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Abstract

The global agriculture of today is to a high degree dependent on mineral fertilisers that
through a constant accumulation of nitrogen (N) and phosphorus (P) in the biosphere con-
tribute to greenhouse gas emissions and eutrophication of water bodies. At the same time,
agricultural productivity around the world is largely constrained by low inputs of plant nutri-
ents. Increased nutrient recovery from organic wastes and livestock and human excreta is
needed to sustain soil fertility and ensure food security within the planetary boundaries. In
this study, the resource management in Ethiopian farm households (hhs) has been studied to
assess to what extent N, P and organic carbon (OC) could be recirculated to farmland from
local farm household resources and wastes. The study included 15farm hhs divided into three
different socio-economic groups in the village of Bolo Silasie in central Ethiopia. The data
collection was done through interviews, collection and weighing of waste fractions and lab
analyses of total N, total P and OC for the most important farm resources and wastes. To
understand the dynamics of nutrient accumulation and losses in the farm system, the data was
analysed using material flow analysis (MFA). Additionally, 24 fields belonging to the study
hhs were sampled and analysed to assess their current soil status in the village. It was found
that although livestock are crucial components in the local farming system, only 19% of the
manure is returned to the fields through compost application. Finding an alternative to the
current use of manure as stove fuel was identified as the intervention with the highest poten-
tial for increased nutrient and organic matter recovery. Utilization of livestock urine and hu-
man excreta as well as improved management of compost could also make significant con-
tributions to improved nutrient recovery. Depending on resource recovery ambition, local
resources could supply up to 50 kg N and 12 kg P ha' y. This should be compared to the
current use of mineral fertilizers of 51 kg N and 26 kg P ha! y1. Today, however, many hh
resources and wastes have an alternative use, and any intervention in the management system
must be considered together with its social, practical and ecological implications. The three
socio-economic groups were found to face different challenges and opportunities in nutrient
recycling, mainly related to differences in access to livestock. This study hence suggests that
research and advisory around local plant nutrient management should pay greater to socio-
economic factors influencing hh resource and waste management.

Keywords: Nutrient recovery, manure management, ecological sanitation, ma-terial flow
analysis, East African agriculture



Sammanfattning

Idag &r det globala jordbruket i stor utstrdckning beroende av mineralgddselmedel som ge-
nom en konstant ackumulation av kvave (N) och fosfor (P) i biosféren bidrar till véxthusgas-
utslapp och 6vergddning. Samtidigt ar produktiviteten i jordbruket pa manga hall i varlden
begransad av lag tillférsel av vaxtnaringsamnen. En 6kad aterforsel av véaxtnaringsamnen
fran organiskt avfall, godsel och mansklig avforing behdvs for att uppratthalla bordiga jordar
och sékerstalla en tryggad livsmedelsforsorjning inom planetens ekologiska gréanser. | den
har studien har resurshantering i etiopiska jordbrukshushall studerats for att undersoka i vil-
ken utstrackning N, P och organiskt kol (OC) skulle kunna aterféras till jordbruksmarken
fran lokala resurser och avfall. Studien har inkluderat 15 jordbrukshushall fran byn Bolo Si-
lasie i centrala Etiopien som i delades in i tre socio-ekonomiska grupper. Datainsamlingen
gjordes genom intervjuer, insamling och vagning av avfall och labbanalyser av total -N, total-
P och OC i de viktigaste resurs- och avfallsfraktionerna. For att forstd dynamiken kring ack-
umulering och forluster av naring i hushallssystemet analyserades datan med materialflo-
desanalys (MFA). Tjugofyra falt tillhorande studiehushéllen provtogs and analyserades for
att undersoka den nuvarande marknaringsstatusen. I studien framkom att fastan djurhallning
ar en viktig komponent i det lokala jordbrukssystemet sé aterfors bara 19% av allt gédsel och
inget alls av djururinen till falten i form av medvetet spridd godsel. Att hitta alternativ till
den nuvarande anvéndningen av gddsel som brénsle i matlagning identifierades som den for-
andring som har hogst potential att oka aterforseln av néring till 3kermarken. Utnyttjande av
djururin, humanurin och humanfekalier, liksom en forbattrad komposthantering skulle ocksé
innebara betydande bidrag till en 6kad naringsaterforsel. Beroende pa ambition kan lokala
resurser bidra med upp till 50 kg N och 12 kg P ha ar! Det kan jamféras med de 51 kg N
och 26 kg P ha't & som idag tillfors via mineralgodselmedel. Idag har dock manga av hus-
héllens resurser och avfall en alternativ anvandning. Vid forandringar i resursanvandning bor
man darfor ta hansyn till vilka sociala, praktiska och miljomassiga implikationer dessa skulle
fa. Det konstaterades att de tre socioekonomiska grupperna star infor olika utmaningar och
mojligheter relaterade till naringsaterforsel, framst pa grund av skillnader i tillgang till bo-
skap. En slutsats av arbetet ar dérfor att forskning och radgivning kring lokal véxtnaringsfor-
sorjning bor agna storre uppmarksamhet at socioekonomiska faktorer som paverkar jord-
brukshushallens resurs- och avfallshantering.

Nyckelord: Naringsaterforsel, godselhantering, ekologisk sanitet, material-flodesanalys,
Ostafrikanskt jordbruk



Popularvetenskaplig sammanfattning

Forestall dig ett vetefalt. For att det véxa bra och ge god skérd behdver vetet néring,
varpa bonden som é&ger faltet kommer godsla det med djurgddsel eller mineralgodsel.
Nar vetet & moget skordar bonden sitt falt, och mycket av den naring som lagts pa akern
foljer med vetet bort fran faltet. Denna naring kommer dock séllan tillbaka, utan tar
vagen forbi manniskor och djur och hamnar sa smaningom i avloppsystem och i naturen
och bidrar sa till bade vaxthusgasutslapp och évergddning. Nar bonden nasta ar pa nytt
ska s sitt vete behdver hon eller han ater godsla sitt falt med naring. For varje ar hamnar
alltsd mer och mer néring dar vi inte vill ha den, medan akrarna varje ar maste fyllas pa
med naring fran annat hall.

Med en vaxande varldshefolkning 6kar den globala efterfragan pa livsmedel. Idag pro-
duceras majoriteten av all mat delvis eller helt med hjélp av mineralgédsel som bryts i
gruvor eller fixeras fran luften i energikravande processer som drivs med fossila brans-
len. Regioner som anvéander mindre mineralgodsel, sdsom subsahariska Afrika, har pa
manga istéllet 1aga skordar vilket lokalt skapar brist pa tillgangliga och naringsrika livs-
medel. En viktig framtidsfraga &r darfor hur vi kan hitta bra sétt att aterfora den néring
som vi en gang hamtat fran jorden genom maten, tillbaka till jordbruksmark dér den ater
kan gora nytta.

Etiopien ar ett land med snabbt véxande befolkning varav 85% lever av jordbruk. Manga
av Etiopiens jordar har i grunden laga nivaer av vaxtnaringsamnen och organiskt kol.
Dessutom saknar manga bonder tillgang till tillrackliga mangder djurgddsel och mine-
ralgodsel vilket gor att skordama pa manga hall ar laga. Den hér studien har undersokt
vilka mojligheter smabonder i den etiopiska byn Bolo Silasie har att atercirkulera orga-
niskt kol och véaxtnaringsamnena kvave och fosfor till sina jordbruksmarker fran resurser
och avfall de redan har tillgang till pa sina egna gardar. Naring och organiskt kol finns
bland annat i djurgddsel, djururin, aska, matrester och ménsklig avforing.

En av de stora utmaningarna i att aterfora naring i ar att manga av resurserna och avfallen
redan har en funktion inom de etiopiska lantbrukshushallen. Djurgédsel, som pd méanga
hall i varlden ar en viktig vaxtnaringskalla, anvéands i Bolo Silasie till exempel som
bransle vid matlagning. De resurser som blir kvar racker inte for att ersatta den néring
som idag tillfors via mineralgodsel, sarskilt svart skulle det vara att ersatta fosforn. Oav-
sett skulle en del av mineralgddseln kunna erséttas, vilket bade skulle bidra till 6kad
oberoende av icke-lokala resurser och ga ett steg langre mot slutna naringskretslopp.
Avfallen fran hushéllen skulle ocksa kunna bidra med organiskt kol, ndgot som jordarna
kring Bolo Silasie &r i stort behov av. | en framtid finns en chans att anvédndandet av
djurgadsel, djururin och mansklig avforing som godselmedel kommer att 6ka pa grund
av okat tryck pa vérldens naringsresurser.
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Wordlist

When lacking established translations, Ethiopian words for units of measurement,
foods and administrative units have been used in this work. A short wordlist is
found below.

Areke Distilled spirit consumed at all kinds of celebrations and
events, typically made at the homestead out of corn, wheat or
barley.

Atella By-product from areke and tella production given to live-
stock as supplementary feed.

Berbere Spice mix of chili pepper, garlic, ginger and numerous local
spices and herbs.

Ebet Fresh cattle manure used for construction and maintenance of
buildings and for threshing pans in the fields.

Fino Cereal bran purchased as animal feed

Fagullo Oilseed cake, industrial by-product used as animal feed.

Gesho Rhamnus prinoides. An herbal species used for tella produc-

tion. Gives taste and has preservative properties, resembling
the function of hops in beer.

Injera Spongy sourdough flat-bread served to nearly all Ethiopian
meals. Made primarily of teff, sometimes adding wheat or
sorghum.

Fug A mixture of straw and manure from donkey, sheep and goat
used as stove fuel

Kebele The smallest administrative unit in Ethiopia comprised by a
few thousands of people

Kubaya One “cup”. Measuring unit somewhat larger than the British
cup (4,5dl).

Kubet Sundried cow dung “cakes” used as stove fuel

Teff Eragrostis tef. Grain species native to the Horn of Africa and
Ethiopia’s most important staple food.

Tella Traditional homebrewed “beer”, in Bolo Silasie made of
roasted corn paste, yeast and gesho.

Timad The main unit for measuring agricultural land. Equals ¥4 ha.

Woreda Administrative unit comprising of several kebeles. Fairly
comparable to a municipality.

Quintal The main unit for measuring yields in Ethiopia, here pro-

nounced kuntal. Equals 100 kg but is also often referred to as
the volume of any product that can fit into a 100 kg cereal
bag.
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1 Introduction

A growing world population and global shifts in food preferences are putting pres-
sure on agricultural productivity. Meanwhile, soils around the world are being de-
pleted in organic matter (OM) and plant nutrients due to poor soil management and
agricultural expansion of marginal land (Bridges & Oldeman 1999). Mineral ferti-
lisers play an important role for the global food production. The constant fixation of
atmospheric nitrogen (N) and outtake of phosphorus (P) from non-renewable mineral
sources however lead to a continual accumulation of nutrients in the biosphere re-
sulting broken geochemical cycles, eutrophication and greenhouse gas emissions
(Steffen et al. 2015). The recirculation of plant nutrients exported from farmland
through harvested biomass is small due to separation of production and consumption
of food, poor manure management and almost none-existing nutrient recovery from
human excreta (Bateman et al. 2011; Mihelcic et al. 2011). To sustain soil fertility
and ensure food security within the planetary boundaries we need an increased un-
derstanding of how plant nutrients can be recirculated back to agricultural land.

Ethiopia is an ecologically diverse, landlocked country in Eastern Africa hosting 110
million people of which 85% base their livelihoods on mainly agricultural activities.
Ethiopia face serious soil fertility challenges such as topsoil erosion, severe depletion
of soil organic matter (SOM) and low nutrient stocks (IFPRI 2010). Due to low in-
puts of both mineral and organic fertilisers there are continuous yearly negative nu-
trient balances on agricultural land and a steady loss of soil fertility (Haileselassie et
al. 2005).

There are several studies assessing soil fertility management opportunities in Sub-
Saharan Africa, including improved manure management (Castellanos-Navarrete
2015; Lekasi et al. 2001; Rufino et al. 2006) and nutrient recovery from human ex-
creta (Andersson 2015; Dickin et al. 2018; Meinzinger et al. 2009). Few studies how-
ever look into smallholder households’ resource management system and systemat-
ically assess the potential of nutrient recovery from manure, human excreta and other
resources and wastes available at the farm level. This study aims to do so, through
empirical data collection and using the methodology of Material Flow Analysis
(MFA) as a tool to visualise and assess how nutrients and OC flows, accumulate and
are lost from the system.

12



2 Aim and research questions

2.1 Aim

This study assesses the flows of nitrogen (N), phosphorus (P) and organic carbon
(OC) associated with resource use in rural Ethiopian households, with the aim to
identify possible interventions for increased nutrient recycling to agricultural land.

2.2 Research questions

e Which are the main resource and waste flows containing plant nutrients
and OC in Bolo Silasie households?

e What interventions in the current resource management system would be
most impactful in their potential N, P and OC recovery?

o To what extent could N, P and OC recovered from resources and wastes
contribute to local soil fertility?

o Is there a relationship between household’s socio-economic status and their
potential and constraints for resource recovery?

13



3 Background

3.1 Global challenges in solil fertility

The concept of fertile land has an almost poetic connotation: generating green, thriv-
ing, high-yielding crops and human prosperity. What builds up soil fertility is how-
ever a complex set of, arguably less poetic parameters including parent material, soil
texture, nutrient stocks, soil depth, absence of toxic and adverse substances and or-
ganisms, a rich soil biofauna, soil organic matter (SOM), water and air permeability
and a relatively neutral pH (Patzel et al. 2000).

This study focuses on chemical soil fertility. Thus, only chemical aspects of soil such
as pH, SOM, cation exchange capacity (CEC) and plant nutrients (Hartemink 2007)
are considered. Chemical soil fertility is said to be declining on a global scale due to
intensified production, decreased inputs of organic soil amendments and enlarged
use of marginal land (Ibid.). Nutrient depletion and loss of SOM undermine agricul-
tural productivity which threatens both livelihoods and global food security. Thus, it
is highly critical to increase the understanding of soil resources and their proper man-
agement.

3.1.1 Aspects of chemical soil fertility

Nitrogen (N) and phosphorus (P) are known as macronutrients, which refers to the
fact that they are required in a substantially larger amount than micronutrients. N and
P are the most common chemical elements in mineral fertilisers, but there are also
four more macro nutrients (K, Ca, Mg and S) and at least nine micro nutrients (Fe,
Mn, B, Mo, Cu, Mg, Zn, Cl and Ni), all essential for a plant’s growth and reproduc-
tion (White & Brown 2010).

Plant roots take up N mainly in the form of ammonia (NH4") and nitrate (NOz). In
the soil N is principally bound to organic compounds that to a certain degree is min-
eralised every season. The SOM content is thus an indicator of soil N stocks, which
determine nitrogen availability over time (Bot & Benites 2005). Mineral forms of
nitrogen are highly mobile in the soil and can easily be lost through volatilization,

14



denitrification and leaching (Serrasolses et al. 1999). Phosphorus dynamics perform
very differently. Although a soil may contain high levels of P, the larger share is
normally present in forms unavailable for plant uptake. Moreover, P that is applied
to a field can be immobilised due to processes of adsorption to clay minerals, pre-
cipitation or transformation to organic forms of phosphorus (Schachtman et al.
1998). The P fixating properties of soils largely depend on soil type and pH (Shen et
al. 2011). Since P is largely bound to soil particles, the element is easily lost in ero-
sion processes (Fraser 1999). Plants take up P in the form of H,PO, and HPO4*
(Schachtman et al. 1998).

Soil organic matter (SOM) can be seen as a reflection of a general soil fertility. Up
to a certain level, a high SOM indicates high microbiological activity, resistance to
erosion and higher infiltration capacity (Horneck et al. 2011). SOM levels in soils
can be increased by incorporation of crop residues, application of manure and per-
ennial lays. Carbon stocks in the agricultural soil are decomposing by oxidization
processes which are augmented by excessive soil tillage (Bot & Benites 2005).

Many chemical processes in the soil are determined by pH, why this is a key param-
eter for understanding soil fertility dynamics. Productive soils around the world
range from pH 4.5 to 8.5, but optimal conditions for most plants are slightly acidic
(pH 6-7) since the availability of plant nutrients is as highest at these conditions
(Duncan 2012).

3.1.2 Broken nutrient cycles

Fertilizing a soil normally refers to adding plant nutrients to the soil, either from
mineral or organic sources. Historically, the main source of plant nutrients in agri-
culture has been animal manure, crop residues or ashes from slash-and burn agricul-
ture (McGrath et al. 2014; Pedroso Junior et al. 2009). The traditional agriculture has
thus been based on the principle of recirculating nutrients taken out from the system
back to the fields.

Since their appearance in the early 20" century, mineral fertilisers have become an
increasingly common source of nutrients in the global agriculture. Mineral fertilizers
have many benefits: They are easy to handle and spread with precision, they do not
smell, and they contain nutrient forms that are directly available to the plants. Today,
many farms are specialized in either livestock or crop production systems, resulting
in a physical and structural separation of the production of manure and the consump-
tion off fertilizers. Much of the rationale of recycling manure from the own farm has
so been lost, and the transport of manure between farms might be both expensive
and labour-intensive (Bateman et al. 2011). There is a large discrepancy in mineral
fertiliser use over the world. Even though the annual growth in mineral fertiliser

15



demand in SSA is the highest in the world, 4.7% yearly compared to the global av-
erage of 1.8% (FAO 2009), Africa accounted for no more than 3% of the global use
of mineral fertilisers in 2013 (FAO 2015).

Mineral fertilisers have together with improved plant varieties, mechanisation and
structural rationalisation of agricultural production been acknowledged as the
groundwork for the huge increases in global agricultural productivity the last half
century (Tilman et al. 2011). From a sustainability perspective, however, mineral
fertilisers undoubtedly also have many potential drawbacks both at the local and the
global scale. Atmospheric N fixation related to production of N-fertilisers is a highly
energy-consuming process. Phosphorus in mineral fertilisers derive mainly from
mining of phosphate rock. Except for being mined in geopolitically controversial
areas it is just as fossil fuels a finite resource (Sutton el al. 2013). With the outtake
rate of today, the estimated global phosphorus reserves will only last another 50
t0100 years (Cohen etal. 2011). The accumulation of N and P in the biosphere driven
by agricultural demand has exaggerated greenhouse gas emission and eutrophication
processes. In comparison with manure, mineral fertilisers contain no organic carbon
and the most common contain only N, P and perhaps K (Bindraban et al. 2015).
Application strategies based only on NPK fertiliser leads in the long run to depletion
of OC, other nutrient deficiencies and restrictions in crop productivity (Ibid.).

Today, it is estimated that half of the world’s population are fed by agricultural based
on mineral fertilisers. Increasing and volatile prices of mineral fertilisers might there-
for threaten food security both locally and globally (Elser et al. 2014). On the other
hand, increased prices might also become an eye-opener for the need for nutrient
recirculation and closed biochemical cycles.

3.2 Options for nutrient recovery in SSA

Cereal yields in SSA have been increasing over the last decades but are still the low-
est in the world, averaging 1.2 t ha™* compared to the developing world mean yields
of 3tha?! (FAO 2009). SSA is also the region in the world with the lowest applica-
tions of mineral fertilisers, only 16 kg ha (World Bank Data 2016). Among farmers
in SSA that do not access fertilisers, the inputs of organic amendments are also re-
ported to be low due to low access to livestock, lack of traditions of organic soil
amendments and alternative uses of manure, among others (Hartemink 2007). Even
though the consumption of mineral fertilisers increases, volatile prices threatens the
accessibility. Many African soils are highly weathered and depleted in SOM and
plant nutrients (Buresh et al. 1997; Giller et al. 1997) why nutrient recovery from
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already available sources could play an important role to improve and secure liveli-
hoods both today and for the future. This section presents three possible pathways
for increased nutrient recovery in SSA, related to livestock manure, human excreta
and household wastes.

3.2.1 Improved management of livestock manure

In SSA, 70-80% of the farms are smallholder farms farming less than two hectares
of land (Lowder et al. 2016). Smallholder farm in SSA are normally based on crop-
livestock integrated production systems but do not necessarily take advantage of the
nutrient recycling potentials of such systems (Mclintire et al. 1992). Livestock can
act as an important importer of nutrients to the farm, both from foraging at off-farm
sites and through purchased feed (Lekasi et al. 2001). Yet, using manure as soil
amendment is not a widespread practice in all localities, and manure management is
often inadequate to maintain good quality (Mclintire 1992). Nitrogen balances in
Eastern Africa are estimated to range from —39 kg N and +29 kg N per Tropical
Livestock Unit (TLU) (Snijders et al. 2009), implying that livestock may have a neg-
ative impact on farm nutrient balances if manure is handled poorly.

Increasing the quantities of nutrients from livestock manure to farmland can, some-
what simplified, be done in three ways: 1) By increasing the manure production (eas-
iest done by increasing numbers of livestock), 2) by increasing the portion of avail-
able manure that is actually added to the fields, and 3) by improving the quality of
manure by reducing nutrient losses in storage and application.

Increasing the numbers of livestock in SSA localities is often restricted by high pop-
ulation and livestock density. There is simply no room for growing more feed, and
often also limited financial resources to purchase feed (Mclintire et al. 1992).

Non-use of manure as a fertiliser can be related to alternative uses of the livestock
excreta, such as biomass for combustion (Mekonnen & Kohlin 2008), lack of means
for manure transport (Mclntire et al.1992) or connected to cultural beliefs. For in-
stance, when studying the manure management in the southern Ethiopian lowlands,
Jagisso et al. (2019) concluded that 74 tons of manure containing 667 kg N had been
accumulated over the years due to local believes that manure application in farmland
would lead to misfortune. Livestock urine is an often-neglected resource which can
be both because of low perceived value in animal urine or lack of knowledge on how
to collect and manage the resource (Lekasi et al. 2003). Other constraints for using
manure and urine as soil amendments mentioned in the literature include lack of
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financial resources to invest in appropriate equipment, poor institutional support, il-
literacy and relatively low prices of mineral fertilisers which make them a more at-
tractive alternative (Gbenou et al. 2017; Jagisso et al. 2019; Mcintire et al. 1992).

Nitrogen, P and OC concentrations in manure are largely variable and depend on
factors such as animal feed, housing type and manure management before field ap-
plication (Lekasi et al. 2003). Manure might be applied without any preceding de-
composition or added after being composted for a longer or shorter period of time
(Mclintire 1992). Composting of animal manure improves its quality in various ways:
it reduces seeds of weeds, pathogenic organism and odour, decreases the mass which
facilitates field application and reduces the C:N ratio which make N more available
to the plants (Hao & Benke 2008). Nevertheless, manure composting also produces
N losses both through gaseous emissions and leaching, the former accounting for the
larger part of N losses in semi-arid areas (lbid.). Nutrient losses from manure com-
posting largely depend on management, hence it puts demand on farmers knowledge,
skills, time and interests to invest in manure quality.

3.2.2 Nutrient recovery from human excreta

Worldwide, 2.3 billion people are estimated to have unsatisfactory sanitation of
which 890 million practice open defecation (WHO/UNICEF, 2017). Unsatisfactory
sanitation and hygiene have huge societal costs, not least in the negative impacts on
human health (Pruss-Ustln et al. 2014). Poor sanitation also contributes to environ-
mental pollution, such as eutrophication of water bodies and emission of greenhouse
gases (GHGs) to the atmosphere. Although sanitation is a globally prioritised target
and part of the Sustainable Development Goal (SDG) 6, most sanitation initiatives
fail to address the potential in resource recovery from human excreta. It is estimated
globally that urine and faeces contain the equivalent of 22% of the phosphorous an-
nually applied with chemical fertilizers (Mihelcic et al. 2011). However, today only
an estimated 10% is recycled back to arable land (Cordell et al. 2009), as most is lost
in pits or flushed into waterbodies. In contrast to the linear nutrient flows often re-
sulting from conventional sanitation systems, ecological sanitation, commonly ab-
breviated simply EcoSan, sees human waste as a resource that, with proper manage-
ment, can be safely recycled to serve a productive purpose (Winblad & Simpson-
Hebert ed. 2004).

Much reuse-related research has been focusing on urine. Urine has high concentra-
tions of N and P, low concentrations of pathogens and heavy metals and is thus to a
high degree suitable as agricultural fertilizer. In fresh urine nitrogen is mainly found
in the form of urea which is rapidly converted into ammonium/ammonia (NHs/NH4")
when the urine is stored or transported (Winblad & Simpson-Hebert ed. 2004). NH,*
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is available for plant uptake but is also easily lost through volatilization. Research
has shown that ammonia losses can be low if urine is applied in furrows and covered
with soil (Rodhe et al. 2004).

In human faeces around 50% of the nitrogen is directly available for plants, while
the other 50% are bound to organic compounds (Jonsson et al. 2004), which means
that faeces will support the plants with N both directly and long-term by building up
the long-term nutrient stocks in the soil. Handling of faeces however requires pre-
caution. To avoid pathogens, faeces should be stored at least for two years if not
treating them chemically or thermally. In comparison, urine can be safely applied
already after one month of storage (Ibid).

3.2.3 Utilization of farm household wastes

2.2.3.1 Greywater

Greywater is the common name for wastewater from laundry, shower and kitchen,
thus all household wastewater except the toilet waste, the blackwater. The health
risks with greywater are considered small, while its value as soil amendment is also
rather modest due to low concentration of plant nutrients (Almgvist et al 2007). The
chemical composition of greywater varies largely over the world and depends on
water availability and what the water is used for. While water usage in poor countries
can be as low as 20-40 I per person and day, industrialized countries normally use
hundreds of litres per person (Our World in Data 2018). The sources of N and P and
in greywater are food residues from kitchen water and “dirt” from laundry and
shower water, and the concentrations are normally low (Ibid.).

2.2.3.2. Ashes

Ashes are the solid remains from combustion. They are of mainly mineral content
but may include some organic, not fully combusted carbon compounds. Ashes are
generated as a waste product both on a societal and hh level, deriving from wood
industries and from households using biomass as source of energy for food prepara-
tion and heating. Wood ashes are alkaline, with a pH ranging from 9.0 to 13.5
(Demeyer et al. 2001). Since they are highly soluble, ashes can neutralize acid soils
faster than the more traditionally used lime, but the effect is less persistent (Demeyer
et al. 2001; Erich 1991). Ashes have been suggested to be suitable fertilizers mainly
on forest soils and acidified tropical soils (Demeyer et al. 2001; Qin et al. 2017).
There are however very few studies assessing the effect of ashes in already alkaline
soils, and possible adverse effects such an application would implicate.
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Ashes are nearly free from N and S and their agronomic potential is rather in their
content of P and other nutrients that are not lost in combustion. Depending on the
source, the phosphorus content in ashes is in the range of 1800 — 14 000 mg/kg
(Demeyer et al. 2001). Ashes increase the electric conductivity (EC) of the soil and
may contribute to soil salinization if applied in large quantities (Ibid.).

2.2.3.3. Organic household wastes

Organic household wastes may include slaughter remnants, cooking residues and
food leftovers. Studies of nutrient recovery from household wastes normally focus
on collection from urban areas, where larger waste masses are accumulated in a lim-
ited physical space. One such study on urban household waste being used as soil
amendment in Cameroon show a high potential in replacing mineral fertilisers in
agriculture around the capital Yaoundé (Jaza Folefack 2009). A well-establish sys-
tem of peri-urban farmers collecting and trading urban wastes for soil amendment
purposes has been documented in Kano, Nigeria, where the collection was motivated
by the perceived long-term soil fertility benefits that the organic wastes brought to
the fields (Lewcock 1995).

3.3 The context of Ethiopia

Ethiopia is a landlocked country in East Africa, neighbouring Somalia, Djibouti, Er-
itrea, Kenya, Sudan and South-Sudan. With its nearly 110 million inhabitants it is
Africa’s second most populous country and keeps growing at a yearly rate of 2.4%
(World population review 2019). Ethiopia is a highly diverse country hosting over
80 ethnic groups and languages. The natural geography is not less multifaceted, with
a topography ranging from 150 m b s 1 to 4600 m a s I, accommodating at least three
major climatic zones (Ethiopian Government Portal 2018). In 2000, Ethiopia was
considered the second poorest country in the world. An astonishing yearly economic
growth rate of 8% is however rapidly transforming the country, which has an out-
spoken ambition to become a middle-income country by 2025 (Moller 2015). Agri-
culture is by far the most important economic activity in Ethiopia, employing an
estimated 85% of the population and accounting for over 40% of the gross domestic
product (GDP) and more than 80% of the total exports (Infomineo 2016).

3.3.1 Agricultural landscape and current challenges

The Ethiopian agricultural sector is dominated by smallholders of which a majority
farm less than one hectare of land. Despite being mainly oriented towards subsist-
ence and small sales, smallholder farmers contribute to 95% of the agricultural GDP
(FAO 2019). Integrated crop and livestock production is an increasingly common
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farm model, while pastoralism and farms having crop production without comple-
mentary animal husbandry are also widespread (Baye 2017; Haileselassie et al.
2005). Because of Ethiopia’s many climate types, agricultural production systems
range from lowland sesame, rice and cotton production to highland production of
coffee, cereals, fruits, and the locally important crops chat and enset (Armede et al.
2017). The major soil types in Ethiopia are Andosols, Luvisols, Vertisols and Cam-
bisols (Encyclopadia Britannica 2019).

Agricultural policies are strongly orientated towards agricultural productivity and
growth, which is supposed to lead to complete national self-sufficiency, increased
exports, poverty alleviation and general economic growth (Jarnberg 2016). At the
same time, land sizes per person are decreasing due to rapid population growth
(World Bank Group) which puts pressure on the productivity of agricultural land.
Mineral fertilises are vigorously being promoted by the government (Jarnberg 2016),
and their use have more than doubled since the beginning of the century (Moller
2015). The country has also enjoyed a considerable increase of total productivity the
last years, related both to expansion of agricultural land and to an increase in average
yields, not least in the five main cereal crops; wheat, teff, maize, barley and sorghum
(Ibid.) Irrigation practices are not widespread in Ethiopia, which implies that crop
production in many parts of the country is restricted to the relatively short rainy sea-
son (Ibid).

Ethiopia face several challenges in soil fertility. Acidification constraints yields in
40% of the soils, there are severe depletions of both macro- and micronutrients and
it is also one of the most erosion-affected countries in world (IFPRI 2010). At a
national level the nutrient depletion has been calculated to 122 kg N ha! y1, 83 kg
Kt ha'and 13 kg P ha y* per year (Haileslassie et al. 2005), erosion being estimated
as the major cause of nutrient depletion. Diammonium phosphate (DAP) and urea
have until recently been the only two mineral fertilisers used in Ethiopia (Hailese-
lassie etal. 2005; Hailu et al. 2015). An ongoing work on mapping all Ethiopian soils
(Ethiopian Agricultural Transformation Agency 2019) has led to new recommenda-
tions and to replacement of DAP in favour of microelement enriched nitrogen-phos-
phorus-sulphur (NPS) fertilizers, distributed according to specific deficiencies at
every locality.
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3.4 Material Flow Analysis (MFA)

3.4.1 Methodology and applications

Material flow analysis (MFA) is a tool originating from the field of industrial ecol-
ogy, used to study and model how goods and substances flow within a given system
(Brunner & Rechberger 2004).

In MFA, substances are defined as chemical compounds such as N, P, Cd or Pb.
Goods are defined as elements containing one or several substances, like wastes,
foods or water. While goods might transform in the processes, such as food convert-
ing to excreta through human metabolism, substances are normally seen as “con-
servative”, or inalterable, through the whole system. Materials are used as a common
name for both substances and goods. Studying a system requires a definition of its
boundaries, which for MFA systems are both spatial and temporal. Flows are pre-
sented in masses per time unit. When entering the system, materials are called im-
ports, while named exports when leaving the system. Within the system, there are
system compartments called processes. Between the processes there can be trans-
ports of flows, called inputs and ouputs when entering or leaving a process. In the
processes there is possible transformation of material and stock change due to deple-
tion or accumulation of material. According to the principle of mass balance, the
change of stock for the system will equal all imports minus all exports (Eg. 1) (Brun-
ner & Rechberger 2004).

Astock = Ym(imports) — Y. m(exports) (Eq. 1)

3.4.2 Previous MFA studies on SSA agricultural systems

There are various examples of MFA being used for describing, studying and model-
ling nutrient flows in SSA localities. MFA studies tend to focus on production, con-
sumption and waste disposal in urban rather than rural areas, such as Belevi (2002)
studying the city of Kumasi in Ghana and Hoekman & von Blottniz (2007) mapping
material flows in Cape Town, South Africa. Some more recent studies include the
assessment of rural areas, like a study by Lederer et al. (2014) of potential nutrient
recovery from human excreta in Busia district in Uganda. The spatial scale of MFA
studies is normally rather large, entailing cities, districts or countries (Fernandez-
Mena et al. 2016). There are relatively few studies that map nutrient recovery poten-
tials from resources and wastes at the farm or household level. One such exception
is Krause & Rotter’s (2017) MFA study on the effects of urine diverting dry-toilets
and improved cooking stoves in Tanzanian smallholder households.
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4 Materials and Methods

4.1 Determination of site and households for the study

This study has been conducted in the village of Bolo Silasie in Minjar Shenkora
woreda in central Ethiopia from February to April 2019. Bolo Silasie has since 2012
been one of the research sites for the Triple Green project in Ethiopia, a project which

this study forms a part of.

/\ Bolo Silasie Kebele
- . Minjar Shenkora Woreda
Amhara Region

Ethiopa

Figure 1. Map of the study area. Modified from Mebrahtu et al. 2018 (CC
BY 4.0)

Minjar Shenkora woreda
is situated in the south-
ernmost corner of the
Ambharic region (8.874;
39.395) (Fig.1). Located
ataround 1800 m as |, the
woreda belongs to the
lower parts of Woina
Dega, the Ethiopian sub-
tropical zone (Amhara
Livelihood Zone Reports
2007). The mean annual
precipitation in the region
is 850 mm, with most of
the precipitation concen-

trated to the rainy season in June to September (climate-data.org n.d.). Minjar Shen-
kora is dominated by Vertisols (Abera & Kebede 2013). Soil surveys from Minjar
Shenkora woreda show low levels of available phosphorus and low to medium levels
of SOM (Fig. 2) (Ethiopian Agricultural Transformation Agency 2016).
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Figure 2. Soil status of TN, available P and SOM
in Minjar Shenkora woreda (Ethiopian Agricul-

tural Transformation Agency 2016)

Most people in Bolo Silasie base their liveli-
hoods on rainfed agriculture. Farmers typi-
cally have both crop and animal production
and depend on both for subsistence and in-
come. Cattle are kept not least for ploughing,
but also for meat and dairy products. Sheep,
goat and poultry are kept for meat, skins and
eggs, and donkeys, camels and horses are kept
for transportation of people and goods (Am-
hara Livelihood Zone Reports 2007). Bolo Si-
lasie has 5753 inhabitants, whereof 48% are
women (Bolo Silasie Kebele Statistics).

Households from three different socio-eco-
nomic groups were included in this study.
Sizes of farmland and number of Tropical
Livestock Units (TLU) owned by the hhs
were chosen as indicators for hh socio-eco-
nomic status, based on the Amharic Region
Livelihood Report (2007) and Chaix-Bar
(2014) (Table 1). Five hhs from every group
(in total 15 hhs) were identified with the help
of the Kebele administration and the local Tri-
ple Green interpreter and contact person.

Table 1. Socio-economic division of Bolo Silasie households based on sizes of farmland and number of TLU

Ambhara Livelihood Zone Reports Chaix-Bar (2014) This study
TLU 'ﬁ_OL??lZ\ Farmland TLU in Farmland TLU TLU in  Farmland
oxen (ha) oxen (ha) oxen (ha)
Worse-off 0-1.75 0-1 0.5-0.75 0-2 0.5-2.0 0.7-2.6 0-1 0.25-0.63
Middle 1.25-6.75 1 0.75-1.0 1-3 1.9-8.8 2941 2-3 0.5-1.9
Better-off 4.9-8.6 2-4 1.5-25 3-5 2.7-7.1 4.8-9.2 3-5 2.0-45

The Ambhara Livelihood Zone Reports uses a division based on statistics of farmland sizes and TLU ownership for all hhs in Min-
jar Shenkora. Chaix-Bar (2014) and this study present average number of farmland and TLU/oxen among the farmers included in

respective study of conditions in Bolo Silasie.
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4.2 Household interviews

Interviews were carried out with the 15 study hhs as means to determine the im-
portant resource and waste fractions and estimating their sizes as well as understand-
ing the local farming practices and the potentials and constraints for nutrient recov-
ery. There were three main methodological interview approaches. The interviews

included:

1) A systems-focus approach,
where the households described
their own farm system by creating
resource flow maps. The maps

were done on large white paper |
using painted images of crops, |

livestock etc. (Fig 3). The meth-

odology was inspired by Dager- |

skog (2018) and Defoer et al.
(2000).

2) A structured interview ap-
proach where quantitative data
was collected following pre-made
guestionnaires. Questions were
asked on i) hh assets, such as live-
stock, farmland and yields ii) hh
consumption of human foods,
livestock feed iii) soil manage-
ment practices.

3) A semi-structured interview
approach, where discussions were
held on hhs perceptions of i) soil
fertility of their own fields and ii)
risks and values with waste and
excreta.

Figure 3. Example of a resource flow map created during the hh inter-
views, showing resources flowing from farmlands (top of the paper) to
the household (central square) and to the market/commons (to the right)

A manual with questionnaires, checklists and tools for the interviews was prepared
and tried out together with a pilot household. After the pilot survey the form was
slightly adjusted. The final version of the manual is found in Appendix 1. In both the
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manual and in the interviews, the three methodological approaches were mixed dur-
ing the sessions and interviews order rather followed themes, such as “household
waste management” or “livestock system”. The 15 households were interviewed
twice, 30-90 min per session, with the help of an interpreter. A consent form (Ap-
pendix 2) for participation in the study was handed out and signed.

The interview manual (Appendix 1) included, other than the abovementioned sec-
tions, a participatory exercise called the Seasonal Calendar (Defoer 2000; FAO
(n.d.)) where the farming year was to described with the same material as for the
Resource flow maps. This exercise was only made twice, once together with two
farmer households, and once with the local development agents (DA).

4.3 MFA as used in this study

The methodology of MFA was used to study and illustrate how N, P an OC are im-
ported, exported, lost and accumulated within smallholder farm households in Bolo
Silasie. The system boundaries were set to include the farm household and its asso-
ciated animal husbandry. The substances studied were N, P and OC and the goods
are all materials containing any of these substances that were imported to the system,
exported from the system, or transported between different processes within the sys-
tem. Four processes were chosen, namely Household consumption, Animal hus-
bandry, Pit latrine and Compound ground. The free software STAN 2.6 developed
by Technical University of Vienna was used for the MFA.

4.4 Quantification of flows

In order to evaluate the flows of N, P and OM within the system, an estimation was
required of 1) the masses of materials flowing between systems compartments within
a certain time span, and 2) the substance concentration of the materials. While the
interviews provided an overview of the resource and waste management system,
complementary collection, weighing and conversion calculations were done to quan-
tify the flow sizes in masses per time unit. Substance concentrations were determined
by lab analyses of goods and taken from literature of earlier studies in Bolo Silasie.
Statistical significance test (t-tests) were done in Microsoft Excel to assess differ-
ences between hh socio-economic groups.

26



4.4.1 Estimation of waste quantities by collection and weighing

The hh production of wastes was
determined by collection. Different
sized plastic buckets with lids (Fig.
4) were handed out to three hhs
from every wealth group. The hh
members were asked to collect
ashes, food leftovers, kitchen grey-
water and laundry greywater in sep-
arate buckets. The produced quanti-
ties of greywaters and food lefto-
vers were weighed daily during a
three-days period, while ashes were
weighed after one full week’s collection. Ashes were collected in one single bucket
regardless originating from cooking stove or injera stove.

Figure 4. Buckets used for collection of greywater, food lefto-
vers and ashes

The scales used for the weighing was a SUPER-SS IP66 standing scale with the
capacity of 6 kg and 1 g resolution, and a KERN CH50K50 hang-scale with 50 kg
capacity and 50 g resolution.

4.4.2 Assumptions and conversion of interview data

The estimation of yearly household consumption of foods, livestock feed, water,
firewood, charcoal, fug and kubet were based on interviews responses. During the
interviews, consumption was often reported in volumes or in market prices and were
therefore converted into masses according to Table 2.

Table 2. Methods of converting interview reports of household consumption into masses

Good Reported unit Method of converting into masses
Foods purchased at “5 ETB”, “10 ETB” Repeated weighing of corresponding
market = the amount of food you would get fora5 quantities of food purchased at the lo-
or 10 ETB at the market. cal market.
Fug, kubet, compost, “1 quintal”, “1 madabara” Weighing of substrates in typical grain
straw & charcoal = the volume of a 100 kg sack of grain or  or fertilizer sacks.
50 kg sack of mineral fertilizer, respec-
tively
Firewood “Pile/time unit” = An amount of firewood  Weighing of firewood piles

used per day, week or 14 days.

Total masses and nutrient contents in Bolo Silasie human excreta had earlier been
studied by Dagerskog (2017). The numbers on total N and total P in daily excreta
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(faeces+urine) were triangulated with the following food intake-to-excreta conver-
sion factor (Jonsson et al. 2004) (Eq. 2; Eqg. 3).

N = 0.13 * total protein intake (Eq. 2)
P = 0.011* (total protein intake + protein intake from vegetable sources) (Eq.3)

USDA Food Composition Databases was used to determine protein content for the
foods with unknown N and P contents. The protein intake from wheat and teff were
determined by conversion from total N to protein content using the Jones factor
(Breese Jones 1941) (Eq. 4).

Protein content = 6.25 * total N content (Eq. 4)

For the conversion of OC to OM and vice versa, the van Bemmelen factor (Kimble
et al. 2000) was used (Eq. 5).

OC =0.58 *OM
OM=172*0C (Eq. 5)

The lab analysis results on volatile solids (VS) in the different substrated studied
(chapter 4.4.3) were used as a proxy for OM content (Dean 1974).

Livestock numbers from official statistics and reported in interviews were converted
into Tropical Livestock Units (TLU), a theoretical animal of 250 kg body mass.
Based on literature values (Haile et al. 2018; Haileselassie et al. 2005; Jahnke 1982)
and discussions with the local DAs the TLU conversion factors for Bolo Silasie were
determined as in Table 3.

Table 3. Conversion factors for livestock types into TLU

Livestock type TLU
Oxen 1.0
Cow 0.7
Donkey 0.6
Camel 1.2
Sheep 0.15
Goat 0.15
Poultry 0.01

The manure production per TLU was determined to 1000 kg DW per year (Joint
FAO/WHO 2005). The total N and P excreted by livestock in faeces and urine to-
gether were estimated to be 75% of P and N intake from feed (Sebek et al. 2014).
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The volumes of feed intake were reported by hh in interviews, while the N and P
concentrations were determined by lab analyses and complementary literature values
for corn (USDA Food Databases). The OC concentration in fresh manure was esti-
mated to 44% of DW (Kirchmann & Witter 1992).

Harvest indexes were used to calculate a theoretical straw production based on a
known production of grain. The harvest indexes (HI) were set to 23% for teff and
35% for wheat, retrieved from Paff & Asseng (2019).

4.4.3 Determination of N, P and OM content in substrates

Samples of firewood, charcoal, farmyard manure (FYM), fug, kubet, atella and straw
and grain of wheat and teff were donated from nine hh participating in the study in
amounts of 100-550 g per sample and stored in separate plastic bags. Greywater and
food leftover samples were collected once a day during a three-days period from the
families collecting wastes in buckets for mass estimation. The greywater in the col-
lection buckets was stirred with a stick before a sample was poured into an empty
water bottle of 0.6 L. All the food leftovers found in the collection buckets were
brought and stored in plastic bags. Ash samples were collected at the last day of the
hh’s weekly collection. The ashes were mixed in the buckets with a stick whereafter
a representative sample was poured into a plastic bag. Tella was purchased from
three village families, none of them being study households, and stored in separate
1 L water bottles. One kilogram each of fino and fagullo was purchased in the neigh-
bouring town Arerti. The masses of all samples in their containers were noted, as
well as the mass of the containers.

Food leftovers and greywater samples were stored cool in a fridge 1-3 days (depend-
ing on day of sample collection) before being analysed. Cooling was however not
optimal because of intermittent electricity supply in the village during the days of
sample collection.

Composite samples were prepared for all samples except for fino, fagullo and atella,
which were one-source samples. For the other substrate types, equal masses of all
collected samples (n=3-9) were mixed into composite samples with a mass of 400-
1100 g. The subsamples of food leftovers were disintegrated and mixed with a spoon
before preparing the composite sample. The solid samples were stored in plastic bags
of 1.5 L (20 L bags for straw samples), and the liquid samples in 1 L water bottles
of none-NHs-impermeable plastic. Small amounts (10-100 g) of the subsamples for
every substrate were kept in their original sample bags/bottles, except for water and
food leftovers samples that were moved to 50 mL sampling jars with lids.
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The samples were brought from Bolo Silasie to Addis Ababa in a closed cool bag
with cool but not freeze cool packs the same day as finishing the last collection of
water and food leftover samples.

One of each of the composite samples were handed in to Jije Laboglass Experimental
Laboratory in Addis Ababa for analyses of TN (ES I1SO 11261:2015 - Kjeldahl) and
TP (AOAC 986.24 — Colorimetric). For the two greywater samples, TN (APHA
4500-Norg C.Semi-micro Kjeldahl), TP (APHA 4500 P. C Vanadomolybdophos-
phoric Acid Colorimetric) BOD (APHA 5210 B. 5-day BOD Test) and COD (APHA
5220 B. Open Reflux Method) were also analysed.

One of each of the composite samples were also analysed at biochemical engineering
laboratory at Addis Ababa Institute of Technology (AAIT) for pH, EC, moisture, and
volatile solids (VS). Heterogenous substrates, such as manure, straw and food lefto-
vers, were homogenized in an electrical coffee grinder before being analysed (Fig
5).

Figure 5. Coffee grinder homogenisation of kubet

4.3.3.3. Total and volatile solids determination

The total solids (TS) and volatile solids (VS) content were determined for all non-
liquid substrates. The analyses were done both for one-source samples, for compo-
site samples (n=3-9) and for five of the corresponding subsamples. A small amount
(3-20 g) of homogenised sample was placed in an aluminium crucible with a known
mass and dried in an Electric Thermostatic Drier model 202-0A at 105°C for 24
hours. The water content was determined as equal to the mass loss after drying. The
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remaining mass corresponded to the total solids (TS), or dry weight (DW). The sam-
ples were further incinerated at 550 °C in a Vecstar Furnace for 6 hours, where after
the volatile solids (VS) was determined as equal the mass loss on ignition.

4.3.3.4 pH and EC determination

The pH and EC were determined for the ashes and manures. One gram of sample
was mixed with 9 mL distilled water. The pH was measured after one hour with a
Jenway 3505 pH meter and EC with a Greisinger G1410 EC meter. The pH-meter
was calibrated with pH 4.01, pH 7 and pH 10 standard solutions before any meas-
urements. When checking the measurement accuracy of the EC meter with a
1413uS/cm standard solution, the EC indicated a value of 1240 uS/cm. The devia-
tion in measured value (6%) was considered small enough to use the EC-meter.

4.5 Assessment of local soil status

4.5.1 Soil sampling
Fields farmed by the study hhs were sampled with the aim to understand the local
soil status and to assess whether physio-chemical properties would correlate with
soil and resource management practices ‘
reported by the hhs.

For each of the hhs, soil samples were
taken from two fields, corresponding to
the field with the highest and the field with
the lowest reported addition of compost
respectively. When no addition of com-
post was reported, or when the farmer did
not report any difference in manure man-
agement, samples were taken from the
closest and from the most distant field as-
suming the closest field generally would
receive more attention and inputs. In cases
when farmers only farmed one field, or
when fields were situated at the same dis-
tance from the homestead and were be-
lieved not to exhibit any substantial differ-
ences, only one field was sampled. In total
24 fields were sampled (Fig. 6). The fields Figure 6. The 24 sampled fields around Bolo Silasie village
varied in size from 0.16 to 0.46 ha. (Maps.google.com 2019-05-29)
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The soil sampling was carried
out at the end of the dry season.
The soils were hard and showed
deep cracks typical for Vertisols
(Jones et al 2013). Stubble and
harvest residues were still pre-
sent in the fields (Fig. 7).

From each field, 20-25 subsam-
ples were taken and pooled into
one composite sample. The sub-
samples were taken from 0-20
cm depth and in a diagonal cross
pattern over the field (Fig. 8),
leaving out the field edges
which might display divergent
characteristics. The sampling
was made with a soil auger

(Fig. 9)

The free cell phone software
Fields Area Measure PRO was
used to determine the coordi-
nates for the fields and measur-
ing their sizes and distances

AZsri

Figure 7. A dry and “cracking”Vertisol with stubble still present in the
field

Figure 8. Composite sampling pattern across a field. Every dot symbol-
izing one subsample

from the homesteads. For the soil data, Microsoft Excel was used for descriptive
statistical analysis of and the software R was used for determining statistical corre-

lations.
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4.5.2 Sample preparation and laboratory analysis

The subsamples were collected in a large plastic bag and thoroughly mixed into one
single homogenized composite sample in a plastic bucket (Fig 9). The samples were

returned to large plastic bags to air-dry for

one day. The samples were grinded in a

mortar and passed through a 2 mm sieve.
To reduce the sample volume, the compo-
site sample was poured out on a pile cover-
ing two large papers, leaving half the sam-

ple on every paper. One such half, consti- 3

tuting 500-600 g of composite sample, was

sent in to Horticoop Soil Laboratory in De-
bre Zeit for laboratory analysis of soil tex- |

ture (Bouycous hydrometer method), OC
(Walkely and Black), CEC (Ammonium
Acetate Method), TN (ES ISO 11261:2015
Kjeldahl) and available K, P, Ca Mg and S
(Mehlich-3).

A smaller amount (~80 g) of the composite
samples was brought to AAIT in Addis Ab-
aba in plastic 50 mL sample jars for anal-
yses of EC and pH. For these analyses 10
mL of distilled water was added to 5,0
gram of soil sample (1:2 soil to water ratio)
in plastic test tubes with lids. The solution
was thoroughly mixed and shaken for one
minute and then left to rest for one hour.
The pH was measured with a Jenway 3505
pH meter and EC with a Greisinger G1410
EC meter.

Figure 9. Soil sample equipment: 1) Soil auger, 2) plastic bags
for sample collection and air-drying, 3) plastic buckets for com-
posite sample homogenisation, 4) traditional coffee mortar used
for soil aggregate disintegration, 5) plastic bags for composite
samples handed in to Horticoop Soil Laboratory, 6) 2 mm sieve
and 7) sample jars for smaller amounts of composite samples
brought for analyses at AAIT
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5 Results

5.1 Farm and household system

The following section on the farm and hh system (5.1) is based mainly on interview
responses. Italso relies on official statistics from the local agencies, discussions with
local developments agents (DA) and observations from six weeks’ stay in Bolo Si-

lasie.

The typical Bolo Silasie household is comprised by a two-generation, possibly three-
generation family of 5.0 hh members (Bolo S|Ia3|e Kebele statlstlcs) Close relatives,

such as sister, brothers, and still-working el-
derly mothers and fathers commonly share
the same compound and some of its facili-
ties, while residential houses, fields and
livestock are used separately by every
household. Houses in the village are built
close to one another while fields are scat-
tered in large area around. The fields are
roughly in the size of one timad, which
equals 0.25 ha. Some hh have smaller (200-
800 m?) maizefields at the homestead where
maize is grown mostly for animal feed.

Livestock are kept at the homestead tethered
to trees or other structures and/or kept in
roofless kraals, surrounded by stone fencing,
shrubs or thorn-bush branches (Fig. 10).
Cattle are normally separated from sheep
and goats due to their long and pointed
horns, and only share the same kraal if they
are tethered. Donkeys and camels are used
daily all year round for transport of goods,

Figure 10. Two examples of homestead kraals with stone
or shrub fencing. Livestock are given feed and water
within the enclosures and cattle do often not leave the
kraal except for when needed for agricultural work. Some
hh tether or look after their livestock in the fields a few
hours a day
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while cattle are used more intensively during farming activities such as ploughing
and threshing. Cattle, sheep and goats are by some hhs taken to the fields during
daytime, where they are tethered or herded and fed with straw. During the growing
season, field edges are cleared from grass and given to the animals as supplementary
feed. Due to scarce land resources there is very little grazing land, neither as house-
hold tenure nor commonly own. The number and relative distribution of livestock
types in Bolo Silasie have remained relatively constant over the last years, summing
3500 up to around 3400 TLU (Fig. 11).

3000 | 1
2500 | ! Water for household use is col-
2000 | | lected at the local community
standpipe, typically in 25 litre jer-
1500 1 ‘ rycans carried by donkeys from the
1000 | ! well to the homestead (Fig. 12).
500 | |
. There is in Bolo Silasie, like else-

Number of livestock (TLU)

2014/15  2015/16  2016/17  2017/18 where in Ethiopia’s numerous
year kebeles, a well-established group
® Cattle ®Sheepand goats ®mDonkeys ™ Camels Of pUblIC officials Ca”ed Develop_

Figure 11. Total number of TLU in Bolo Silasie by livestock type ~ ment Agents (DA), giving advice
over the last four years. Statistical years follow the Ethiopian cal-
endar year sept — sept (Bolo Silasie Kebele statistics)

on crop and animal production, ad-
ministrating credit loans and dis-
tributing mineral fertilizers, among
others. Other communal village as-
sets include a farmer’s training cen-
tre and community mill running
whenever there is electricity, charg-
ing a minor cost per kilogram of
grain or seed. The access to markets
is relatively good. Since 2013, an
asphalt road leads to the main town
Arerti 6 km to the North and to the
larger city Mojo 55 km to the
Southwest According to interview
Figure 12. Jerrycans in line for water collection at the communal responses of farming practices, soil
standpipe preparation is done with a pair of
oxen and a single ploughshare.

Fields are ploughed 4-5 times before seeding (Fig. 13). Sowing and mineral fertiliz-

ing is done mainly by hand-broadcasting or with simple appliances. At the labour-
intensive weeding also women participate, while other field activities are mainly
carried out by men. In wheat, herbicides are applied at least once during the season.
Harvesting is done by hand and sickle. Harvested crops are gathered in large piles
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and stored for around a month be-
fore threshing. Threshing is nor-
mally done in the fields at thresh-
ing sites that remains constant
over the years. Before threshing
the field is levelled and com-
pacted by oxen. Fresh cow dung
is spread over the threshing area
to dry, creating a hardpan that
prevent grains from entering the
soil. Cattle are made to walk on

the hardpan, where harvested and == :
Figure 13. Ploughing in done just before the rainy season with a

dry crops are pIaCEd so that grains pair of oxen and a single ploughshare
and straw are separated by the

physical weight of the cattle tram-
ples. The straw is piled up in large

piles for long-term storage in the 16% ‘
field, while grain is collected and
brought from the field.

Teff and wheat are the most im-
portant crops in Bolo Silasie, fol-
lowed by onion and legumes (Fig.
14). The average yields in Bolo Si-

lasie were in 2018 4.2 t ha* for Ficure 14, M - Bolo Silasie by land 2015 S
1 1 igure 14. Main crops in Bolo Silasie by land cover . Sor-
WheaL 2.8 tha™ for teﬁ’ 204 tha ghum, which normally covers 5-10% of agricultural land was not
for onion and around 2 t ha? for the grown 2018 due to low precipitation in the pre-season. Maize is an
: laci important crop for household consumption, but total land cover is
different Ieg“mes (BOIO Silasie less than 1% (Bolo Silasie Statistics)
Kebele statistics).

8w 1%

39%

34%

=Teff ®mWheat ®=Onion ®Legumes = Vegetables

The three socio-economic groups
included in the study were identi-
fied by size of farmland and num-
ber of TLU. After performing the
interviews, various characteristics
were found to distinguish the three
groups. There was a positive cor-
relation in socio-economic status
and number all kinds of livestock
and number of productive trees,
used for firewood collection, (Fig
15). While 80% of the worse-off

3 W 5

Figure 15. Firewood harvesting from acacia, done by cutting only the
branches and leaving the tree for re-growth. Acacia is commonly
planted in the fields for N-fixation and erosion control
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hh had manual labour as a supplementary source of income, only 20% in the mid-
dle group and none of the better-off hh did manual labour beside the agriculture
production (Table 4).

Table 4. Assets and features of Bolo Silasie farm households. Data for the three socio-economic groups are based
on interviews responses while the data on average Bolo Silasie hhs comes from local Kebele statistics

Worse-off Middle Better-off Average Average
study Bolo Silasie
(n=5) (n=5) (n=5) (n =15) (n=1143)
General
Hh members 3.8 3.6 6.6 4.7 5.0
Years in farming (head of family) 21 29 39 30 N/K
Assets
Farmland (ha)* 0.5 1.2 3.1 1.6 1.6
TLU 1.3 3.6 7.0 4.0 3.0
Oxen 0.2 24 3.6 21 15
Donkeys 0.4 1.0 2.0 11 1.0
Sheep & goats 2.2 4.0 5.8 4.0 2.0
Camels 0 0 0.6 0.2 0.15
Productive trees 10 43 80 44 N/K
Ponds 0 0.8 1.2 0.7 N/K
Production and income
Total production, teff (tons) 0.51 1.7 25 1.6 1.7
Total production, wheat (tons) 0.80 11 1.9 1.3 2.7
Total production, onion (tons) 18 3.1 4.8 3.2 6.0
Total production, legumes (tons)  0.13 0.43 0.69 0.42 0.26
No of crops grown 6.6 12.0 14.0 10.9 N/K
No of crops grown for sell 34 7.7 9.2 6.8 N/K
Have maizefield at homestead 40% 60% 100% 67% N/K
Do manual labour as supplemen-  80% 20% 0% 33% N/K

tary source of income

1) Refers to size of cropland actually farmed by the household, figures on tenure looks slightly different. The better-off households
typically hire land, while worse-off households commonly rent out.

According to interviews, Bolo Silasie hhs are to a high extent self-subsistent on sta-
ple food, livestock feed and stove fuel. Many resources and wastes are reused within
the system, such as food leftovers given to animals and manure used as stove fuel,
for construction and threshing pan preparation. Purchased goods include supplemen-
tary livestock feed, vegetables and legumes for human consumption, corn for pro-
duction of tella and areke and some firewood. Figure 16 gives an overview of the
resource and waste management system within the average study hh, using an MFA
diagram.
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considered are PR1: Household consumption, PR2: Animal husbandry, PR3: Pit latrine and PR4: Compound ground

38



(L/d)

5.2 Current management of household resources and
wastes

5.2.1 Water

In Bolo Silasie, water used for washing, cooking, cleaning and drinking amounts to
an average of 23 L water per person and day, or 111 litres daily for the average hh.
Other than water for personal use, additional 110 litres water are used by the hhs for
livestock and production of tella and areke. Water consumption for livestock show
a clear positive correlation with household wealth (Fig 17). Worse-off households
also use less water for personal use (48 L d* compared to 99 L d* and 186 L d* for
the worse-off, middle and better-off group, respectively).

From the households’ collection of greywaters is was found that an average 8.5 L
laundry water and 5.6 L dishwater was produced daily. The non-collected water
equals on average 97 L, which suggests that the larger share of water for personal
use is used for other activities, such as cleaning, body- and hand washing, drinking
and cooking (Fig. 18).

Of the study hhs, 80 % give their kitchen water to livestock, which represent in av-
erage 1.1 L TLU1 dX. Other than dishwater, livestock receive on average 25 L water
TLUd

200
180

160
14
12
100 I
I I =

0

o o

5 O
o O o

N
o

Worse-off Middle Better-off
B Personal consumption M Livestock M Tella/Areke ® Livestock ® Areke/tella ™ Laundry = Dishes ® Other personal cosumption
Figure 17. Water consumption for the three socio- Figure 18. Distribution of water consumption (L d*) for differ-
economic groups, distinguishing between persona ent activities, showing the average study hh

consumption, water for livestock and water for proc-
tion of tella and areke
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5.2.2 Human food, food leftovers and excreta

Households in Bolo Silasie base their diet mainly on
injera (flat sour-dough bread made of teff and %
wheat) and wot (stews of pulses and vegetables).
According to interviews, the consumption of meat
and dairy is low for all households. Grains and
pulses are mainly sourced from own farm produc-
tion, while vegetables most of the year are pur- 41%
chased from the nearby market town. Worse-off
families purchase also pulses. Meat, milk, eggs and
dairy are either from own production, bought from
neighbours or purchased in Arerti. Worse-off hhs

. Figure 19. Protein sources in daily in-
have a lower self-subsistence rate, both because of & (ze of food, consumed by the average
less differentiated production and a lower total pro- Bolo Silasie hh
duction.

44%

Grains ® | egumes
= \/egetables Egg and dairy

= Meat

According to interview responses on food consumption and calculations on calorie
and protein content in different foods, the average Bolo Silasie inhabitant consume
2600 kcal and 96 g protein daily, both calories and protein intake deriving mostly
from grains and pulses (Fig. 19). These numbers can be compared with the average
Ethiopian supply of 2130 kcal and 62 g protein daily (FAOstat).

Food leftovers and cooking residues were by collection and weighing estimated to
2459 DW per hh and day. All hhs reported to give food leftovers to livestock as
complementary feed.

From what was reported in the interviews, all hhs produce tella and areke for con-
sumption at celebrations. Of the hhs in the study, 47% produce tella and/or areke
every week with the purpose for selling to neighbours. The production of tella re-
quires large quantities of water and corn. Hhs producing tella purchase on average
2000 kg corn yearly for its production, a number manifold larger than the hhs con-
sumption of grain for food consumption. The tella and areke production generates
the protein-rich by-product atella, which for the households constitutes an important
supplementary feed type for all kinds of livestock. Due to the relatively large
amounts of N, P and OC that are imported to the hh by the purchase of corn for tella
and areke production and its interconnectedness to the rest if the hh resource man-
agement system, the production also needs to be considered in the MFA calculations
for the hhs (Fig. 20).

40



| Ashes

Tella preparation

I
|

Cpm Out2 : » E
i Atella |
O |
Stovie fuel —@—> !
: Tella !
I
Human ‘

|

i
I

|

! | metabolism
i Water Human excreta
i

I

i

]

Food

|
I

I

I

!

I

Grain, plses and |
vegetfables |
i

I

I

I

I

I

.

T

I

Meat, dairy and eggs Dishwater

Food preparation

Water Food leftovers !

I I

I I
(O8> G

Stove fuel Ashes

Figure 20. Material flows in the subsystem preparation and consumption of foods and drinks, within Process1:
household consumption

41



5.2.3 Human excreta

The N, P and OC composition in human excreta in Bolo Silasie has not been assessed
in study since this was already done by Dagerskog (2017). The section 5.2.3 is thus
not entirely based primary on results from this study but include also earlier collected
data in order to provide the full picture of Bolo Silasie hh resource and waste man-
agement system.

According Dagerskog (2017), Bolo Silasie inhabitants produce 1.6 L urine and 56 g
faeces (DW) daily. The measured total N and total P in excreta per person and day
was 10.6 g and 2.3 g, respectively (Fig. 21). The majority of P was found in faeces
while the majority of N was found in urine (Fig. 22-23). Based on protein intake
from reported food consumption patterns, the theoretical amounts in human excreta
are 11.9 g N and 1.9 g P per person and day. According to Dagerskog (2017) the
typical Bolo Silasie inhabitant excrete 3.86 kg N and 0.84 kg P per person and year.

Some hhs mentioned in the interviews that they occasionally urinate on straw to in-
crease the salt intake and palatability for the livestock. Other than that, human ex-
creta lack current use.

12
Urine ® Faeces

Household members are according to
the interviews daily engaged in activi-
ties such as farm work, church visits,
market shopping and tella drinking
with neighbours. Not least for men,

the time spent outside the households

10

3,1

Figure 22. Distribution of

%6 P in urine and faeces varies during the year due to fluctua-

(Dagerskog 2017) tions in field-related workload. Taking

such seasonal differences into consid-

4 s eration, women spend in average 1.6 h

day! outside the household, while the

2 same number for men is 7.4 h day™. In

e average, men and women together

, 08 spend 4.6 h day* outside the home-

N P stead. Given that urine and faeces are

Figure 21. Grams of Nand P Figure 23. Distribution of ~ excreted evenly distributed during the

excreted per person and day N in urine and faeces day, 19% of excreta will be deposited

in urine and faeces (Dager- (Dagerskog 2017) .

skog 2017). outside the farm compound.
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5.2.4 Livestock feed

Straw of wheat and teff constitutes the very backbone of the Bolo Silasie livestock
feed (88% of total consumed feed (DW)). As reported by hhs, livestock are also
given supplementary high-protein feed such as fagullo (oil-seed cake), fino (cereal
bran), atella (by-product from tella production), food leftovers and corn and wheat
grain (Table 5). Fino and fagullo are both industrial by-products that households
purchase, while the other feed types are typically sources from the own farm or
household.

Table 5. Daily livestock intake of biomass (kg DW), N (g) and P (g) by feed type. Quantities based on interviews
and collection, N and P concentrations based on lab analyses

Feed type kgDWd*TLU? N (%) P (%) N total g d* P total g d*
Teff straw 34 0.42 0.070 14.3 24

Wheat straw 25 0.60 0.080 149 2.0

Fagullo 0.44 4.37 0.62 19.2 2.7

Fino 0.07 242 0.55 17 0.39

Atella 0.13 4.04 0.58 5.3 0.63

Food leftovers 0 2.17 0.086 0.65 0.03
Maize! 0.07 15 0.23 1.0 0.14

Wheat 0.07 1.93 0.26 1.0 0.17
TOTAL 6.7kgd? 58gd? 8.5gd?

Y USDA Food Composition Databases

A TLU in Bolo Silasie consume on average 6.7 kg DW feed per day, corresponding
to 2.7% of TLU bodyweight. In livestock feed, 54% of N and 55% of P derive from
own farm production and 10% of N and 8.4% of P from food residues and atella.
Purchased feed contributes with 36% of N and 37% of P.

In summertime, grass is harvested from the field edges and given to livestock. Sheep,
goats and donkeys are during certain months allowed to graze communal spaces such
as road edges. There is however no intentional forage production and no land as-
signed for grazing, neither communal nor privately owned. In the periods when sup-
plementary grass is given to animals, straw still constitutes the larger share of live-
stock feed.
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According Bolo Silasie statistics
on land cover and average yields
of teff and wheat, the theoretical
production of straw in the village
is 229% of the reported consump-
tion. Households reported in inter-
views that they have a strategy of
storing straw enough to feed live-
stock for at least for two years. All
farmers thus store straw in large
piles in the fields or at the home-
stead (Fig. 24). Generally, farmers

Figure 24. Storage of teff and wheat straw is done in large piles
in the fields

do not give their livestock any intentional bedding material. Yet, kraal grounds typ-
ically have a cover of straw comprised by feed refusals which are trampled and in-
corporated into the farmyard manure (FYM).

5.2.5 Livestock excreta

Livestock manure is a crucial component within the hh resource management sys-
tem, filling several distinct functions. More than two thirds are used as fuel in the
cooking stoves, while the uses for the last third include field application of compost,
threshing pan construction, charcoal production cover and construction and mainte-

2%

19%

3%

el 3%

73%

Compost to fields
Thresing pan
= Charcoal production
® Cooking
® Construction and maintenance

Figure 25. Distribution of current uses for
manure by dry weight of goods

nance material, listed in the order of importance
(Fig 25).

Livestock excreta can roughly be divided into
five different categories: 1) ebet, fresh cattle ex-
creta used for construction and threshing pan
preparation, normally collected daily from the
homestead kraal, 2) kubet, a high-quality stove
fuel of dried cattle excreta, 3) fug, a lower-qual-
ity stove fuel of dung from cattle, donkey, goats
and sheep mixed with straw, 4) farm yard ma-
nure (FYM), used as cover in charcoal produc-
tion and as soil amendment after being decom-
posed in a manure compost, and 5) decomposed
manure compost, normally aged one to four
years before being applied to the fields (Fig.
26).
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Figure 26. Manure in four shapes. From above left to below right: Kubet, fug, FYM and decomposed compost

All households use manure as stove fuel, for threshing pan preparation and for other
construction purposes. The use of FYM as cover for charcoal production (Fig. 27) is
also relatively widespread. Of all hhs, 80% produce their own charcoal, 67% of them
using FYM as cover in the process. Other households use soil and leaves.

Animal urine is not collected
or in any way diverted from
the kraal but drains through
FYM litter when livestock
are at homestead. In the same
way it is added to the fields
by excreting livestock that
are tethered or herded there
in daytime. FYM is collected
from kraals and compound
grounds occasionally, rang-
ing from every 14 days to
once a year, and brought to a compost pit for decomposing. There is a widespread
idea, supported also by the local development agents, that compost needs a substan-
tial amount time of maturation before being used. Most commonly, households wait
at least two or more years before bringing out the compost to the field. Compost
heaps are normally not covered and only occasionally placed in the shade. 64% of

P S e PN
Figure 27. Charcoal preparation under a cover of FYM

45



the hh report to occasionally add ashes to compost heaps and/or homestead
maizefields.

Livestock manure and urine are deposited both in the homestead kraals and in the
fields. Of the hh, 53% report to keep their livestock at the compound when they are
not used for work. The other 47% of hh keep their livestock tethered or herded in the
fields for 4-10 hours daily. The average hh keep their livestock at the homestead
85% of the day. All hh keep their livestock home at night.

Although the management is not always optimized for avoidance of losses, such as
those from non-covered compost heaps or non-collected animal urine, livestock ex-
creta is an invaluable resource with multiple functions within the farm hh system.
(Fig. 28).
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Figure 28. MFA diagram of the manure management system including expected sources of substance losses from

the hh system

Due to large differences in numbers of TLU, the hhs’ total production of manure
differs largely between the three socio-economic groups (Fig. 29). By dividing every
hh’s theoretical manure production with their respective sizes of farmland, a poten-
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Figure 31. Manure available after considering current use

tial manure application rate for every group could be determined. Doing so, it ap-
pears that the middle group is the one with highest application potential (Fig. 30).
Yet, the potential applications rates per hectare are relatively equal for all hhs, if not
taking current cooking practices into account. When taking into consideration the
current use of manure for other hh activities, the potentials for the different hhs
groups look somewhat different. Since worse-off hhs use more manure than what is
produced on their own farms, their application potential is zero, while the two other
groups still have spare manure to use for compost (Fig. 31). The middle group is the
one having the highest manure application potential per ha (Fig. 32).

The potential manure application per hectare scenario (Fig. 32) assume that all ma-
nure would be collected and that all collected manure would be used as soil amend-
ment, thus a situation very different from the current. The quantities of manure are
presented in DW and do not reveal anything about quality and nutrient content of the
manure. Also, this scenario does not take into consideration weight loss in storage.
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5.2.6 Cooking fuel and ashes

Even though 77% of the hhs report to own a simple one-plate electrical stove, most
cooking is done over open fire either indoors, using small charcoal cooking stoves,
or in the separate cooking compartment where injera and wot is prepared using fire-
wood, kubet and fug. Maize paste for tella and areke production is roasted outdoors
using simple three-stone stoves (Fig. 33).

s . > iy

Figure 33. From left to right: 1) Stove for indoors cooking, used mainly for coffee and wot (stews), 2) Injera stove in the separate cooking compart-
ment, 3) Roasting of corn paste for tella on an outdoors three-stone stove

Together, fug and kubet account for 77% of the biomass used for cooking, the rest
being charcoal and firewood (Fig 34). The average hh uses 168 kg of charcoal yearly.
Assuming a production efficiency of 14%, which has been reported for similar
household charcoal production systems in Kenya (Okello et al. 2001), the charcoal
consumption corresponds to 1200 kg firewood. If charcoal was to be counted in fire-
wood equivalents, firewood would constitute around half the stove fuel biomass.
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Firevood ®Kubett ®Fug ® Charcoal Firewood M Kubett M Fug M Charcoal
Figure 34. Distribution of stove fuel Figure 35. Sources and quantities (kg DW y™?) of stove fuel
types for the average hh (based ondry biomass used by the three socio-economic groups
weight). Fug and kubet are two types of
manure
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The share of kubet used as stove fuel is as high for the worse-off group as for the
better-off and even higher than for the middle group, although worse-off hhs produce
almost no kubet themselves but purchase from neighbours. Fug and firewood how-
ever show a positive correlation in consumption, the better the access to livestock
and wood resources the hh (Fig. 35).

Since the food preparation is one of the more demanding hh activities in terms of
imported materials (Fig. 36), it requires extra attention when studying the hh re-
source management system.
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Figure 36. MFA diagram of biomass combustion within Process 1: Household consumption

5.3 N, P and OC within the household system

While resource management practices have been described in chapter 5.2, chapter
5.3 puts the different resources in relation to one another by material flow analysis
of the whole farm system and by displaying their potential contribution of N, P and
OC to farmland.
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5.3.1 Nutrient and OC concentrations in goods

The goods that based on the interviews were found to be the most important nutrient
and OC carriers within the hh systems showed a wide range of concentrations of TN,
TP and OC (Table 6). Materials that are listed have been analysed either in this study
or earlier within the Triple Green project in Bolo Silasie (Dagerskog 2014; Dager-
skog 2017). Fresh livestock manure and urine are not included in Table 6 since their
nutrient and OC content have not been evaluated.

Table 6. N, P and OC concentrations (DW) and C:N ratios for household goods

Substrate TN (% DW) TP (mg/kg DW) OC (% DW) 5 ¢ C:N
Teff grain (n=8) 1.93 2576 56 29
Wheat grain (n=8) 155 2464 57 37
Tella (n=3) 0.0138 39

Firewood (n = undefined?) 1.08 1039 54 50
Charcoal? (n=1) 0.34 260 54 159
Dishwater (n=9) 0.0138 48 0.29 21
Laundry water (n=8) 0.0113 49 0.18 16
Food leftovers (n=5) 2.17 860 39 18
Ashes (n=6) 0.11 8532 4,6 42
Teff straw (n=9) 0.42 703 54 129
Wheat straw (n=9) 0.60 801 52 87
Fagullo (n=1) 4.37 6218 53 12
Fino (n=1) 2.42 5477 55 23
Atella (n=1) 4.04 578 57 14
FYM (n=8) 1.27 2878 44 35
Kubet (n=7) 1.12 2588 a7 42
Fug (n=7) 1.34 2668 44 33
Human urine® (n=20) 0.51 600

Human faeces® (n=7) 55 26000 49 8.9
Pit latrine* 131 18928 16 12
Manure compost* 0.67 5210 13 19

I Composite sample of sticks and branches from different tree species and various firewood piles ? Novak etal. 2009,  Dagerskog 2017, ¥ Dagerskog
2014 % OC = 0.58*OM (Kimble et al. 2000) , ® OC = (COD — 7.25)/2.99 (Dubber & Gray 2010),

5.3.2 MFA for the farm household system

MFA diagrams for all three substances were set up to study N, P and OC flows within
the hh system. The data that underlies the diagrams is based on interviews, waste
collection, lab analyses, databases and literature (Table 7). Additional assumptions
made in the MFA calculations are listed in Appendix 3.
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Table 7. Data sources of substance flows in Material flow analysis (MFA) diagrams

Material flows Source of data used in MFA diagrams
Masses, volumes Dry weight (%) N, P and OC concentrations

IMPORTS

Plant-based food, Consumption reported in interviews. Converted to masses USDA Food databases. Substance

purchased according to Table 2. concentrations given for wet weight
products.

Plant-based food, Consumption of foods reported in interviews matched with Lab analyses (grains) Lab analyses (grains),

own produce farm production reported in interviews. USDA Food databases (pulses and
vegetables), substance concentrations
given for wet weight products.

Firewood An aggragated mass of 1) firewood consumed directly as Lab analyses Lab analyses

stove fuel, masses determined by weighing, and 2) firewood
required to produce the reported consumption of domestic
produced charcoal (assuming a 14% production efficeincy?.)

Charcoal, purchased Purchased consumption reported in interviews. Lab analyses Novak et al. 2009
Corn for tella and areke Purchased masses reported in interviews. USDA Food Databases. Substance
production, purchased concentrations given for wet weight
products.
Animal feed, purchased Consumption reported in interviews. Masses determined by Lab analyses Lab analyses
complementary weighing.
Animal feed, own Consumption reported in interviews. Masses determined by Lab analyses Lab analyses
produce complementary weighing.
TRANSFERS
Manure for stove fuel Consumption of fug and kubet reported in interviews. Lab analyses Lab analyses
Masses determined by complementary weighing.
Manure for construction Reported in interviews as volumes of ebet. Masses Lab analyses Treated as equal to substance
material determined by complementary weighing of known volumes. concentrations in kubet.
Animal-based food, own  Consumption reported in interviews. USDA Databases
produce
Food leftovers and Masses collected by families during three consecutive days. Lab analyses Lab analyses
residues
Greywater Volumes collected by families during three consecutive Lab analyses

days. 80% of collected kitchen water was estimated to be
given to livestock.

Ashes Masses collected by families during one week. Lab analyses Lab analyses

Human excreta Urine and faeces production per person and day in Bolo Dagerskog (2017) Dagerskog (2017)
Silasie, determined by Dagerskog (2017). Multiplied by
average hh members and share of day spent at the

homestead.
EXPORTS
Human excreta Urine and faeces production per person and day in Bolo Dagerskog (2017) Dagerskog (2017)
Silasie, determined by Dagerskog (2017). Multiplied by
number of hh members and share of day spent outside
homestead.
Compost to fields Reported as application in 50L bags. Complementary Dagerskog (2014) Dagerskog (2014)
weighing of known volumes of compost material.
Manure excreted in Total DW manure production per TLU and year?, multiplied Dry weight concentrations of N and P
fields by number of TLU in the average study hh and the share of calculated by a conversion factor from
day livestock spend in the fields. food intake® and OC from Kirchmann &
Witter (1992)
Threshing pans Reported as “bags” of ebet used for their construction. Lab analyses Treated as equal to substance
Complementary weighing of known volumes of ebet. concentrations in kubet
Tella Volumes quantities produced and sold as reported in Lab analyses (this study). OC assumed
interviews. to be negligible.

1)Okello et al. 2001, 2) Joint FAO/WHO (2005), 3) Sebek et al. 2014
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The major imports of N to the farm household system resulted to be from feed, food,
stove fuel and corn for production of tella and areke (Fig. 37). The larger N transfers
within the system include manure from the husbandry system being used as stove
fuel in the household, human excreta deposited in pit latrines and atella given as
livestock feed. The outflows from the system comprise of livestock manure and hu-
man excreta being deposited outside the hh, manure intentionally added as compost
to the fields, manure used as threshing pans in the fields and tella sold to neighbours.
According to the MFA calculations, there is an accumulation of N in all system com-
partments. The whole system accumulates 117 kg N y%.

The general pattern for the P flows vastly resembles the one for N (Fig. 38). One
major difference is the importance of ashes. While ashes are almost negligible in the
N flow scheme, they are one of the larger transfers within the P system. The flow of
compost to fields is twice as large as the flow of manure excreted in fields, due to
high P concentration in the compost and low initial P concentration in fresh manure.
Accumulation of P mostly occurs within the two compartments of latrines and com-
pound ground. The whole hh system accumulates 12.6 kg P y*

For OC there are mainly two large import flows, namely feed and firewood from
the own farm system (Fig. 39). There are basically no important export flows. Due
to large imports and almost no exports of OC, the system accumulates 7040 kg OC
yL, primarily within the compartments of household consumption and animal hus-
bandry.
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System stock change: +116.8 kg N y-1
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System stock change: +12.61 kg P y-1 Total imports: 18.51 kg P y-1 Total exports: 5.9 kg P y-1
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System stock change: +7,036.1 kg OC y-1
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Once a substance is imported to the system it can take different pathways, either
accumulating within the system or being exported through goods and by losses. For
instance, ashes ending up in the compartment of compound ground results in an ac-
cumulation of P, and manure excreted in the fields will imply the export of all three

substances from the system.

For all three substances, the accumulation outranges the sum of export flows (Table
8). The accumulation within the system is highest for OC (95%), followed by N
(86%) and P (68%). For P, the accumulation within the compartment of household
consumption relatively low (14%), while it accumulates 41% of N and 39% of OC.
The largest accumulation of P is instead found at the compound ground where the

ashes terminate.

Table 8. Distribution of imported substance (N, P and OC) into export flows and into processes

Distribution of imported substance

Exports N P ocC
Ex1: Tella 0.25% 3.2% 0.01%
Ex2: Human excreta 2.7% 4.3% 0.12%
Ex3: Compost to fields 2.8% 15% 0.94%
Ex4: Threshing pan manure 1.1% 1.2% 0.55%
Ex5: Livestock excreta excreted in fields 7.0% 7.5% 3.5%
Total exports 14% 32% 5.1%
Accumulation

PR1: Household consumption 41% 14% 39%
PR2: Animal husbandry 33% 15% 55%
PR3: Pit latrine 12% 10% 0.5%
PR4: Compound ground 0.81% 30% 0.4%
Total accumulation 86% 68% 95%
TOTAL 100% 100% 100%
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The MFA diagrams for the hh system (Fig. 37-39) show the flow sizes of N, P and
OC related to the average study hh. The sizes of imports, exports and accumulations
however differs substantially between the three socio-economic groups. The accu-
mulation of N, P and OC for the worse-off group is 54-56% of the average hh while
the better-off have an accumulation 139-151% of the average hh, depending on sub-
stance (Table 9). A detailed table including all the flows for the three different sub-
stances and the three different socio-economic groups and is found in Appendix 3.

Table 9. Sizes of import, export and transport flows along with stock change for the three different socio-eco-
nomic groups and three different substances studied (N, P and OC)

Tot. imports
kgy?)

Tot. exports
kgy?)

Stock change
(kg y™)

N P ocC
W-0 Mid B-o Av hh W-o0 Mid B-o Av hh W-0 Mid B-o Av hh
73.8 141 192 136 9.4 18.7 27.1 18.5 3810 7460 10990 7420
8.0 18.9 29.1 18.7 2.4 7.1 8.1 5.9 128 390 623 380
+65.8 +123 +163 +117 +7.1 +11.6 +19.0 +12.6 +3680 +7070 +10360 +7040

W-o0= worse off hh, Mid = middle hh, B-o = Better-off hh, Av hh = Average study hh.

5.3.3 Potential N, P and OC contributions to farmland by resources and
wastes

Knowing the quantities produced of different goods and their respective concentra-
tions of N, P and OC, their potential contributions to farmland could be estimated
(Table 10; Fig 39-40). Together, they were found to nearly reach up to the current
application of N, but not of P. For OC, the potential contributions clearly surmount
the current application levels.

Livestock urine is not collected today, and the prospects of starting to do so have not
been investigated in this study. Further, the N and P concentrations in livestock urine
have not been empirically measured in Bolo Silasie. The figures of potential contri-
bution by livestock urine do consequently have a higher uncertainty than the data on
the other goods. Due to the apparent excess of straw within Bolo Silasie, 10% of the
total production was included in the list as a possible soil amendment.
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Table 10. N, P and OC leverage per ha, by current or potential soil amendments and fertility management prac-
tices

Management practice or strategy Contribution (kg/ha)

N P ocC
Current amendments
NPS, current application 24 26
Urea, current application 27
Manure compost, current application 23 1.4 44
Livestock tethered in fields 5.9 0.9 163
Application through threshing pans 0.9 0.15 25

Potential amendments

Manure, currently used as stove fuel 16.4 3.4 576
Livestock urine, excreted at homestead? 5.9 <0.1

Human urine collected in latrines 71 0.84

Human faeces collected in latrines 27 13 24
Household ashes 0.4 3.2 18
Household food leftovers and food residues 13 0.1 32
Household atella production 4.6 0.60 65
Household kitchen greywater 0.3 <0.1 0.4
Straw, 10% of total production 21 0.32 230

Other practices

N-fixation by legumes® 18
Sum current amendments 60.1 28.5 232
Sum potential amendments + current organic inputs 49.9 12.4 1080

Calculations based following figures from Bolo Silasie Kebele Statistics (2019); Total area of Bolo Silasie farmland: 1837 ha; num-
ber of hh: 1143; number of inhabitants: 5753; number of TLU: 3361. 1) Conversion from protein intake in feed, Sebek et al. (2014)
and WHO/FAO (2005), given that 24% of N is found in urine (chapter 6.2.2) and 85% of the day is spent home (chapter 5.2.5), 2
Rufino et al. (2006); Gustafson & Olsson (2004), 3 Haileselassie et al. (2005)

The potentials of nutrient and OC recovery depend on amendment ambition and in-
terchangeability of the different goods. Atella, food leftovers and manure used for
firewood are goods that already have a function, why they might have a low rele-
vance as soil amendments. Ashes might on the other hand not be suitable for appli-
cation due to alkaline properties. Fig. 42 show the potential applications if these
goods are not considered.
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5.4 Soil characteristics and management strategies

5.4.1 Current soil management and perceptions on fertility

The interviews showed that less than half the study hhs had applied manure compost
to their fields the preceding year. None of the worse-off households applied compost.
When examining the average application rates for the study hhs (Table 11) two fea-
tures can be highlighted. Firstly, the variation in application is large, which only in
part is explained by the fact that 53% of hh applied 0 kg/ha. The average application
rates among the households that did apply compost was 772 + 864 kg/ha. Secondly,
the application rates are considerably lower than the local DA recommended doses
of 10 000 kg ha* (Buta 2019). The compost application recommendations are how-
ever designed for a fertilising strategy based solely on organic inputs and can be
compared with the mineral fertilizing strategy recommendations of 100 kg NPS and
100 kg urea ha (Table 12). These two strategies supply about the same amount of N
(~65 kg ha) but the mineral strategy adds less P and no organic carbon.

Table 11. Application of compost to farmland and correspondent input of N and P, average + standard deviation

Worse-off Middle Better-off All

(n=5) (n=5) (n=5) (n=15)
Hh applying compost 0% 80% 60% 47%
Total compost application by hh (kg) 0£0 846 £ 515 823 £ 860 556 + 711
Compost application per ha (kg ha?) 0£0 691 + 1080 265 + 243 348 + 730
N-input by compost (kg ha’) 0+0 4672 1.8+1.6 23+49
P-input by compost (kg ha) 00 3656 14+13 18+38

According to local statistics, the average Bolo Silasie household applies more NPS
and less urea than recommended by the local agricultural extension workers (Table
12). The application of manure compost corresponds to no more than 3.5% of the
recommended application dose.

Table 12. Recommended and current average application of mineral and organic fertilisers in Bolo Silasie

Recommended Recommended Current practice (kg/ha)

Mineral strategy (kg/ha) Organic strategy (kg/ha) Mixed strategy

Product N P oM Product N P ocC Product N P ocC
NPS 100 18 20 0 142 24 26 0
Urea 100 46 0 0 56 27 0 0
Compost 10 000 67 52 1260 348 23 1.8 44
TOTAL 64 20 67 52 1260 53 28 44
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On average, worse-off farmers do not apply less mineral N or P than the other wealth
groups. The mean hectare receives 53 kg N hatand 27 kg P ha, which is 83% of
recommended N and 135% of recommended P. Given that fertilisers are applied in
equal amounts on all land, the partial nutrient balance for the two most common
crops, teff and wheat, are -22 kg N ha* and +9 kg P ha* for teff and -92 kg N ha*
and +5 kg P ha! for wheat. The partial nutrient balance is based on N and P in current
amendment practices, local statistics on grain yields, HI for teff and wheat (source)
and N and P concentration determined by lab analyses. In the calculation, all crop
residues are assumed to be removed from the fields while in reality 10-15 cm of
straw base is left in the fields and incorporated to the soil when ploughing.

In the interviews, 62% of hh responded that the soil fertility of their land has de-
creased since they started farming. Erosion and low inputs of organic fertilisers were
mentioned as reasons for the decline. 23% of hh responded that they cannot see any
change in soil fertility, and 15% responded that soil fertility has improved since they
started farming. All the interviewed hh practiced crop rotation, and none of them
practiced fallow nor burned cereal stubble or other crop residues in the field. Since
a couple of years back, B and Zn deficiencies identified in the local soils (Ethiopian
Agricultural Transformation Agency 2016) are mitigated by B and Zn supplements
in the locally distributed NPS fertilisers (Bolo Silasie Local Statistics).
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5.4.2 Saoil status for the study households

Of the sampled fields, 22 of 24 are classified as clay soils, while the other two are
classified as clay loam and loam. SOM is low to moderate and both total N and
available P are low. The soil pH for the 24 fields ranges from 7.0 to 8.3, most fields
having pH around 7.5 (mildly alkaline). In general, the soils have a high CEC (Table
13). According to interviews and local statistics on fertiliser use (Bolo Silasie Kebele
statistics) there is no application of K to Bolo Silasie soils other than from organic
sources. Available K is however classified as very high.

Table 13. Mean, median and range for analysed soil parameters, including interpretation of values

Parameter Mean Median Range Interpretation of mean

Sand (%) 23 22 18-48

Clay (%) 47 48 26 —58 } Clayey soils

Silt (%) 30 29 24-38

pH 7.5 7.4 7.0-83 Mildly alkaline (Bruce & Rayment 1982)

EC (dS/m) 0.12 0.11 0.06 —0.22 Non-saline (Richard 1954)

CEC (cmol/kg) 39 43 18 - 47 High (Metson 1961)

SOM (%) 2.29 222 1.57-3.29 Low (Kemper & Koch 1966)

SOC (%) 1.17 1.29 8.42-14.7 Low (Kemper & Koch 1966)

Total N (g/kg) 0.12 0.11 0.09-0.18 Low (Bruce and Rayment 1982)

Available P (mg/kg) 33 22 9.0-150 Low (Holford 1990)

Available K (mg/kg) 711 648 479 — 1220 Very high (Heckman 2006)

Available Ca (mg/kg) 6120 5920 3810 — 8850 Very high (Heckman 2006)

Available Mg (mg/kg) 831 823 217 - 1320 Potentially low due to high Ca:Mg ratios (Eckert 1987)
Available S (mg/kg) 8.3 7.4 6.0-17.1 Very low (Zbiral et al 2018)

Available Na (mg/kg) 17 14 11.0-79.6 Low (Metson 1961)

C:N 11.7 11.9 8.42-14.7 No restriction for N mineralisation (Brady & Weil 2002)
K:Mg 1.0 0.85 0.47-2.80 Risk for K deficiency at K:Mg < 0.70 (Hailu et al 2015

Texture: Bouycous hydrometer. pH & EC: (1:9 soil to water). CEC: Ammonium Acetate SOC & SOM: Walkley Black. Total N:
Kjeldahl, Available P, K, Ca, Mg, S, Na: Mehlich-3 extraction

According to interviews and local statistics on fertiliser use (Bolo Silasie Kebele
statistics) there is no application of K to Bolo Silasie soils other than from organic
sources. K values in the soil are high, why deficiencies would normally not be ex-
pected. However, the high Mg concentrations in the soil might induce K adsorption
to clay mineral exchange sites, which in turn might induce deficiency of K (Hailu
2015). The K:Mg rations should not be lower than 0.7:1, which nonetheless is the
case for eight of the studied fields (Table 13).
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Figure 43. Available P (Mehlich), SOM and Total N for fields grouped

5.4.3 Soil management and fertility

The fields’ soil parameters were evaluated according to four sets of field dichoto-
mies; a) closest field/farthest field, b) reported “best field”/reported “worst field”,
¢) threshing sites/non-threshing sites and d) fields belonging to hh applying com-
post/fields belonging no hh not applying compost (Fig. 43). No statistically signifi-
cant differences could be revealed in any of the comparisons. The largest tendencies
to differences could be seen for the set of “best fields” versus “worst fields”, were
the perceived “best fields” perform better for all parameters. Threshing sites seem to
perform well and exceeds the average values with 8-20%. The application of com-
post only seems to have some importance for P, while distances between fields and
homestead do not seem to have a clear importance for any of the parameters.
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The fields were also grouped according to hh socio-economic groups, and analysed
for the values on TN, available P and SOM (Fig. 44). Although all parameters show
a uniform positive trend of higher values in the fields belonging to wealthier house-
holds, no statistical significance could be found. Significant positive correlations
were however found between number of TLU and both P (p=0.0296) and TN
(p=0.0456) (Fig. 45 & 47), but not for SOM (Fig. 49). No correlations could be
determined in distance from homestead and SOM, total N or available P (Fig 46, 48
& 50).
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Figure 47. Linear regression of soil available P con-
centrations and TLU per hh
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Figure 48. Linear regression of soil available P concentra-
tions and distance from fields to homestead
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Figure 49. Linear regression of SOM concentrations and
TLU per hh
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6 Discussion

6.1 Recovery potential from household resources and
wastes

6.1.1 Water

In Bolo Silasie water is scarce and must be carried by animals from the community
well to the hh. Still, the reuse of water is relatively small and restricted to dishwater
being given to livestock. If the kitchen greywater collected in the study equals the
true total production, this corresponds to no more than 2.5% of the total water con-
sumption and 4% of the water given to livestock in the average hh.

Total N and TP concentrations for kitchen and laundry greywater substantially ex-
ceed the levels measured in Western localities (Almqvist et al. 2007; Oteng-Peprah
et al. 2018). This may suggest that the total quantities of collected greywater, which
at the first glace seem low, still might reflect a realistic scenario. Thus, that the con-
centrations of food leftovers and dirt (the sources of nutrient in greywater) are higher
simply because Bolo Silasie hh use less water when making laundry and washing up
the dishes. Despite high concentrations, the total amounts of N, P and OC in the two
types of greywater studied are however very small compared to other nutrient flows
on the farm (Fig. 37-39, p. 53-55). Greywater will thus not play any important role
neither as soil amendment nor as nutrient provider in livestock feed. Nonetheless,
water transferred from the household to the livestock system means less water to
fetch at the community standpipe, which saves both water and time.

The positive correlation between total water consumption and number of TLU was

naturally expected in contrast to what other pattern could be found: that water con-
sumption for personal needs is also significantly higher the higher economic status
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of the hh (Fig. 17, p.39). For the better-off group, this pattern is explained by the fact
that better-off families are generally larger than the two other groups. The reasons
for the substantially lower water consumption for personal use among the worse-off
group have not been examined in this study but might be related to the lower access
to livestock for water transport among this group, which indirectly also affect the
access to water from the community standpipe. Water consumption patterns for the
three wealth groups hence exemplifies how economic status will affect hh resource
management practices in ways that might not be understood or recognized at a first
glace.

6.1.2 Human food and excreta

According to interview data, Bolo Silasie inhabitants have a slightly higher calorie
intake and a higher protein consumption than the average Ethiopian (FAO stat). If
interview responses reflect reality, it implies that human excreta will also contain
higher total quantities of P and N than the excreta from the average Ethiopian person.
The N and P content in human excreta in Bolo Silasie is known since before (Dager-
skog 2017) and can be converted into corresponding protein intake (Jonsson et al.
2004). Such a conversion however suggest that the villagers have a protein intake
rather similar to the average Ethiopian and that food consumption reported in the
interviews might be somewhat exaggerated.

Human excreta are together with livestock urine and ashes the least exploited hh
wastes and their use are restricted to human urine sporadically being applied to straw
to increase fodder palatability for livestock. An estimated 19% of the human excreta
is deposited outside the homestead, while the majority stays within the household
and could have a nutrient recovery potential. Until recent years most Bolo Silasie hh
practiced open defecation, often at the homestead maizefield (Dagerskog 2019, p.
com). During the last decade there has been a rapid installation of pit latrines in Bolo
Silasie, resulting in that nearly all households own one by today (Chaix-Bar 2014).
While pit latrines have a potential in improving sanitation by decreasing open defe-
cation and its associated risks, they also have relatively high nutrient losses through
leaching, volatilization and denitrification (Jacks et al. 1999; Montangero and Belevi
2007). The remaining N in abandoned pit latrines were estimated to no more than
15-20% of the original content, when studied in Botswana (Jacks et al. 1999). In
addition, pit latrines are not designed to be emptied. Urine-diverting toilets offer a
simple solution for nutrient recovery from human excreta by enabling collection of
urine alone, which can be used as soil amendment after a short storage period (Jons-
son et al. 2004; Morgan 2007). Additionally, the dryer states the faeces will have
when not mixed with urine makes the handling easier. Urine-diverting toilets that
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last for decades can be constructed by simple means and relatively low financial
inputs (Morgan 2007).

In an earlier study of the potential for urine recycling in Bolo Silasie encompassing
112 farmers (Chaix-Bar 2014), 80% answered that they were interested in trying
urine as fertiliser after being presented to the concept, and 96% said they would eat
crops grown with the application of urine. One major obstacle is however the rela-
tively small economic benefit that the utilization of urine brings. Farmers in Bolo
Silasie in have in earlier studies mentioned the moneysaving aspect of using urine as
a fertiliser (Chaix-Bar 2014). The economic value when replacing mineral fertiliser
with one person’s yearly production of urine and faeces is around 7 USD (Dagerskog
2017). For the typical Bolo Silasie family, this value corresponds to 35 USD for the
average family which represent 32 kg NPS or 40 kg urea (conversion from local
prices; Dagerskog 2019 p. com), a substantial share of what is being purchased to-
day. It can be costly and cumbersome to store, transport and apply the large volume
of urine produced. Alternative ways to enhance urine reuse could be to encourage
the tradition of urinating on straw to enhance fodder palatability or to add urine to
the FYM compost (Dagerskog 2019, p. com) or introduce methods for urine-drying.
Other challenges in nutrient recovery from urine include local perceptions that the
smell of urine brings the common cold and worries for low acceptance from neigh-
bours (Chaix-Bar 2014).

6.1.3 Livestock feed

Today, livestock in Bolo Silasie largely depend on external resources (purchased
fino and fagullo) (Table 5, p.43), while farm resources, such as straw, are not fully
utilized. Theoretically, there is a considerably higher production of straw than what
is consumed within the village. There might therefore be a potential of having larger
numbers of TLU in Bolo Silasie, and thus higher manure production, without larger
imports of animal feed. Straw has a lower protein content than other feed types and
increasing the share of straw might however affect the livestock growth and overall
health (Qi et al. 2003). Another option for a straw management that would be bene-
ficial for soil fertility is using it as bedding material, something that is not done today.
Excessive straw as kraal bedding in Mali has shown to potentially double the pro-
duced FYM with the same to the amount of dung excreted (Defoer et al. 2000).
Nzuma & Murwira (2000) also show that bedding reduced ammonia volatilization
with more than 80% in kraals in Zimbabwe. Straw could also be directly incorpo-
rated into the soil, preferably together with a concentrated N fertiliser, such as pur-
chased urea or hh urine. Increasing the use of straw would however oppose the local
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idea of saving up straw for repeated low-yielding years, a practice that is an im-
portant aspect of the villages both real and perceived degree of self-subsistence and
resilience.

The custom of giving all cooking residues and food leftovers to the animals expose
a resource-efficiency characterising the whole resource management system in Bolo
Silasie. In absolute quantities, the contributions to livestock feed from these fractions
are nonetheless small, and almost negligible from a nutrient and OM perspective
(Figure 37-39, p. 53-55). For the families that produce large quantities of tella and
areke, however, the by-product atella plays a rather important role in the animal feed
composition (Table 5, p.43).

6.1.4 Livestock excreta

Livestock excreta have a central role for the Bolo Silasie farm hh resource manage-
ment, both in its current use and in its potential value as soil amendment. Today, the
field application rates of manure are low in relation both to what is recommended
(Table 12, p.60) and to what is actually produced on the farms (Fig 29, p.47). As-
suming a constant number of TLU, an increased nutrient recycling from the livestock
husbandry system to the fields could be done either by increasing the share of manure
used as soil amendment or by reducing nutrient losses in the storage of manure. Con-
sidering the current rates of application (19% of the total manure available (Fig. 25,
p.44)) the effects from reducing losses will have fairly little importance as long as
the application rates used does not increase.

While the inputs to the animal husbandry system are 90 kg N, 13 kg P and 5440 kg
OC, only 15 kg N, 4.5 kg P and 370 kg OC is returned to the soil through compost
application, threshing pan preparation and manure excreted from animals tethered in
the fields (Fig 37-39, p.53-55). Out of these three, only compost application can be
understood primarily as a soil amendment strategy. Earlier studies from the Kenyan
highlands have shown that the manure application potentials are higher for smaller
farms than for larger, mainly because of higher livestock densities on small farms
(Lekasi et al. 2001). In Bolo Silasie, TLU and land tenure follow a positive linear
relationship, which imply that the potential manure application rates per hectare are
relatively similar for the different farm sizes with a small dominance for the middle
group (Fig. 30, p.47). However, since most manure is used as stove fuel, the real
application rates for the hh were remarkably different. Worse-off hh use more ma-
nure for fuel than they produce themselves, resulting in zero application potential
(Fig. 31, p.47). At current management practices, the middle hh group result to be
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the group with largest application potential in kg manure per hectare, which is how-
ever still low compared to the recommended application rates (Table 12, p.60). The
low field application rates of manure, not least among poor families, are also de-
scribed in Mekonnen & Kohlins (2008) study on manure used as stove fuel in the
Amhara region in Ethiopia.

While the manure application to farmland is low due to alternative uses for manure,
livestock urine is not collected at all. Some urine is deposited in the fields by tethered
animals, but most of it is deposited at the homestead kraal. Although urine tempo-
rarily add some nutrients to the FYM, studies show that it does not have any lasting
effect on N and P levels (Lekasi et al. 2003).

The hh practicing composting put the manure in heaps or pits without roofs, cover
or impermeable floors and normally store the manure for over two years, according
to interviews. Such management have shown to lose 75% of N and 60% of P already
after six months when studied in Kenya (Tittonell et al. 2009). The practice of adding
ashes to the compost increase the pH which may further increase N losses volatiliza-
tion (Hao & Benke 2008). Analyses show that compost pits in Bolo Silasie have a
pH of 9.0 (Dagerskog 2014) that might be related to the addition of ashes that various
hh reports. High losses of N are for various reasons expected from the compost pits.

6.1.5 Cooking fuel and ashes

Food preparation is one of the more resource consuming activities in Bolo Silasie hh
today, having high N, P and OC inputs and almost no outputs with a productive use.
Today, 77% of the stove fuel biomass used by hh is comprised by manure although
other biomass resources do exist (Fig. 34, p.48). It was however not assessed in this
study to what extent firewood could replace manure without negative ecosystem im-
pacts, or what other fuel sources could serve as a substitution. The stove types used
in Ethiopia today are highly energy inefficient (Dresen et al. 2014). There have been
various studies on improved cooking stoves (ICS) both for injera and other food
preparation in Ethiopia that have shown a good potential to decrease the biomass
demand. High perceived price and a sense of non-scarcity of local fuel biomass re-
sources are two constraints mentioned for their adoption (Dresen et al. 2014;
Mamuye et al. 2018).

Charcoal enables indoor cooking and not least indoor coffee preparation which is an
important part of the everyday life and culture in Ethiopia. Still, charcoal is a very
resource inefficient type of stove fuel, especially when being prepared with the low
turnout rates typical for low-technological homestead charcoal preparation (Okello
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et al 2001). Moreover, FYM is often used as cover material used for charcoal pro-
duction, which further amplify the losses of N and OC from the farm system.

Other than some sporadic application to compost, ashes lack a current function
within the hh system. Since biomass contain micronutrients that are not lost in com-
bustion (Cox et al. 2001), ashes from manure do most likely contain valuable ele-
ments that are overlooked today.

6.2 The pathway of nutrients and OC

6.2.1 Where did it all go? - Interpretation of the MFA

The MFA diagrams of the hh system (Fig. 37-39) display all known imports and
exports of substances. There are however various expected losses that are not in-
cluded as export arrows, such as N ad OC lost in combustion or leaching of N and P
from compost heaps. Due to lack of data of the sizes of such losses, these export
flows remain unaccounted for in the MFA diagrams and calculations.

Table (p.56) displays how the imported substances are distributed on export flows
and accumulations within hh processes. The differences in accumulation in PR1:
Household consumption between OC (39%), N (41%) on the one hand and P (14%)
on the other, suggest that there are exports flows of N and OC that are not currently
included in the model, and that these flows are not exporting P in the same extent. In
combustion of biomass will nearly all N and OC be lost, while P stays in the ash
fraction. At the compound ground we thus find less than 1% of N and OC, but 30%
of P. It is thus likely that a large share of what looks like an accumulation of N and
OC within the process in actually are losses from the system.

Similar losses occur within the other processes, although many unknown variables
make the size estimation of these losses difficult. From Process 3: pit latrine and
Process 2: animal husbandry there are constant losses of N, P and OC from excreta
through ammonia volatilisation, OC decomposition, denitrification and leaching.
The accumulation within PR2: Animal husbandry might be related to growth of live-
stock, accumulation within PR1 might to a small extent reflect human growth. Some
accumulation might also be related to inaccuracies in the collected data. To some
extent there is however an accumulation of nutrients, in compost pits that are not
fully used, in pit latrines and in piles of ashes, although the size of this accumulation
is not possible to estimate with the data available. Regardless if the accumulation
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within the different processes reflect losses or for real accumulation, it is evident that
the ratio of imported nutrients that are recycled back to the agricultural fields is very
low and according to the hh system MFA (Fig. 37-39, p. 53-55) no more than 11%
of N, 25 % of P and 5.0% of OC (Table 8, p.56).

The imports, exports and stock changes of N, P and OC for the three different socio-
economic groups show that while the numbers for the average hh and the middle
group conform well, there is a considerable deviation between the average of the two
other groups (Table 9, p.57). Due to large differences in hh resources, the stock
change (i. e. accumulation) is more than 2.5 times higher in the better-off hh than in
the worse-off. Consequently, the average hh presented in the MFA diagrams (Fig-
37-39, p. 53-55) fails to describe a large part of Bolo Silasie hhs accurately and might
both overestimate and underestimate the flow sizes and their implications if treated
as a map for any given Bolo Silasie hh.

6.2.2 What if it came back? — comments on potential recovery

Could the current soil amendment strategy based mainly on mineral fertilisers be
replaced with a strategy based merely on farm hh resources? Today, the average Bolo
Silasie hectare of farmland receives 51 kg N y*and 26 kg P y* from mineral ferti-
lisers and additionally 9.21 kg N y* and 2.5 kg P y* from compost, threshing pans
and livestock tethered in the fields (Table 10, p.58). If aggregating the current ma-
nure inputs with all household resources and wastes they would contribute with 49.9
kg N hat and 12.4 kg P ha*. This calculation takes into account nutrients from the
manure that currently is used as stove fuel, food leftovers and atella that are given
to livestock and the ashes, even though they are unsuitable for soil application due
to their alkaline properties. Around the half of the ashes (0.2 kg N and 1.6 kg P) are
also counted twice, since they currently derive from manure. If manure, food lefto-
vers, atella and ashes (goods that currently have alternative uses or considered un-
suitable as soil amendment) are subtracted from the calculations, the potential appli-
cation is reduced to 18 kg N ha! y*and 2.5 kg P haly* (Table 10, p. 58). These two
calculations take into 10% of total straw production and livestock urine, goods that
is not used as fertilisers today today. Livestock urine has possibly a high potential as
N fertiliser, while the P contribution is probably low. This study did not measure the
repartition of N and P between urine and dung from livestock, why its potential value
is more uncertain than for the other, empirically studied goods.

The variation in repartition of N and P in urine and faeces is high and depends on

feed composition and total protein intake (Luo & Kelliher 2014; Snijders et al. 2009).
In a literature review of mainly SSA livestock systems by Rufino et al. (2006), the
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faecal N production for steers is between 30-50 g N TLU! (based on 18 cases). Given
that this range is valid also for Bolo Silasie and considering the measured feed N
intake of 44 g N TLU™ day™ (conversion from 63 g N in feed intake (Sebek et al.
2014), one would expect the remaining 0-14 g N in the urine, or 0-47% of excreted
N. The average of this range of urinary-N (24%) in somewhat lower than the per-
centage of urinary-N estimated by Rufino et al. (2006) for the case of milk cows in
Ethiopia fed with hay. The repartitioning of P in urine and faeces seem to be even
less studied, especially in the SSA context. Knowlton & Herbein (2002) estimate the
P in urine for dairy cows in the United States to in be 1-3%, while Gustafson &
Olsson (2004) measured 0.3-1.2% for growing dairy-breed steers. Urinary-P will
thus most probably have a negligible role as soil amendment (Fig. 41, p.59). For N
however, it would make a considerable contribution. Without livestock urine, the
potential of currently available resources is reduced to 19.8 kg N haty™.
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6.3 Soils of Bolo Silasie

6.3.1 Interpretation of general soil properties around Bolo Silasie

Vertisols, the predominant soil type in Bolo Silasie, are soils with moderate to high
agricultural potential. Major constraints for agricultural production in Vertisols in-
clude waterlogging and water erosion due to low infiltration through the clayey soil
profiles (FAO 1984). Erosion and standing water were also constraints described and
managed by several of the study hhs (Fig. 51). With improved drainage and tillage
practices, vertisols have been stated to be among the SSA soils with highest
productivty potential (Mamo et al. 1993).

Except for the two fields
with loamy soils, most fields
exhibited high CEC levels,
which are more likely to de-
rive from 2:1-layer clay min-
erals characteristic for Ver-
tisols (Virmani et al. 1982)
than from the relative low
levels of SOM. A high CEC
indicates high nutrient hold-

ing capacity and resistance o ;
against acidification. The Figure51. Field edge bunds and open ditches for drainage and erosion

risk for acidification in Bolo control can be seen at some fields around Bolo Silasie

Silasie soils is nonetheless small, with current pH levels of 7.0 - 8.3. Instead, nutrient
deficiencies might be induced by the high pH. B and Fe are becoming less available
at pH >7.5, Cu at pH > 8.0, and P at pH > 8.5 (Hazelton & Murphy 2007). Risk for
phosphorus fixation due to high pH should only be a risk for a few of the fields above
pH 8. Regardless, phosphorus fixation processes are likely to occur in the local soils
due to the mineral composition of Vertisols (Hailu et al. 2015).

Farmers in Bolo Silasie are applying on average 35% more P than the recommended.
Due to the P fixing properties of Vertisols along with P losses through erosion and
runoff common for Vertisols, the turnout in plant available P concentrations might
however be low, which is also indicated by the low levels of available P found in the
analyses (Table 13, p.63). Hailu et al. (2015) remark that low responses to P appli-
cation in Vertisols in the central Ethiopian highlands might also be due to the low
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normally found in organic forms Figure 52. Con.ceptual model for full soil nut.rient balgnce calc_u—
i a lations. The horizontal flows represent those included in a partial
(Bot & Benites 2005biri). INBolo  palance calculation, while vertical flows should also be consid-

Silasie, TN and SOM levels are ered in a full nutrient balance calculation

low for most fields. Tropical soils

are generally low in SOM (FAO 1984) because of rapid decomposition rates at high
temperatures. Low TN and SOM levels in Ethiopian highland Vertisols have as well
been documented in various studies (Hailu et al 2015). Still, SOM rates in Bolo Si-
lasie soils could arguably be expected to be higher than elsewhere in Ethiopia and
higher than what the analyses show. While burning or removal of plant residues and
straw stubble is a common practice in the central Ethiopian highlands (lbid.), stubble
is in Bolo Silasie left in the fields until incorporated to the soil at ploughing. The
relatively high yields, 1.5 t ha* higher than the Ethiopian average, implies high bio-
mass production also belowground which contribute to larger SOM stocks than in
low-yielding areas (Berhongaray et al. 2019).

6.3.2 Nutrient balances

A partial nutrient balance can be established by comparing solely the nutrients ex-
ported by harvested biomass with the nutrient applied, such as done in chapter 5.4.1,
(p. 61). A full soil nutrient balance calculation including all inputs and output would
however be required to assess whether Bolo Silasie soils are being depleted or en-
riched in N and P. Other than the partial balance, such calculation takes into account
atmospheric deposition, N-fixation by legumes, erosion, gaseous emissions and
leaching (Fig. 52, p. 74). The importance of those processes should not be underes-
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timated. When performing full soil nutrient balances of the whole country of Ethio-
pia, Haileselassie et al. (2005) concluded that the major nutrient losses of from agri-
cultural soils in the country were related to erosion, and that these losses were man-
ifold higher than the outtake by harvested biomass.

Apart from what nutrients flow into and out of the system, the availability and offtake
of N and P also depends on in-situ soil dynamics. There will for instance be consid-
erable yearly mineralisation of organic N, while P dynamics will be determined by
various processes of adsorption and mineralisation (Shen et al. 2011).

Although no full balance calculations have been made within this study, a few con-
clusions of nutrient balances can still be drawn from the information on current soil
amendment practices. Firstly, the application rates compensate for the offtake P, but
not for N. Neither would the recommended doses of mineral fertilisers compensate
for the N offtake in harvested biomass. Secondly, from what is known about the local
soils and their P-fixating properties, the seemingly too generous application rates of
P (Table 12, p. 60) might still have a rationale since not all applied P can be expected
to be available. From the soil analysis, available P was very variable, but low in in
average. Thirdly, the applied nutrients are limited to N, P, S, and to a smaller degree
also to Zn and B, while the offtake in harvested biomass will be of all essential plant
nutrients. Basing a fertilisation strategy merely on mineral fertilisers are hence likely
to cause nutrient deficiencies in the long run, although the risk for severe depletion
of base cations is unlikely considering the current high levels.

6.3.3 Soil management practices and fertility

Total N, available P and SOM concentrations in soils are parameters that are largely
determined by soil management and inputs of mineral and organic fertilisers (Buresh
et al. 1997; Tittonell et al 2013; Yimer et al. 2007). Since it is more labour intensive
and time consuming to apply fertilisers, not at least voluminous compost, on distant
fields than on fields close to the homestead, the TN, available P and SOM was ex-
pected to decrease with distance from homestead. Such relation has been docu-
mented in literature covering SSA smallholder farms (Defoer 2000; Tittonell et al.
2013; Zingore et al. 2007) but could however not be determined by the data collected
in this study (Fig. 46, 48 & 50, p. 64). One possible explanation is that manure today
is applied in such low amounts that it does not play any substantial role for OC, N
and P levels in the fields. Such a supposition would be supported by the minimal and
non-significant comparison of fields belonging to farms applying compost with
fields belonging to those who do not apply compost (Fig. 43, p.63).
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Although the application of manure com-
post is done to serve fertilising purposes,
* the practice of having livestock tethered
or herded in fields was in the MFA calcu-
lations found to be more important for the
recirculation of N and OC to the fields
(Fig. 37-39, p.53-55). Livestock are nor-
mally tethered in the fields where thresh-
ing sites are built up at threshing times,
and where piles of straw are stored. This
should be one of the reasons for why the
" average field with a threshing site seem to
perform higher in N, P and OC than the
average field where compost is added
(Fig. 43, p. 63). This relation could how-

Figure 53. Fields from above at threshing times.
Threshing sites are the larger round-shaped brown areas
surrounded by a brighter circle of straw. Piles of straw  ever be expected to be even more distinc-

look like bright bumps beside the threshing areas.

tive and does not show any statistical
(Maps.google.com 2019-05-29)

siginificance.

There are tendencies of higher N, P and SOM values in fields farmed by better-off
households. The reason may seem obvious: better-off household should reasonably
have better access to plant nutrients than the two other groups, both in access to
expensive mineral fertilisers and in large quantities of manure excreted by their many
TLU. Such correlations would further be supported by the positive relationships in
number of TLU TN, P and SOM concentrations in the soil that were significant for
TN and available P. The reported application of mineral fertilisers per hectare are
however not higher for the better-off group. Even though they produce more manure,
the larger land sizes imply that their theoretical application rates per hectare were
not higher than for the middle groups. Earlier discussion furthermore concluded that
current manure application plays only a little, if any, role for N, P and SOM concen-
trations in the fields. The positive relationship in higher nutrient and SOM the higher
economic status can hence not be explained by current practices revealed by this
study.

6.3.4 Soil application suitability of hh wastes and excreta

Earlier sections in the discussion have been focusing on the current or potential avail-
ability of different resources and wastes. Yet, their importance as soil amendments
will be determined just as much by their suitability for application, a feature deter-
mined by the properties of both potential fertiliser substrates and soils.
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Fresh manure normally contains high carbon levels, resulting in high C:N ratios that
might induce short term deficiencies of N in the soil (Hazelton & Murphy 2007).
Kubet, fug and FYM all have C:N ratios above 25, which implies slow decomposi-
tion not applied together with additional N. The same logic applies to straw. Alt-
hough continuous incorporation of straw and other crop residues will have positive
effects on SOM, the C:N ratio above 100 foretell that N will temporarily be locked
up while the OM is decomposing. Mineral N fertilisers or urine, containing relatively
high concentration of N but no or very little C would be a suitable complementing
amendment. The composted manure has a C:N ratio of 19 which makes it appropriate
for application and indicates a moderate decomposition rate, while human faeces and
pit latrines however have C:N ratio of below 10 and a rapid decomposition can be
expected (Hazelton & Murphy 2007).

The soils around Bolo Silasie are slightly alkaline which may affect the availability
of micronutrients like B and Zn (Hazelton & Murphy 2007). Ashes are rich in mi-
cronutrients, not least B (Cox et al. 2001), and could be anticipated as highly suitable
as soil amendment. Applying alkaline ashes might however exaggerate the soil al-
kalinity, at least short-term, which somewhat paradoxically could further decrease
the availability of micronutrients. Likewise, because of increasing P fixation to Ca
minerals at higher pH there is a risk that ash application would not increase the quan-
tities of available P for root uptake even though ashes contain high concentrations of
P (Shen et al. 2011).

Since nearly all N and P in human and livestock urine prevail in plant available
forms, urine highly resembles mineral fertilisers and can be suitable for application
to farmland. Due to high pH in the local soils there is a high risk for volatilization of
ammonia at urine application, just as for mineral fertilisers based on ammonia (Vir-
mani et al. 1982). Human urine has substantial concentrations of Na, which in soils
can have a damaging effect on soil structure and plant growth. The current Na levels
in the soils around Bolo Silasie are however considered low (Richard 1954). In low-
Na soils, application of urine in the scale of plant requirements of N should not con-
stitute a risk of Na-induced growth inhibition (Sene et al. 2013). However, since Na
tend to stay in the soil and not leach out, a fertilising strategy based on urine might
be problematic in a longer perspective (Ibid.)

6.4 Interventions for incresed soil fertility

From a soil fertility perspective, the single most impacting change in resource man-
agement for the farm households would be to abandon the current practice of pre-
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paring food with livestock manure and instead allocate these resources to the agri-
cultural land. The total amounts of nitrogen in the manure that is used as stove fuel
is 1.8 times higher than what is recirculated to the fields by manure compost, thresh-
ing pans and manure excreted by field-tethered animals, together.

Abandoning the practice of cooking with manure would not be done overnight, and
such a change of habits cannot be proposed without presenting a reasonable fuel
source alternative. In Bolo Silasie, trees are relatively scarce and managed with care.
A higher rate of firewood collection from local tree resources would put high pres-
sure on an already vulnerable resource. Firewood collection has been identified as
one of the main drivers for deforestation in SSA (Dresen et al. 2014) and further
studies would be needed to investigate the local environmental impacts of a higher
firewood outtake. While food preparation with electrical stove is started to be prac-
ticed, unstable provision of electricity still makes the biomass stove fuels the default
option. Improved cooking stoves (ICS) might be a part of the solution as having
shown to reduce biomass inputs considerably (Mamuye et al. 2018). The perception
of non-scarcity of stove fuel biomass mentioned by Mamuye et al. (2018) as a con-
straint for ICS adoption might be valid also for Bolo Silasie. According to interviews,
manure is also the preferred fuel due to the specific taste it is perceived to bring to
the foods, which is one of the reasons why worse-off families consume just as much
kubet as the better-off groups, although they produce very little themselves. The use
of manure is hence not only connected to scarcity of alternative resources but also to
local preferences and traditions. The worse-off families access far less firewood re-
sources than the other groups, owning less trees (Table 4, p.37). However, when
purchasing biomass for stove fuel, the worse-off goup prefer manure before fire-
wood.

If all livestock excreta produced in Bolo Silasie ended up on agricultural land it
would contribute with 29 kg N ha%, an albeit highly hypothetical number since N
losses in management will always occur and since there are no currently practiced
methods to collect livestock urine among farmers in Bolo Silasie. Today, farmers
apply 54 kg N hatin compost and mineral fertilisers. In the case of P, the total ex-
creta production would only supply the soils with 4.2 kg P ha'* which is far lower
than both the recommended and the current applications rates of 20 kg P ha* and 28
kg P ha! respectively.

In contrast to other studies pointing out low availability of local feed resources as a
constraint for livestock production and thus positive OC dynamics (Abegaz et al.
2007), there seem to be a potential in Bolo Silasie of improved OC and nutrient dy-
namics through a relatively high straw production. From calculations of theoretical
straw yields, the availability of straw within Bolo Silasie appear to be substantially
higher than the consumption of the same, which indicates that there is a potential of
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increasing the numbers of TLU and hence the manure production. Straw could also
be incorporated directly in the soil to increase SOM, P and N levels in the soil. In-
corporation of straw would not contribute considerably to N and P, but if 10% of the
total straw production would be incorporated, its OC contribution would be more
than five times higher than what currently is applied in compost per year (Table 10,
p. 58).

Other than producing larger quantities of manure, it would also be an important nu-
trient recovery measure to improve the management of already available excreta.
Today, there is no collection of livestock urine at all, although a large share of N
excreted by livestock is found in urine (Luo & Kelliher 2014; Snijders et al. 2009).
Cattle urine is probably for most families one of the more important bearers of N
among the non-utilized resources (i.e. livestock urine, human excreta and ashes) (Fig
41-42, p. 59). Collection of urine would require some kind of sloping floor or slab.
Potentially, the value in the urine could help to cover for such an investment (Mrema
2011). Today, there are very little measurements taken to avoid nutrient losses when
composting, even though losses can be mitigated by simple measurements, such as
floor, covers or simple roof constructions. Further studies would be required to better
understand what would be required in terms of financial investments, knowledge and
incentives for farmers to improve their management of livestock excreta.

Today, the human urine and faeces that is not deposited outside the compound ends
up mixed in pit latrines from where nutrient recovery is both difficult and unlikely.
Separation of urine and faeces using UDDT, would improve the potentials in using
both urine and faeces as soil amendments. Considering the inconvenience in faeces
management in combination with its relatively small nutrient recovery potential (Fig
40, p. 59), utilization of faeces as soil amendment will probably not be considered
attractive enough at current availability of mineral fertilizers and manure in Bolo
Silasie.

Nutrient management is not all about amendments. Even though all farmers practice
crop rotation, no more than 8% of the land is cultivated with legumes (Fig. 15, p. 36)
Growing larger areas of N-fixating crops could help to improve N levels in soils.
Although N-fixation by leguminous crops can exceed 100 kg ha™, Haileselassie et
al. (2005) estimated an average N-fixation in Ethiopian soils cultivated with legumes
to no more than 18 kg ha* y*. Yet, this number corresponds to a third of the current
application of N per hectare (Table 10, p. 58.). Legume grain and hay could possibly
be used as livestock feed and so higher the potential TLU numbers in Bolo Silasie
and consequently increasing also the manure production. The practical feasibility
and economic viability of such a strategy would need to be assessed further. Consid-
ering that erosion at national and regional scale are estimated to be the most im-
portant processes in loss of plant nutrients from the soil (Haileselassie et al. 2005),
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measures to improve infiltration and avoid soil erosion could potentially be just as
important as increased application rates to sustain and improve soil fertility in Bolo
Silasie, not least considering the waterlogging properties of Vertisols.

6.5 Nutrient recovery in Bolo Silasie - a benefit for whom?

From a waste management and nutrient recovery perspective, an urban household in
an industrialised country performs far worse than a rural household in Ethiopia. In
Bolo Silasie food, fodder and fuel are mainly sourced locally. Food leftovers are
given to animals and turned into egg, meat and skin. The overflowing number of
packages that is an almost inevitable part of urban food consumption today and that
put large pressure on societies’ capacity of solid waste management, does not really
exist in this context. Manure that is not used as soil amendment is to a high extent
used for other productive purposes, such as construction or food preparation. This is
to compare with the situation in many Western localities in which agriculture is spe-
cialized into such a degree that crop and animal production are separated, and ma-
nure is not economically viable to return to the fields due to high costs of transport.
This raises the question whether improved nutrient recovery for the Ethiopian rural
context is at all a relevant question for research and implementation initiatives, or if
the focus rather should be on improvement somewhere else. A couple of arguments
could be raised for why there is a rationale of nutrient recovery in Bolo Silasie and
elsewhere in rural smallholder communities.

Firstly, there is a potential of direct benefits for the farmers in terms of potential for
improved economy and increased resilience that follows with less dependency on
mineral fertilisers. Today, many farmers in Bolo Silasie purchase fertilizers on
credit. Prices on mineral fertilisers are volatile and expected to increase in the future.

Secondly, because of the short distances between households and farmland, recy-
cling is relatively easy compared to the longer and more complex route of urban-
rural recycling. In industrialized countries and urban localities waste management is
normally costly and from a strict economic perspective not always justifiable. In
Bolo Silasie, nutrient recovery does not require high technological solutions or large
investments.

Thirdly, sooner or later societies relying on ending resources will have no option but
to change. Apart from the potential of improving soil fertility locally, the total effects
of increased nutrient recovery might not be huge for every Bolo Silasie farm hh.
Considering, however, that smallholder farms together represent 2 billion people
around the world (Cook 2009), the importance of such resource management shifts
cannot be neglected.
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There is among the hhs however a variance in potential benefits from increased nu-
trient recycling. The role of hh wastes and human excreta will play the largest role
for the worse-off hhs, who access fewer TLU and who farm smaller sizes of land
compared to the total production of hh waste and human excreta. Not least when
taking into account that their current soil amendment potential per ha is zero (Fig.
31, p.47).

The current soil amendment potential of zero for the worse-off group is an interesting
characteristic revealing the importance of both traditions and economic status in hh
resource management. Although the worse-off group have as high theoretical ma-
nure application potential per hectare as the other groups due to farming small areas
of land (), that potential is all erased with current cooking practices. Worse-off farm-
ers own fewer trees and lower access to firewood, but the choice of stove fuel type
is not only determined by availability. The preference for kubet before firewood is
clearly exposed in what the worse-off choose to purchase. The good taste that kubet
brings to the injera was also mentioned various times in the interviews. Earlier stud-
ies on manure management in SSA have done estimations on potential manure ap-
plication rate based on farm TLU numbers (Onduru et al. 2008).Few studies however
take into account the current management of manure or differences in hh economic
status. Ignoring the local resource practices is a simplification of the management
system which may lead to conclusions with only little value.

6.6 Relevance of findings for other localities

This study has been assessing hh resource management in the Bolo Silasie context.
Although there is literature supporting that much of what was found in Bolo Silasie
is found also elsewhere in Ethiopia, such as manure used as stove fuel (Mekonnen
& Kohlin 2008), poor management of available manure (Jagisso et al. 2019), non-
utilization of human excreta for productive purposes (Meinzinger et al. 2009) and P-
fixation in highland Vertisols (Hailu et al. 2015) it is without further research diffi-
cult to estimate the applicability of the findings from this study for other Ethiopian
localities or smallholder communities in general.

Farmers in Bolo Silasie base their soil nutrient management strategy almost merely
on mineral fertilisers and apply close to what is recommended by the extension ser-
vice. The average mineral fertilising rates in Ethiopia are however substantially
lower. While the local yields in Bolo Silasie are of 4 t hal, the reported average
yields for Ethiopia 2015-2017 are 2.5 t ha* (FAO stat n.d.). Resources that would
have a minor contribution to the total current fertilising strategy in Bolo Silasie, such
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as human excreta, could play a much larger role in a context were very low amounts
of plant nutrients are added to the soil. Manure being used as stove fuel is not a
practice unique to Bolo Silasie but a widespread custom in all the Ethiopian high-
lands (Mekonnen & Koéhlin 2008). It has been estimated the combustion of manure
instead of using it as a soil amendment reduces Ethiopia’s GDP with 7% (Zelleke et
al. 2010). In a country were most soils are depleted of SOM and TN, a shift towards
other sources of energy for food preparation in favour of increased manure applica-
tion on soils would be highly beneficial at most localities.

Although ashes have a low potential as source for nutrient recovery in Bolo Silasie
due to alkaline conditions in the local soils, 40% of Ethiopian soils are acidified
(IFPRI 2010) and could benefit from ash application. Both the liming properties in
the ashes and the high phosphorus and micronutrient content could be highly valua-
ble in such areas.
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6.7 Comments on the choice of methods

6.7.1 Socio-economic division of households

As a means for understanding the dynamics of resource management and hh socio-
economic status, the study hhs were grouped into three socio-economic groups. The
division is artificial in the sense that it is not
based on any official wealth classification. Nei-
ther are there any obvious indicators nor ways
to draw the borders between groups. There are
for many of the hhs particularities and condi-
tions possibly making them atypical member of
their groups. Nonetheless, the division turned

out be a helpful tool in describing general dif- ° ' Sizezoffarr’rﬁand (h:) ’
ferences in potential of nutrient recovery and Figure 54. Number of sheep and goats and
expected benefits of the same. sizes of farmland for the 15 study hhs
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The combination of TLU and farmland also seemed to fulfil the criteria of reflecting
general socio-economic status. Significant differences between the different classes
could be observed for many aspects relevant for nutrient flow mapping, such use of
fertilisers, total yields in grain and total production of manure. It can hence be con-
cluded that 1) The chosen combination of indicators served their distinguishing pur-
pose and 2) the differentiation between hh types was relevant for the understanding
of nutrient flow dynamics within Bolo Silasie hhs.

The better-off households showed to be significantly larger in hh member size than
the two other groups. The causality of large hh and high socio-economic status is not
investigated, but the correlation is documented also in the Amhara Livelihood Zone
Reports (2007). In order to account for this social structure in the study, the con-
sumption of foods, stove fuel and water was not corrected for number of hh mem-
bers. This means that the larger sizes of flows for the better-off hh described in the
report do not necessarily reflect a larger consumption per person. However, the stud-
ied entities of this study have been households rather than individuals, since house-
holds rather than individuals are the agents owning farmland, keeping animals, con-
suming goods and producing and managing wastes.

The average study hh has 4.7 hh members, 4.0 TLU and 1.6 ha of land, while the
average Bolo Silasie hh has 5.0 hh member, 3.0 TLU and 1.6 ha of land (Table 4, p.
37). The fairly conforming figures indicate that the average study hh is a relatively
good proxy for the average Bolo Silasie hh, in spite the small size of the study group
(15 hh).

6.7.2 Interviews

Interviews are a good way, presumably the only way, to get first-hand information
of how resource management, consumption and waste production is done locally. A
large focus was for this reason put on extensive interviewing with the 15 hhs. The
variety of interview methodologies and approaches that were used helped to under-
stand the system from different angles and perspectives. Not least the participatory
sections initiated interesting and informative discussions that raised new relevant
questions that deepened the understanding. The choice of doing the interviews in
two rounds showed be a rewarding strategy, since the first round gave birth to new
insights and learnings that made the second rounds questions and discussions more
applied to the context of Bolo Silasie.

At times, the completion the interviews however left a lot be desired. The interpreter

was well familiar with both the 15 study hhs and the local farming system which
hugely facilitated the establishment of contact with the hh members and basically
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enabled the whole study. Language barriers and non-satisfactory translation in both
directions was however considered a problem during the interview sessions and a
probable source of misinformation in the data collection. In the interviews the re-
spondents were often basing their answers on how things were at the very moment,
even though questions were formulated to account for the whole year, and/or varia-
tions between seasons. Because of lack of time or patience from the interpreter, the
additional questions required to get information of exceptions and variations were
not always asked. At times, there were obvious contradictions in the answers. These
might reflect inexact translation, respondents answering questions without being
completely sure about the answer, or respondents replying what they thought was
expected from them rather than what they knew was correct. The interpreter’s role
as a neighbour and friend to many of the respondents might have been an affecting
factor. For instance, nearly all respondents reported to have bought mineral fertiliz-
ers in cash, while the local Kebele statistics report that not even half the distributed
fertilizers were purchased in cash. Being able to buy fertilisers in cash might specu-
latively be considered a respectable trait which was more favourable to be associated
with.

The rather strict gender division of farm and household activities was also a chal-
lenge in the interview process since both genders were not always present at the
interview session. In general, men had very little idea of household issues and
women were normally not very involved in the field work. The lack of full gender
representation was sought to be corrected in the complementary interview round but
was for two of the hhs not possible to achieve.

6.7.3 Sample collection and lab analyses of soils and hh wastes

The quantities of ashes, foods and greywater used for the MFA diagrams and calcu-
lations were based on the collection of these substrates from nine families. The ac-
curacy of these figures however can be questioned on several grounds.

Firstly, just as for the interviews, language barriers made the information exchange
unsatisfactory. While the translation was rather poor in general, there might also be
cultural and linguistic differences in how concepts such as “food leftovers”, “cook-
ing residues” or “dishwater” are understood.

Secondly, the collection of waters and food leftovers was done over three days only,

and for the ashes over one week. For a better accuracy the collection could have been
done during a longer period of time or repeated at several occasions.
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Thirdly, the values were not at all cases consistent with information from observa-
tions and triangulation. For instance, when the production of ashes estimated by hh
collection were compared to the theoretical production from reported stove fuel con-
sumption and ash content of every fuel type, the collected ashes only added up to
75% of the theoretical values. The reported volumes of stove fuel might therefore be
overestimated, not least for the better-off group that in average only collected 51%
of their theoretical production of ashes. Larger discrepancies were found for the tella
producing hhs than for non-tella producing families which also suggests that ashes
from tella production was not collected by the families. Likewise, there is from ob-
servations a high probability that not all water was collected. Especially dishwater,
where dishes often are made quickly for single plates or cups without collecting the
residual water in any container. Consequently, it is likely that measured greywater
does not equal the true greywater production. However, the collection probably re-
veals the share of water that easily is collected, which from a resource recovery per-
spective might be just as relevant.

6.7.4 Use of data sources

The results presented in this thesis rely on interviews, statistics from local woreda
and kebele agencies, earlier findings from previous studies in Bolo Silasie, database,
literature sources and triangulations and calculations, which at times have presented
conflicting data. One example such example was the production of ashes, which ac-
cording to the collection was substantially lower than the theoretical production
based on reported use of stove fuel and analysed ash content in the goods used. In
this case, the theoretical ash contents were used in the MFA calculations since they
better paired with the imports of stove fuel. Another example was the use of mineral
fertilisers, which in the interviews seemed to be considerably higher than what could
be found about average purchases in the local statistics. The average application rates
for the two years of 2016-2017 were chosen to be used in this study. It can however
not be excluded that the consumption has increased since 2016-2017 and was actu-
ally higher during the cropping year of 2018.

Choosing different methodology and data sources in different cases might seem
somewhat arbitrary. Although the choices were made to strive for the highest possi-
ble accuracy in every particular case, it comes with the cost of less methodological
consistency. For all goods included in the MFA diagrams, all sources of data are
listed in Table 7 (p.52).
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6.7.5 The MFA methodology

A weakness in many MFA studies is that they too a high degree base their findings
on secondary data. Such data is normally sourced from official statistics or earlier
studies that describe conditions at other localities and are potentially not applicable
to the context in which the MFA study is performed. This study aimed to present
primary data on the household resource management system, something that is rarely
done. The study however exhibits weaknesses in its lack of first-hand data on the
livestock system. Births, growth, slaughters and constant selling and purchasing of
live animals as well as very variable and context-dependent manure quality are just
a few of the dynamics that make nutrient flows in livestock systems challenging to
assess, something described in various articles of farm nutrient management in SSA
(Casu 2018, Onduro et al. 2008).

In this study the MFA methodology has been used as a tool for calculating and vis-
ualising nutrient flows within the farm household system. As Fernandez-Mena et al.
(2016) points out, MFA models are however restricted in their possibility of describ-
ing nutrient dynamics in space and over time. The spatial and temporal boundaries
constraint the understanding of how applicable the findings are at other localities, or
within a shorter or longer time frame. Also, they fail to provide any information on
social and cultural dimensions of the processes they are describing, why agents and
stakeholders in the resource management are excluded from the analyses. Even
though MFA offers a good overview of the biophysical aspects of nutrient manage-
ment (Fernandez-Mena et al. 2016), in itself it provides a somewhat unsatisfactory
knowledge base for resource management decision-making and needs to be comple-
mented with social, economic and cultural frames of interpretation.
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7 Conclusions

The most important inflows of N, P and OC to the Bolo Silasie hh system include
food, animal feed and stove fuel. The major exports are found in human excreta ex-
creted outside the compound and livestock manure being added to fields via compost
and threshing pan preparation as well as directly being deposited as manure and urine
by livestock tethered and herded in the fields. Within the system, there are also major
nutrient flows between hh compartments, including manure being used as stove fuel,
hh wastes given to livestock as feed and human excreta stored in latrines and ashes
stored on compound ground. In this study, the nutrient balance of the typical Bolo
Silasie hh was estimated to +117 kg Ny, +12.6 kg P y* and +7040 kg OC y*. This
accumulation is however largely expected to represent unaccounted losses related to
biomass combustion, leaching, volatilization, denitrification and organic matter de-
composition.

Today, the larger share of livestock manure, representing 26 kg N y%, 5.4 kg P y!
and 920 kg OC y* for the average hh, is used as stove fuel. In this process, nearly all
N and OC is lost in combustion while P terminate in ashes that today lack a produc-
tive use. The most impacting change in resource management within the farm hh
would be to decrease the share of manure in cooking in favour for the application of
larger quantities of manure to farmland. Further studies are needed to better under-
stand the ecological consequences of an increased local firewood outtake, or the po-
tentials in changing to more resource efficient stoves which would make more ma-
nure available for field application. Other interventions with nutrient recycling po-
tential include collection of livestock urine, improvement of compost management
and utilization of human urine and faeces as soil amendment. Application of ashes
to soil would increase already high soil pH and is hot recommended due to the risk
of decreasing P and micronutrient availability.

If all manure that today is used for other activities would be applied to fields together

with hh wastes of food, water and ashes, it could nearly replace N but not P inputs
by mineral fertilisers. In contrast to mineral fertilisers, organic fertilisers from hh
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waste and excreta could however supply the soil with OC and micronutrients, which
are indispensable for sustaining soil fertility in a longer perspective. Bolo Silasie
soils are like many Ethiopian soils low in SOM, which further underlines the im-
portance of OC recirculation.

The three different socio-economic groups showed to face different challenges and
possibilities in resource and nutrient management. The worse-off group has a current
potential manure application rate of zero, while the middle group has the largest ma-
nure application potentials. Because of lower access to livestock, hh wastes and hu-
man excreta are relatively more important for the worse-off group than for the two
other groups in their potential as soil amendments. It was shown in this study that
socio-economic status is a factor to take into consideration when assessing or advis-
ing on resource management optimisation, since both potentials to behavioural
change and consequences of such changes might look different depending on the
household’s assets.

From this study it can be concluded that there are local resources within Bolo Silasie
households that, if managed differently, in a higher extent than today could contrib-
ute to enhancing soil fertility on the households’ fields. However, the study also ex-
poses that these resources are embedded in a complex resource management system
developed in a context of resource scarcity. All interventions in the system must
therefore be assessed and understood in the light of what social and ecological con-
sequences they would have for the local community and ecosystem.
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Appendix 1: Interview manual

Names of respondents:

Household code:
Date(s):

Oral and written information about the study is provided: O Yes 0O No

The consent form is presented and signed: O Yes O No

General information of household
e Number of household (hh) members:
e Number of women in hh:

e  Age distribution in hh:
0-5y: 6-18y: 19-60: 60+ y:

e Years of experience in farming:

Main assets
e Number of timads:

Owned: Borrowed/Rent: Lent/Rent out: Sharecropped:
e Livestock, number of:
Oxen: Cows: Donkeys: Sheep:
Goats: Poultry: Camels:
e Number of productive trees (for firewood, construction):
e Number of ponds: with gcomembrane: without geomembrane:

e Vehicles:

e  Otherassets:

Sources of income:

O Cereals 0O Seedlings 0O Onion OTomato O Gesho
OEgg 0O Meat 0O Skin O Milk 0O Butter

O Tella O Areke 0O Other foods,
O Firewood 0O Charcoal O Kubet OFug O Compost O Straw

O Livestock fattening of:

O Remittance (money from abroad)

O Manual labour,

O Other profession,
O Others,
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The resource flow map

Objectives

Understanding what relevant activities and processes, from a nutrient flow perspective,

that occur in the farm household. This includes production, consumption, purchase, sell-

ing, re-utilization and discard of products.

Defining the limits and features of the “system”: the farm household

Materials needed

Item

Purpose

Large white papers (A0)

Constitute the “fond” to the resource flow map, were
pictures can be placed and lines and arrows can be
drawn

Pedagogical photos or draw-
ings picturing farm household
objects and activities

Symbolizes objects and activities related to resource
flows onto and out from the farm household, such as
animals, foods and waste fractions. Can be re-orga-
nized on the paper until a satisfactory map is on place.

White small-sized (A6) papers

For making new drawings if other objects and activi-
ties than the already pictured are brought up in the
discussion.

Marker pens

For drawing lines and arrows representing borders
and relations between objects and activities on the
nutrient flow map.

A pre-made risks and values
chart with the listed waste
fractions

To evaluate perceptions on the potential use of differ-
ent waste fractions.

Pebbles, sticks or beans

To mark what alternative is most accurate in the risks
and values chart.

Methodology

Drawing the nutrient flow map

A large white paper is placed on the ground and will constitute the fond to the map.

Pictures and drawings displaying objects and activities are spread out around the map.

A square is drawn, symbolising “the household”. Within the household images symbolising

all the consumers of products are placed, namely family members and the kinds of ani-

mals that belongs to the farm.

Another square is drawn, symbolising the farms fields and grazing lands. The household is

asked to place everything that is grown on the fields in terms of crops and trees in this

square.
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v)

Vi)

vii)

viii)

Xi)

xii)

xiii)

2)

3)

4)

A vertical line in drawn on the right side of the page, symbolizing the market and the com-
mons (from where products are imported and exported)

Inputs to the production are illustrated with pictures and arrows. The source of water
(rainfed, irrigated from well, from water harvesting tanks etc) is indicated with an image
as well as purchased amendments (chemical and organic fertilizers).

Are there any products sold or given away? Such products are marked with an arrow from
products to market. What is consumed in the household? Draw arrows from products in
the field to the household.

If water is bought/brought from the commons, mark the input of water from the com-
mons to the household.

All consumption activities are shown with images in the “household square”: construction,
food preparation, food consumption, animal feeding, water consumption (for dishing,
washing, dishing, beverage preparation, water for animals etc).

The animals also bring products of all kinds, which are they? (Skin, milk, eggs, meat...). Are
they sold or consumed within the household? Draw arrows back to household or out to
the market.

At some time during the year the household also needs to buy food. What kinds? Show
with pictures placed in the market, draw arrows to household.

Almost all activities generate some kinds waste fractions. Which are the wastes from the
different activities? (Like from food preparation, cooking on the stove, food consumption,
coffee making, talla production, slaughter, body-washing/dishing/doing laundry). Are any
of these waste fraction seen as products and reutilized? Where do they go? Show with ar-
rows.

All living beings also produces excreta. Where does it end up? Show with arrows for every
animal (including humans) where excreta end up.

Discussing the current waste management

The identified household waste and excreta fractions are discussed. The household is
asked to answer if the fraction is currently used or not. If it used, for what purpose, and by
whom?

Charting values and risks with human excreta and waste fractions

A prepared chart with the major waste and excreta fractions is placed on the ground. The
waste fractions are first discussed in to what extent they are considered a risk. There are
four alternatives provided, all in separate boxes. The household members are asked to
choose the alternative that suits best and place a pebble/stick in the corresponding box.
After finishing this section, the same waste fractions are discussed in to what extent they
are considered to be an asset/have a value.

Estimating farm production

The primary and secondary production taking place in the household are summed up and
recorded.
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5) Estimating human consumption of foods and water
The consumption of products from the own household, identified in the map, are summed
up by asking the household to estimate quantities and sources.

6) Discussing animal husbandry practices
The household is asked to estimate the quantities of fodder and water given to the live-
stock, as well as explain their practices around manure management. This questionnaire is
preferable done together with a weighing of volumes and quantities.

7) Discussing current sanitation practices
Questions are asked about basic sanitation practices.
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The resource flow map

Market/

Commons:
. . . Exports and
Fields: primary production imports

o /

Household: consumption and secondary production




Current waste management

Origins of waste Wastes Current use (if any) Who manages?
Human foods Urine
Faeces

Waste from food prep-
aration

Food leftovers (from
eating)

Rests from Tella pro-
duction

Rests form coffeemak-
ing

Rests from grinding
grain to flour

Others

Others

Others

Stove fuel

Charcoal

Ashes

Others

Livestock feed:

Cattle faeces

Goat and sheep faeces

Camel faeces

Poultry faeces

Donkey faeces

Others

Animal urine

Water usage

Shower water

Laundry water

Dish water
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Identified risks and value in the usage of household waste and excreta

Waste fraction

Value Risks
No Small Moderate High No Small Moderate High
value value value value risk risk risk risk

Human faeces

Human urine

Goat and sheep
faeces

Cattle faeces

Donkey faeces

Camel faeces

Cat and dog ex-
creta

Poultry excreta

Animal urine

Ashes

Food leftovers

Compost

Laundry
water

Dishing
water

Body-washing
water
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Primary and secondary production

Category

Item

Quantities

Unit

Yields in ma-
jor crops

Teff

Wheat

Corn

Chickpeas

Onion

Tomato

Straw

Firewood

Plant-based
products

Charcoal

Tella

Areke

Livestock rais-
ing and fat-
tening

Cattle

Donkey

Sheep

Goat

Poultry

Camel

Livestock
products

Meat

Milk

Butter

Egg

Skin

Kubet

Fug

Compost
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Human consumption of foods, water and stove fuel

Category

Item

Quanti-
ties

Unit

Sources: Mark one alternative

Always
from own
produce

Always
purchased

Purchased
some
months
(record no)

Other, de-
scribe:

Foods

Teff

Wheat

Sorghum

Barley

Corn

Pea

Lentil

Chickpea

Broad bean

Phaseolus bean

Onion

Garlic

Potato

Cabbage

Tomato

Beetroot

Carrot

Green pepper

Berbere

Gesho

oil

Chicken

Lamb or beef

Egg

Milk

Butter

Sugar

Salt

Tella

Stove fuel

Firewood

Charcoal

Fug

Kubet

Others

Straw
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Households consumption of water for human activities

Water consumption activ-
ity

Quantity (in jerrycans or li-
tres)

Frequency

Total weekly consumption

Cooking

Dishing

Laundry

Injera preparation

Tella preparation

Drinking water

How much manure do you use for construction and maintenance?

How much do you use for threshing?

Do you produce your own charcoal? How often? How much FYM do you use?

Are there any storage losses of foods or grains? How much? Related to what?

Do you use electrical stove?
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Recording 1.6: Animal husbandry

Feed
Live- Months | Months | Months Feed Esti- Meas- Purch-
stock of only | with with only types mated ured ased?
grazing | mixed supple- quan- mass
feed mentary tity/
feed and volume
fodder
Cattle
Donkey
Sheep
and
goats
Camel
Poultry
Water
Livestock Water sources Quantities (per day or week)
Cattle
Donkey

Sheep and goats

Camel

Poultry
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Additional questions on livestock husbandry

Where do your livestock spend the night? (differentiate between animals)

Where do they spend the day?

For how many hours daily are they away from the homestead?

From what animals do you collect manure?

How do you collect manure, and how do you decide upon what it should be used for?

From where do you collect animal manure?

Where do you store manure?

For how long do you store manure before using it?

Do you use any bedding material for the livestock? If yes, what kind, and about how
much?

Do you add urine to straw improve palatability for livestock?

Do you have cat/dog? What do they eat?
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Recording 1.7: Current sanitation practices

What kind of latrine do you have in your household?
OHave no latrine O arborloo/other eco-san solution

O deep pit with cement slab O deep pit without cement slab

When was it installed?

Are you satisfied with the solution?

What will happen when the latrine fills up?

Do small children use the latrine? If not, what happens with their excreta?

To urinate only, where do men go?

To urinate only, where do women go?

When having people visiting you, would they use the latrine?
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Questionnaire on soil management

Tilling

How deep do you till your soil?

What tools do you use?

When do you till your soil, and how to you decide upon a date?

How many times to you till?

Sowing and weeding
When do you sow your crops?

Do you buy seeds or save your own for sowing?
When and how and how many times do you weed?
What do you do with the weeds?

Fertilization management

In bags (50 kg) or quintals (100 kg), how much did you apply last season of following:
DAP:
Urea:
Compost:
Other:

When do you apply fertilizer?

What do you base your fertilization management strategies on?

Irrigation

Do you irrigate any field crops, vegetables or fruit trees? What kinds? For subsistence or
for selling?

When do you irrigate?

What water source do you use? What technique? How much water do you use?

Water availability
Is water scarcity a threat for good yields?

Is standing water or surface runoff a problem during the rainy season?

Other farming practices
Do you practice crop rotation? If yes, in what way, with what crops and why?

Do you leave any land fallow? If yes, why?

Do you burn crop residues? If yes, why?
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Perceptions on fertility and fertilizers
How would you describe your land in terms of fertility?
O Very poor O Poor O Medium O Good O Very good

How satisfied are you with the yields that you get?
O Not satisfied O Somewhat satisfied O Very satisfied

Is there any variation in yields from your different fields?

How has the fertility of your soils changed since you started farming?
O Become more fertile O Become less fertile O No change

If changing, how do you experience it?
What do you think is the reason?
Access to resources

What is the distance (in minutes walking) to your...
closest field: field farthest away:

How do you transport fertilizers, grain and straw to and from your fields?

How is your access to livestock for farming (cattle, donkeys)?
O Good, | own all the livestock | need
O Medium, | do not own all the livestock | need, but can borrow or hire for a low cost.

O Poor, | do not own the livestock | need, and it causes problems in my farming,
such as:

Are you content with the amount of land that you have access to farm?

Can you afford the amount of mineral fertilizer (DAP and Urea) that you would like?
O Yes. Last year | paid all the fertilizer | needed with cash.

O Yes, but | had buy bags with credit.

O No, | cannot afford to buy as much mineral fertilizer as | would like

Do you practice composting?
O Yes — using the composting practice recommended by the government (composting pit)

O Yes — using the traditional composting way of piling up manure and organic waste in the
compound

O No

If yes, where do you practice composting?

Would you like to produce and apply more compost than today? O Yes O No
If no, why not? If yes, what is the main constraint/difficulty for you?
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1)

10

V)

1)

2)

Section 3: The seasonal calendar

Objective

Understanding seasonal variations in:

Rainfall and temperature

Crop production and post-harvest activities
Animal production events, activities and sites.
Food availability

labour or levels of work activity

Income, expenses and credits

Materials needed

Item Purpose
Large white paper with a pre- Represents a timeline of one year, to which all activities can
drawn timeline including the 13 be related.
months of the Ethiopian calen-
dar.
Pedagogical photos or drawings To place on the timeline were best suited and serve as a
picturing relevant objects and ac- | base for further discussion.
tivities
White papers in smaller size (1/4 To make new drawings if new objects and activities are
or 1/8) of a normal paper mentioned
Marker pens To mark major events
Peanuts and sticks To mark relative availability of food
Methodology

The seasonal calendar
I) The four seasons Kiremt, Tseday, Bega and Belg are identified and marked in the calen-
dar, as well as the major rains, draughts etc.

The activities of the cropping year are placed in the calendar (soil preparation, sowing
dates and fertilization events for the different crops, eventual irrigation events, harvesting
dates, post-harvest activities etc)

The livestock related activities are placed in the calendar (births, slaughter, purchase, sell-
ing, fed by grazing, fed by fodder, etc). Done with all different kinds of livestock.

Food availability is marked by placing beans or other item symbolizing food in quantities
according to availability (1-3 peanuts per month). Months where food needs to be pur-

chased are indicated by placing small sticks.

The months when the household is in debt are market, as well as the months with major
incomes.

In relation to the discussions, the recording 3.2 is filled out according to the question-
naire.
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Recording 3.2: Complementary questionnaire on seasonal activities

Approximate dates for farming activities

Crop

Sowing

Fertilizing

Weeding

Harvesting

Do any household member go elsewhere for a longer period any time during the year? If

yes, for how long, for what reason and for what months?

For how many months:

Can livestock rely only on pasture for feed?

Are most vegetables bought on market?

Is the household in debt (from credits)?
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Questionnaire on daily activities

How many hours a day do you spend outside the household (women)?

How many hours a day do you spend outside the household (men)?

How many hours do small children (0-5 y)

How many hours do elder children and young (6-18 y) spend outside the household?

Where do men, women and children you spend time outside the household?

How does this vary over the year?

Which are the main tasks, related to household, carried out by men?

Which are the main tasks, related to the household, carried out by women?
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Additional checklist — To discuss if not already mentioned

Perceptions on:

O Gender roles

O Prices (for selling and purchasing products)

O Access to water resources

O Access to markets

O Access to inputs, such as fertilizers, ploughing oxen etc
O Access to agricultural training

O Access to land
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Appendix 2: Consent form

Participation in study on household waste as plant nutrient resources

Purpose with the study:
e Tounderstand what plant nutrient value there is in different household wastes
e To chart the current farming and fertilizing practices in Bolo Silasie
e To evaluate the local soil status

What the study will include:
e  Participatory interviews and participative mapping of resource and waste flows
with the whole household.
e Soil sampling from fields belonging to the farm household
e Collection of household waste, manure and food/plant material in order to esti-
mate masses and nutrient contents.

How the household can benefit from participating in the study:
e Information of soil status on the household’s own fields
e Insightin the potential value and alternative use of household waste and excreta

Consent to take part in research

and my household voluntarily agree to participate in this research study.

| understand that even if | agree to participate now, | can withdraw at any time.

| have had the purpose and nature of the study explained to me and | have had the opportunity to ask
guestions about the study.

| understand that participation involves:

- Participating in repeated interviews

- That soil samples are taken from the fields that | farm

- That small samples ash, plant material, foodstuff, manure, compost etc might be taken from my
household for laboratory analysis, with my permission

- That the student might be estimating masses of resources and wastes by weighing ashes, food
leftovers, greywater foodstuffs, fodder, firewood etc.

| understand that | will always be informed before soil or waste samples are collected.

| understand that | will not be economically compensated from participating in this study, other than a small
symbolic compensation for contributing with small shares of houeholds resources and wastes.

| understand that the results from this study will be published.

| understand that in any report on the results of this research my identity will remain anonymous.

| understand that all information from the interviews and analyses will be coded and available only for the
student.

| understand that | will be given feedback on the soil status for the fields that | farm.

Contact information

Jorunn Hellman, student:
Annika Nordin, supervisor:
Linus Dagerskog, supervisor:
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Appendix 3a: MFA data for all hh groups

Goods N (kg y™") P (kgy?) OC (kgy?)
Imports Worse-off Middle Better-off Average Worse-off Middle Better-off Average Worse-off Middle Better-off Average
Food from fields 11.7 16.3 26.4 18.1 1.53 1.98 3.27 2.26 312 432 698 480
Food from market 0.87 1.70 0.78 1.14 0.11 0.24 0.10 0.15 15.6 52.5 14.0 27.4
Corn from market (for tella) 17.0 16.8 6.68 135 2.37 2.35 0.93 1.88 620 615 244 493
Feed from fields 17.4 46.4 73.7 45.8 2.54 6.70 11.2 6.81 1720 4700 7910 4780
Purchased feed 6.21 36.5 60.8 345 0.88 5.20 9.38 5.20 110 480 930 507
Stove fuel from fields 20.6 235 231 224 1.98 2.26 2.22 2.15 1060 1160 1150 1110
Purchased charcoal 0.07 0.08 0.27 0.14 0.01 0.01 0.02 0.01 10.7 12.9 42.9 222
Water 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SUM IMPORTS 73.8 141 192 136 9.42 18.7 27.1 18.4 3810 7460 10 980 7420
Exports
Manure excreted in fields 3.10 8.59 16.7 9.47 0.45 1.25 243 1.38 85.2 236 459 260
Manure for thresing pans 1.26 1.42 1.75 1.47 0.18 0.21 0.26 0.21 345 38.9 48.1 40.5
Compost 0.00 5.67 551 3.73 0.00 4.40 4.28 2.89 0.00 107 104 70.1
Human excreta 2.98 2.82 5.17 3.65 0.64 0.60 111 0.78 7.26 6.88 12.6 8.92
Tella 0.63 0.38 0.00 0.34 1.09 0.66 0.00 0.58 0.00 0.00 0.00 0.00
SUM EXPORTS 7.96 18.9 29.1 18.7 2.37 7.12 8.07 5.86 127 388 623 380
Transfers
Manure for cooking 16.6 21.9 40.1 26.2 3.45 4.55 8.32 5.44 583 773 1410 921
Construction material 1.03 2.49 0.72 1.42 0.15 0.36 0.11 0.21 28.4 68.4 19.9 38.9
Animal-based food 2.39 2.00 3.34 2.61 0.29 0.10 0.52 0.31 37.0 255 40.5 343
Food leftovers 2.01 2.01 2.01 2.01 0.08 0.08 0.08 0.08 51.3 51.3 51.3 51.3
Atella 9.47 10.8 1.96 7.40 1.23 1.40 0.25 0.96 134 152 27.6 104
Dishwater to livestock 0.34 0.34 0.34 0.34 0.12 0.12 0.12 0.12 0.72 0.72 0.72 0.72
Human excreta 12.7 12.0 22.0 15.6 2.72 2.66 3.52 2.97 31.0 29.3 53.8 38.0
Ashes 0.42 0.69 0.91 0.67 3.23 5.33 7.05 5.20 175 29.0 38.3 28.3
Discarded greywater water 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.16 0.16 0.16 0.16
SUM TRANSFERS 454 52.5 71.9 59.6 11.4 14.8 20.1 15.5 883 1130 1640 1260
STOCK CHANGE +65.8 +123 +163 +117 +7.05 +11.6 +19.0 +12.6 +3680 +7070 +10400 +7040
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Appendix 3b: Additional procedures and
assumptions in the MFA calculations

. The sales of grain and pulses have been calculated by subtracting the reported consumption of

own grains and pulses from the reported production of the same.

The purchased food types considered are vegetables, grains other than teff and wheat, and
pulses. Spices, coffee, oil and animal-based products are not included.

Worse-off families are according to interviews expected to purchase all their vegetables, while
middle and better-off families can support themselves with own produce for a quarter of a year.

Meat, eggs, chicken and milk are products that the average hh both sell and purchase, and con-
sume in quantities that resemble their own total yearly production. To simplify the calculations,
the consumption of animal-based food has therefor been included exclusively as an internal
flow.

Straw and kubet are to some extent sold and purchased among neighbours but always stay within
the local community. The average hh thus neither purchase nor sell straw or kubet.

. Areke is a distilled spirit and is presumed to contain negligible total amounts of N, P and OC.

Complementary grazing of grass and shrubs from road and field edges is not included in the
MFA since the amounts and N, P and OC concentrations remain unknown. Their contribution
is assumed to be relatively small.

No consideration was taken to differences in the amount of time the different hh groups spent
home. All groups were assumed to stay home 81% of the day, just as the reported average hh.

The average hh’s daily production of food leftovers and greywaters was held to be valid for all
hh groups. This assumption is probably not an appropriate reflection of reality, but the evidence
was too small (based on 3 hh per group and only one round of collection) to display differences
between the groups.
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