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DETERMINANTS OF LIVESTOCK AND FEED WATER PRODUCTIVITY IN
THE MIXED CROH LIVESTOCK PRODUCTION SYSTEM OF DEBRE
BERHAN MILK SHED, CENTRAL HIGHLANDS OF ETHIOPIA

Mekete Bekele Tahir
PhD Dissertation
Addis Ababa University (2018)

ABSTRACT

The study was conducted in the mixed dregstock system of Debre Berhan milkshed

in central highlands of Ethiopia to assess and deterngnie@atural water productivity
related to livestock production and explore their determinants. The need to meet the
growing demand for livestock products and services coupled with multiple uses of water
is expected to intensify pressure on finite freshiw#teowing the level of freshwater
consumption for livestock production is relevant to devise strategies for efficient water
use and allocation in the system. A multistage sampling procedure was followed to
select 159 farmers from different wealth sta®@ iy the poor, 58 in the medium and

51 in the bettenff) grouped mainly based on land and livestock ownership. Livestock
products and services, and feed dry matter obtained at farm level over the year were
used as numerators to estimate livestock wateduyrtivity (LWP) and feed water
productivity (FWP), respectively. The volume of water evapotranspired for feed
production was useds a common denominator for both LWP and FWP. Cultivated
and grazing lands (GL) were major sources of feed where waterf lisesiock was
fundamentally linkedThe annual foodeed crops grown thaionstituted staple human

food and major livestock fe@gere barley, wheat, faba bean and field pea. The livestock
density on grazing land was almost twice that of cultivated cnojplehich showed the
importance of crop byproducts for livestock feedifige contribution of crop residues

to total feed supply sourced-ewrm andpurchased combined was 55ktowever, the
annual feed dry matter (DM), metabolizable energy (ME) and digestibde protein
(DCP) supplies and requirements of livestock did not match at present. The livestock
feed insufficiency unanimously affects farmers irrespective of wealth status, though
wealthier suffered moré®verall, about 51, 19 and 38% of annual fekdicit in DM,

ME and DCP were observeaspectivelyOn average 0.60 kg #(ranging from 0.59
XiX



to 0.61 kg mY) of FWP was obtained. However, FWP of crop residues (CR) and GL
were contrastingly different across wealth groups, where befteyained moren CR

and vice versa on GL. Moreover, much of the water depleted was on GL, irrespective
of wealth status. The inflow and outflow dynamics of cattle and equines over the year
was not frequent and in large numbers either, rather the conceivable outpaitseobt

from cattle were milk, traction services and manure, and that of equines was
transportation. In case of sheep the dynamics were recurrent; correspondingly the most
plausible beneficial output was due to offtake. Generally low offtake rates and high
death rates contributed to reduced annual benefit from livestock and impacted the LWP.
Livestock water productivity was significantly different across wealth groups. On
average 0.23 USD #(ranging from 0.16 to 0.23 USDHiollowing wealth gradient)

of LWP was attainedAccess to credit and training positively influenced both FWP and
LWP, while other factors explain FWP and LWP differenlyaluation of native
grasses and legumes, and improved forages for biomass productivity, nutritive value
and water us; improving feeding value of CR with treatment and supplementation;
maintenance of healthy productive animals; strengthen enabling institutions that
support farmers such as cooperatives, credit, extension and training services and
application of soil andwater conservation; and proper grazing management are

expected to improve water use for livestock production.

Keywords: Debre Berhan, dry matter, evapotranspiration, feed balance, livestock

dynamics, water productivity, wealth.
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1. INTRODUCTION

Ethiopiahas been predominantly an agricultural country, and the overall economic
growth of the country has been highly associated with the performance of the
agriculture sector, be it from tboes point
domestic productGDP), of the exportation and of the orientation of the industries
(Kassa, 2000Ayele et al, 2006) Ethiopia is a country known for possession of huge
livestock numbers and has an immense potential for increasing the volume of products
from livestock, both for local use and for export purposes. LivestocHistrébuted
throughout the country with highest concentrations in the highlands. The total livestock
populations estimated in million heads were about 56.71 cattle, 29.33 sheep, 29.11
goats, 2.03 horses, 7.43 donkeys, 0.40 mules, 1.16 camels and 56t&//ptutotal

tropical livestock unitTLU) of 52.93(CSA, 2015)

Livestock perform multiple economic and social functions both at the national and
household levelsn the year 2010/11, agriculture accounted for about 41.1% of the
GDP, 90% of the foreign currency earnings and 85% of employment (Ethiopian
Investment Agecay, 2013).Albeit variations among data sources, livestock contribute
1517% of national gross domestic produGD(P), 3540% of agricultural GDP and
37-87% of the household incom@ebreMariamet al, 2013) In 200809, the Ministry

of Finance and Economic Development (MoFED) estimated the contribution of
livestock at about 25% of the total agricultural GDP. During the sameBaanke and
Fitaweke (2011) reported that when the value of ploughing servicesncduded,
livestock provided 45% of agricultural GDP. The gap between the values reported by
MoFED and IGAD suggests that the significance of livestock relative to crop
production has been considerably underestimated in past calculations of the
contributiors of the sectors to the agricultural GDBehnkeand Fitaweke, 2011)
Moreover livestock contribute to improve the nutritional status and income gain of the
people by providing meatnilk, eggs, cheese, buttand commodities, such as live
animals, hides and skins for home use and export; and avert risks in times of crop
failures(GebreMarianet al, 2013;CSA, 2015)



Despite the huge numbetke current contribution of livestock to the producers and to
the national economy @ismal to its size. It has increasingly been unable to meet the
demands for the rapidly growing populatiBwanepoket al, 2010;Asresie, 2015;
Shapiroet al, 2015) Among the many factors that could explain this disproportionate
role of the sector often mentioned are the inadequate quantity and quality of feed to
satisfy the annual demand of livestogkssefaet al, 2013; Yadessat al, 2016)
Moreover the expansion and productivity was constrained by multifaceted and
interacting factors; such as inadequate and imbalanced nutrition, disease outbreaks,
scarcity of water, lack of appropriate and adequate livestock extension services,
insufficient and unreliable data with which to plan interventions, and inadequate
information on how to improve animal performance (breeding,irfiggdmarketing,
processingand ways of suitable integration with crop and natural resources for

sustainable productity and environmental health.

Water for agricultural activities is increasingbecominga limiting factor. The
resilience of agricultural systems depends heavily on strategic approaches to water
management capable of addressing constraints. Like othieulagal sub sectors,
livestock depend on water, but when poorly managed they contribute to degradation
and contamination of water resour¢Pederet al, 2007) Wateris a scarce resource

in most parts of Ethiopia, especially crucial dgrithe eight dry months, in most parts

of the country, extending from October to May (Silesthal, 2003). Both people and

their livestock commonly travel long distances daily to obtain the water they need thus

impairing agricultural productivity (Astatk@993).

Livestock drink about 250 liters of water/TLU/day (Silestet al. 2003 Pederet al.

2003, but water for daily feed production can be R0 times greater (Peden al.
2003). This is important because the prime constraint to livestock qgiraadus feed
shortage, the production of which is often wadependentWater requirement for
drinking by livestock is less than 2% of water evapotranspiration for feed production
(Pedenet al, 2003; Sonderet al, 2004 Pedenet al, 2007). Livestock \ater
productivity is about accounting for water consumption of livestock as a ratio of output
functions including milk, meat, dung, draught power and threshing, over the amount
depleted to produce them (Pedeinal, 2003). It is part ofthe overall food vater



productivity and is the scale dependent efficiency of direct and indirect use of water for
provision of livestock products and servicBederet al, 2007;Descheemaeket al,

2009 Haileselassieet al, 2009. Water is depleted when it is consumég
evapotranspiration, I's i ncorporated into
be readily reusede(g.to saline groundwater), or becomes heavily polluted (Moé&den

al., 2003)

In recent years, livestock and livestock products have been exkgos too much
criticism due to a widely perceived use of large amounts of water for production and to
their negative impacts on water resources and the environment. Evidence suggests that
sucha criticism is often unfounded or of restricted validity (8enet al, 2004).
Livestock water productivity has been challenged frequently, being described as far
lower compared to crop water productivity. Most of these examples come from
industrial livestock production systems where large amounts of water ageuseith to
produce forages (Pedehal, 2003; Sondeet al, 2004). Livestock can be efficient and
effective users of water when they depend on crop residueSypnolductsand well
managed rangelands unsuitable for crop production (Retdeln 2007; Haleselassie

et al, 2009). Mixedcrop-livestock production systems typical in developing countries
relying mostly on crop residues for feeds have much higher livestock water productivity

than grainbasedoroduction system@ederet al., 2007)

Whereas,iVestock production has been an integral and critical element of the mixed
farming system because of its multifaceted roles, the attention paid by policy makers

and researchers to its development has generally been veryKiasga, 2000)
Livestockhavebeen neglected and often overlookedha planning of research and

devel opment interventions that invol ve |
resources (Pedest al, 2003). Consequently, investments in water and livestock often

failed to achieve maximum and sustainable returnsusecaf lack of integration of the

two subsectors (Pedeet al, 2006;Pederet al., 2007).

One of the key constraints to livestock production is attributed to seasonal feed
shortage, the production of which is often dependent on rainfall; the majoe safurc
agricultural water in Ethiopia. Water is a very scarce commodity for many of the



smallholder farmers and their livestock, and the situation is aggravated by high degree
of spatial and temporal variability and unreliability of rainfall (Sileshil, 2003).
Demand for livestock products has risen strongly in the last decades and is expected to
increase further, thus augmenting the pressure on already scarce resources and
increasing the necessity to improve water productivity in sustainable(ldaygrieset

al., 1997 Delgadcet al, 1999).However theresearch and developmewmbrk on water

as a limiting nutrient to animal production and management practices to increase

efficiencyarerare in Ethiopia (Sileslet al, 2003).

Much of the water depletion by livestock is for their feed production through
evapotranspiration (Pedenal, 2007; Haileselassit al, 2009; Descheemaekeral,

2010). However, knowledge on the impact wétock keeping on water resowsbas

not been adequately synthesized and applied to integrate water development and
management (Peden al, 2006; Descheemaeket al, 2010). Evidence suggests that
there is a huge knowledge gap and much misinformatibnout | i vest ock 0 s
impact on water resources (Pe@¢rml, 2007; Descheemaeket al, 2009).Whereas

the needd feed the rapidly growing population with more diversified diets including
meat and milk will place substantial new demands oncalfmral water resources
(Moldenet al., 2003) especially for feed productigRederet al.,, 2007).Consequently

the additional water required for agriculture will strain terrestrial and aquatic
ecosystems and intensify competition for water resourcesd@viet al, 2003; Peden

et al, 2007).Application of livestock water productivity concepts may lead to some of
the greatest improvements in efficiency of future agricultural water use (Bedsn
2006;Pederet al, 2007). Considering the increasimgter scarcity in many areas and

the expected increasing demand for livestock products, there is a need to understand
anddefine livestock water interactions and improve the water productivity of livestock

related production systems.

Moreover, in the migd-crop livestock system, livestock enhance system productivity
through provision of manure and draught power. Manure is a key resource to supply
nutrients to the soil and improve its condition and water holding capacity, which in turn
enhances vegetatiotover and reduces land degradation, thereigyroving water
productivity. However, in theentral highlands of Ethiopia including tiseudy area



there are competing uses of manasebiofuel and income souré®m sale ofdung

cake Eventually,the amounbf manure going for soil fertility is very scaroehich
compromise the nutrient cycling benefitherefore, thorough investigation and
understanding on how various interventions and practices in the mixethastock

system affect livestock and feed terproductivity is a strategic step for planning an
integrated development approach. With taaceptionthe present studyasproposed

to studythe performance ahe mixed croplivestock system and the implication on
agricultural water productivitieelated to livestock production. It is hypothesized that
access to resources, difference in management practices of livestock, their products and
services, types and sources of feed resources and manure management and utilization
will have an effect on ligstock, milk and feed armlerallfarm water productivity. It

was anticipated that revealing these connections will help to pave ways in designing
integrated livestock interventions for efficient resource (water) use and sustainable
livelihood support of mallholder farmers operating in the prevailing production

system, while maintaining sound ecosystem services.

General objective

The general objective of this studyasto assess and determine agricultural water
productivity related to livestock produah and exploréhe determinants in the
central highlands of Ethiopia.

Specific objectives

1. To characterize thenixed croplivestock production systerof Debre Berhan
milkshed in the central highlands of Ethigpia

2. To estimatethe livestock feed balancender mixed oop-livestock production
system;

3. To quantify the magnitude of feethd livestockwater productivity as affected by
householdesource ownership;

4. To evaluate the relative importance of different livestock species maintained by
farm householslon livestock water productivity; and

5. To assesthedeterminant®f livestock and feed water productivity.



2. LITERATURE REVIEW

21.Li vestockds Roles and Production Tr enc

Livestockds contribution to food security
poor in developing countries, is well recognized (Thornton, 2010). Keeping livestock
is an important risk reduction strategy for vulnerable communities, as animals can act
as insurance in times of need (Herretocal, 2010) and provide a means of income
diversification to help deal with times of stress (Thornton, 2010). Livestock generate
income by providing both food and néood products (such as wool, hides and skins)
that the household casale (Thornton, 2010). At the same time, they are important
providers of nutrients and traction for growing crops in smallholder systems (Herrero
et al, 2010). Livestock are also an important source of nourishment, they provide about
17% of the global kilocalorie consumption and 33% of protein consumption, but there
are large differences between rich and poor countries (Rosegran009). For poor

and undemourished people, particularly children, the addition of modest amounts of
livestock products to their diets can have substantial benefits for physical ated men
health.

In addition to their food security, human health, economic and environmental roles,
livestock have important social and cultural roles (Thornton, 2010). In many parts of
Africa, social relationships are partly defined in relation to livestanl, the size of a
househol dés | ivestock holding may confer
sharing of livestock with others is often a means to create or strengthen social
relationships, through their use as dowry or bride price, as allocatiatser family

members and as loans. Social status in livestock based communities is often associated
with leadership and access to (and authority over) natural, physical and financial

resources (Thornton, 2010).

Globally, ivestock populations have begrown considerablpver years. From 1979
to 2009 thenumbers of cattle, goats, and sheep increaséiupercentage increases of
14, 93, and 1%, respectivelpemeret al, 2017. The continents of Africa and Asia

experienced the largest percentage iases in cattle numbe&sb out a t hird of



stock of animals resides in Sudan and Ethiopia which includes wide ranges-of agro
ecologies and production systeifffedenet al., 2006) Ethiopia, besides having the
largest livestock populatienn Africa, the numbers growremendouslyThe trends of
livestock population growthreillustrated in Figure 1Populationgrowth of different
livestocktypes is more than doubbetween 1993 an#016 (Figure 1).The numbers

of cattle increased by 102% (from 29 59.5), sheep and goats increased by 217%
(from 19.2 to 60.9), equines increased by 119% (from 5.0 to 11.0) and chickens
increased by 118% (from 27.3 to 59(BAOSTAT, 2018)
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Figurel. Livestock population growth trends in kthia (FAOSTAT, 2018)

2.2. Water Resourcesand Ethiopian Economy

Ethiopia covers an area of 1.13 milliam?, of which 99.3% is a land area and the
remaining 0.7% is covered with water bodies of lakes (MoWR 2@62jted by
Awulachew, 2005). Based on Glolatecipitation Climatology Centre (GPCC) data,
the mean annual rainfall in Ethiopia is 812.4 mm, with a minimum of 91 mm and a
maximum of 2,122 mm; with a highest rainfall ranging from 1i@)022 mm in the
highlands of the western part of the country, arldwest rainfall from 9600 mm in

the eastern lowlands of the country (Awulachetal, 2007). The water resources

potentialand utilizationtrend over years Ethiopiais shown inTable 1



Tablel. Waterresources and utilizatn in Ethiopiafrom 1993 to 2017

1993 1998 2003 2008 2013

Description
1997 2002 2007 2012 2017

Long-term average annual precipitation i

volume (18 m®/year) 936.4 936.4 936.4 936.4 936.4
Total internal renewable water resources

(10° m*/year) 122 122 122 122 122
Total internal renewable water resources

per capita (flinhakitant'year) 2004 1733 1508 1323 1227
Agricultural water withdrawal (10

mlyear) 520 7.00 9.69
Agricultural water withdrawal as % of

total water withdrawal (%) 93.63 89.05 91.82
Total water withdrawal per capita

(m¥inhakitant'year) 78.96 97.18 106.1

Source(FAO, 2017)

Ethiopia covers 12 river basins with an annual runoff volume of 122 billfasf mater

and an estimated 2.6 billian® of ground water potential (MoWR, 200&s cited by
Awulachew, 2005). This amounts to an estimated 2,626f mater per person per year

in 1990 for a population of 47 million. By 2005, this has reduced to 1¥dum to
population growth for estimate® nillion and the per capita availability continues to
fall. Falkermaret al.(1990) proposed that 1700°mer capita per year is the minimum
amount of water required to maintain an adequate quality of life considering
agricultural seksufficiency. Samethors suggested that 100G per capita per year
would cause water scarcity threatening economic development, human health or well
being.Physical and economic scarcity of water is very common, and growing, problem
in Ethiopia. Basedn this wateiscarciy index, Ethiopia will be a watescarce country

by 2050 (Maimbeet al.,2007)

Though agriculture is the dominant sector in the Ethiopian economy, most of the
cultivated land is under rainfed agriculture (Awulachetval, 2007).According to the
same sarce, as a resulif water storage and large spatial and temporal variations in

rainfall, there is not enough water for most farmers to produce more than one crop per
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year and hence there are frequent crop failures due to dry spells and droughts which
haveresulted in a chronic food shortage currently facing the couMager availability

for livestock is critical in the lowlands. Most of the year, animals have to walk long
distances in search ofater andare usually watered once in two to three dayshSuc
water stressauss energylosesand low nutrient intake of animals. Water stress is also
pronounced in highland areas of the country especially in areas that receive low rainfall
both in amount and distribution (Siles#t al, 2003). In moisture stresd areas, the
major problems are seasonality of the pasture, the possibility of low nutrient intake and
water deprivation during the dry season that have a pronounced effect on production
and productivity of the animals in this environment. Improvementaiér resources

in such areas will have a significant impact on improving the productivity of the animals
and the livelihood of farmers.

Rainfall is highly variable and unpredictable, both in time and space. The vast majority
(80%) of Et hnsupsista dnsainfed ggnclltard, thus their welfare and
economic productivity are linked to the volatile rains. These circumstances leave

Et hi opiads economic performance virtually
hydrological variability is ehoed in its economic performance. The correlation
between rainfall and overall GDP is strong, as can be seen in Figure 2. The study found

that considering the effects of water variability reduced projected rates of economic
growth by 38% per year and imased projected poverty rates by 25% over a twelve

year period (World Bank, 2006).
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2.3. Global Trends in Demand for Livestock Products and Water Use

Exponenially expanding human populations raises the demand for all agricultural
products and increases the stress on the resource base used for their producegon (Seré
al., 1995). Both the growth in livestock production and demand for animal products are
expeckd to happen more progressively in developing countries where, most of the areas
are water stressed. Meeting the substantial increases in demand for food will have
profound implications for livestock production systems over the coming decades
(Thornton, 2Q0). The anticipated rapid increase in consumer demand that will motivate
increased supply of animal products to urban markets will lead to correspondingly great
increases in water use hhyetlivestock sutsector (Pedest al, 2006). Managing this
demandfor additional water for livestock products dictates a need to integrated
livestock development with investments in agitigtal water development (Pedenh

al., 2006).

2.4. Water Demands for Livestock

Agriculture is the largest user of water, accounting/@mpercent of total freshwater

use (Steinfelet al, 2006). The livestock sector uses more than 8% of the global water
used, with the major portion going to irrigate feed crops for livestock (7% of the global
usage). However, the proportion of water ubgdivestock industries varies greatly
between countries and production systems, just as the type and scale of livestock
enterprise vary greatlBteinfeldet al, 2006; Schlinket al, 2010)

Consumption of water by livestock occurs both directly through stock watering or
making downstream wat@onutilizable through pollution and indirectly through the
production of feed as crop, sown pasture or as rangeland (Maimbo, 2007). Significant
amounts of water are withdrawn for the production of feed (Steiafeltd 2006; Peden

et al, 2007). Livestoclkalso play an important role in water quality through the release
of nutrients, pathogens and other substances into waterways, mainly from intensive

livestock operations (Steinfe&t al, 2006).
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Population growth, development aspirations and a growinggretion of the
importance of ecosystem support services are raising awareness that water is a key
factor in socioeconomic development (Maimébal, 2007). However, fresh water
availability and its distribution is becoming a serious constraint andrgriéctor to

the expansion of agriculture for food production, livelihood improvement and to

meeting other growing human needs (Mainebal, 2007;Schlinket al, 2010.

Competition for water between different uses and users is increasing (BR00&

due to a number of factors. Continuing in a buskasassual mode will lead to a serious

global water crisis (de Fraiture, 2007). Widespread overgrazing disturbs water cycles,
reducing replenishment of above and below ground water resources. This affects
sustainable uses of scarce water resources. If water use is to be sustainable in the future,
then we need to make better use of the rainwater that infiltrates the soil, and we need to
manage better the wateonsuming vegetation systems that provide s$ifgport to
livestock, humans and nature (Maimétaal, 2007).

2.4.1. Water intake by livestock

Water plays an important role in livestock survival and productivity. In livestock, water
constitutes approximately 98% of aflolecules in the body and G@% of tre body
weight (NRC, 2001). Livestock gain water through drinking, the water contained in
feedstuffs and metabolic water produced by oxidation of nutrients (NRC, 2001; Pond
et al, 2006).The water in the feed can be of major importafi¢tee water contentfo

feed is highly variable and may range from as low as 5% in some dried grains or seeds
to about 90% in earlgrowth pastures and succulent spebtigsveight(NRC, 2001).

As cited by Sileshet al. (2003) on average fats, carbohydrates and proteins yi&ld 1
0.56 and 0.40 ml water per gram oxidised, respectively. For most domestic animals,
metabolic water comprises only 5 to 10% of the water intake. Water is lost from the
body through respiration, evaporation, urination and defecation. Watsincreags

with high temperature and low humidity (NRC, 2001; Pendl., 2006).

Water is an essential nutrient which is consumed in considerably larger quantities

relative to other nutrients and involved in all basic physiological functions of the body
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Water aailability and quality are extremely important for animal health and
productivity. Drinking water quality and quantity may affect feed consumption and
animal health. Lowguality water may have direct effects on the acceptability
(palatability) of drinkingwaterand will result in reduced water and feed consumption
(Lardy et al, 2008; Olkowski, 2009). The most common water quality problems
affecting livestock production include high concentrations of minerals, sulphates,
nitrates and nitrites, bacterial damination, heavy growth of blkgreen algae and
chemical contamination associated with agricultural and industrial activigedy(et

al., 2008;0lkowski, 2009)In developingcountriesmost of the water resources set for

livestock and human drinkingcks water quality standardsafdy et al, 2008)

Water requirements and consumptions are influebgexeveral dietary, physiological

and environmental factors includingpe and size of the animal, rate and composition
of weight gain, pregnancy, ladton, activity level, type of diet, feed intake, water
quality, salt content, ability to conserve water and environmental temperature (NRC,
2001; Ponckt al, 2006). In very general terms, animal will consume 2 to 5 kg of water
for every kg of dry feed asumed when they are not hetiiessed (Ponet al, 2006).
Reduction of water intake results in lower meat, milk and egg production. Deprivation
of water quickly results in bbssof appetite and weight, with death occurring after a
few days when the anahhas lost between 15 to 30 % of its weight (NRC, 2001; Pond
et al, 2006).

2.4.2. Water for feed production

Livestock drink on about 250 liters of water /day/TLU (Sileslet al, 2003 Pederet

al. 2003, but this constitutes only small fraction of daily water requirement (Peden

et al, 2003). Agricultural water used for feed production is much greater than drinking
water consumed by animals. Pedenal, (2007) and Haileselassiet al, (2009)
suggested that the water consumed directly by livestockiaismido about 2% of the
total water used to provide products and services under-sozdé mixed farming
systems. Studies by Pedetnal, (2003) indicate that the prime user of water resources
for livestock production is through transpiration for theduction of feed. This is

important because the prime constraint to livestock production is seasonal feed

12



shortage, the production of which is often water limited and mainly dependent on
rainfall. Increased animal production results in heightened demandgficultural

water.

African livestock use about 200 billion3tgear of rain and irrigated water most of
which (99%) is depleted through transpiration in the process of producin{Preeen

et al, 2006) Transpiration is not the only form of depletedter associated with feed
production. Water evaporates from plant and soil surfaces. Some estimates suggest that
evaporation can be up to six times more than transpiration, particularly in heavily
grazed areas with little vegetative coy8onderet al, 2004). In irrigated and rainfed
pastures, it is important to maintain complete vegetative cover to ensure that as much
water as possible is depleted through productive transpiration rather than non
productive evaporation. A key requirement is to limit gngzpressure to levels that

does not reduce plant co@ederet al, 2006)

As a baseline, livestock ingest about 2% of their live body weight (5 kg/TLU/day) in
terms of dry matter intake to meet basic maintenance requirements in a-trearired
setting This does not include additional energy demands associated with
thermoregulation, reproduction, lactation, parasite infection, growth, walking, working.
With all of these included, food intake can double to about 10 kg/day/TLU of dry feed
(Sonderet al, 2004). Assuming that one®nof transpired water generates 4 kg of dry
feed; water for feed production will vary between the maintenance levels of about 450
to about 900 riyear or about 1200 to 2400 liters per da@us, the transpiration
depleted watemi using animal feed is about 50 to 100 times greater than what animals
drink (Pederet al, 2006)

Adequate feed supply largely determines livestock productivity while the quality and
guantity of feed anthewaythefeed is produced and supplied to #mmal affects the
water productivity of livestock and ecosystem services (Haileskisaie2010). Given

the overarching scenario of rapidly increasing water scarcity globally and rapidly
growing demand for animal products in the developing world, arebe and
development investments at the water, food and livestock intersection should have

significant payoff in terms of overall benefits for people, livestock and the environment.
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Increasing agricultural water productivity (gaining more yield and vatra fvater) is

an effective means of intensifying agriculture and reducing environmental degradation
(Molden et al, 2007), and integrating improved and appropriate livestock keeping
practices into efforts to increase livestock water productivity will loegfahe solution.

2.5. Livestock Water Productivity : Concepts, Definition and Scales of

Consideration
2.5.1. Water productivity

Productivity is a measure of system performance expressed as a ratio of oufpuit to in
For agricultural systems, watergaluctivity (WP) is a measure of output of a given
system in relation to the water it consumes. In a broad sense, productivity of water is
related to the value or benefit demvigom the use of water (Moldezt al, 2003).

_°Ual0eRce@OBUUG &
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Agricultural water productivity measures the ability of agricultural systems to convert
water into outputs like food oeéd. Assessment may be required for the whole system
or parts of it, defined in time and space. Estimates of WP for single activities are called
partial WPs. WP of larger areas containing complexes of multiple land use requires
integration of partial WPsof each activity contained within them. It is normal to
represent WP in units of kgAnIf production is measured in kg/ha, water use is
estimated as mm of water applied or received as rainfall, convertibliéha @mm =

10m/ha). Alternative notationsiclude food (kcal/if) or monetary value ($/H

Increasing productivity of water is particularly important where water is a scarce
resource. By growing more food with less water, more water will be available for other
natural and human uses (Molden anglBrman, 2001; Rijsberman, 2084cited by
Moldenet al, 2003). Increasing the productivity of water in agriculture will play a vital
role in: easing competition for scarce resources, prevention of environmental
degradation and provision of food secpahd important pathway for poverty reduction
(Moldenet al, 2003).
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2.5.2. The concept and definition of livestock water productivity

Water productivity is not a new concept in the crop sector, where it has been
successfully used for many years (Kijeteal, 2003; Bouman2007; Rockstrom and
Barron 2007; Clemeneét al, 2010). Plant breeders and agronomists have applied
concepts of genetics and plant physiology to develop varieties which are adapted to
droughtprone regions and responsive to irrigation inplitseey have also identified
phenotypic traits that could be used to identify appropriate inbred lines and gene pools
to extract the desired genes and transfer them to the ideotypes and preferred crop
varieties (Amede, 1998). On the other hand, LivestockeWRttoductivity (LWP) is a

new concept that is still under development (Peddexh, 2007) and much of the above
mentioned interventions have not been applied yet or evaluated in its context.
Traditionally, water productivity concepts have been appliedignt crop production.

There is a knowledge gap related to water productivity of livestock. Investigating this
gap addresses a critical need to simultaneously and coherently manage livestock and
water resources for food security and poverty reductiopecslly in areas where
livestock are critically importantPedenet al, 2007; Descheemaeket al, 2009;

Haileselassiet al, 2009).

Livestockwater productivity is part of overall productivity of water for food production
and is a scale dependenti@éncy of direct and indirect use of water for provision of
livestock products and services. It also takes into account the impact of livestock
keeping on water quality, availability and value to subsequent uses an(Resiret

al., 2007; Descheemaeket al, 2009; Haileselassiet al, 2009) There are two general
driving factors of livestock water productivity: the impact of livestock on water
resources depletion in the process of feed production and the efficiency with which the
different livestockmanagement practices help to convert this invested water, to produce

feed, into useful products.

2.5.2.1. Definition

Livestockwater productivity (LWP) is defined as the ratio of livestoelated products
and services to the water depleted in producing thesie(et al, 2007):
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LWP can be expressed in different units, depending on the beneficial outcomes that are
consideredPhysical wagr productivity isdefined ashe ratio of mass of an agricultural
output or concentration of nutrients to the amount of water used. Economic water
productivity is defined as the value derived per unit of water used. Hénoelyi
livestock meat or milk 9 considered, this physical LWP could be expressed in
kilograms per cubic meter of water or in liters per cubic meter of water, respectively.
Other notations include food, expressed in kilocalories per cubic meter of water or the
monetay value, expresseid (Birr or Dollars) per cubic meter of watéPederet al,

2007; Descheemaeker al, 2009; Haileselassiet al, 2009) The assessment of LWP

is not straightforward because: 1) it comprises different components both at the
numerator and the denominagide of the ratio, 2) it is strongly scalependent, and

3) it depends on the socioeconomic group, the agroecolamoaland the type of
livestock production system that is considered in the angdRsderet al, 2003 Peden

et al, 2007; Coolet al, 2008;Descheemaeket al, 2009;Haileselassiet al, 2009.

The multiple products and services obtained from livestock production systems can be
of physical, economic, environmental and sexidtural in naturgPederet al, 2007;
Descheemaekeet d., 2009; Haileselassiet al, 2009) The numerator of the
productivity term includes products such as milk, meat and eggs, but also manure as
fuel and for use as fertilizer, services such as draught power, and social benefits of
livestock (Pederet al, 2007; Descheemaeket al, 2009; Haileselassiet al, 2009)
Clearly, the water productivity concept is more complicated in livestock production
systems than in crop production. Assessing theaoammomic benefits of water used by
livestock production sstems can be significant, but more difficult due to the fact that
unlike direct products they can comprise indirect benefits such as social benefits and
environmental flows (Cookt al, 2008). However, the growing potential for payment

for environmental arvices offers scope to include reoonomic benefits in
assessments of water productiviBedenet al, 2007; Descheemaeket al, 2009;
Haileselassiet al, 2009) Besides that, the strong interaction between livestock and

water on the one hand andhet natural resources (vegetation, soil, ecosystems and
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climate) on the other shapes the interpretation of LY{Pedenet al, 2007;
Descheemaekat al, 2009; Haileselassiet al., 2009)

The water depleted for the production of livestock feditlat scale is computed as the
amount of water that is lost through evapotranspiration for the growth of different types
and sources of livestock feed crqpedenet al, 2007; Descheemaeket al, 2009;
Haileselassiest al, 2009) The amount of water used fplant growth is estimated
based on the particular crop characteristics and climatic parameters. Crop
evapotranspiration (EJ is the amount of water a crop needs for growth. It is the start

of all calculations for determining agricultural water demandaiiioet al, 2007).
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Where; ET. = Crop evapotranspiration
K¢ = Crop factor

ETo = Reference evapotranspiration

2.5.2.2. Scales of Consideration

Water use and management in agriculture cross many scales: feetiss, farms,
delivery systems, basinsations and the globe (Moldext al, 2003). The issues of
scale heavily influence concepts of water productivity. The processes and scales of
analysis are different at each scale. Actions at one scale oftemuo#luwdat happen

at a different scale (Moldest al, 2003). When comparing water productivity values,
both the produced commodity and the water flow components included in the analysis
should be clearly defined, as these can vary greatly with the sciie ahalysis, the
system concerned and the interests of stakeholders. By analogy with the spatial scales
(plant, field, agricultural landscapes) identified for crop water productivity (Bouman
2007), the relevant spatial scales for LWP are animal, fied], farming system,
catchment and basin scal@®edenet al, 2007; Descheemaekest al, 2009;
Haileselassieet al, 2009) Water accounting provides a means to generalize about
water use across scales, and to understand the water productivity better. Wa
accounting can be applied at all scalemtdrest;nowever, itrequires the definition of

a domain bounded in spacedaime dimensions (Moldeet al, 2003).
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2.5.3. The livestock water productivity framework

Many people and institutions are working tenease the productivity of water but the
effort remains disjointed with integrated livestock production. Part of the reason is that
there is no common conceptual framework for communicating about water productivity
in terms of livestock (Pedeet al, 2007). Livestock water mpductivity (LWP) is a
Asystemso concept with each producti on
structure and mix of processes (Pedtral, 2003). Given the complex nature of
livestock systems, a conceptual framework (Pedah, 2003) was developed in order

to analyze LWP. This framework allows accounting for the multiple benefits from
livestock production, the different water flows that are involved and the various factors
(not only biophysical but also institutional andce®@conomic factors) influencing
LWP (Pederet al, 2007; Descheemaeket al, 2009; Haileselassiet al, 2009)

Key livestock water productivity principles are illustrated in Figdideerived by Peden

et al. (2007). The wateaccounting procedure clagss the inflow and outflow
components into various wataccounting categories (Moldet al, 2003 Pedenet

al., 2007). In estimating water productivity, we are interested in water inflows
(comprise precipitation, surface water and ground water, brgirsvater in rairfed

agriculture) and water depletion (evaporation and transpiration (Meldg) 2003)).

Degradation and contamination also deplete water in the sense that the water may be

too costly to purify for reuse (Pedehal, 2007). Virtualwater is taken into account

only when feed is imported (Moldet al, 2003 Pederet al, 2007). The water flowing

into the system is used for biomass production, drinking, and processing and servicing.
It allows the system to produce animal outputs bingi the different feed types
produced by transpiration and relying on other natural resources and inputs éPeden
al., 2007). Animal outputs then contribute to livelihoods and environmental services.
This contribution is positive if manageeell, butcoud also be negative if managed
badly on water storage, depletion and on the beneficial water dependent outputs from
the domair(Sondetrt al, 2004) The effect on environmental services creates feedback
loops because of the influence on feed productiamtber natural resources such as

soils and vegetation and on the water inflow itself (Pedeh, 2007).
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The water that flows into the system also flows out one way or another. This outflow
comprises much more than the water contained in animal urfaeaes. Transpiration,
evaporation, contaminated water and degraded runoff water all form part of depleted
water flows, which cannot be used by the system anymore. On the other hand, non
degraded discharge and deep percolation out of thezooetflow out of thesystem,

but might be used by other systems downstream or after recy€lederet al, 2007;
Descheemaeket al, 2009; Haileselassiet al, 2009)

An integrated framework can help to identify sets of options to enable more effective
and suginable use of water for livestock (reducing water depletion and increasing
goods and services associated with animal keeping (Retda&in 2007)). Livestock
water productivity framework has been a useful tool for comparing different schemes.
At househall level, it was found to be a good way of identifying the contribution of the
different components of livestock production to the livestock water produdtiRetyen

et al, 2007)
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Figure3. Simplified framework for assessingdistockwater productivity (Pedeet
al., 2007)
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Generally, basic strategies that help to increase livestock water productivity directly
include: improving feed sourcing, enhancing animal productivity, and conserving water
(Figure 3). Providing sufficientdrinking water of adequate quality also improves
livestock water productivity (Peden al, 2007). Focusing on a single strategy may not
be effective. A balanced, sipecific approach that considers all the strategies will help
to increase the benefitlerived from the use of agricultural water for the production of

animal products and services (Peééeal, 2007).

2.5.4. Variations in livestock water productivity

Different researchers observed livestaehter productivity variations across different
scalesincluding: farming systems, farm resource holdings (westi#iug, and feed

resources types. Some of the observations are presented as follows:

2.5.4.1. Livestock water productivitgcross farming systems

For different farming system8ekele (2008nd Haileselassiet al. (2009) reported
LWP vdues ranges of 0.060.08 and 0.1L.0.6 USD* m3, respectively. Even for similar
mixed croplivestock systems in the Ethiopidighlands, reported valudsr LWP
largely vary from 0.060.08 USD m (Alemayehuet al, 2008)to over 0.3 0.6 USD
m of water (Gebreselassiet al, 2008) In addition, Bedsa (2012)reported LWP
ranging from0.15 to 0.19 USD rAfor farming system typologies ithe highlands of
the Blue Nile BasinMoreover, p to 4.8USD m™ of wateris reported byTulu et al.
(2008).Water praluctivity analysis for milk in physical terms, in the In@@anga Basin
for the year 2003 showed that the highest metkirnsfor a litre of water depleted was
achieved in the intensive systems (0.8 litre m®), while range of 0.D.4 lirem?is
for the semiintensive system (Haileslassa al, 2011). Same study revealed LWP
analysis across livestock groups showed the highest value for crossbreed cows followed
by buffalo and local cows were the leddsingwater foot printing concept iiife cycle
assessmerframe Alemayehuet al (2017) reported low LWP ranging from of 0.057
to 0.066USD m® across mixed farming systems@umarawatershed of the Upper

Blue Nile BasinIn Alemayehuet al. (2017)study,the determination of LWP covered

11 USD = 20 Ethiopian Birr in 2014
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the period beveen birth and end of productive age for breeding stock, and between
birth and time of offtake (slaughter or sale) for fimreding stock. It is done aiccount

for water depleted for feed consumed for the period before reaching productive age

2.5.4.2. Livestockwater productivityacrossfarmerswealthstatus

Haileslassieet al. (2011) observed the volume of water depleted to produce a similar
type of animal product varies among systems and is affected by the type of inputs and
management practices used, whichurn depends on available resources at HH level.
For instance, Ayele (2012) reported variable values of LWP across the farming systems
and wealth category classes at household level in the Blue Nile Basin; on average lower
LWP values for relatively poddHs (0.08USD m) and higher LWP value (0.24SD

m) for betteroff farm clusters. More interesting is a huge gap between the minimum
(0.001)and maximum values (0.62@SD m®) of LWP. In addition, Bedassa (2012)
reported LWP ranging fror.08 to 0.24 UB m across farm households clustered in

to wealth statusni the highlands of the Blue Nile Basim view of this it can be
concluded that there is huge potential to improve LWP in mixed crop livestock systems

of the Bue Nile Basin through building theapacity of the poor farm households.

2.5.4.3. Livestock water productivity relation feedresources

Adequate feed supply largely determines livestock productivity while the way feed is
produced affects the sustainable use of water. Descheemnetak¢?011)noted strong
linkage between WP of livestock to that of feeds. The feed sources and the efficiencies
with which feed is utilized within the animal determine the amount of water required
to produce livestock products and services. In the-bivegtock sygems of India,
Haileslassiet al.(2011) observed the largest component of total water consumption in
livestock systems was the production of irrigated fodder while the smallest component
was use of crop residues and the WP of livestock positively ctaselaith the
percentage share of crop residues in the diet. The feed water productivity in the Indo
Ganga Basin in 2008ported by the same author was-B.8 kg m?® for green feeds
(grass from communal grazing, fallow land, grazing under forestR.@.6g m? for

concentrates and 33.0 kg m? for crop residues. Haileslassi¢ al. (2011) reported
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livestock and feed water productivity in the In@anga basin and the volume of water
depleted varied among intensification gradient of dnogstock prodution systems

and was highlaffected by the type of feed. In the north eastern Ethiopia under irrigated
and rainfed farming systenekele (2008)eported that more than 73% of agricultural
water depleted at household level was through livestock feed production, of which more

than 52% wasn grazing lands and the rest from crop residues.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

3.1.1. Location and physical characteristics

The study was conducted Debre Berharmmilkshed inNorth Shewaadministrative
Zone of the AmharaNational Regioal State, cenal highlands of EthiopiaDebre
Berhantown, the administrative and commercial center of N&tewaZone and
Basona Worandistrict, is 130 km away to the Northeastafdis Ababaon the paved
highwayof Addis Ababdo Dessie The topogrphy of the study area is predominantly
characterized by undulating hilly landscape with gentle slopes (NShéwa
Agriculture Office, unpublished)The study area is located betweéB@and §50 -
latitudesand 39 20 and 39 44 lengitudes(Figure4). The elevation ranges from 2840
to 2943 masl (Molla, 2013).
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Figure4. Map of Ethiopia showing location of the study area
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3.1.2. Agro-climatic conditions

The climate in most parts of tlaeeais characterized by cold temperatiréhe mean
annual minimum and maximum temperatures averaged betweer2Q080y/ears are
6.7°C and 19.9C, respectivelyThe mean annual rainfall within the span of the same
years is 108 mm with a potential evapotranspiration of 38m. Rainfall distributon

is bimodal, usually the long raimehej last from June to the beginning of September,
andthe period othe short raingbelg) falls between February and May. Ab@&€6 of

the annualrain falls between hie and September which is the main croppingssa
(Figureb5). Most of thestudyarea is covered by moderately and poorly drained soils,
predominantly black Vertisol (Amsakt al.2007; Molla, 2013).
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Figure5. Average monthly rainfall, potential evapotranspirationdEmaximum
(T o) @ndminimum(T . ) temperatures @ebre Berharweather station (monthly

data averaged from 2000 to 2014)

Rainfed mixed croplivestock MCL) farming system, where close interdependence
between crop and livestock sapstems existis the donmant systempracticed
primarily to meet the subsistence requirements for most of the famidrsheir
families Smallscale irrigated farming is limited to few farmers with small patchy areas
alongBeressaRiver producingmainly vegetables. The&taple bod crops widely grown
includebarley Hordeum vulgarg wheat Triticum durun), faba bean\(icia fabg and

field pea Pisum sativum The cereals which covered the largest porticihetropped

areaduring the main seasare the major sources ofop residues CR) for livestock
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feeding.The ailtivation of teff Eragrostis teff, lentil (Lens culinari$, chickpegCicer
arietinun), oat (Avena sativg linseed Linum usitatissimuinand vegetablesre
intermittent on small plots of croplandrop residuesral naturagrazing landGL) are

the major livestock feed resources, while fallow land, crop aftermath and concentrates
are occasionallgvailablefeeds(Hasseret al, 2010;Bekeleet al, 2017) The livestock
species reared includredigenouscattle Bos indcug andtheir crosses withemperate

origin (Bos tauru$, sheepQvis arie$, goats Capra hircug, donkeys Equus asinus

horses Equus caballus mules(Equus mulepand poultry(Gallus gallus domesticiis

Cattle production with indigenous and crossbagimals predominates the livestock

production followed by sheep productigtasseret al, 2010;Bekeleet al, 2017)

3.1.3. Human and livestock populatioasd land use

The total human and livestock populations in the three dis{Beatbre BerhanTown,
Basona Woranand Angolela ena Tenain which the Debre Berhanmilkshed is
located, are presemten Table2. Human population comprises of 50.4% male and
49.6% female. Of the total cattle population in the three distfi8t8% are crossbreds
of the locals with Holstein Friesian of variable exotic blood leyetsth ShewaZone
Agriculture Office,2013 unpublished)

Table2. Area, human and livestock populationgha# districts in which th®ebre
Berhan milkshed is located, central highlands of Ethiopia

Districts
Description Debre Basona Angolela Total
BerhanTown Worana ena Tera
Area (kn¥) 139.3 1150.4 836.3 2126.0
Human Population (humbers) 78733 130536 89642 298911
Male 38228 66835 45519 150582
Female 40505 63701 44123 148329
Livestock Population (numbers)
Cattle 15864 156652 125052 297568
Sheep 26954 10672 119321 253066
Goats 13713 71737 12223 97672
Donkeys 3345 30245 27092 60682
Horses 1912 10506 9288 21706

Source: NortifShewaZone Agriculture Office (2013, unpublished).
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The land use categories of the three districts in whahre Berhammilkshed idocated
are summarised in TabB Much of the land in the study areas is used for fieed
crop production.

Table3. Land useof the districts in which thBebre Berhan milkshed is located,
central highlands of Ethiopia

Debre Basona Angolela
Land U (ha) Total
BerhanTown Worana ena Tera
Cultivated (food crops) 3669 51569 32983 88221
Forest and shrubs 560 35643 18462 54666
Grazing 355 8713 10711 19780
Others* 9343 19117 21474 49935
Total 13928 115043 83630 212601

* Settlanents roads, water bodies, degraded lands unsuitable for agriculture.
Source: NortlShewaZone Agriculture Office (2013, unpublished).

3.2. Wealth Status Classification Criteria

Criteria setting for wealth status was made in consultation with district dgper
development agents amehsconfirmedthrough focus discussions wilibcal farmers.
Multiple criteria focusingon physical ownership of key assets and their anticipated
values at the time of the study were used rather than precarious annual cash income.
Ownership of houses with corrugated iron or thatched grass roofs, number and types of
livestock, area of land and tleapability of farmers to satisfy household basic needs
throughout the year were the major focuses. Nwless, setting an absolute -oiit

point to each criterion was not possible, and an overlap in the range of values for the
set criterion was evidentisteadof fixing the judgment based on the value of a single
criterion, the contribution of the wholeasassessed together to group lanfer under

one of the three wealttategories (bettesff, medium and poQr The descriptions of

each criterion are summarized in Talle
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Table4. Description of wealth status groupin
persgectives in the mixed crefivestock system, central highlands of Ethiopia

o Wealthgroup
No Criteria
Betteroff Medium Poor
1  Cropland holding (ha) >1.50 1-2.5 0.251.5
2 Number of ploughing oxer >2 02 01
Number of milking cows  >2 most of At least 2, few <2 and usually
(local and crossbrejls crossbreds crossbreds local breeds
Number of sheep (adults) 10-50 or more 5-20 010
Number of equines (adult« A mule, a No muleand
At leasta horse
horse and horse may be
and donkeys
donkeys donkey
6 Roofof houses
Corrugated iron sheet  Yes Yes (often) No
Grass thatched Yes Yes Yes

7  Quantity of amnual food . ,
_ Enough with  Enough but Not enough, in
production and supply to
. more surplus meagre surplus need of support
sustain household

3.3. SurveyDesign ard Data Collection

For the study, milkshed milk collection centerand samplerespondent households

wereselected according to the following procedures.

3.3.1. Sampling procedures and sample size

A multistage sampling procedure was employed to select sampiertaengaged in
MCL farming and deliver fluid milk to the nearby milk collecti@aenters(MCC).
Debre Berhamilkshed was purposely selected based on its accessibility and potential
representativeness of the MCL system in central highlands of Ethigsmles milk
production potential, themilkshed hasgood market accessibilityn the local
community, the zonal cent®ebre Berhartown and milk processing enterprises in
Addis AbabaHouseholds who owilivestock and engaged imixed farmingwere

involved n the formal survey questionnaires. Each household was considered as a
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sample unitin the milkshed, fom thirteenmilk collection centers (MCClound in

Debre Berhan and Basona Worana distrgitsrepresentative MCC serving about 48
villages were seleet using simple random sampling proced&i@mers sample size

was determined using G*power 3.1.7 software considering the faveath groupas
fixed effect and assuming 0.25 effect si
(Faul et al, 2007) List of farmers obtained from the selected M@&s categorized

into three wealth groups to form the sampling frame. The number of sample farmers in
eachwealth group was based on the probability proportional to size sampling technique
(Alam et al, 2015) Finally, a total of 159 farmers (50 inetlpoor, 58 in the medium

and 51 in the bettesff wealthstatu$ were selected using systematic random sampling

with whom the questionnaires were administered.

3.3.2. Data collectionandsources

A socioeconomic survey usingretested senstructured questioniras was carried
outviaa face to face interview in 2014 and 2015. The questiormases foindividual
household interviewovered data armousehold demographic characteristics, land and
livestock ownership, livestock species composition and herdtgia) livestock
managemenrdand productivity, incoming animalglue tobirths, purchased, received
given in,andoutgoing animalslue toofftake (sold, slaughtered, given qutgathand
lossinto and out of the livestock herds and flocks over a, Yi@@stock traction services
delivered per yedploughing, threshing and transportatiomanure management and
utilization, types and sources divestockfeeds, area of private and communal GL,
types of foodfeed cropgirown and cropping patterareacoveredunder eaclerop type
cultivatedand agronomic practicetand leased under local agreemeiaigicultural
inputs used crop yieldper cultivated croplandavailability and accessibility of credit
and training servicegurrent farm gate anaarket prce forinputs,crop and livestock
products sales and consumption of livestock productsmception of costraintsof
livestock and crop productip@nd household division or share &ibour Question
checklists were prepared for group discussions on #ernfiactors influencing crop
and livestock production, land use, wealth group categorization, trends of livestock and
crop production. Focus group discussions were conducted at gaelseliected MCC.

A total of 40 farmers (six to eight per sessionyespntinghe differentwealthstatus
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have participated in six sessions. Knowledgeable farmers from all wealth groups were
selected anticipating an effective communication between the moderator and within
themselvesKk ey i nf or mant s 6 i kert vaththeizanal and digricte und.
level livestock productionexperts, local development assistantaowledgeable

farmers andcommunity leadersn the selected MCCThe secondary data were

extracted from previous studies and information documented at agratul
development and research officd3ata enumerators recruitedere agricultural
development agentsvhowerethentrained to assist on primary data collection during

face to face interview and group discussidmscal climate data were obtained from

Debre BerhamAgricultural ResearctCenter weather station.

3.4. DatasetManagementand Analyses

The following subsections give details tbe steps and procedures that were used in
estimatingthe dry matter DM), metabolizable energyME) and digestible crude
protein DCP) contentsof the majorfeeds availableand demands fothe prevailing
livestock, feed balance, depleted water for feed production, livestock beneficial outputs

and water productivitpf feed and livestock at farm level

3.4.1. Estimation of annuakied availability (supply)

Quantity of feed DM available per year was estimated from the major feed redaurces
the study aremncluding CR, crop aftermath (stubble that remain after harvest) and GL.
Crop residues DM obtained was derived from grain yie#yest indices and area of
cropland cultivatedConversion factors derived from harvest indices; 1.5 t/ha for wheat
and barley, and 1.2 t/ha for faba bean and fieldlkefiasa, 1988; Kodls, 1988 FAO,

1987 were used to estimatee amount otrop residues from grain yielastained

The amount of DM collectedrom CR per year by an individual farmer was
extrapolatedbased on the size of plof croplandallocatedto grow a particular op

type during the cropping seas@iven the feed shortage and farmers priority to the use
of CR in the highland MCL systems it is assumed that about 90% of the CR used as
feed and 10% for other purposes and wasfagkeraandSaid, 1992)
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Available DM of crop aftermath grazingrom cropland was estimated using
conversion factor of 0.5 ton DM/ha pgear (FAO, 1987)and the areaultivated.
Available feed DM from GL is estimated by taking the private and communal
ownership pattern into accouiarmers are eligible to use whole of available feed on
their entitled privateGL but can aly share certain amount of feed from openly
accessible communal GLivestock are left to graze freebyncommunabrazing lands
where here are no local ground rules applied in sharingefeedesource to assume
equitable sharelt was assumed th#éte amount of feed DM share from communal
grazing is a function of livestock density, which is ascribed to the size of livestock
ownershig that had access to use this communal resoArtieestock density of 14.8
TLU/haderived based on data on the oif&vestock and GL areaasused to allocate

the communal grazing to each livestock owner relative to livestock possession. The
total area of privately owned and part of the communal GL allocated were considered
to estimate the available feed DM from Gerphousehold per yearhe feed DM
productivity on GL was estimated based on multiplier of 2 t/ha established from
previous GL condition and productivity studi@A0O, 1987) Utilization factor of 75%

as suggested BYyWBISPP(2002) for extensive grassland is used to quantify the DM

that would be utilized by livestock.

The quantities of ME and DCP of feed resources were calculated basediorvitine
digestibility of organic matter in dry matter (IVDOMD) and crude protein (CP) contents

of each feed tymereported bywondatiret al. (2011)in the study aredlhe following
equations were used to estimate the annual energy and protein supply at farm level in

relation to the type of feed resource and amount obtained per year.

The seasonal availability of feed resources was assessed based on farmers judgment
and scores giverfior a particular feed type imach month throughout the year.
Availability of feed ove the yeawas scoren a scale of A0, where 10 = excess feed

available, 5= adequate feed available and Ao feed availablélLRI, 2014)
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3.4.2. Estimation of livestock feed requiremefdsmand)

Livestock holdings per household were aggregated into TLU considering the annual
average livestock ownership derived based on the number of animals at the beginning
and end of the study year. This was done to take into account the annualanélow
outflow dynamics of livestock at famer level. Species specific TLU conversion factors
of 0.7 for cattle, 0.1 for sheep and goats, 0.5 for donkeys and 0.8 for horses were used
(Jahnke, 1982)The dry matter deman®iMD) was estimated based on the expected
daily dry matter intake[¥MI ) suggested for the standard TLU of 250 kg at 2.5% of the
body weight, which is equivent to 6.25%g per day or 2280 kg per ye@ahnke, 1982)
Comparable rate of DMI was also suggestedKiewrl ( 1982) The ME and DCP
requirements for maintenance were calculated according to the daily average
recommendations gan byKearl (1982) Based on metabolic body weight 118.0, 93.0

and 103.45 kcal of ME/N’-"® and 2.86, 1.72 and 2L g of DCP/\W" " per day for

cattle, sheep and goats, respectively were used for maintelfgred, 1982)
Accordingly, the daily nutrient requireant tables for maintenance recommended for
ruminants in developing countries Byarl (1982)were used to estimatbe annual

ME and DCP requirements for cattle, sheep and goats. In the case of donkeys and horses
the daily ME and DCP maintenance requirements of 14.9 and 27.6 MJ and 0.18 and
0.37 kg recommended by McCartfip86 as cited inNVondatiret al.(2011)were used,
respectivelyThenfarm level DM, ME and DCP requirements for maintenance per year

wereextrapolated relative to the livestock ownership per household.

3.4.3. Livestock feed balance

Livestock feed balance at individual farmevdeover the entire production year was
determined as the difference between the annual feed DM, ME and DCP supply

estimated from major feed resources and the annual feed DM, ME and DCP demands
for the annual average livestock holding of farmers.
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3.4.4. Estimaion of waterdepletedor livestockandfeed production

Methods and procedures followed by several authors, exafidptienet al, 2007;
Descheemekeret al, 2009; Haileslassiet al, 2009; Kebebet al, 2015)wereused
to estimatethe beneficial outputsof livestock amount of feed sourced, water

evapotranspired for feed production and water productivity of feed and livestock.

Feed DM vyield ad associated water depletion in the production process are important
indicators for performances of livestock in terms of water resources ecoAgriye
drinking water for livestock is not more than 2% of the water needed for the feed
production(Pedenet al., 2007; Haileselassiet al, 2009),only the amount of water
used forlivestockfeedingwas accounted as depleted water. Estimation of the volume
of water depleted for livestock feed production in a given system re@ssessment

of feed types, saues, utilization rate, crop coefficiesdand climatic parameters. In this
study, estimation of dry matter yield and consequent water depletion for livestock feed
productionwere depenidg on grazing landgind foodfeed cropands The area of
grazing landsand ownership pattern per farm househ@rhzing land productivity
(FAO, 1987)and utilization facto(WBISPP, 2002vere used to estimate the volume

of water depleted for livestock feed production on grazing laholestimate the dry
matter production of crop residu@&eftasa, 1988; Kossila, 1988; Tesseshal, 2003)

and associated depted waterthe harvest index approacfHaileslassieet al, 2009;
Descheemaekest al, 2011)and utilization facto(ToleraandSaid, 1992)were used

asthe wholecrop residues dry matter produced may not be totally recovered and used

by livestock

Water depleted for feed productidhrefers to he amount of water that is Idsirough
evapotranspiration tproduce feesl was considered as productive use of water by
livestock. Meteorological and crop data are used as an input for CROPWAT 8.0
computer progranfFAO, 2009)to estimate crop water requiremenRGQPWAT uses

the PenmaiMonteith equation to calculate the reference evapotranspiratioh ¢EA
hypothetical grass using meteorological data from which the actual evapotranspiration
of other crops is extrapolatdtlis recommended as a standard anddvalethod for the
definition and computation of the reference evapotranspiration) (&Td globally
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accepted method for the prediction of crop water requirements (FAO, 1B82).
calculate the localeferenceevapotranspiration (k) the long term monthly arage
climate datarqinimum and maximunair temperaturg relativehumidity, wind speed
sunshinedurationand rainfal) were obtained fronDebre Berhanweather station.
Effective precipitation was estimated using the fixed percentage (potential-evapo
trarspiration/precipitation ratio) method in the CROPWAT modejronomic data
such ashe type of cultivatedcrops, area covered per crop type and the length of
growing period of cropgplanting date and harvesting datedreobtained from local
farmers. The actual evapotranspiration (BTper period associated with the crop
biomass production was estimated by relating the reference evapotranspiratjpn (ET
with the crop coefficient (K (Allenet al, 1998) The crop coefficients (Kvalues) at
each growth stagan the length of growing period of the cropgreextracted from
FAOQ irrigation and drainage paper No.@8len et al, 1998) Crop grain yield of each
crop type during the main cropping seaswas obtaired from farmers and used to
derive crop residue collected and associated water use. On the crop field, depleted water
serves both for the grain and residues. The harvest index apgHzmlgslassiest al,

2009; Descheemaekeat al, 2011)wasemployed for partitioning of depleted water
between grain and crop resetu Depleted water on grazing lamdsestimated based

on the area of grazing land. Malue for extensively grazed larfdllen et al, 1998)

and the length of growing period generated using New_LocClim soffwAr@, 2006)

The following procedures and equations show mathematical redatighe different
datasets thawereused in estimatmthe volume of water depleted for livestock feed

production.

1. Crop evapotranspiratio: The water requirements of défent cropss volume of
water evapotranspiration per unit of tiro@n be estimated based on the methodology
given in FAQirrigation anddrainage papdxo. 56 (Allenet al, 1998).
'6pL -oU 6, eéeéeé. écéecéeceéecéeceeceeéee e
Where
ET. = Crop evapotranspiration arop water requirement (CWR) in mm per
unit of time

K¢ = Crop coefficient (Crop factor)
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ETo = Reference crop evapotranspiration in mm per unit time at a given

location.

2. Crop biomass water ragrement This refers to the volumof water requirement
of a particular crop in any given arering its growing periodIn this study,
agricultural land used for livestock feed sourcing i.e. cultivated cro@addyrazing
lands usd by sample householdgereconsidered.
%P4 ='6pd).)2; U)#y@srre éééééeéeéeéeé.é& e
Where

CBWR;i = Crop biomass water requiremddepleted watefor crop biomass

production in m*ha of the ' crop typeper " household.

264 dJ. ) 252 Crop water requirement in mm pef for the growing period.

ET. = Total water depleted in mm pef per day of the't crop type.

LGP = Length of growing period (length of growth cycle in days) of therop

type.
GAji = Growing area () covered uner the " crop type per'j household.

3. Water depleted for crop residues uséa feeding livestock This is derived by
partitioning of the totalwater depleted for biomass production into product fractions
(grain and crop residues) based on harvest iadexutilization factor.
90&%dA)L %$94d)isF*49U% 4y éééééé. éeéed&é e(@
Where

WDCR; = Water depleteth m*for crop residuef the i" crop typeper j"

household farm utilized by livestock.
HI; = Harvest index of & i" crop type (the ratio of grain yield to total above
groundbiomassof i crop type).
CRui = Utilization factor (%) of crop residue of tH&grop type.

4. Water depleted on grazing land$his refers to the volume of water depleted on a
given area ofrazing lands used for livestock grazing.

9&) yik ¥ 650) . #0U). s PSITP 666. 686666666 e@

2 3\Water requirement in tha® = 10*Waterrequiremenin mm n¥; 1 ha = 10000 rh

34



Where
WDGL; = Total water depleteth m®for production of feed dry matter ofi i
grazing landcareaper j" household.
ET. = Total water depleted in mm per growingipd on grazing land.
GLA; = Grazing land area of typ8 in m? per {" householdisel by livestock.
GL.i= Feed utilization factor of th&igrazing land.

5. Depleted water for livestock fee@hisrefers tothe total volumef water depleted
for livestock feed production from cultivated cropland and grazing land.

ZL A hE Ayas hg « e e e e .. €0 (10) .
Where

DWLF; = Total depleted water in hper {" household per year for livestock
feed.

WDCR; = Water depleteéh m?® for crop residues pe¥'jhousehold farm of the
i"" crop type utilized by livestock.

WDGL; = Total water depleteth m® for dry matter from grazing land pé# j

household farm of thd'igrazing land.
3.4.5. Estimation of atputsfrom livestock(products and services)

Multiple benefits of livestock that include produftsilk, offtake, manureandtraction
serviceqploughing, threshing and transportati@ccruedoer yearat household level
wereestimated aannual benefial outputs of livestockCurrent markeprices of live
animals, livestock products and livestock hiring valuesdiéferent servicesin the
study areavereusedo quantify the various benefits and services into unity in monetary

terms(USD). Theannuallivestockoutpus and services per househol@éreestimated
as follows:

1. Milk value The annual milkvalue obtaine@t household levetas estimated from
the number of lactating cowkept the average daily milk yieJthctation period of cows
and milk pice. Records on the amount dtild milk deliveredby sample farmerto
MCC wasobtainedto estimate thelaily average millkyield, thetotal milk production

and the valuestimated for milk salper yeamper farm household
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[:8¢k #/1;vJ0.%. .vygU/8y; éééééééééééé. eq(l)
Where
#/:vd00.%JJ. .y g Total milk yield (liters) per year pgf household
MYV = Milk value (USD) per year per] household
AMY j = Average milk yield (liters) peday per cowin the f" househad.
NLC;j = Number of lactating cow if'jhousehad.
LL; = Lactation length (days) @f cow in f" househad.
MV = Market price of milk USD per liter)

2. Off-take value The total amount of benefit obtained from-tdke of different types
of livestock at household were estimated by considering the number, type and price of
the livestock species that a farmer has sold, slaughtered and given out throughout the
year. To capture information on the dynamio$ each type b livestock kept at
household herd and flock inventory wemnductedduring the reference year of the
study period. Livestock numbers at the beginning and end of the refstadgeeriod
wereused to approximate tlaweragéierd size maintained per rsmholdper year Off-
take and mortality rates per househwldre calculated based on the average hard
flock size and the incidences of @ffkeanddeathsover the yearTheannualmonetary
value of offtake was deduced based on the average numberoégeh livestock types
stayed at farmMortalities of each type of animals per year at household level and its
effect on the output gain and livestock water productivity were taken into account, as
these animals used water up until their existence.
168k Alg0.16W/8yy Alg08&WJi8yvé. 66 é&éééé eq (R
Where

OTV;j; = Total value ohetofftake from all types of livestockold, slaughtered

given outand diedper j" household per yea
NLOT;; = Numberof livestockofftake (slaughtered, sold andwgin ouj of the
i"" livestock types pef" household per year.
NDj; = Number of the'f livestock typeslied perj™ household per year.
MV = Market value USD) of the " livestock typeslaughtered, soladjiven out
and diedoer f" household
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3. Manure value In the presenstudy, the methods followed by Haileselassial.
(2006) and Descheemaket al. (2009) whereby each species of livestock converted
into TLU and the quantity of manure produced dady pLU were adopted. bkt often
estimation of livestock manure production is mentioned as difficult as it varies by
livestock agespeciesteed typsand activities (Haileselassat al, 2006). The quantity
of total manurddM produced per year per housédhand its nutrient composition were
calculatedn relation tathesizeof annual averag€LU holdings(Lupwayiet al, 2000;
Haileslassiest al, 2005) which was calculated based on the number of animals at the
beginning and end of the stuggriod Manure production was calculated using dry
weight productivity of 33 kg day* per TLU for cattle and 2.4 kg dayper TLU for
equines and small ruminar(tdaileslassieet al, 2005) The amourd of nitrogen(N),
phosphorugP) andpotassium(K) nutrients of the manumgere estimated based tre
average contds of 18.3 g N/kg, 4.5 g P/kg and 21.3 g K/kg on dry weighishaise
compositions determined for livestock manure in t¢eatral highlands of Ethiopia
(Lupwayi et al, 2000) Monetary equwalence of manure tmorganicfertilizers was
extrapolated from the nutrient conteatsdthe localprices of Urea andiammonium
phosphateAP), during the study period he average NPK contents (%) of Urea and
DAP, the most commonly importeshdusedinorganicfertilizers in Ethiopia are 46-
0 and 1846-0, respectivelfAdmasu, 2009)
Total manureproduction per year TLU * (kg manure per day/TLU * 368ays)
6/8¢ ) Alg¥ 6.7vJ0050/200EK 6.7vJ02;0/220EK 6.7y -0
/12- 0? Y <o N 1 1C) I
Where

TMVi = Total manure valuelySD) from all livestock specieaggregated into

i"" TLU per {" household per year
MTLUj = Total manure producemh dry weight basis (kgjom thei'" livestock
speciesTLU per " household per year
N; = Nitrogen content (kgper kgof manure on dry weight of"i livestock
species
P: = Phosphorus content (kger kgof manure on dry weight of'ilivestock
species
Ki = Potassium content (kgler kgof manure on dry weight of'ilivestock

species
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MPN = markefpriceof N per kg(USD) in the arealuring the study period
MPP = markepriceof P per kg(USD) in the arealuring the study period
MPK = marketpriceof K per kg(USD) inthe arealuring the study period

4. Value oftraction services The traction services from livestock cateyed in this
study were ploughing, threshing and transportation.cbméribution of different types
of livestockto theannuabeneficial outpuggainedby farm household$irough traction
servicesvereestimated based on the tg@adamountof the varous services delivered
on farm andhe renting price wheranimals arenired and additional value has been
claimed Aggregated value fohe raction services of livestookas calculated based
on the number of oxen used and frequency of cropland cultivai@rop type grown
from first ploughing to sowinghe number of animals used for threshing and use of
equines for transportation of agricultural produbuman and other commoditidhe
number of days per yeanimals utilizedfor different servicegsuch asploughing
threshingand transportation and the local price for hirifegnverted to USD) of
different classes of livestock for the respective serwieagconsidered to estimate the

value of such service$his wasestimated usinthefollowing equation:

Where
VLS = The total value ofractionservicesdeliveredfrom all livestock types
per year per] household

NL; = Number otthei®" livestocktype performedractionserviceger yeamper
i household.

TD;j = Total number ofdays per year thé'ilivestocktype performedtraction
services per'] household.

MV = Markethiring valueper day(USD) of the I" livestocktype performed

tractionsewices perY' household.
3.4.6. Estimation ofwaterproductivity
Water productivies of feed and livestock were estimated based on the water

productivity accounting principles (Pedenal, 2003) by takinghe volume ofvater

38



depleted to produce such diffet@utputs as amput andquantities or values déeds

dry matter yieldandlivestock outputs and services as an output respectively

QZPWK@Q?Réﬂ%Wé%éé. 6eéé6eé. . 6&1Beq.

Livestock feed water productivitfhe physical water productivity of livestock feed is
determined as a ratio of dry matter yield to water depleted to producgéeelreugel

et al, 2010; Haileslassiet al, 2011) The model is specified as:

Wherg j denotes a unit of observaticat the j' household FWP is livestock feed
physical water productivity (kg/8y DM is quantityof dry matter (kg) ofj feed type
(crop residues, grazing, totalVD; is the amount of water evapotranspiree)(to

produce the'] livestockfeed type.

Depleted watefor livestock feed productiors computed as

//////

Where j denotes a unit of observatianthej" householdWDj is thevolumeof water
evapotranspired (M to producethe j" feed type (crop residues and grazing),i&
coefficientsof crop typeor grazingland typej, ETo is referenceevapotranspiration, G
isarea of grazing land typef r om wher e t he | i v peisaeaadf k

crogdandcovered by cropypej from where the livestock feed s®urced

Livestock water productivityivestock water productivity isalculated aan index that
relates the netannual livestock beneficial outpugsroductsand servicesto the water
depleted fotivestockfeed production(Pederet al, 2007) The model is specified as:

Reg{ U0 L L L L, . . . . .
SUA,, o Eeéeéééé. cececeeeeéée eééeq(B
g0f P -

xfl].L

Where j denotes a unit of observati@t the | household LWP is livestock water
productivity (USD/m), Qj is the quantity of j™ livestock product (milk, offtake,
manure), Sis service typgploughing, threshing, transportatiorf) is market price
(USD) of thej™ productor service typeWD; is the amount of water evapotranspired

(m®) to produce th¢" feed type (cropesidues and grazing).
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3.5. Statistical Analysis

Means, standard deviations and percenta@esjuencies)were used to describe
variables observedcrosdarmers stratified intevealth groupsA oneway analysis of
variance (ANOVA) was used tdetermine whetér the means of dependent variables
observed (such as farm resource holdinvgdiies oflivestock outputs and services
volume of depleted watewater productivity indicesharvested grain yields, feed
supply,demand and balancare statisticallysame omot betweerwealth groupof
farmers Data complied with the assumptions of ANOVA when checked for normality

and homogeneity of variance. The emay ANOVA model is given by:

,,,,,,,,,,,,,,

Yi =i+ Fi+ } €Eééeeéé. ééeceéée. éeeéééeééeq 9

Where Yj is thej"" observation in thé" wealth groupyi is the common effect for the

whole wealth groupF is the effect of thé" wealth group andj is the random error

associated with thg" observation irthei" wealth group assumed to be normally and
independently distri but e’ jdesighatehthennealtm 2z er
group, andj denotes a specific observation. Ttess were done at 95% level of
confidence (U = 0. enpa)isonploceluecywasiisetitStBst meana n ¢
differencesPear sondés <correlation analysis is e
between the proportion of CR in livestock feed supply and FWP and OWe.

statistical analyses were carried out with SPSS 2BM Corp. Released, 2015).

Rank ndices were calculated to provitke overallpriority of farmers orthe purposes
of keepinglivestock speciesand production constraints in the mixed crlppestock
system. The purpose or constraint with the highastindex value corresponds to the
highestpriority, and the rest follow inrderof importanceFormula used biosgeyet

al. (2008)was adopted to calculate the indices.

B :pUlsk cpmdLglp_lidgpgrp?5 Ulsk cpmdLglp_ligcambb

Ae:p?6; Ulsk cpmdLglp_lirfgpb®>5Ulsk cpmdL glp_lij_qri
dmmlcd _armp A
*T1E _pUlsk’cpmdl glp_lidgpgp?5; Ulsk cpmdLglp_ligcambb e .eq. (ZJ)
Ae:p?6; Ulsk cpmdLglp_lirfgpb®>5U0Isk cpmdLglp_lij_qri

dmpjjd_armpq

Where, HH = respondehbuseholds,  rank value given for the leastportantfactor

andl is given to the most important factor in the list of enumerated factors.
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Furthermore, linear regression modelsre run using STATAoftware for windows
version 13.XStataCorp, 2013p test the hypothesized relationshgb$WPand LWP
with the range of explanatory variableésfined below Thelinear regression model is

specified as:

ol B EUTHE GTouE UToE BTguE b ToyE U T yE U T wE UWTyE

Where Yiis thei observation of the response vétia(feed water productivityor
livestockwater productivity, Ujis the interceptbst 012 afe regression coefficients of
the explanatory variableX; to Xio: X1 is farming experience of household head
years Xz is education level of household hedcompletedgradeyears Xz is age
dependency rati@dimensionless)X4 is family labour forcgadult equivalents)X5 is
cultivated croplangha), Xs is aggregate valueof crop grains harvesté®00 USD/ha)
X7 is livestock holdinggTLU), Xg is membership oflairy cooperativeg0 = no; 1=
yes) Xgis access to cred{0 = no; 1=yes) Xiois access ttraining(0 = no; 1= yes)
X11and X2 are wealth statusidicator variables, whereiX = 1, if thei® person is in
themediumwealth groupO otherwise, and % = 1, if thei™ person is in theetteroff

wealth status group, 0 otherwise; fimorwealth groupwvhich takes the value of zero

in bothdummiess used as reference groapd Ajs therandomerror termN(O, 0?).

3.5.1. Description of explanatory variables and assumptioitheir influenceonfeed

and livestockvater productivity

Various investigators asserted thatmh productivity and resource use efficiency have
been influened byseveral factors associated wittimersdemographic, economic and
institutional factorsTo select explanatory variables that influence livestock and feed
water productivityprevious reports and theoretical grounds has been ass&ssed.
demographicfactors includedwere family labour force, age dependency ratio,
household head farming experience and formal education level. The economic factors
includedwerethe size otroplandcultivated,aggregatedalue of crop gaisharvested,

the size of livesick ownershipThe institutional factors included were membership of

cooperatives, access to credit and of training. Westhitus of farmers were also
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includedto account for other economic variables which may not be explained by land
and livestock holdigs and crop produce(Kebebeet al, 2015) The hypothesized
influences of explanatory vaables included in the present analysm feed and
livestockwater productivity are described as follows:

Farming experience (years)Accumulated knowledge and finest skills of farming
practices could be achieved through own experiences. While monadeexperience

is likely to be gained with age, old age may impair the physical strength for application
of learned practices on the farming operations, such as-ilaieoisive rainwater
management practic€&ebebeet al, 2015) Up until physical weakness of the farmer
with age,gainedfarming experience is expected to influence the livéstowd feed
water productivity positivelyOn the other hand, the farmer simply may become too
old without acquaintance opractical farming experiencds improve productivity.
These scenariawnakeunclearthe influence farming experienoa feed and livetock

water productivity.

Education level (grade completed in yearg)vances in education level is anticipated
to enhance the uptake néw knowledge,improvedtechnologies and best practices
(Asfaw and Admassie, 2004; Knowlesind Bradshaw, 2007)The higher the level of
educaton of the household heathe more positive influence on the decisions and
managemest undertakerto increase the productivity of crop, livestock and feed
resources and reap the benefits. Likewise, it is believed that water productivity
livestock and thir feedwould also assume the same tremdth increased farm
productivity. It is assumethathigher level of grade completed in formal education will
have positive influence on livestoekd feedvater productivity

Age dependency ratio (dimensionlessYhis ratio defines the proportion of
productively active (1#4 years) to nowactive (younger than 15 and older than 64
years)individualmembersn thehouseholdBarrettet al, 2010) Thepresence afnore
dependentsn the households meart the lesser would be the contribution of family
memberdo the farmingoperationgSandfordet d., 2008) Among other influencing
factors an increase ifarm productivity at household isonstrainedy the availability

of sufficient household members in the productive age cated@gsim, 2012;
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Sinnathuraket al, 2013) It is assumedhathigh agedependency ratjovhich indicates
low proportions of productely active memberss negatively associated witthe

livestockand feedwvater productivity.

Farm labour force (inadult equivalents) Family size determines the labour force of
the households, which are important in all agricultural activities. Howeles,
accounts for theotentialcontribution of household membeusthe farm labour force
with respect to their age and genddaileslassiest al, 2009) Househall members of
different age and sex group are eligible to contribute labased on their potentjal
labour divisionandthe corresponding roles thegould play in the farming activities.
Whereasdck of sufficient labour potentially compromise the perfance of the farm
family to increase the agricultural productivity of both livestock and dtapassumed

that availabilityof more household members in the productive labour force is positively

associated with livestock and feed water productiiigbebeet al, 2015)

Land holding (ha): Land holdingwas amonghe key resources ownershgs farmers

that stratifytheminto differentwealth statusPossession of langlves farmers thaght

and confidence to develop and make it more prodedby the intended us@n the
otherhand availability of landpermitsthe production of more crapsiduegrom food

feed crop productioand othetypesof feedbiomasgHaileslassiet al, 2009; Kebebe

et al, 2015) Feedsourced offarm from larger size of land ownershipould enable
farmersto supply sufficient amount of feed to meet the requirenadrisgestockwhich
would eventuallymprove the productivity, health and offtakElivestock Large size

of cropland cultivated is expected to positively influence both the livestock and feed
water productivity as there would be high animal labour contributiwncifopland

cultivation.

Value for crop grains produced orfarm L Q H 8 Bield of different crop
residues recovered for livestock feeding is strongly related to thefdeddcrops grain
yields as it is influenced by the harvest index and the waded for crop production
(Descheemaekent al, 2010; van Breugedt al, 2010;Blimmelet al, 2014) Crop
residues have a considerable share of livestock feed source in the mixédestogk
farming systemsimproved water productivity of a crop has a carryoveeafbn the
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water productivity of its residue and other derived products. Hence greater crop biomass
harvest is expected to have a positive influence on livestock and feed water
productivity. To accommodate the influence of different crop types and cropping
pattern between farmer groups aggregated value of grairsy@idll cropstypes

harvesteds used in the computatigkebebeet al, 2015)

Livestock holdings (TLU):In mixed croplivestock farming system, livestock provide
multiple benefits to support livelihoods. They are sources of power and fertilizer for
crop production, supply humdmod, transportation and cash income apart from serving
as livebank and wealth accumulatigBehnke, 2010; Behnkand Fitaweke, 2011)
Higher benefits from livestock is achieved from their provisiohmanure traction
power, offtakeand milk producton (Haileslassieet al, 2009; Pederet al, 2009;
Amedeet al, 2011) Moreover,the role of oxen availabilityplayedin the timely
adequateroplandpreparatiorcould contributeto increasdood-feedcrop production.
Hence, arge size of livestock holdings offers the premises to fetch more beneficial
outputsfor the given feeénd wateinputs. Thus, livestock holdingize is expected to

positively influence livestocland feedvaterproductivity:.

Membership ofdairy cooperatives (indicator variable 8 no, 1= yes):Membership

of agricultural cooperative has a positive impactemnihnologyadoption(Abebawand

Haile, 2013) Cooperatives are involdein the delivery of different services to their
members. These services include, among others, supply of improved farm inputs (e.qg.
fertilizers, i mproved seeds, pesticides),
farm outputfAbebawandHaile,2013) I n t he study area, far me
services by facilitating neduct sale and input supply to their membddsiry
cooperatives for instance, collect, process and sale milk and milk products on behalf of
their members, which helped them to ease
served to purchase and supplgricultural inputs in bulk and take advantage of the
discount for more volume sale and transportation and bring down the cost of inputs for

the membersHence, being a member dairy cooperatives is expected to positively

influence livestock and feed weax productivity.

44



Access to credit (indicator variable®no, 1=yes):Access to credit encourage farmers

to purchase and use ingwed agricultural technologig$-oltz, 2004; Kassiet al,
2009)such aseed, fertilizers, pesticides, crossbred animalgificial inseminations,
veterinary services, feedand human and animibour when there is a need. Those
are helpful to pronote the productivity of both crop and livestock and appreciate the
benefits. Getting credit in time of need is expected to influence livestock and feed water

productivity positively.

Access to training (indicator variable & no, 1= yes): Agricultural rdated training

would help to advance the knowhow of farmers and enhance the use of improved
farming technologies and inputsincreag theproductivity of livestock and their feed
resourcesincluding crop productionTrained farmers are expected to uptakel
implement productive technologies and practices better than their counterparts
(AbebawandHaile, 2013) Eventually it was assumed that farmers with training are

more likely to have increase livestock and feed water productivity

Wealth group This wasincluded as one of the explanatory variables in the regression
to control br the effects which may not be accounted by major farm resources such as
land and livestock holdingshich determined the wealth status of farm@sbebeet

al., 2015) Two indicator variables were created\WWs andWG, where WGy = 1, if

thei" person is in thenediumwealth group0 otherwise andWG; = 1, if thei' person

is in thebetteroff wealth group O otherwise; th@oorwealth group which takes the

value of zero in botdummieswvasused ashereferencecategory
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4. RESULTS

4.1. HouseholdDemographic and Farm Resources Characteristics

Descriptiors and comparisons of farm houskhdemographic and soceconomic
characteristics includingey farm resourcesoldingsacrosswealth groupof farmers

are presented in the following subsections.

4.1.1. Demographic characteristics

Descriptions of farm househdhgads lespondenjscharacteriscs with respect to their
wealth groupsire summarized in Table Blost of thehouseholdsn the poor and all

of in the medium and bettexff wealth group®f farmerswere headed by maleEhe
highest proportionf respondentm all groupsvere marriedhoweverrelativelyhigher
proportionsof divorced and widowed household heads were the poorer than the
wealthierhousehold. Higher proportion of household heads in the peealth group
wasnot following formal education. On the other hand, the lef/éteracy due to both
the formal and informal learningas higher in the wealthier than the pooreealth
groupof farmers. However, irrespectivefofa r nweealtks shatus most of the household
heads were in the elementary grade level of formal educdtie average years of
schooling of the porhousehold heads were below the overall average, but it was higher
for the wealthier group of farmerslean age of household heads were almost similar

among the poor and medium, but a little higher for bettewealth groups.
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Table5. Characteristics of household headsossvealth group®f farmersin the
mixed croplivestock system obebre Berhamilkshed, central highlands of Ethiopia

Wealthgroup
Household head characteristics Poor Medium Betteroff T_otal
(n=50) (n=58) (n=51) 159)

SexGender (%)

Male 920 100 100 97.5

Female 8.0 0.0 0.0 2.5
Marital status (%)

Not married 0.0 3.4 0.0 1.3

Married 74.0 89.7 100 88.1

Divorced 180 35 0.0 6.8

Widowed 8.0 3.4 0.0 3.8
Education level (%)

lliterate 24.0 6.9 7.8 12.6

Read and Write 12.0 36.2 47.1 32.1

Elementary 64.0 48.3 45.1 52.2

Secondary and above 0.0 8.6 0.0 3.1
Average years of educatigyears) 2.3(26) 3.0(34) 2.8(34) 2.7(3.1)
Mean agdyears) 45.01.6) 453(1.4) 488(1.4) 46.3(09)

n = number of respondenténformal educationgradet8 completedgrade 9 and
above figures in parenthesis astgandard deviatian

Comparisons of thousehold head&rming expence, family size, family labour

force and age dependency rafRkDR) of households are presented in Tabldhe
farming experience of household heads was significantly different across wealth status
exhibiting higher value for the betteff than other goups The average family sizes of

the betteroff and mediunwealth groughouseholds were somehow comparable, but for
both wealth groups it wasgnificantly higher than the poor faners. The farm family
labour force followed the same trend of trajectosytlaat of the average number of
family sizes. Poor farmers hatgnificantlyless farm family labour force available to
support their farm operations than other groups. However, the age dependency ratio

wassignificantlyhigher in the poor than both the dinem and betteoff wealth groups.
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Table6. Meansand standard errors béusehold headafmingexperience, family size,
family labour force and age dependency ratioosswealth groupf farmersin the
mixed croplivestock systm ofDebre Berhamilkshed, central highlands of Ethiopia

Characteristic®f Wealth group Total
ota
household head anc Poor Medium Betteroff ( 159
n =
family members (n=50 (n=59 (n=5)

Farming &perience
: ) 28.02(1.77% 28.38(1.309 33.82(1.45f 30.01(0.89) *
years

Average family size
4.86(0.28% 6.22(0.19F 6.41(0.22y  5.86(0.14) =

(numbers)
Male 2.44(0.173 3.28(0.18) 3.27(0.15)°  3.01(0.10) **
Female 2.42(0.193  2.95(0.19%° 3.14(0.19  2.84(0.11) *

Farm labour force
_ _ 2.45(0.173  3.52(0.15%F 3.76(0.169 3.26(0.10)
(in adult equialents)

Male 1.37(0.103  2.06(0.12% 2.17(0.12  1.88(0.07) *+
Female 1.08(0.093 1.46(0.11% 1.59(0.115  1.38(0.06) *
ADR 0.99(0.099  0.71(0.07¥% 0.60(0.07  0.76(0.05) *

ADR = age dependencyatio (it is the dependency ratithat relates the number of
children (814 years old) and older persons (65 years or over) to the wealmg
population (15 to 64 years old).

n = number of respondents

Values in parentheses indicatandard errors

abcMeans in a row with different superscripts differ significaratly P< 0.05, **P<
0.01 and **P< 0.001 probability levels

The daracteristicfeaturesof household family membei@re presented in Tabl&

|l rrespective of f a r nohtly sldminateetlael ovehall matedot u s
female proportionin terms of age categaryoungerpeoplelessthan 15 years of age

were more in the poorfamily membersfollowed by mediumand betteroff wealth

groups The productively inactive proportisrof the famly (members agednder 15

and above 64 years)eane more inthe poor followed by medium and betteroff.
Consequentlythe observedproportion of productively activéamily members aged
between 15 and 64 yeasrossvealth groupsvere vice versaPersons alve 65 years

of age were the leaproportions,even thoughmore of them were observeih the

medium followed by poor and betteff wealth groupof farmers.Regardlessof
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f ar mmealtk shatusmalefamily membergontributed more than females to therar

labour force.

Table7. Proportionsof thefarm familymembersharacteristicacrossvealth groups
of farmersin the mixed crogivestock system obDebre Berhammilkshed, central
highlands of Ethiopia

Wealth group

Characteristicef family members Poor Medium Betteroff nT:;agg
(n=50 (n=58 (n=5)
Male to female proportion (%)
Males 50.2 52.7 51.0 51.4
Females 49.8 47.4 49.0 48.5
Age category (%)
Less than 15 years 43.6 33.2 31.8 354
15-64years 53.9 63.4 67.0 62.2
65 years and above 2.5 3.3 1.2 2.4
Farm family labour force contribution (%
Males 55.9 58.5 57.7 57.7
Females 441 41.5 42.3 42.3
Education level of family members (%)
Under school ade 26.0 20.8 16.5 20.6
[lli terate 16.0 12.2 6.7 11.3
Read and write 5.8 10.5 14.1 10.5
Elementary 47.3 45.4 48.9 47.2
Secondary 4.9 11.1 13.8 10.4

n = number of respondenténformal educationgrade 18 completed®grade 9 and
above;* under age techool informal educatin (less than 7 years of age)

The proportion of children under age to formal education in school for most of the
families (less than 7 years of age was considered) and the level of illiteracy were higher
among household members of the poor than the mreairoups. Besides, the situation
showed a declining trend along with improvement in the wealth status of farmers. On
the other hand, the proportion of literate household members in the family were more
in the wealthier than the poorer farmers, including informal learning that enabled

family members to read and write (such as religious and adult education). However,

49



among literate categories most of the family members were attending the elementary
level of formal education, irrespective of the weadtatus of farmers. Moreover,
relatively higher proportions of the wealthier family members were in the secondary

level of education than the poorer groups.

4.1.2. Land and livestockesource holding

Comparisonef thekey farm resource holdinghiowed signifiant differences between
farmerwealth groupg¢Table 8). Thenagnitude of livestock and land holdings matched
the wealth status gradient of farmers, exhibiting a decreasing trend fromdfetter
poor wealth groupsThe total livestock holding aggregateih terms of TLU was
significantly different acroswealth groupsbeinghigher in the betteoff followed by

mediumand poor farmers, respectively.

Table8. Meansand standard errocd farm resourceBoldingacrossvealth group®f
farmersin the mixed crogivestock system obebre Berhamilkshed, central
highlands of Ethiopia

Wealth group

Farm resources Total
Poor Medium Betteroff
(n =159

(n=50 (n=58 (n=5)
Livestock holding
(TLY) 5.10(0.173 8.20(0.27) 12.01(0.33F 8.45(0.27) ***
Own cropland
holding(ha) 1.07(0.08) 1.30(0.07%* 1.77(0.08) 1.38(0.05) ***
Fallow land (ha) 0.06(0.023 0.09(0.033° 0.29(0.049 0.15(0.02) **=

Cultivated and
grazing lands (ha) 2.32(0.069 3.22(0.10y 4.10(0.099 3.22(0.08) ***
Cultivated
cropland(ha) 1.60(0.06) 2.19(0.07y 2.51(0.08) 2.10(0.05) ***

Grazingland (ha) 750033 1.03(0.05) 1.59(0.06)  1.11(0.04) ***

Private (ha) 0.37(0.03) 0.46(0.059> 0.75(0.05)  0.52(0.03) ***
Communal (ha) 0.36(0.013 0.57(0.02) 0.84(0.02)  0.59(0.02) ***
n = number of respondentmluesin parenthesis are standard errors.
TLU = tropical livestock unit. 1 TLU = 250 kg live weight.
abcMeans in a row with different superscripts differ significantly atP%*0.001
probability level.
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Cropland ownership (righteously entitled) was significantly higher for bettehan

both medium and poor farmer groups. With similar variation as cropland ownership,
relatively more cropland was left fallowed by wealthier farmers than the pooregdu

the current cropping season. Area of cultivated cropland and grazing land were
significantly different across wealth groups. The size of cultivated cropland that
includes cropland righteously entitled and cropland temporarily acquired based on local
lease agreements between farmers was falling from {oéttey poor wealth status.
Area of GL that included privately owned and communal land was found to follow the
pattern of wealth status. Eventually, the total land holdings reflected the image of

fasameg s 6 weal th status consistently being hi

4.1.3. Access to agriculturakaining andcredit services

The proportion of respondent farmers who were beneficiaries of training and credit
services provisions are illustrated in Fig@eThe prgortion of farmers who got
agricultural traininggelated to livestock, forage and crop productigthin the year
were more tharfrom those who received crediervices irrespective of their wealth
status. Regarding the service provisions ameeglth goup of farmers the wealthier
were moreat advantage than the poorer in terms of the proportion of farmers who

received both training and credit service provisions.

@ Had access to credit ERecieved agricultural trainings

(o2}
o O

Percentages
w b O
o O

=N
o O

o

Wealth Group

Figure6. Proportion of farmers who halovisions ofagricultuial training and credit
servicesamongwealth groupof farmers in the mixed crejivestock system dDebre
Berhanmilkshed, central highlands of Ethiopia
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4.2. Food-Feed Crops Production

4.2.1. Cropland allocationandgrain yield

Descriptions on croplandllocationand the proportion of growers who cultivated the
main crops which are the staple human food and major sources of CR for feeding
livestock are presented in Table $he same table also presents the comparisons of
mean grain yields (ton) of the major cropstivated per household between farmer
wealth groupsThe trends in the size of plot of cropland allocatiogrtow a particular

crop type and proportion of farmers who have grown the crop durimgaheeropping
season were similar irrespective of theealth statusCurrently, larely was the most
extensively grown foodeed crop followed by faba bean, wheat and field pea,
respectively Thisis manifested by threquentallocation of the largestized plots of
croplandfor barley growing than for the lo¢r crop types and it was cropped by every
farmer regardless of wealth statuThe quantity of barley and wheat grain yield
harvested per householhssignificantly higher for betteoff than both medium and

poor farmemwealth groupsThe grain yield ofdba bean harvested per household by
the betteroff and mediumwealth groupsvas significantly higher than the po&urt,

no significant difference in field pea grain harvested was observed among the wealth
groups.However, the overall volume of grain yieltarvested per household from
individual crop followed the plots of land allocatied a particular crop type
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Table9. Area of plots of cropland allocated, proportion of farmers who grow the
specific foodfeed crop typs and grain yields per household in the mixed-crop
livestock systenof Debre Berhammilkshed,central highlands of Ethiopia

Crop type, area Wealth group
cultivated, grain yield Total
_ Poor Medium Beter-off
and proportion of (n = 159)

growers (n=50) (n=58)  (n=51)

Land allocated (ha)

Barley 0.86(0.31) 1.11(0.56) 1.17(0.36) 1.05(0.45)
Wheat 0.30(0.21) 0.34(0.18) 0.53(0.25) 0.39(0.23)
Faba bean 0.38(0.17) 0.64(0.31) 0.69(0.42) 0.57(0.34)
Field pea 0.07(0.14) 0.10(0.14) 0.12(0.14) 0.10(0Q14)
Farmers who grow (%)

Barley 100.0 100.0 100.0 100.0
Wheat 78.0 93.1 100.0 90.6
Faba bean 100.0 100.0 92.2 97.5
Field pea 20.0 43.1 49.0 37.7
Grain yield (t/hh)

Barley 1.71(0.69) 2.08(0.97 2.51(0.89) 2.10(0.92) ™
Wheat 0.53(0.43} 0.68(0.36° 1.18(0.74J 0.79(0.60) ™
Faba bean 0.60(0.313 0.88(0.45) 0.97(0.525 0.82(0.46) ™
Field pea 0.10(0.21) 0.16(0.20) 0.16(0.19) 0.14(0.20) ns

n = number of respondentsa= hectare, & ton, hh= household

Values in parenthes indicate standard deviatianghe descriptions of land allocated
and standard errors in the mean comparisons of grain yields

abc Means in a row with different superscripts differ significantly atP%*0.001
probability leve] ns= not significant.

The cropland allocation to the currently cultivated crapsproportionally higher for
cereasthanpulses, exhibiting similar trend acrogsalth groupf farmersin all farms
regardless of wealth statusyer 68% of the cropland cultivatetlring the main

cropping seasowascovered with cereald=igure7).
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Figure7. Proportion of cropland plot allocated to cereals and pulses amealgh
groupof farmers in the mixed crejpvestock systenof Debre Berhammilkshed
centralhighlands of Ethiopia

Significant variations in the productivity of barley and wheat per hectare were observed
acrosswealth groupof farmers (TablelQ). Barley grain yield per hectare was
significantly different between th@ediumand betteoff, but thepoor grouphad no
significant variation between thether wealth groups The poor farmers obtained
significantly lower wheat grain yield per hectare than the otleaithiergroups. The
productivity per hectare of both pulses did not show significanffgrént variation

across wealth group of farmers.

Table10. Grain productivityof crop types growmcrossvealth group®f farmers in
the mixed crogivestock systenof Debre Berharmmilkshed central highlands of
Ethiopia

Wealth group

Grain yield (t/ha) Poor Medium Betteroff (nT:&aég
(n=50 (n=58 (n=5)

Barley 2.01(0.07¥¢ 1.92(0.05} 2.14(0.05y 2.02(0.03) *

Wheat 1.69(0.063 2.07(0.08) 2.19(0.09) 2.01(0.05) **

Faba bean 1.59(0.07) 1.46(0.07) 1.58(0.08) 1.54(0.04) ns

Field pea 1.54(0.04) 1.65(0.09) 1.42(0.05) 1.54(0.05) ns

ha= hectare, & ton.

Values in parentheses indicate standard errors.

abcMeans in a row with different superscripts differ significantly B&*0.05 and
*** P< 0.001 probabilityévels ns= not significant
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4.2.2. Cropping calendar

The seasonatrop farming activitiesperformedfor the major stale foodfeed crops
(cereals and pulsegjoducedn thestudy area during the main cropping seasoehe)
are illustrate in Figure8. Generdl, cereals (barley and wheat) had long periods of
farming operations than pulses (faba beanfaatd pea).Farmers performed repeated
ploughingof the cropland beforeowing.In mostof thecases the land preparatiarth
repeategloughingtook place beveen the months d¥larch andJune which include
the dry and short rainy perio@he number of tillage frequenciesd the interval
between the ploughingsarieddepending on theoil type roughnes®f thefield and
the crop type whichihe farmerspropo® to plant during the main cropping season.
Cropland proposedof cereal cropgbarley and wheatgrowing ploughed more
repeatety and eventuallyhe length of ploughingeriodwasmore extended than for
pulses(faba bean and field pedfter preparing tk cropland, ie sowingperiodfor
the main cropping seasomé¢hej lasts fromend of Mayto mid-August weeding lasts
from mid-August to midOctober andharvesting and threshing lasts from mid

November to mie-ebuary.

Months and weeks
Crops Jan Jun | Jul { Aug | Sep Oct ;| Nov | Dec
1:2[3i4 1234123412341234123412341]2§3E4
Barley e :
o |1
Wheat | T
Faba bear (o x ]
L
Field pea AT Il s
Legenc
Ploughing Weeding
Sowing ¥ Harvesting and Threshing

Figure8. Cropping calendasf majorfood-feed cropdor the main cropping season
(mehe} in the mixed crogivestock systenof Debre Berhammilkshed central
highlands of Ethiopia

Regarding specific crop types, barley was sown from end of May to early Julyedveed
from end of August to September and harvested fromNoxember to end of January.

Wheat was sown from early July to rmAdigust, weeded from September to early
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October and harvested from December to-Fethruary. Faba bean was sown from end

of May to erl of June, weeded from milugust to midSeptember and harvested from
mid-November to mieDecember. Field pea almost follow the pattern of faba bean. The
harvesting and threshing periods of the crops sometimes were overlapped, as early sown

and/or maturingrops were harvested and threshed for immediate household needs.

4.2.3. Frequency of tillage for crdpnd preparation

Frequency otroplandcultivation performedfor different crop types grown during the
main cropping season among wealth group of farmerseisepeéd in Table1l. The
number oftillage repeatsplough passgdor the entire periof croplandpreparation
from first ploughing to sowing fothe crop types growmwas significantly different
acrosswealth groupof farmers.For both cereal crops (bagl and wheat)cropland
tillage repeatsverehigher among the wealthier than the poorer farmeven though
significant variatiors were observedetween farmer wealth groups thecropland
tillage repeatdor pulses (faba bean and field p¢a@ magnitud did not exhibit the
trend offarmerswealth statusHowever the ggos observedetweenwvealth group®f

farmersin the variatios of tillage frequency for pulsesere narrower than for cereals.

Tablel1l Mean number ofropland illage repeatfnumber of passe&)r crop type
grownduring the main cropping seasandhej in the mixed crogivestock systenof
Debre Berhammilkshed central highlands of Ethiopia

Wealth group

_ Total
Crop type grown Poor Medium Betteroff
(n =159

(n=50 (n=58 (n=5)
Barley 2.78(0.063 3.76(0.07) 4.16(0.06 3.58(0.06) ***
Wheat 2.78(0.073 3.43(0.09y 4.25(0.08 3.49(0.07) ™
Faba bean 2.38(0.07° 2.43(0.075 2.12(0.05} 2.31(0.04) =
Field pea 2.60(0.16y 2.20(0.093° 2.00(0.®)? 2.20(0.06)

Average for cereal: 2.78(0.04) 3.59(0.06) 4.21(0.06) 3.53(0.06) ***
Average for pulses 2.38(0.07%¢ 2.38(0.06 2.10(0.04} 2.29(0.04) =

n = number of respondents

Values in parentheses indicate standard errors.

abcMeans in aow with different superscripts differ significantly atP< 0.01 and
*** P< 0.001 probability levels.
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4.2.4. Animal labour use for crop production

The use of animal labour for croplapdeparation crop threshing and transportation
of agricultural products and mansduring the study periodcrosshe wealth group
of farmersare presented in Table2l In this report aimatday refers taone animal
averageworking time for a day.The animaldays calculatedfor traction services
acquiredper householger yearcorresponds to theumber ofanimalsused multiplied
by the number of days the animals were on a particular degording to farmers
responsgon daily averageébasisanimals worledfor 5.50+0.93(range 0f4.00to 8.00)
hours on ploughing, 4.60+0.69 (range of 3.00 to 6.00) hours on threshing and
5.40£1.90(range 0f2.00to 8.00) hourson transportationPloughingwas performed
by oxen, while threshing wadominantly performed bymixed classes otattle of
different age and sex categoeycept sick, pregnantdves andlactatinganimals.
Sometimes cattle mixed with equines were used inwhsafewer cattle numberare
available on the threshing fiel@ransportation of agricultural products, human and
other commodities were solely the function of equines. [iMestock labour useer
householdomputed in terms of animdays for the differentractionduties separately
(ploughing, threshing and transportatiany for all traction services aggregatevere
significantly differentacross farmewealth groupsThe wealthier used more animal

daysper yeatthan the poorer for ploughing, threshing and transportation services.

Table12 Mean animaldays (animal laboun)se for tractiorservicesper household
per year in the mixed crepvestock systermof Debre Berhammilkshed central
highlands of Ethiopia

Wealth group

o Total
Activities Poor Medium Betteroff
(n =159

(n=50 (n=58 (n=5)
Ploughing 67.84(2.679 117.86(4.84 143.73(4.99 110.43(3%%) ™
Threshing 42.50(1.9)? 55.62(2.29) 70.12(2.69) 56.14(16) ™
Transportation 94.54(15.47) 312.42(23.64) 626.14(27.06) 344.53(21.4) ***
Total 299.4(305)? 798.3(49.0)  1466.1(5.0)° 855.6(46.0) **

n = number of respondents

Values in parentheses indicate standard errors.

abc Means in a row with different superscripts differ significantly atP%*0.001
probability level.
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4.3. Livestock Holdings, Structures and Dynamics

Typically, the livestock herds and flocks reared in the study area comprised of cattle,
small ruminants (gep and goats), equines (donkeys, horses and mules) and poultry.
The livestockspeciescontribution to the totahggregatedivestock ownershigg TLU)
acrosswealth groupof farmers isdemonstratedn Figure9. Irrespectiveof farmers
wealth status, the otribution of species to the total livestock biomizsall farmswas
dominated by cattle @%) followed by equines (23%) and small ruminants (21%).
Regarding thevealth groupsf farmers, cattle, equines and small ruminants contributed
about 59%, 2% and18% in the poor; 56%,36 and 21% in the medium; and 53%,
24% and 2% in the betteoff aggregatedivestock holdings (in terms of TLU) of

farmers, respectively

m Cattle ®mEquines © Small ruminants
100%

90% 0.93 1.72 2.73 1.80
80%
70%
60%
50%
40%
30%
20%
10%

0%

Poor (n=50) Medium (n=58) Better-off (n=51) Total (n=159)
Wealth groups

Figure9. Livestock holdings (TLUvalues labelled on the grgpmd proportional
contribution of species to the total TLU holding among wealth group of farmers in the
mixed croplivestock systenof Debre Berhammilkshed central highlands of Ethiopia
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4.3.1. Livestockholdings andstructures

The livestockcompositiors and hed/flock structures kept across wealth group of
farmers are presentad Tables13 through 15. In terms of numbershe livestock
composition kept at household were dominated by small ruminants (64%) followed by
cattle (2%) and equines g26). Even thouglthe actual variations in the number of
livestock holdings was evideatrosavealth groupf farmers the proportion of species
composition had almost similar tresa@llumerically snall ruminants, cattle and equines
were mixed a60%, 28% and 12% in the pop64%, 24% and 2% in the medium, and
66%, 22% and 2% in the betteoff farmers respectively.

4.3.1.1. Cattle herd structure

The cattle herd structuracrosswealth groupof farmers is presented ihable 13.
Overallthe cattle herdtructurewasdominated byoxenandfollowed by cows The
trends in theaverage number of oxen and cowsgha cattle herdveresimilar among
wealth groupf farmers except in the poor farmers group where the average number of
cowswas slightly higher than oxe. The third populouslass inthe cattle herd was
calves whichwasdominated by male calves regardless of farmers wstdths Bulls
represent the lowest proportionthe betteroff and medium wealtbtatus, while it was
heifersin the poor farmergroup In the overall cdte herd structuremale animals
dominate théemal es regardl ess of the farmersé
higher male to female ratio across @fllthe wealth groupof farmers.On average for
every female there were 1.12 male animals incditde herchtall farms regardless of
wealth statusHowever,some variationsf male to female ratio cattleherd structure

were observedcrossvealth group®sf farmers Moreover, vihenintra-sex ratioof cattle

herd, i.e. oxen with other males and sowith other femalebave beerudged at all
farms,a shortfall to maintain the current herd structure from home grown replacements
were revealedOverall therewere 1.23 oxenfor every othemaleand 1.24 cows for
every otherfemale The shortage of homgrown replacements was reflected across
wealth groupof farmersexcept the pogmwhich seeminglyad enough young males to
replacetheir oxen but the poor owned the lowest number of oxen than other wealth
groups
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Table13. Mean nunber, proportionand ratioof cattle herd structurim the mixed
croplivestock systemsef Debre Berhammilkshed central highlands of Ethiopia

Wealth group

. Total
Cattle herd structur: (nP:c:SrO) x]eglgg)] l?zitf;igf (n=159)
Mean % Mean % Mean % Mean %
Total attle 431 100.0 6.9 100.0 9.14 100.0 6.69 100.0
Oxen 099 23.0 224 340 257 281 195 29.2
Cows 1.09 253 174 264 240 263 175 26.1
Heifers 051 11.8 0.78 119 129 142 0.86 129
Bulls 078 181 063 9.6 096 105 0.78 11.7
Calves 094 218 119 181 191 209 134 201
Female 031 72 058 88 074 80 054 81
Male 063 146 061 93 1.18 129 080 11.9
Totalfemales 191 443 310 471 443 485 3.15 47.2
Total males 240 557 348 529 471 515 353 528
Male : Female 1.26 112 1.06 112
Oxen : Other males 0.70 1.81 1.20 1.23
Cows : Other females 1.33 1.28 1.18 1.24

4.3.1.2. Small ruminantssheep and goats) flock structure

Small ruminants flock structure is presented able Y. Sheepflock comprised 8%

of the smallruminantpopulatiors maintained in all the farmsegardless of farmers

wealth statusBased on the average numbers of holdirngs proportiorof sheepwith

regarg to the wealth groupof farmers comprised of 92% in thmor, 95% in the

medium and 97% in the betteff farmers. Ewesand doesaccount for the highest
proportionsof the sheep and goat flocksucture respectively. Thaverage number of

damsin the sheep and goat populatiomsrefollowed bygroupsof bothsexesn the

range of 612 monthsof age Lambs and kidsvere the third domind, while rams

bucksand castrates of both speciepresent the least proportiods overallaverage

of breeding male to breeding female ratio of 1 ram for 10.07 ewes (tanage to 8.26

112.15 ewes) were observed in the sheep flockhércase of goat flock, the overall

average ratio was 1 ram to 9.40 does, ranging up to 16 does per buck.
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Table14. Mean number, proportion and ratio @all ruminants(sheep and goats)
flock structuren the mixed crogivestock systemsf Debre Berhamilkshed central
highlands of Ethiopia

Wealth group

Total
Flock structure Poor Medium Betteroff (n=159)
(n =50) (n=58) (n=51)
Mean % Mean % Mean % Mean %

Sheep 8.54 100.0 16.42 100.0 26.55 100.0 17.19 100.0
Ewes 355 416 7.22 439 1239 46.7 7.72 44.9
Rams 043 5.0 084 51 102 38 077 45
Castrates 022 26 044 27 071 27 046 2.7
6-12 months 264 309 439 26.7 6.49 244 451 26.2
Lambs 1.70 19.9 354 216 594 224 373 217
Ram : Ewe 0.12 0.12 0.08 0.10

Goats 0.76 100.0 0.82 100.0 0.72 100.0 0.77 100.0
Does 0.38 500 0.28 33.7 024 329 030 385
Bucks 0.00 0.0 002 21 0.08 11.0 0.03 41
Castrates 0.10 132 002 21 002 27 004 57
6-12 months 0.18 237 033 400 0.19 26.0 0.24 30.7
Kids 0.10 132 0.18 221 0.20 274 0.16 20.9
Buck : Doe 0.00 0.06 0.33 0.11

Proportions

Sheep 91.8 95.2 97.4 95.7

Goats 8.2 4.8 2.6 4.3

4.3.1.3. Equines (donkeys and horses)th structure

Equines herd structure comprising donkeys and horses is preseniadlen b.
Donkeys represent the highest proportimmong equinegepresenting more than 68%
irrespective of farmers wealth status. Adult female equifesnétsand mares
represent théargest proportions followed bydult malegjacks and stallionsin both
the donkey and horgmpulationkeptacross alivealth group of farmerdhe average
number offoals the juvenilesandyoung animals less than three years of) &gyeboth

equines speciggpresent the minimumproportiorsin both populations
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Table15. Mean number, proportion and ratio @futnes(donkeys and horses) herd
structurein the mixed crogivestock systenof Debre Berhammilkshed central
highlands of Ethiopia

Wealth group Total
Herd structure Poor Medium Betteroff (n = 159)
(n =50) (n =58) (n=51)
Mean % Mean % Mean % Mean %
Donkeys 1.43 100.0 2.07 100.0 3.29 100.0 2.26 100.0
Jennets 0.84 58.7 1.09 525 182 554 125 551
Jacks 0.21 147 052 250 0.88 26.8 0.54 238
Foals 0.38 26.6 047 225 059 179 048 21.1
Horses 0.54 100.0 1.06 100.0 1.55 100.0 1.05 100.0
Mares 042 77.8 049 46.3 0.76 494 056 52.8
Stallions 0.10 18.5 0.35 333 049 316 0.32 301
Foals 002 37 0.22 203 0.29 19.0 0.18 17.0
Proportions
Donkeys 72.6 66.1 68.0 68.3
Horses 27.4 33.9 32.0 31.7

4.3.2. Livestockherd andflock dynamics

Various reasons were accountable for the continual incoming and outgoing dynamics
of livestock into and away from the herds/flockegardless of the demographic
structures of the livestock herds and flocks, the annual inflow and outflow dynamics of
respective livestock species across wealth group of farmers are praaerdabtts 16
through20.

4.3.2.1. Cattle herd dynamics

The cattle herd dynamics is presented in Tablel'he change in the mean number of
animalsin the cattle herdswned acroswealth groupf farmerdetween the beginning
(opening)and endingstocksof inventory period showed ancreasd trendexcept for

the betteroff farmers, which had a slight decline in the cattle stock baldieemean
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numbers obothincoming and outgoing animals into and away from the cattle herds
within the givenyear had increagd corresponding to thavealth status gradient of
farmers, whereby more number of animals involved in the inflow and outflow dgsiami
among the wealthier than the poorer farmeMoreover the average number of
incoming animals into the cattle hemisre more than the outgoirgceptin the better

off farmers. Howevergonsidering all farms in the system regardielsaealth status

the cattlestock buildup wasomparativelynorethan the reduction.

Individual animals joined the cattle herd through births, purchased and reasigéti
and/or as share farminifts wereparticularly from relatives, even though the giving
in and share farming of cattle was very rare. Generally, irrespectiaenoérswealth
status, the contribution of calf births at farm were more importantatiem sources to
the cattle stock buildup arab asource ofreplacements. However, the proportions of
incoming animals per year from various sources were different between greaifis

of farmers. Relatively the betteff farmersgot more from home gren animals than
the other wealth grougs build up their cattle stock and replace the outgoiBgter

off farmersobtained 92% of the annual incoming animals from calving at fa¥m,
purchased, but none has been received as gift or share farming. d@ienmeesalth
group sourced 76%, 18% artd6o of their incoming animals from births at farm,
purchased and received as gift or share farming, respectivereasthe poor wealth
group of farmers obtained 49% from calving at fari#@o3urchased and 14% reeed

as gift or share farming of the annual incoming aninfRégardless of wealth status,
for the all farms, 74% originated from calvir@§% purchased and the remaining 6%
received as gift and/or share farmiag the incoming animals for cattle stock dup

and as a source of replacements

On the other hand, animals left ttettleherd as the results of offtake and catastrophic
lossedue to diseases and predation and/or theft. Following offeakieh contributed

for about78%, death of animals mainfyom diseases was the second important outlet
accounting for 2% of reductionin cattle stock numberLoss of cattle due to predation

and theft were nancounterediuringthetime span of th@resent inventorperiod.
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Table16. Cattle herd dynamics across farmegalth groupsn the mixed crop
livestock production system @febre Berhammilkshed, central highlands of Ethiopia

Wealth group

Herd parameter Poor Medium Betteroff (nT:otlaég
(in numbers and %) (n=50 (n=58 (n=5)
Mean SD Mean SD Mean SD Mean SD
Opening stock 416 140 6.40 1.73 9.20 2.10 6.59 2.67
Ending stock 450 139 6.71 1.89 9.08 2.23 6.7/ 2.61
Change in stock 034 135 0.31 1.22 -0.12 146 0.18 1.35
Incoming 114 111 1.31 1.11 153 095 133 1.06
Born 0.56 058 1.00 092 141 1.02 0.99 0.92
Purchased 042 057 0.24 063 0.12 0.33 0.26 0.54
Given in 0.16 0.37 0.07 0.26 0.00 0.00 0.08 0.26
Outgoing 0.80 0.90 100 096 165 1.21 1.14 1.08
Offtake 0.60 0.64 0.71 082 140 1.08 0.89 0.92
Sold 0.60 0.64 0.57 068 1.14 0.78 0.76 0.74
Slaughtered 0.00 0.00 0.02 0.13 0.10 0.30 0.04 0.19
Given out 0.00 0.00 0.12 0.33 0.16 0.37 0.09 0.29
Died 0.20 0.40 0.29 053 0.25 044 0.25 0.46
Lost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Offtake rate(%)! 13.86 10.84 15.21 13.32
([())/tj;th/mortality rate 4.62 4.43 274 374
Lost (%) 0.00 0.00 0.00 0.00

n = numbersSD = standard deviationderd dynamics is analysed over one year period.

1 Offtake rate is calculated as the ratio of thenber of cattle (sold, slaughtered and givat)

to the average cattle stock.

2 Death rates calculated as the ratio of the number of cattle deaths to the average cattle stock.

Regarding the mean number of cattle outgoings across wealth group of faffiades
accounted for 75%, 71% and 85%, whereas death accounted for 25%, 29% and 15% in
the poor, medium and betteff farmers, respectively. Offtake of cattle occurred in the
forms of slaughter, sale for cash income and given out to relatives and&irafer
farming. Among these reasons of cattle offtake, live animal sale was the prominent

route of outlet for animals from the herd accountingsf® of the outgoings at all the
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farms.Slaughtering of cattle was very rare occurrence in theyeae invenory time
frame, representing abo8t5% of the outflow at all the farms. Given out animals as

gift and/or share farming represéfo of the outflow for the overall farms.

Regarding farmers wealth status, for the poor farmers, all of the outgoing tages pla
as live animal sale, but in cases of the medium and ldftermers it represents’%
and6%% as live animal sal2% and 6%slaughtered anti2% and10% as given out,
respectively. In all the farms irrespective of wealth status of farmers, anntlal cat
offtake rate of 13% and death rate 4% were observed. Relatively, the betbdir
farmers had the highest cattle offtake rate, however, the medium farmers had an offtake

rate of cattle which was even lower than the poor farmers (Table 16).

4.3.2.2. Small rumhants (sheepnd goats) flock dynamics

Sheepflock dynamics:Sheeprepresente@bout 986 of thesmall ruminantsolding
averagd for theovenall farms. Amongvealth groupf farmers, the average number of
sheepowned represer#2%, 95% and97% of thesmal ruminants holdingn the poor,
medium and bettenff farmers, respectively. Thennualinflow and outflow dynamics

of sheep floclobservedicrossvealth groupf farmersis presenteth Tablel7. Unlike
cattle, a reduction in the mean number of sheegk flecere observed over the inventory
period of time (betweenpeningand ending flock), regardless of the wealth status of
farmers. The reduction of sheep flock for all the farms in aggregate was abgunut

the proportionsvererelatively higher in thevealthier than the poorer group of farmers.

The cumulative incoming numbeo$ sheepper yearinto the flocls for all the farms

was 3.87, however was1.32in the poor, 3.81 in the medium a6di3in the better

off farmers The annual incoming number aheepinto flocks of all the farms,
comprised 86% boran-farm, 13% purchased antPo given in/received as gift and/or
share farmingHowever, incomingsheepproportionsfrom various sourcesvhich
contributed to the sheep flock buildighowed variation deeen farmers of the
differentwealth groupsThe proportions of incoming sheep due to lambing were more
in the wealthier than the poorer group of farmers, represen®itg 85% and 9% in

the betteroff, the medium and the pogroup of farmers, respectly. The reverse
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happened in the case of incoming shdap to purchasevhich accounted for 15%,
15% and 11% in the poor, medium and betiwealth group of farmers, respectively.
Sheep inflow due to gift and/or share farming was only observed irothrefgrmers
contributing foronly about1% of the incoming sheep within the year.

Offtake, deathlossto predators and/or thedhd giving outs gift and/or share farming
were theoutflow routesof sheep from the flocksn order of importancelhe aveage
number of sheeputgoingfrom the flockat all the farmsvithin a year was 5.77 animals
The average numbers of outgoing sheep \Re34éin the poor, 6.12 in the medium and
8.75in the betteff wealth group of farmerfkegardless of a r mwecalth €atus in

all thefarms offtakewvhichaccounted for 76%, was the most outstandigeaof sheep

exit from the flockfollowed by deathof 23% mainly due to diseaseSheep sold,
slaughtered and given out represertiéélo, 24% and @% of thesheep outflowat all
thefarms, respectivelyOverall he number of sheep lost to predators and/or theft was

very smal] responsible for only1%f the outflow.

Regarding thevealth groupof farmers, the actual number siieepoutgoings through
eachoutletweremore in he wealthier than the poorer farmebiftake accounted for
83%, 77% and 73%f sheep outflown the poor, medium and betteff wealth group
of farmers, respectively. Among offtakeasonssaleof live sheep accounted 6%,
51% and50%, and slaughteaccounted for 2%, 26% and24% of thesheep outflown
the poor, medium and betteff wealth groupf farmers, respectively. Whereas giving
out of sheep for relatives and/or share farming accountearity 0.5% of sheep
outflow in the medium but none iother wealth groups of farmeiSheep mortalityn
the poor, medium and betteff wealth groupf farmersaccounted for 17%, 21% and
26% of sheep outflowsespectivelySheep outflow due tlossto predators and/or theft
accounted for 1.1%, in the mediwand 14% in the betteoff, but nonehasoccurredn

the poor wealth group of farmers.

The overall averages of sheep offtake rate, death ratlsesfor all the farms were
about 3%, 77% and 04%, respectively. Regarding the famsealth groupsthe
highestsheep offtake rate was among the mediu®24p followed by the betteoff
(24%) and the poor @%) farmers. The death rate was highest among the loétter
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farms (8.4%) followed by the mediur8.(0%) and poor (4.7%) famevealth groups
Thelossof sheep due to theft and/or predators observed was about 0.4% in the medium

and 05% in the betteoff farmers but nonbas beembserved in the poor farmers.

Tablel7. Sheep flock dynamics across farmer wealth groups in the mixgd cro
livestock production systems Debre Berhammilkshed, central highlands of
Ethiopia

Wealth group

Flock parameter Poor Medium Betteroff Total
(in numbers and %) (n=50 (n=58 (n=5) (n=159

Mean SD Mean SD Mean SD Mean SD
Opening stock 9.02 4.33 17.60 8.31 27.71 11.95 18.14 11.48
Ending stock 8.00 4.04 15.29 8.15 25.39 12.06 16.24 11.13
Change in stock -1.02 226 -2.31 430 -231 490 -191 4.03
Incoming 132 165 381 3.79 643 581 3.87 457
Born 1.04 155 324 3.05 570 586 334 4.30
Purchased 0.20 053 0.57 1.77 0.73 140 050 1.37
Givenin 0.08 0.34 0.00 0.00 0.00 0.00 0.03 0.29
Outgoing 234 181 6.12 341 8.75 517 577 4.50
Offtake 194 138 4.74 253 6.39 327 439 3.09
Sold 140 0.86 3.12 225 433 3.04 297 252
Slawghtered 054 065 159 097 206 108 141 111
Given out 0.00 0.00 0.03 0.18 0.00 0.00 0.01 0.11
Died 0.40 0.78 131 1.39 224 242 132 181
Lost 0.00 0.00 0.07 0.37 0.12 048 0.06 0.35

Offtake rate (%6) 22.80 28.81 24.07 25.54

(Doz)azth/ mortalityate 24 7.96 8.44 7.68

Lost (%) 0.00 0.43 0.45 0.35

n = numbers, SD = standard deviatidAieck dynamics is analysed over one year period.

1 Offtake rate is calculated as the ratio of the number of sheep (sold, slaughtered and given out)
to the average sheep flock.

2 Death rate is calculated as the ratio of the number of sheep deaths to the average sheep flock.

67



GoatsflockdynamicsRegarding the proportions amowealth groupof farmers goats
comprised of 8% in the pod% in the mediunand3% in the bettepff farmers based
on the average numbers of small ruminants owned. Averaged otee fatms goats
comprised less than 5% of the small ruminants ownership.inflesv and outflow
dynamics of goats floclover oneyear period acrosswealth groupof farmersis

presented in Table3l

Kids bornon farm accounted for 72%, while purchase contributed the remaiBitg 2

of annual inflow of goatentheaverage of all farms. Poor farmers had all titeming

goats from offarm births only Themedium and betteoff wealth status farmer groups
obtained 52% and76 from onfarm kidding and the remaining3% and 33%were
purchased, respectively. There were no goats received as gift and/or share farming in

any of the wealth group of farmers.

In the present inventory the entire outgoofggoatswas attributed to offtake, no death
andlossto predator and/or theft wereportedover the yearFor the overall farmsale

of live animals and slaughter accounted for 82% &34 daf the annual offtake goats,

but none were passed as gift or for share farming. Regarding the outflow among the
wealth groupof farmers, all of the outgoing in the poor farmers was dsat®while

in themedium75%sdd and 25% slaughtered and in the case of bettdarmers %

sold and 18% slaughtered. Nowoiethe goatggoes out as gift and/or share farming in
any of thewealth groupf farmers An annualofftake rate of 22% were observatall
thefarms irrespective of wealth statusloreover, arofftake rate of 24%14 and 3%

were observed in the poor, medium and betfefarmerwealth groupsrespectively.
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Table18. Goats flock dynamics across farmer wealth groups in the mixee crop
livestock production systems Debre Berhammilkshed, central highlands of
Ethiopia

Wealth group

Flock Parameter Poor Medium Betteroff (nT:otlaSIg
(in numbers and %) (n=50 (n=58 (n=5)
Mean SD Mean SD Mean SD Mean SD
Opening stock 0.72 1.11 0.79 156 0.76 1.67 0.76 1.46
Ending stok 0.76 1.27 0.88 2.05 0.67 140 0.77 1.63
Change in stock 0.04 045 0.09 0.73 -0.10 0.64 0.01 0.63
Incoming 0.22 058 0.21 0.69 0.12 043 0.18 0.58
Born 0.22 0.58 0.11 0.31 0.08 0.39 0.13 0.44
Purchased 0.00 0.00 0.10 0.45 0.04 0.20 0.05 0.29
Given in 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Outgoing 0.18 0.39 0.12 0.33 0.22 050 0.17 041
Offtake 0.18 0.39 0.12 0.33 0.22 050 0.17 041
Sold 0.18 0.39 0.09 0.28 0.18 0.48 0.14 0.39
Slaughtered 0.00 0.00 0.03 0.18 0.04 0.20 0.03 0.16
Given out 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Died 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Offtake rate (%) 24.32 14.29 30.56 22.08
([())/tj;th/mortality rate 0.00 0.00 0.00 0.00
Lost (%) 0.00 0.00 0.00 0.00

n = numbers, SD = standard deviatidAieck dynamics is analysed over one year period.

1 Offtake rate is calculated as the ratio of the number of goats (sold, slaughtered and given out)
to the average goats flock.

2 Death rate is calculated as theaaif the number ofoatsdeaths to the average goats flock.

4.3.2.3. Equines (donkeys and horses) herd dynamics

Donkeysherddynamics Donkeys represented 68% of the equines average holding for
all the farms. Amongvealth groupof farmers, the average number oh#ééeys owned

represent 72%,M8%6 and 8% of the equines in the poor, medium and beitefarmers,
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respectively. Thencoming and outgoing dynamics dbnkeysherdover a oneyear

period of time acroswealth grougfarmersare presented in Table91 The clange in

the mean number of donkeys between the beginning and ending stocks within a year
were negative for the poor and bettédf farmer groups while it had increased for
farmers in the mediumwealthgroup. However, at all the farms the balance betwesn th
inflow and outflow was positive even though the average increase in the number of

donkeys was not substantial.

The contributing factors for donkey herd maintenance and replacement were births at
farm and purchases from market, which accounted 7 &d 13% for all the farms,
respectively. Considering tiveealth groupof farmers, the better of obtained all of the
incoming donkeys stock from births at own farm, whereas the poor and medalth
groupof farmers sourced 56% an&% from on farm births rad the remaining 426

and6% were purchased from market, respectively.

Offtake, death anlbssto predators or due to theft contributed for ab®@36624% and

7% of the donkey outgoings at all the farms, respectively. Reasons for donkey outflows
showed vaation amongwealth groupof farmers. In the case of poor farmers about

40%, 50% and 10% of donkey outflows were due to offtake, deathlomed
respectively. The proportions of offtake, death bsgswere 72%, 25 an@% in the

medium and 89%, 7 ant in the betteroff farmerwealth groupsrespectivelySale

of live animals (60%) and giving out as gift and/or share farnffg) (vere the main
reasons of donkeys6é offtake for the overa
due to live animakak, whereassaleand giving out contributed 61% and 8% in the
medium, and 75% and 14% in the bettéfrfarmers, respectively.

The offtakerate,deathrate andoses of donkeys for all the farms were 13.7%9%.
and 1.3%, respectively. Lower offtake ratesl higherates ofdeath and loses were
observed in the poor than the medium and the bettéarmers. Thefftakerate,death
rateandloseswere 11.1%, 13% and 28%; in the poor farmers 12.6% 440 andl.0%

in the medium; and 15.5%, 1.2% and 0.6%hia bettetoff farmers, respectively.
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Table19. Donkeys herd dynamics across farmer wealth groups in the mixed crop
livestock production systems Debre Berhammilkshed, central highlands of
Ethiopia

Wealth goup Total
Herd parameter Poor Medium Betteroff g
(in numbers ad %) (n=50 (n=58 (n=5)

Mean SD Mean SD Mean SD Mean SD

Opening stock
148 081 197 115 333 126 225 134
(number)

Ending stock (number 1.40 090 2.16 1.12 325 131 227 134

Charge in stock
-0.08 0.85 0.19 0.66 -0.08 0.69 0.02 0.74

(number)

Incoming (number) 032 0.74 055 0.71 049 0.73 0.46 0.73
Born 0.18 048 052 066 049 0.73 0.40 0.65
Purchased 0.14 045 0.03 0.18 0.00 0.00 0.06 0.28
Given in 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00

Outgoing (number) 040 0.99 0.36 0.61 057 081 0.44 081
Offtake 0.16 055 0.26 048 051 0.76 0.31 0.62

Sold 0.16 055 0.23 042 043 0.67 0.27 0.56
Givenout 0.00 0.00 0.03 0.18 0.08 0.27 0.04 0.19
Died (number) 0.20 040 0.09 039 0O 0.20 0.11 0.35
Lost (number) 0.04 0.20 0.02 0.13 0.02 0.14 0.03 0.16

Offtake rate (%) 11.11 12.62 15.50 13.72

(EZ;th/ mortality rate 5 gq 4.37 1.22 4.87

Lost (%) 2.78 0.97 0.61 1.33

n = numbers, SD = standard deviatiddserd dynamis is analysed over one year period.

1 Offtake rate is calculated as the ratio of the number of donkeys (sold and given out) to the
average donkeys herd.

2 Death rate is calculated as ratio of the number of donkeys deaths to the average donkeys herd

Horsesherd dynamics:Horses represente®@% of the average equines holding in all
the farms. The proportions of horses owneaveglth groupsvere 28%, 3% and 32%
of the average number of equines in the poor, medium and -béttéarmers,

respectively. Thencoming and outgoing dynami¢®rsesin the herdamongwealth
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groupof farmersover a oneyear period of time is presented in TaB& The overall
incoming sources of horses comprised B¥irths and 8% purchased. With respect
to the wealth status d@rmers, offarm births and market purchase comprised28 6
and 3% of the incoming horses in the pooB% and 2% in the medium; and 60%
and 40% in the bettaaff of farmers. No horses were received as gift or for share

farming by any of the farmaveath groups

About 88% and 12% of the horsegre going oufrom the herd due to offtake and
death at all the farms, respectiveowever, no loss of horses has been reported due
to theft and predators over the eyear period All of the horses outflow irthe poor
farmers was due to offtake, while offtake and death accounted for 90%%¥#nid the
medium; and 75%, and 25% in the bettéir farmers, respectively. The offtake of
horses for all farms was attributedstleand given out, each at proportiori9d% and

9%, respectively. At present the going out of horses as gift (23%) were reported among
poor farmers only, the remaining% as sol d, whereas al l of
the medium and bettaff farmer groups were due to live aninsaleonly. The offtake

and death ras of horses observed for allrfas together were 126 and 29%,
respectively. No death of horses, buatofftakerate of46% were observed among the
poor farmers. Horsasfftake and death rates 7% and 29% in the medium, and.7%

and 26% in the betteoff farmers were observed.
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Table20. Horses herd dynamics across farmer wealth groups in the mixed crop
livestock production systems Debre Berhammilkshed, central highlands of
Ethiopia

Wealth goup Total
Herd parameter Poor Medium  Betteroff "% oo
(in numbers and %) (n=50 (n=59 (n=5)

Mean SD Mean SD Mean SD Mean SD
Opening stock (number 0.56 0.50 1.09 0.96 153 0.90 1.06 0.90

Ending stock (humber) 0.56 0.58 1.00 112 157 0.85 1.04 0.98

Change in stock
0.00 0.29 -0.09 0.80 0.04 0.34 -0.02 0.55

(number)

Incoming (number) 0.26 0.44 0.22 042 0.20 045 0.23 0.43
Born 0.16 0.37 0.16 0.37 0.12 0.33 0.14 0.35
Purchased 0.10 0.30 0.07 0.26 0.08 0.27 0.08 0.27
Given in 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Outgoing (number) 0.26 0.44 0.31 0.63 0.16 0.37 0.25 0.50
Offtake 0.26 044 0.28 056 0.12 0.33 0.22 0.46

Sold 0.20 0.40 0.28 0.56 0.12 0.33 0.20 0.45
Givenout 0.06 0.24 0.00 0.00 0.00 0.00 0.02 0.14
Died (nunber) 0.00 0.00 0.03 0.18 0.04 0.20 0.03 0.16
Lost (number) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Offtake rate (%6) 46.43 26.92 7.74 20.95

(EZ;th/ mortality rate 0.00 2.88 258 2.86

Lost (%) 0.00 0.00 0.00 0.00

n = numbers, SD = standideviationsFlock dynamics is analysed over one year period.

! Offtake rate is calculated as the ratio of the number of horses (sold and given out) to the
average horses herd.

2 Death rate is calculated as the ratio of the number of horses deathavertige horses herd

4.4. Farmers Ranking of the Purposes of Keeping Livestock

In the mixed crogivestock farming system, produceestiners keep different mesof

livestockfor a variety of purposes. Rankings on the major purposes of keeping mixed
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livestod types are present@d Table21. Rankings on the purposes of keeping different

types of livestock perceived almost similarly acraeslth groupof farmers.

4.4.1. Purposes of keeping cattle

Cattle provided multiple benefits in the mixed cloestock system Among various
purposedisted in Table21, keeping cattle as source of animal power for lenog
cultivation hasprevailed in the systentCattle for milk productiorand asanincome
sourcewere the second and third ranked purposé®epingcattle herd. Maintaining
cattleas means of live asset accumulatiagsourcesof manureandmeatstoodfrom

fourth tosixth rankedfunctionsin order of importance.

4.4.2. Purposes of keepingsmall ruminants

Keeping smalruminants(dominantlysheep to generate incomir immediatecash
needs was the prime purpose followed ds/a means of live asset accumulation
(saving) The purposes of sheap a source of meat especially during holidegasions
and as source of manure were ranksdthe third and fourth importafinctions,

respectivelyTable2l).

4.4.3. Purposes of keeping equines

The primary purpose of keeping equinesas for transportation of agricultural
commodities andhumars. The Secondmportance waso generate income from live
animalsaleand hiring. Keepinggquinesfor manure ranked third followed by as an asset
for saving. The use of equinas draught power souréer cropland preparation is the

least ranked purpog@able2l).
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Table21. Farmers ranking on the purposes of keepliffgrent livestock species in
the mixed crogivestock system oDebre Berhammilkshed, central highlands of
Ethiopia

Wealth group

Livestock Poor Medium  Betteroff Tota
) Purposes (n =159
species (n=50 (n=58 (n=5)
HH RI HH RI HH RI HH RI
Cattle Draught power 48 0.28 58 0.30 51 0.27 157 0.28
Milk 50 0.24 58 0.24 51 0.25 159 0.24
Income source 50 0.20 58 0.18 51 0.20 159 0.19
Saving 42 0.13 45 0.13 49 0.14 136 0.13
Manure 48 0.10 53 0.08 49 0.08 150 0.09
Meat 38 0.06 35 0.06 41 0.06 114 0.06
Sheep Income source 50 042 54 041 49 040 153 041
and goats  Saving 42 024 54 0.26 51 0.26 147 0.25
Meat 42 0.14 49 0.18 49 0.18 140 0.17
Manure 38 0.19 33 0.15 33 0.15 104 0.16
Equines Transport 50 0.39 58 043 49 0.38 157 0.40
Income source 42 0.20 42 0.19 47 0.27 131 0.22
Saving 42 0.20 41 0.18 43 0.20 126 0.19
Manure 36 0.18 35 0.18 29 0.12 100 0.16

Draught power 19 0.03 17 0.03 10 0.03 46 0.03
HH = number of respondents whakad thepurposesRI = Rank Index.

4.5. Manure Management and Utilization

4.5.1. Manurehandling

The proportion of farmers who performspecifiedmanure handling practices across
wealth groupsre presented in TabR2. Irrespective of wealth status, majoritytbe
farmers had the experience of collecting maravery other day, followed by those

who collected dailyand every threer more days, respectively. Despite treious
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manure storage practicevailablefarmers wereusing any one or combination of
different manure storage methods. The commonest method of manure storage was
pilling the manure into heap around homestead or barn $awbndly, onsiderable
proportion of farmers had prepared pit to accumulate manure for several months.
Littering of manuren the barmas a storage method was the least practicedt avab
usually common to manure obtained from small rumindrits proportions of farmers

who practicedany one type or combinatiaf the differentspecified manure storage
methods werdigheramag the wealthier than the poorer group of farmers.

Manure was stored @&sllectedandaftermade into dung cak&he stored manure was
managed by keeping in some form of shade and cover with locally available materials
but not all the farmershad practiced the managementHowever, hese management
practices were simultaneously or exclusively appliRdgardlesof farmerswealth
status, covering manure wittcally availableprotective materialwasmostcommonly
appliedmanure handlingracticethan keemg in shadeOverall aboutl0% of farmers

keep manuren someform of shadgroof, undertree branches or combined) and about
61% ofthem usedsome sort otoveing for manureprotection(grasshaybranches
mud/dung plasteringr combined) Among farmersvho constructedr used natural
shade to protect manure, most of them had prepared roofed shade, followed by those
who shadethe manure under tree branchB®reover, a considerable proportion of
farmersuseda combination oimanureshading practicefRe@rding the wealth status,

the proportion of farmers who practiced mamstmgagan shade wasrelativelyhigher

in the wealthiegroupthan the poorer

Grass, hay and tree branches were most commonly usedngoreterialgo protect
manurecommony during rainy seasonslhe proportion of farmers who used grass,
hay and tree branchess highethan those who used other methods to cover manure
Plasteringof collected manure with sethud and dung were the secoodmmon
practices in manure protectianLike the experience®f shade utilizatiorfor manure
proportionally the wealthier were more involved in the use of covestéwedmanure
and dung cakthan the poorer farmer@verall about 3% of the respondents used hay
straw or both as organic beddimgterials for livestock. Howevehe practiceof using
bedding material walimited to thenew born (e.g. young calves), dams at the time of
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delivery and diseased animals kept isolatedfatile The overallmean storage time
of manurewasabout 7.8 moths regardless of wealth statudoweverthe wealthier

have stoed manure for longeperiodof time than the poorer group of farmers.

Table22. Livestock manure management and handling practices in the mixed crop
livestock systm of Debre Berhammilkshed central highlands of Ethiopia

Wealth group

Manure handling practices Poor Medium Betteroff (nT:ot1a5lg
(n=50 (n=58 (n=5)
Frequency of manure collection (¢
Daily 22.0 32.8 39.2 314
Every other day 56.0 44.8 56.9 52.2
Every three and more days 22.0 22.4 3.9 16.4
Storage methods used (%)
Do not store manure 0.0 0.0 0.0 0.0
Pit 10.0 24.1 314 220
Pile/Heap 80.0 60.3 39.2 59.7
Litter 4.0 1.8 3.9 3.2
Combined 6.0 13.8 25.5 15.1
Types of manure stide used (%)
No shade used 78.0 63.8 37.3 59.7
Roof 10.0 15.5 25.5 17.0
Tree branches 8.0 12.1 17.6 12.6
Combined 4.0 8.6 19.6 10.7
Types of manure cover used (%)
No cover used 58.0 36.2 23.5 39.0
Grass/hay/branches 20.0 27.6 29.4 25.8
Soil/mud/dung plastering 14.0 20.7 27.5 20.8
Combined 8.0 15.5 19.6 14.5
Do you use bedding material? (ye 62.0 77.6 84.3 74.8
Manure storage time (months) 5.8(1.8) 7.1(2.8) 10.7(5.8) 7.8(4.3)

n = number of respondents, figures in parenthesis are stadelaations.
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4.5.2. Manure utilization

The proportion of farmers involved in the different aspects of manure utilization across
wealth groupsare presented in Tabl23. Livestock manure is used as {hiel,
fertilizer, source of income and plastering of howsdls and floos in the study area.
Freshand storednanurewere processed into dung cakBung cakels made from
moistened manure which is flattened into round paste by hand and plastered onto the
ground or wall and left in the sun to dry. Then, aittés completely dried used as bio

fuel for home consumption, marketed to the nearby urban areas or stored for later use.
The manure obtained fmo different species of livestock (cattle, goats, sheep and
equines) were used to prepare dung cake. Howevde cathure was the mgsbpular

and preferredmaterial for dungcake which is demonstrated by the proportion of
respondents who used manure sourced from different livestock sfpepreparelung

cake. All of the respondents used cattle manure while of them used manure
obtained from small ruminants and equines usually mixed with cattle marmnepare

dung cakeHowever, nanureobtainedfrom equines and small ruminants alone were
rarely used for dung cake. Higher proportion of the poorer farmersnugedre from

small ruminants and equines for dung cake than the wealthier group of fadRefersed
forages and bedding materialhich arehardlyavailablewere deliberately mixed with

manure during storage and preparation of dung cakes

Overallsizableproportion of farmers used manure as organic fertibzdeast in their

back yard and farm plots near to h@tead areshowever théncreasen the proportion

of farmers who used manure as organic fertilizer followed the betterment of their wealth
staus. Manurewasappliedon the fieldby direct spreadingsit is collected or stored

and after processing into compdRegardless of wealth status, comparabigortiors

of farmersappliedmanureby direct spreading on the fiekthdascomposeéd However

higher proportion of the pooréarmersappied manure by direct spreadiftgimping

than the wealthier while it is vice versathe use of composted manuferrthermore,
higherproportiors of the wealthier used both methods of manure applicébigether

than the poor farmers. More than 60% of respondents have sold manure in the form of

dung cakdo generate cash incomaut none of the respondents bought manure for any
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