis and which also leads
to stratospheric ozone (O;) depletion [4]. In developing countries, livestock-related GHG
emissions may contribute > 70 % of total agricultural GHG emissions [5]. Furthermore, because
productivity in these countries is often low, GHG emission intensities (i.e. GHG emissions scaled
per unit of product) are much higher compared to those from animal production systems in
developed countries [6]. Therefore, methods for sustainable intensification of existing livestock
systems (e.g. via improved manure management) that target improving food security as well as
adaptation to and mitigation of climate change are urgently needed for East Africa.

Storage, management and application of animal manures are major contributors to N>O
emissions from livestock farming and are estimated to be responsible for 25 % of total GHG
emissions from the agriculture, forestry and land-use (AFOLU) sector [5]. However, the numbers
reported in national GHG inventories of East African countries are almost exclusively based on
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IPCC Tier 1 emission estimates, which use default emission factors (EFs) to scale GHG emissions
from different sources in the agricultural sector to the national level [7,8]. The major caveat of this
approach is that the currently available EFs were largely generated in developed countries and
consequently reflect the characteristics of highly-industrialized farming operations such as high-
producing animal breeds, year-round availability of high-quality animal feeds, and a high degree of
mechanization. In East African smallholder farms, however, most of the on-farm work is based on
manual labour, animals are mostly local, indigenous breeds, and animal feed is often of poor quality
and not always available in sufficient quantities throughout the year [9]. Taken together, these
factors affect the processes underlying GHG formation from animals and subsequently manure,
and as a result, EFs that were developed for industrialized farming systems may not adequately
represent the situation of East African smallholder farms. Thus, baselines of livestock GHG
emissions in East Africa are most likely biased, which in turn could invalidate potential GHG
mitigation practices. Given the projected growth of the livestock sector in East Africa and the
commitment of East African countries (via National Determined Contributions — NDCs) to
accurately report their national GHG emissions and sequentially to reduce these following the Paris
Climate Agreement and the Sustainable Development Goal (SDG) 13 “Combat Climate Change”,
accurate Tier 2 baseline GHG emission estimates from smallholder farmers are necessary.

To close this knowledge gap, three experiments quantifying N>O emissions originating from
common manure management practices using local breeds and feeds representative for East Africa
were conducted at ILRI’s Mazingira Centre in Nairobi, Kenya. In the first experiment (1), an animal
feeding trial using local Boran (Bos indicus) steers between 1-2 years old was conducted, where
animals were fed one of three diets covering different levels of animal metabolic energy
requirements (MERs). The levels tested were: 120 % MER (representative of the rainy season,
where feeds are available in sufficient quantity and animals are growing), 100 % MER (intermediate
treatment, animals are neither gaining nor losing weight), and 60 % MER (representing feed
shortage as often occurring during the dry season, when animals lose weight). Animals were housed
in individual pens, from which fresh manure was collected in the mornings and piled into heaps
over a period of 7-10 days, until a heap size of 100 kg fresh manure (fresh weight — FW) was
reached. N>O fluxes were measured daily during the first 100 days and then three times per week
for another 40 days using static opaque GHG chambers of 1 m’ size that covered the entire heap.
Gas samples were taken at 0, 4, 8, 12 and 24 minutes after chamber closure and were analysed
directly after sampling in the laboratory by gas chromatography [10]. Following laboratory analysis,
N2O emissions were calculated by the concentration change over time and corrected for pressure
and temperature using the ideal gas law [11].

Manure N>O emissions were low at the start of the experiment but increased five days after
reaching the full size of the manure heap and remained elevated for more than 35 days, after which
they returned to baseline levels. Cumulative N>O emissions (mean & SE) over the 140-d experiment
were significantly lower in the 100 % and 60 % MER treatments compared to 120 % MER,
reaching 105.4  16.0 (120 % MER), 47.8 + 11.3 (100 % MER), and 35.7 + 5.6 mg N,O-N kg DM
(60 % MER). This was likely caused by lower nitrogen (N) concentrations and higher C/N ratios
in manure of the below-MER treatments. Emission factors (% manure-N that is emitted as N>O-
N within the duration of our measurements) were 0.58 £ 0.11 % (120 % MER), 0.35 + 0.10 %
(100 % MER), and 0.31 £ 0.06 % (60 % MER), the last two being lower than the IPCC default
factor for solid manure storage of 0.5 % [7].
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The second experiment encompassed a similar animal feeding trial using Boran steers with the
difference that the animals were fed ad /ibitum on one of three tropical forage grasses that are
commonly available in East Africa: Napier grass (Pennisetum purpurenm), Rhodes grass (Chloris
gayana), and Brachiaria grass (Brachiaria brizantha cv. Xaraés). Similar to the first experiment, fresh
manure was incubated in heaps of 100 kg FW, and N>O was measured over a period of 140 d.
Cumulative N>O fluxes over the course of the observation period were 46.9 £ 1.1 (Brachiaria),
47.5 £ 12.8 (Rhodes), and 75.3 £ 9.1 mg N.O-N kg' DM (Napier). Emission factors were similar
among treatments, averaging 0.49 = 0.07 %, which is in line with the IPCC default EF for solid
storage (0.5 %).

In the third experiment, reported elsewhere [10], manure was collected from local (Boran) and
imported (Friesian, Bos faurus) steers, and 1 kg of manure FW was deposited on pasture,
representing an average manure deposition event of a grazing animal. N>O emissions were
measured for 28 days after deposition, with manual irrigation 1-2 weeks after application, and this
was repeated three consecutive times. N>O emissions from deposited manure were low and only
peaked after rewetting events. Cumulative manure N>O emissions from Boran (2.3 * 1.6
mg N>O-N kg FW) and Friesian (5.9 * 3.1 mg N,O-N kg FW) were not significantly different,
and N>O EFs were much lower (0.1 % for Friesian and 0.2 % for Boran manure) than the IPCC
default EF for manure deposited on pasture (2 %) [7]. This can — similarly to experiments 1 and 2
— be attributed to low manure quality (C/N of 45.3 + 2.4 for Friesian and 45.5 £ 2.1 for Boran).

In summary, our measured zz-situ values show that the default IPCC N»O EFs for solid manure
storage and manure deposition on pasture might be too high to represent East African farming
systems. The predominant reason for lower N>O emissions and N,O EFs are likely the low manure
C/N values occurring due to feeding of animals on poor-quality diets and reduced feed availability
during dry seasons [12]. Thus, default EFs overestimate manure-derived N>O emissions from East
African countries that experience similar conditions as simulated in these trials, calling for an update
of the IPCC EFs for solid stored livestock manure within this region [13]. These updated Tier 2
EFs as presented in this study should also consider different livestock farming systems (e.g. mixed
crop-livestock systems, pastoral grazing systems), feed and forage types, feed availability, and agro-
ecological zones in the future to increase the robustness of region-wide GHG emission estimates
from livestock farming and to identify evidence-based mitigation strategies.

Acknowledgment:

We acknowledge the CGIAR Fund Council, Australia (ACIAR), Irish Aid, European Union,
International Fund for Agricultural Development (IFAD), Netherlands, New Zealand, UK,
USAID and Thailand for funding to the CGIAR Research Program (CRP) on Climate Change,
Agriculture and Food Security (CCAES) and the CRP on Livestock, Environmental Flagship.
Moreover, this study became only possible due to the availability of the analytical capacity within
the Mazingira Centre, International Livestock Research Institute (ILRI), Nairobi Kenya. Further
support was received from the German Federal Ministry for Economic Cooperation and
development (BMZ), and the German Technical Cooperation (GIZ) under the project “In situ
assessment of GHG emissions from two livestock systems in East Africa—determining current
status and quantifying mitigation options” and the “Programme on Climate Smart Livestock -
PCSL”. Donal Ring acknowledges the support of the Trinity College Dublin Masters in

SPONSORED BY THE

* Federal Ministry
& of Education E D
and Research
BETTER POLICIES FOR BETTER LIVES
[ S\

Karlsruhe Institute of Technology



Proceedings of the workshop on “Climate change, reactive nitrogen, food security and sustainable agriculture”
15-16 April, 2019 Garmisch-Partenkirchen, Germany

Developmental Practice programme. Sonja Leitner acknowledges travel and accommodation
support from the OECD to attend the workshop in Germany.

Accreditation: This paper was given at the workshop on Climate Change, Reactive Nitrogen,
Food Security and Sustainable Agriculture which took place in Garmisch-Partenkirchen, Germany,
on 15-16 April 2019, and which was sponsored by the OECD Co-operative Research Programme:
Biological Resource Management for Sustainable Agricultural Systems whose financial support
made it possible for the author to participate in the workshop.

OECD disclaimer

The opinions expressed and arguments employed in this paper are the sole responsibility of the
authors and do not necessarily reflect those of the OECD or of the governments of its Member
countries.

References:

1. FAO: Statistical Yearbook 2014. Africa food and agriculture. 2014.

Herrero M, Thornton PK, Gerber P, Reid RS: Livestock, livelihoods and the
environment: understanding the trade-offs. Curr Opin Environ Sustain 2009, 1:111-120.

3. Herrero M, Thornton PK, Power B, Bogard JR, Remans R, Fritz S, Gerber ]S, Nelson G,
See L, Waha K, et al.: Farming and the geography of nutrient production for human
use: a transdisciplinary analysis. Lancet Planet Heal 2017, 1:e33—e42.

4. IPCC: Climate Change 2013: The Physical Science Basis. Contribution of Working Group 1 to the
Fifth Assessment Report of the Intergovern- mental Panel on Climate Change. Cambridge University
Press; 2013.

5. Tubiello FN, Salvatore M, Golec RDC, Ferrara A, Rossi S, Biancalani R, Federici S, Jacobs
H, Flammini A: Agriculture , Forestry and Other Land Use Emissions by Sources
and Removals by Sinks. 240 Stat Div Work Pap Ser 2014, 2:ESS/14-02.

6. Herrero M, Thornton PK: Livestock and global change: emerging issues for
sustainable food systems. Proc Nat/ Acad S¢i U §' A 2013, 110:20878-81.

7. IPCC: 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Chapter 10:
Emissions from livestock and manure management. 2006, Volume 4.

8. IPCC: 2079 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.
IPCC-49; 20109.

9. Ndung’U PW, Bebe BO, Ondiek JO, Butterbach-Bahl K, Merbold L, Goopy JP:
Improved region-specific emission factors for enteric methane emissions from
cattle in smallholder mixed crop: Livestock systems of Nandi County, Kenya. Az
Prod $¢i 2018, 59:1136-1146.

10.  Pelster DE, Gisore B, Goopy J, Korir D, Koske JK, Rufino MC, Butterbach-Bahl K:
Methane and Nitrous Oxide Emissions from Cattle Excreta on an East African
Grassland. | Environ Qual 2016, 45:1531.

11.  Metcalfe DB, Meir P, Aragio LEOC, Malhi Y, da Costa ACL, Braga A, Gongalves PHL,
de Athaydes J, de Almeida SS, Williams M: Factors controlling spatio-temporal
variation in carbon dioxide efflux from surface litter, roots, and soil organic matter

SPONSORED BY THE

* Federal Ministry
& of Education E D
\ and Research

BETTER POLICIES FOR BETTER LIVES
[ S\

Karlsruhe Institute of Technology



Proceedings of the workshop on “Climate change, reactive nitrogen, food security and sustainable agriculture”
15-16 April, 2019 Garmisch-Partenkirchen, Germany

at four rain forest sites in the eastern Amazon. | Geophys Res Biogeosciences 2007, 112.

12.  Onyango AA, Dickhoefer U, Rufino MC, Butterbach-Bahl K, Goopy JP: Temporal and
spatial variability in the nutritive value of pasture vegetation and supplement
feedstuffs for domestic ruminants in Western Kenyas for domestic ruminants in
Western Kenya. Asian-Australasian | Anim Sei 2018, 32:637-647.

13.  IPCC: 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Chapter 11:
N20O Emissions From Managed Soils, and CO2 Emissions From Lime and Urea
application. 2006, Volume 4.

SPONSORED BY THE

AUT @ @) OECD
B\

BETTER POLICIES FOR BETTER LIVES

Karlsruhe Institute of Technology



