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INTERCONNECTIONS BETWEEN LIVESTOCK HUSBANDRY PRACTICES, FEED
RESOURCES, CLIMATE VARIABILITY AND METHANE EMISSION IN MIXED
FARMING AREAS OF BALE HIGHLANDS, ETHIOPIA

Girma Defar Demissie
PhD Dissertation
Addis Ababa University (2018)

ABSTRACT

The study was conducted in the potential mixed farming areas of Bale highland to
investigate interconnections between livestock husbandry practices, available feed
resources, climate variability and methane emission. Using multi-stage purposive
sampling, 156 households of the three wealth groups [better (>4.25 hectare land, >15
TLU); medium (2.25-4.25 hectare land, >5 and <15 TLU), and low (<2.25 hectare land,
<5 TLU)] were selected. Structured questionnaires, focus group discussions, key
informants interview, field visits and feed samples chemical analysis were the employed
methods during the study. Secondary data were used from different offices and
organization reports, and literature. The nutrient balance was estimated based on the
demand and supply while the livestock methane emissions were estimated according to
the IPCC guidelines. Descriptive statistics, chi-square and one-way ANOVA tests were
used to analyze the data. Indices were computed to obtain the aggregate rank of
considered variables. The mean land holding was significantly (P<0.001) different
between wealth groups. The mean land allocated for cultivation was 81.47, 84.51 and
89.04% for better, medium and low wealth groups, respectively while the remaining
proportion of lands were uncultivable and used for grazing. Cattle were the dominant
(84.25%) livestock owned by the households. The productive performances of the
livestock were poor and feed scarcity was the prominent constraint (ranked 1%). The
major feeds overall mean DM contributions were 71.26%, 13.01% and 12.35% from
straws, crop aftermath and mixed native pasture, respectively while significantly
(P<0.001) higher private grassland DM yield belongs to the better wealth group. The
previous (1986) grazing lands converted to cultivation were estimated to be 99.22% from

the land use land cover changes in 2014. This situation appeared to be the major
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problem of feed resource of the existing livestock production in the area. Roughage feeds
have lower ME, DCP and relative feed value (RVF). The mean IVDOMD of the dominant
feeds ranges 49.92-54.68% (cereal straw), 40.36% (crop aftermath) and 58.59-62.61%
(mixed native pasture) across the wealth group households. Average deficit of 24.2% ME
observed for the better wealth group while DCP satisfied 33.3% of the requirement which
advises to search a solution for the thrilling deficit that associated to grazing constraint.
Weather information access showed differences between the wealth groups. Farmers
perceived rainfall pattern variability, and increased temperature and drought frequency
over the past years were the variations impede livestock productivity. The respondents
witnessed that livestock and grazing land productivity decreased due to land use/land
cover changes and accompanied climate variability. Farmers said that they were at a
critical state of livestock production that accounted to diminished grazing land, nutrient
deficit and climate variability not to sustain the existing livestock. The estimated enteric
CHas emission rate from mature cattle, growing cattle, sheep >1 year, sheep < I year,
horse and donkey were significantly (P<0.001) higher for the better wealth group while
mature cattle (69.78%) shared the highest rate. Though, higher emission rates credited to
the large number of animals in the area, cattle stay crucial to the livelihoods of the
households, beside the major sources of CHa. In conclusion, poor hushandry practices
(veterinary infrastructures, housing, feed quantity and quality, and productive
performances), climate variability and the subsequent CH4 emissions should be focus
areas of interventions. Therefore, proper husbandry and quality feed supply, improved
weather forecast services and promotion of farm level livestock technologies should be
practiced wisely to increase productivity and protect the environment from degradation
and emissions of the livestock sector.

Key words: Climate variability; Feed resources; Husbandry practices; Livestock;

Methane emission; Mixed farming

XX



1. INTRODUCTION

Mixed farming system dominated the highlands of Ethiopia that approximated to cover
less than 40% of the land mass of the country and maintains 85% human population
(Mekasha et al., 2014). The mixed farming area is defined as ‘livestock production
system in which more than 10% of the dry matter fed to livestock comes from crop by-
products and crop aftermath (FAO, 1996). However, reports from different part of the
country estimated that crop residue contribution to the dry matter supply of livestock feed
in the mixed farming system ranges 50-80% (Abera et al., 2014; Gurmessa et al., 2015).
In Ethiopia, 95% of the cultivated land is from the highland areas to produce cereals,
pulses, oilseeds and vegetables (Mengistu, 2006). The community greatly depends on
rainfed subsistence crop-livestock farming where the livestock are integrally linked to
cultivation and complement each other. Crop residues are used to feed the livestock while
draught power and manure are crucial inputs of crop production (Gebremedhin et al.,
2009; Duguma et al., 2012). In the system, since long time, livestock have been used for
draught power, crop threshing, transportation, source of food, manure (fuel and fertilizer),
replacement, savings, income generation and grant some degree of food security during
crop failure (Gizaw et al., 2010; Abate et al., 2012).

Ethiopia is the home to the Africa’s largest livestock population standing eighth from the
world and is the principal exporter of live animals and meat to the Middle East (Rich et
al., 2008; Gebremariam et al., 2010) being endowed with the diversified species and
breeds of animals. According to the recent report (CSA, 2016), the country is endowed
with 57.8, 28.0, 28.6, 2.1, 7.9, 0.4, 1.2 and 60.5 million heads of cattle, sheep, goat,
horse, donkey, mule, camel and chicken, respectively with the exclusion of the non-
sedentary three Zones of Afar and six Zones of Somali regions. Gebremariam et al.
(2010) reported that the livestock sector provides 15-17% to GDP, and 37-87% of the
household incomes. From the total livestock population, more than 75% inhabited the
mixed farming areas (Deressa et al., 2010; FDRE-CRGE, 2011).



Despite the huge livestock number and diversified roles: low production outputs were a
key challenge in the subsistence mixed farming areas of Ethiopia. The root causes were
linked to resources limitation and poor utilization, husbandry practices, inherent genetic
potential (Admassu, 2007), unclear production objectives, poor institutional linkage and
climate change (Shapiro et al., 2015) coupled with the low emphasis given to the sector.
The key constraints hampering production performance were low quantity and quality
feeds due to land use change under the dynamic system of crop intensification (Amsalu
and Addisu, 2014) and continuing climate variability (Thornton, 2010; Jiri et al., 2015).
Since grazing land becomes scarce, feed shortage frequently mentioned as a major
constraint of the sector in mixed farming (Geleti et al., 2013). Nowadays, feed is the
major input and most limited resource which is panic to obtain optimum product from
livestock. To the contrary, the sector is gradually booming due to increasing global and
domestic demand for their products linked to population and economic growth (IUCN,
2010; IGAD, 2011). Therefore, current and future livestock feeding strategies need a
systematic and area specific approach to exploit the available resources to optimize

productivity.

To the other end, climate variability is seen as a global phenomenon and is reported to
have its biggest impact on mixed farming where people are reliant on rainfed farming
(IPCC, 2007; Thornton, 2010). The situation affects livestock and other sectors seriously
and becomes an international endeavor of the concerned parties. In Ethiopia, the
phenomenon occurs throughout the country, affecting livestock production directly (heat
stress) and indirectly (feed and disease) though the effect is different for the various agro-
ecologies (IPCC, 2007; Salehu et al, 2011). Smallholder farmers able to identify climate
variation in their area and tried to establish their own coping or adaptation strategies at
local level differently to sustain their livelihoods keeping livestock (Shemdoe, 2011;
Kassie et al., 2013). Hence, restraining the impact to boost adaptive capacity and
resilience could be addressed through the farmers’ participation as they perceived about

the variability that occurred and the accompanied risks in their area.



Beside to the effect of climate variability on livestock, farm animals from mixed farming
contribute to climate change mainly through natural resource degradation and greenhouse
gas emissions (Herrero et al., 2008). Because livestock and environment are closely
related having a mutual impact on each other (livestock depends on land and water
availability, and at the same time emits pollutant gases). These let the sector recently to
be blamed for significant contributions to the global climate (IPCC, 2006; CDR, 2011).
Worldwide, livestock systems are major contributors of anthropogenic global warming
since emissions are related to livestock feeding systems and husbandry practices
(Steinfeld et al., 2006). Researchers also underpin that in mixed farming areas livestock
diets were composed of grazing, crop residues, cut and carry, concentrates and
opportunistic feeds. These dietary differences were important for the disparity in CHs
emissions within the system. For example, an average figure of 32 kg CHa4 per TLU per
year for African ruminants is high compared to the low production performance of the

animals (Herrero et al. 2008).

In Ethiopia, CDR (2011) reported that the livestock sector offers a potential CHs
emission abatement, though the type of production systems and feed resources used not
mentioned. The estimation of emissions from livestock in smallholder mixed farming
systems helps to generate baseline information that could be an input to the national
emission inventory of the sector and subsequent mitigation strategy development.
However, no attempt has been made to estimate CH4 emissions from the livestock sector
in the mixed farming system areas of Ethiopia in particular. Provided that, livestock
husbandry practices and feed resources are dynamic; livestock CH4 emission assessment
of area specific data are pertinent for the further actions (Jo et al., 2015). In addition, the
situation constrained by the factors that limit estimation of emissions from the sector due
to lack of to date temporal and spatial data on livestock husbandry, population trend,

production type and feed resources (Silvia and Deborah, 2012).

Bale highland is one of the potential mixed farming areas of Ethiopia where crop-
livestock farming is the predominant agricultural practice with the existing intricate

problems. To understand level of the problems, the existing husbandry practices,



available feed resources and utilization, climate variability and the interrelationships for
efficient livestock production, have to be assessed. Only few studies (Bogale et al., 2008;
Serekebrhan, 2009; Abate et al., 2012) were not comprehensive of the existing livestock
husbandry practices, farmers’ perception of the present climate variability and the
continued land competition between crop and livestock in the area (Duga, 2013;
Hailemariam et al., 2016). This condition stays a limit to develop strategies of future
livestock fate to address livestock constraints and climate variability issues in the area at
farm level in particular. The farm/household scale is the focal point where biophysical
resources and their interactions can be clearly treated to attain the ultimate decisions on
the available resource use (Abegaz, 2005). Therefore, it is imperative to look at existing
livestock husbandry practices, available feed resources, climate variability and methane
emission interrelationships across wealth groups to explore baseline information that
could be used for the future design of improved livestock production by the policy
makers and livestock development intervention actors. With this consent, this PhD study

was initiated to address the following objectives:

General objective:
To explore the existing livestock husbandry practices, available feed resources and

climate variability interconnections and their implication to methane gas emissions.

Specific objectives:

1. To characterize the existing livestock husbandry practices at smallholder level in the
study area;

2. To characterize major feed resources and estimate the nutrient balance;

3. To assess farmers’ perceptions of climate variability and livestock production
interrelationships; and

4. To estimate methane emissions from the existing livestock under the prevailing

production system.



2. LITERATURE REVIEW

2.1. Livestock Production Systems in Ethiopia

Worldwide, livestock are raised in many production systems of different agro-ecosystems
(Steinfeld et al., 2006). Different authors used different criteria to classify livestock
production systems in tropics. Though, some five production systems have been
identified in Ethiopia based on integration of livestock with other resources: level of
input and intensity of production, agro-ecology and market orientation. The major
production systems were pastoral, agro-pastoral, mixed crop-livestock farming, urban and
peri-urban dairy farming, and specialized intensive dairy farming systems (MoA, 1998;
Mohammed et al., 2004; Ayenew et al., 2007). Basically, production systems have
emerged because of agro-ecological potentials, availability of resources and the demand

for livestock products and services.

The lowland agro-ecological setup of pastoral and agro-pastoral production system were
not extensively integrated with cropping, but prominent number of draft oxen supply to
the mid and highland mixed farming are from these production systems (Mengistu, 2007).
The agro-pastoral and pastoral systems are characterized by sparsely populated
rangelands; where subsistence of the pastoralists is mainly based on livestock and their
products. Here the livestock herding is dominated by cattle, goats, sheep and camels
(Coppock, 1994). Pastoral and agro-pastoral livestock production depend predominately
on natural pasture and some with crop residues with livestock performance markedly
limited by deficits in forage quantity and quality during dry seasons. Poor nutrition is
therefore considered as the major impediment to livestock production in Ethiopia's
Rangelands particularly in times of grazing scarcity such as during prolonged drought
(MoA, 1998). Particular to the pastoral system, livestock do not provide inputs for crop
production; rather they are the very backbone of life for their owners, providing the
consumable and saleable outputs in addition to representing a living bank account and

form of insurance against adversity. Moreover, since the main source of food is milk,



pastoralists tend to keep large herds to ensure mainly sufficient milk supply and generate

income (Coppock, 1994).

Agro-pastoral form of livestock production system characterized by both pastoral and
mixed farming Zones where a tendency for crop production has shown besides livestock
production (Sileshi et al., 2001). Agro pastoralists are those capable to grow some crops
and raise livestock as sedentary farming like mixed farming, while they are also mobile
with part of their herds in search of feed and water as a pastoralist. In this type of
production system, cattle and small ruminants play a critical role in the household
economy and agro-pastoralists tend to retain female stock to produce milk and to

maintain the reproductive potential of the herd (Coppock, 1994).

Urban and pre-urban small scale livestock production are practiced for a variety of
reasons, from commercial to food self-sufficiency of the community among which small
scale dairy production is more practiced in Ethiopia (Ayenew et al., 2007). In line with
this, in central highlands of Ethiopia and in Regional States (Oromiya, Amhara and
Southern Nation, Nationalities and Peoples) of smallholder Dairy Development Project
(SDDP) has been addressing commendably dairy development activities during early
1990s’ (MoA, 1998). During this project to support the farmers, the government has
delivered improved dairy animals, improved livestock management practice, introduce
high-yielding fodder seeds, rendering of veterinary services, development of water
supply. Hence, the considerable potential for smallholder income and employment
generation from high-value dairy products, development of the dairy sector in Ethiopia
can contribute significantly to poverty alleviation and nutrition in the country
(Mohammed et al., 2004).

In particular, the peri-urban small scale dairy production system is found in the outskirts
of the cities and small to big regional district to zonal towns based on resource
availability. Whereas, urban dairy production system comprises small scale to specialized
commercial farms mostly private owned in and around regional cities, towns and Addis

Ababa city in particular. These dairy farms have no access to grazing lands and basically



keep exotic dairy stocks. The main feed resources are agro-industrial by-products and
purchased roughages with the primary objective of milk production is profit making
(Ayenew et al., 2007).

The highlands (>1500 m.a.s.l) in Ethiopia comprise nearly half of the land area of the
country and hold more than 85% of the total human population, and about two thirds of
the livestock population (Sileshi et al., 2001; Deressa et al., 2011, Tesfa and Mekuriaw,
2014). The farming system is based on cropping and livestock herding considering as two
major livelihoods component on a continuum phenomenon. That is the reason why the
highest livestock population of the ecological Zones is found in the highlands of Ethiopia.
More than 75% of Ethiopia's livestock population inhabited in the mixed farming areas of
the highland and middle altitude areas (Mengistu, 2006; Deressa et al., 2011; FDRE-
CRGE, 2011).

In Ethiopia, the work function of animals (oxen for draught and crop threshing, equines
for transport) is predominant while the other categories contributed a diversified
livelihood needs. However, nowadays, some global drivers: economic and income
growth, demographic and land use changes, dietary preferences and technology
interventions (FAO, 2008; Steinfeld et al., 2006) challenging the sector. Hereby,
production and productivity of livestock in the highlands differ greatly not only with
respect to farming system, population pressure and development level. An integrated
farming system consists of a range of resource saving practices that aim to achieve
acceptable high and sustained production levels while minimizing the negative effects of
intensive farming and preserving the environment (Delgado et al., 1999; Tolemariam and
Jaleta, 2015). Though the concept of system analysis is not new in the study of farming
systems; the multiple roles of animals have been not given emphasis until recently due to

their extreme complexities.



2.2. Importance of livestock and existing husbandry practices

For the smallholder mixed crop-livestock system, the major goal was crop production
while animals are a means to achieve this goal together with complementary inputs of
labor, capital and land (Udo et al., 2011). Here, animals are part of a subsistence mixed
farming complex and provide inputs (draught power, transport, manure) to crop
production and generate consumable and/or saleable outputs (milk, manure, meat, hides
and skins, wool, hair and eggs) to the livelihoods of the community. In Ethiopia,
livestock and their products fulfill different and often complementary functions for
herders since they serve a wide variety of functions in the society from social to
subsistence purposes (Negassa et al., 2011). The annual economic benefits of livestock
goods and services may be more than 113 billion Ethiopian Birr, which is over three
times greater than MoFED’s standard estimate (IGAD, 2010). This estimate puts into
perspective how vital livestock are to the Ethiopian economy, not only in terms of their

product value, but their wide array of services.

Apart from the market outputs; inputs to crop production, subsistence home consumption,
asset making and socio-cultural importance at the household level are major one. More
importantly, livestock represent more than half average wealth of rural households of
many families’ net value measured in terms of livestock number owned with cattle at the
top of valuation (Descheemaeker et al., 2010; Duguma et al., 2012). The functions of
livestock as farm inputs (draught, threshing, manure and transport) are more important in
highland mixed farming than in other areas. Older reports (FAO, 1979), traditional use of
draught animals in Ethiopia estimated to contribute more than 26% of the total labor
requirements of crop agriculture compared to the recent reports (Bekele, 2008;
Serekebrhan, 2009) that indicated traction was the primary preference in mixed farming
system of the country. Livestock husbandry can be routine management practices
including labor, animal health services, stock of production and outputs which are the
products in addition to unforeseen activities. Most of the rural stocks are kept under
extremely traditional and simple management condition and receives little proper

attention; supplement feed, poor housing and health care services (Serekebrhan, 2009;



Yasar et al., 2016). The purpose of animal manure collection is widespread but its effect
on agricultural productivity is low due it can be used as fuel wood. In general, livestock

managed in a traditional way and closely linked to the socio-culture of the holders.

The species of livestock kept were almost uniform to the previous years in the intended
farming system in number and age composition of herd varies; nowadays, adult or aged
animals dominate herds in all districts because of severe grazing land decline and farmers
tend to keep only animals which could be currently used. Fertility rate of animals
declined because of feed scarcity while oxen per household have been increasing relative
to the other herds for the need of cultivation. The total number of animals kept per
household was by far less than the past few years (Daba et al., 2009). Despite their socio-
economic importance, low output, poor growth rate and reproductive performance are the
major problems limiting animal performance in Ethiopia (Wondatir, 2010; Duguma et al.,
2012). Beside the inherent low production trait performance; major reasons for low
animal productivities were: poor husbandry practice, high ambient temperature,
prolonged drought, feed and water shortages, diseases prevalence, and poor infrastructure
provision (Membere et al., 2008; Guyo and Tamir, 2014; Defar et al., 2016).

2.3. Livestock Feed Resource Dynamics and Feeding Management

Generally, the existing grassland productivity is declining at a higher rate because of
technical and climate factors (temperature and rainfall stress). Moreover, the continual
conversions of productive grasslands to cultivation in the study Zone (Figure 1) and poor
grazing land management are some of the technical reasons for declined annual DM yield
from grassland (Admassu, 2007; Abera et al., 2014). Many studies have indicated that the
grazing lands of the country are in a very poor condition and will deteriorate further
unless immediate action taken (Alemayehu et al., 2017; Mengistu et al., 2017). Guyo and
Tamir (2014) reported that heavy grazing is cause of grazing land deterioration in the
highland area followed by reduction in forage species composition in Burji, Ethiopia.
Hence, grazing is restricted to areas that have little or no value of farming potential:

hillside, swampy area, roadside and marginal lands which is evident in the mixed farming



areas (Mengistu et al., 2017). The old reports of the productivity study indicated that in
seasonally water logged fertile areas 4-6 tons DM per hectare (Mengistu, 1985) which is
impossible these days. However, most pasture grasses generally have less DM vyield
though there is variation between seasons and areas (Hassen et al., 2010; Yisehak and
Geert, 2014).
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Figure 1. Cropland trends in the highland mixed farming areas of Bale Zone

Source: Hailemariam et al. (2016)

Ruminant and other livestock continue to rely mainly on available native grass as their
source of feed to satisfy their requirement. The earlier report (ILCA, 1995) indicated that
farmers in mixed farming rural area had averagely available feed per farm to meet only
their animals’ maintenance requirements and very little left for growth and production.
But, the recent study reports argue this situation and confirmed the persistent occurrence
of annual feed deficit at farm level (Tegene et al., 2010; Hassen et al., 2010; Abera et al.,
2014; Hailemariam et al., 2016) in the highlands of Ethiopia. This is due to a significant
shrinkage of grazing land and existing natural pastures are heavily grazed by livestock
and in dry season animals not able to meet even maintenance requirements leading to

substantial body weight loss. Thus, in Ethiopia grazing pressure is high and eventually
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results in ground cover and productivity decrease. To achieve the targeted level of
production, efficient feeding is necessary as feed is the major driver of livestock
production accounting for more than 65% of recurring expenditure. In this context, crop
residues: comprising mainly straw from fine grains and stover from coarse grains
obtained after harvesting form available feed stock in the mixed farming areas. Despite
the fact that cereal straws are of low feeding value (CP and digestibility) and low
voluntary intakes (1.5 to 2 kg per 100 kg body weight); continue to be important feed
resource in the developing world (Mahesh and Mohini, 2014).

Much has been said about the livestock feed sources in mixed farming areas (Bediye et
al., 2001; Mengistu, 2006; Daba et al., 2009; Yadessa et al., 2016) in Ethiopia. The major
basal feeds are straws (cereal and pulse); native grass (communal and private grazing)
and crop aftermath with the contribution to the total feed resources base vary from area to
area based on the cropping intensity. Currently, with the expansion of arable land and the
continuing decrease of grazing land (Figure 1), the use of crop residues and associated
by-products are regularly increasing in integrated crop-livestock areas (Tolemariam and
Jaleta, 2015; Yadessa et al., 2016). In the high and mid altitude, some other refused
vegetable parts are providing a considerable quantity of dry season feed supply in mixed

farming areas of Ethiopia (Kossila, 1988; Blimmel et al., 2009).

The principal crop residues available to feed livestock in Bale highlands include cereals
and pulse straws (Bogale et al., 2008). These feed sources were reported to have very low
CP content to maintain the animal body condition as CP determines quality of feeds
(Bediye et al. 2007; Yami et al., 2013). Hence, local oilseed mill by-products are mixed
with straw and other available supplements at household level such as residue of local
brewing practices (atela) to enhance the palatability, feed intake and digestibility. In this
situation, crop straws are primarily used for the feeding of draught animals in Bale
highland mixed-farming system. Overall, straws were the main feed source for livestock
during the dry period when pasture from grazing area cease to provide reasonable

quantity of feed in the area (Bogale et al., 2008).
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2.4. Nutritional Quality of Common Roughage Feeds in Ethiopia

In Ethiopia, crop straws form a major portion of ruminant diets (Tegegne and Assefa,
2010, Tolera et al., 2012). Most livestock production systems are faced one or more
seasons with low feed availability and quality. Production during such seasons is absent
or even negative because animals rely solely on crop residues. Quality of native grass in
the central highlands also revealed remarkable seasonality (Sileshi and Bediye, 1991).
The CP content varied from 3.2% to 12.1% while (IVOMD ranged from 42% during the
dry season to 57% during the main rainy season. In the same study, the critical nutrient
lacking was indicated to be protein, and the supply of this nutrient to fall below
maintenance requirement. In Ethiopia, crop residues provide 50-81% of the total feed
source for ruminant livestock (Bogale et al., 2008; Hassen et al., 2010), despite high in
fiber content and low in CP (Bogale et al., 2008; Tolera et al., 2012). Though crop
residues contain 60-80% potentially fermentable nutrients by ruminant animals, their
availability for digestion by rumen micro-organisms is limited partly due to their
association with lignin (Van Soest, 1991; Singh and Oosting, 1992). In agreement,
Kellems and Church (1998) (as cited in Geleti, 2014) categorized roughages with more
than 40% ADF as low quality feeds that not satisfy the requirement of animals (Table 1).
Keftesa (1988) reported that the feeding value of crop residue depends on intake and
digestibility, and to achieve maximum intake, CP content of 66-85 g/kg DM is required.

In support of the mentioned feed scenarios, ILRI (2011) reported that Ethiopian crop
residue feeds: wheat, barley and teff straw have 53.61, 53.5 and 53.17% IVOMD,
respectively. In addition, it was reported that feeds with ADL higher than the maximum
level of 7% per kg DM limits intake and livestock productivity (Reed and Michael,
1989). Therefore, in order to improve the production and reproductive performance of
animals in the country, the nutritional deficiencies of roughage based diets need to be
boosted with more economical ways of supplementation. Wondatir (2010) also suggested
that lower CP content for both residues and stubbles grazing compensated with strategic
supplementation of proteinaceous feeds to improve livestock performance. Hence, the
differences in chemical constitutes of the same feed reported by different authors (Table

1) is mainly due to temporal and spatial difference of the mentioned feeds.
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Table 1. Summary of major roughage feeds chemical composition in the mixed farming system of Ethiopia

Feed type DM Chemical composition (g/kg DM) Authors
oM CP NDF ADF ADL IVOMD
Native grass 940 900 96 736 420 51 668 Bogale et al., 2008
916 840 109 562 393 88 503 Bediye et al., 2007
NA 910 66 663 388 47 620 Tolera, 2008
915 899 72 757 422 83 542 Wondatir, 2010
920 902 58 639 450 60 604 Geletietal., 2013
NA 920 76 625 319 38 572 Lemmaetal., 2016
913 759 79 798 512 89 NA Hailemariam et al., 2017
Crop aftermath 945 910 35 791 550 110 456 Bogale et al., 2008
928 939 26 785 649 91 475 Wondatir, 2010
Cereal crop NA NA 29 728 492 50 58 Reed & Michael, 1989
residue 970 920 52 729 518 125 558 Bogale et al., 2008
NA 833 48 669 NA NA 457 Abegaz et al., 2007
927 915 53 714 492 96 499 Bediye et al., 2007
921 923 65 627 NA 84 562 Tolera, 2008
925 920 51 765 537 115 477 Wondatir, 2010
922 900 34 777 526 97 448 Geleti et al., 2013
932 917 37 845 525 109 415 Chalchissa et al., 2014
NA 910 45 746 376 88 525 Lemmaetal., 2016

NA=not available; DM=dry matter; OM=organic matter; CP=crude protein; NDF=neutral detergent fiber; ADF=acid detergent fiber;
ADL-=acid detergent lignin; IVDOMD=in vitro digestible organic matter in the dry matter
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2.5. Existing Global Climate Change Scenarios versus Livestock Production

Evidence from the IPCC is now overwhelmingly convincing that climate change is real, it
will become worse and the poor are vulnerable people and the worst affected. The
changed climatic factors include warmer temperature, altered patterns of precipitation,
increased frequency and severity of climatic events and rising sea levels (IPCC, 2007).
The Change is attributed directly or indirectly to human activity that alters the
composition of the atmosphere in addition to natural climate variability (ESAFF, 2010).
It refers to changes in the total attributes that define climate (surface temperature,
precipitation patterns, wind directions and intensity, ocean currents, and other measures
of the earth’s climate (Michael, 2009) which are anthropogenic in origin (mainly
industrialization) and natural phenomena has played a role both in the past and current
climate variability. Beside these scenarios, animal agriculture is responsible for 18% of
global GHG emissions from all the human activities, which is a potential cause of climate

change because of its global warming potential (Steinfeld et al., 2006).

Climate change refers to statistical changes in weather over time including long-term
changes in rainfall, wind, temperature or other patterns. The changes so far observed
were: warmer surface temperature, shift in rainfall pattern, widespread drought, rising sea
levels and others (Table 2). Evidences indicated that global mean temperature has risen
by about 0.3-0.6 °C since the 20" century (IPCC, 1995; Nkomo, 2006). Solar radiation is
the driving force of global climate change where a portion of the radiation reaching
earth’s surface is scattered or reflected by clouds, aerosols, dust and other particles. In
line with the existing situation projections of future climate change suggest further global
warming, sea level rise and increase in the frequency of some extreme weather events
(IPCC, 2007). Rainfall in Ethiopia has varied greatly across seasons, years and regions
and there is an evidence of a 20% decrease in rainfall in the South part of the country
from 1960 to 2010 (Irish Aid, 2015; FDRE, 2016).

Different reports indicated that climate change profile for Ethiopia shows the mean

annual temperature increased by 1.3°C between 1960 and 2006 (McSweeney et al.,
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2010), average minimum temperature increased by 0.37 °C (NMA, 2007) while in
highlands the temperature has been increasing 0.3 °C per decade. Furthermore, Herrero et
al. (2010) suggested, in East Africa across Ethiopia, Kenya, Somalia and Tanzania while
mean temperature varies with elevation; the more remarkable climate variation is of
precipitation. These changes are likely to have profound impacts on ecosystems, water
resources, agriculture, livestock production and others (Michael, 2009; Amsalu et al.,
2013). Likewise, Thornton et al. (2006) presented length of plant growth change will
continue for Africa to 2050, even though there were areas where the combination of
increased temperature and rainfall changes may lead to an extension of the growing
season. According to Elsa et al. (2012), of all the factors influencing livestock
production, ambient temperature and rainfall patterns variations are undoubtedly the most
significant contributors to feed scarcity and the newly emerging diseases of livestock and

plants in tropics.

Table 2. The past years observed climate change effects around the glob

Indicators Observed Changes
Atmospheric  CO 280 ppm during 1000-1750 to 380 ppm in 2000
concentration CHys 700 ppb during 1000-1750 to 1,750 ppb in 2000
indicators N20 270 ppb during 1000-1750 to 316 ppb in 2000
Weather Mean temperature  Increased by 0.6+0.2°c over the 20" century
indicators Northern 20" century were warmest over 19" century

temperature

Cold or frost days  Decreased for nearly all land areas in 20" century
Heavy precipitation Increased at mid and high northern latitudes

Drought severity Increased in frequency & intensity in recent years
Biological Mean sea level Increased at a rate of 1-2mm during 20" century
and physical Arctic ice thickness Thinned by 40% in recent decades
indicators Snow cover Decreased by 10% since global observations
become available from satellites in the 1960s.
El Nino events More frequent and persistent for the last 30 years
Growing season Increased 1-4 days per decade for the last 40 years
Breeding, flowering Earlier (flowering, bird arrival, date of breeding
migration season and emerging insects)

CO,=carbon dioxide; CHs=methane; N.O=nitrous oxide; ppm=parts per million; ppb=parts per billion

Source: IPCC (2001)
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2.5.1. Farmers’ perceptions of climate change and global consequences

The report from IPCC (2007) indicated that for a while, people did not believe the earth’s
temperature was rising, but now everyone accepts that climate change is real (Table 2).
The preliminary evidence from a number of African countries reveals that agriculturalists
already perceive that the climate has become hotter and the rains less predictable and
shorter in duration (Maddison, 2007; Irish Aid, 2015). This implies experienced farmers
would be better at distinguishing climate variability from merely inter-annual climate
variation. A study by Maddison (2006) from eleven African countries compares the
probability that the climate has changed revealed by analysis of the statistical record, with
the proportion of individuals who believe that such a change has occurred. Hageback et
al. (2005) assess small-scale farmers’ perceptions of climate variability in the Danagou
watershed in China by comparing the local precipitation and temperature data trend. They
conclude that farmer’s perception of climatic variability correspond with the climatic data

records.

In Sidama area of Ethiopia, Hameso (2015) reported that farmers rely on their own
counsel, fellow farmers and extension workers as prime sources of information to form
opinion about their environment. Their direct experience based on years’ of personal
knowledge about climate conditions, which they share with fellow farmers, community
elders, religious leaders, peers and neighbors that are more accessible than formal
sources. The significance of farmer-to-farmer interaction appears that the government
promoted what it calls ‘model farmers’ to help farmers share experiences and adopt new
methods from fellow farmers. The farmers best placed to say on whether climate change
has occurred are presumably those who have had the most experience of farming.
Mengistu (2011) reported that climate change is observed by the farmers in Adiha
village, Ethiopia such as changes in temperature, precipitation, timing of rainfall and
related frequent drought. As experience increases, farmers are more likely to claim that
there is less rainfall, changes in the timing of the rains and a change in the frequency of

droughts (Maddison, 2007). Farmers may take time to realize that unusual weather
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represents a permanent shift in the climate attributes and in this regard it is important

whether farmers engage in forward or backward looking behavior (Belay, 2010).

To confirm farmers’ perceptions of climate change and variability, first look at how
climate data recorded at meteorological stations evolved (trends and variability) and how
farmers perceived these changes. However, there is a limited knowledge whether farmers
perceive climate change and how responding to the effects (Deressa and Hassan, 2009;
Belay, 2010). But, a study conducted by Ishaya and Abaje (2008) in Nigeria, revealed
that farmers perceived climate change to have occurred over the years due to diverse
human activities. In addition, Mertz et al. (2009) in Sahel reported Senegal farmers were
aware of the climate variability and identified wind and occasional excess rainfall as the
most significant factors that need adaptation. Similarly, Nhemachena and Hassan (2007)
in Southern Africa reported that there is a perception that most farmers perceive long-
term temperature increase, changes in precipitation and pronounced changes in timing of
rain and frequency of droughts in their area. Therefore, it is important to note that local
perceptions cannot be underestimated and there is a need to document how the lives of

the local community affected by the recent climate changes for further remedy.

2.5.2. Interrelationships between climate variability and livestock production

Livestock established their current geographic ranges through long-term adaptation to
seasonal climate patterns to sustain and stay productive. The linkages between livestock
production and climate change are a two-way interaction and dynamic (Emanuel, 2005).
Because, climate change has significant impacts on several aspects of livestock
production such as feed quantity and quality, rangeland diversity, distribution of diseases,
production system changes and others. The other way, livestock has impacts on climate
change through natural resource degradation and GHG emissions (Herrero et al., 2009;
Thorpe, 2009). Whatever the situation, the complex balancing act of resource use, GHG
emissions and sustainable livelihoods require better understanding of future livestock
herding. Therefore, weighting the environmental impacts versus social benefits is a

subject that deserves a study to advocate the existing scenario. Hence, Ethiopia has
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committed and show a progressive strengthening of political resolve to address the
problems associated with climate change (FDRE-CRGE, 2011), although agriculture and
ruminant livestock production globally are a significant contributor to GHG emissions
(IPCC, 2006).

Since the majority of Ethiopia’s population lives in rural areas and depends heavily on
rain-fed agriculture, climate change presents a huge challenge (Kimball, 2011). Any
change in climate, mostly manifested as an increase in frequency and severity of extreme
weather events such as drought has a potential to reduce significantly crop-livestock
productivity and affects household livelihoods. Such scenario of climate change will
create new environmental conflict hotspots that could lead to a significant increase in
national and international conflicts over shared environmental resources, such as water
and land (ESAFF, 2010).

The impacts of climate change on livestock are reflected mainly through feeds, water,
livestock diseases and management system change (Lemma, 2012; Amsalu et al., 2013;
Gashaw et al., 2014). Heat is the major challenge in tropical and sub-tropical climatic
conditions which negatively affects production and reproduction of livestock species
directly; its stress causes a chain reaction of physiological, behavioral and anatomical
changes leading to reduction in growth, productive and reproductive functions (Teka et
al., 2012; Pankaj et al., 2013). It is also expected to be resulted in increasing demand for
water. Another report from Zambia indicated that impact of climate change on livestock
production pronounced due to lack of better quality grazing pasture and drinking water.
Consequently, heat stress adversely impacted livestock by reducing appetite, production,
fertility and increasing mortality rates (FAO, 2011).

On the other hand, the supply chain of livestock kept for food sources and services have
been vastly under estimated as a source of environmental impact and GHG emissions
(Kimball, 2011). The multiple environmental impacts include: erosion, soil degradation,
deforestation, GHG emissions and water pollutions. Global livestock are known to
contribute 18% (FAO, 2006; Steinfeld et al., 2006) annual global GHG emissions that
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attributed to cattle, buffalo, sheep, goats, camels, horses, pigs, and poultry (Figure 2).
However, some researchers believe that the contribution of livestock, their production
system and associated industries have been vastly underestimated as a source of GHGs
(Nandolo, 2011; Vellinga et al., 2013). Different reports (Herero et al., 2008; ILRI, 2009;
Gerber et al., 2013) mentioned that animal number, production system, feed used and
volume of product are the main factors those determine extent of GHG emission from
livestock sector (Figure 2). As to Ethiopia, the FDRE-CRGE (2011) reported that large
share of GHG emissions originates from livestock sector and is expected to expand even
faster than population growth in the future. In addition, few studies (FDRE-CRGE, 2011,
EPA, 2013) had undertaken to determine impact of agriculture on climate change in
general though limitations with these studies where they are aggregate and lacks to
indicate livestock system implications and farmers’ perceptions towards the problem in

mixed farming in particular.

The livestock production system contributes to global climate change directly through the
production of GHGs emissions and indirectly through the destruction of biodiversity,
degradation, desertification, and water and air pollution (Gill et al., 2009). Enteric
fermentation and manure decomposition are direct GHG emissions from livestock which
are the largest CH4 and N2O sources from animal production and are the area of emphasis
(Solomon et al., 2007). Hence, the inter-relationships between climate change and the
livestock sector is important to explore for a reasons, the sector recently blamed as
contributing to global warming and ruminant numbers particularly cattle with the level of
productivity affect feed intake and enteric emissions (O’Mara, 2011; Leinonen et al.,
2012).
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Figure 2. Methane emissions from global livestock sector by 2005 (Mega ton CO2-eq)
Source: Gerber et al. (2013)

2.6. Livestock Feed Resources and Implication to Greenhouse Gas Emissions

Animal feeds in mixed farming system would have different diets consisting of grazing,
cut and carry forages, crop residue, roadside grass, weeds and some sort of concentrates.
Unless livestock producers determine the quantity and quality of forage available for their
livestock, the investment might be uneconomic and environmentally unsustainable.
Hence, different livestock species show variation in feed utilization and affect the
environment differently through emissions as feed quality affects efficiency of utilization
and GHG emissions per kg of product (Gerber et al., 2010). Feed processing for ruminant
and non-ruminant farm animals is aimed at increasing feed energy intake use and animal
productivity. The same author suggested that in ruminant feeding; forage particle size
reduction is important to enhance digestibility providing greater microbial access to the
substrate, reducing energy expenditure and feed intake and animal productivity which

helps to reduce CH4 emission.

Type of diet is a major source of variations in CH4 emitted in respect to fermentation and
production of total gas. Relative concentration of CH4 produced as a result of particular

feed fermentation relies mainly on its quantity and nature of chemical entities. As to CHa
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emission from different feeds, the availability of nutrients, particularly energy, will be
different for different diets related to feeding standard. Hence, measurement of CHs
emission factor for a particular feeding system helps in ranking the feed type for a
relative CH4 production in a particular locality livestock category. Thus, it is important to
reduce the share of CH4 from ruminants to environment pollution and utilize the energy
of feed for the benefit of the host animal (Singh et al., 2012) while ruminants are an
important source of CHs because of their large population and high CH4 emission rate
due to inherent digestive system (IPCC, 2006).

There are a variety of factors that affect CH4 emission in animals, such as: physical and
chemical characteristics of the feed, feeding level, use of feed additives to promote
production efficiency and health of the animal. It has been also suggested that there is a
genetic factor that influences emissions since enteric fermentation is a natural digestive
process result for many ruminant animals. Hence, the anaerobic methanogen microbes
decompose feed present in the digestive tract producing compounds that are absorbed by
the host animal. Production of CH4 in ruminants is directly correlated to a loss of ME and
has been studied to improve feed efficiency (Johnson and Johnson, 1995; Jungbluth et al.,
2001). Since digestion process is not 100% efficient, some of the feed energy is lost in
the form of CHa, estimated to be 7-10% (Moss and Givens, 1993), 3.5-7.5% (Clark,
2009) and 2-12% (Patra, 2014) of a ruminant’s GE intake to be lost to enteric
fermentation. Cattle typically lose 2-12% of their ingested GE as eructated CH4 (Johnson
and Johnson, 1995). In general, poor quality feeds those accessed easily to livestock
producers’ leads to higher CH4 production due to rumen fermentation, whereas, high
quality feeds responsible for emissions through production, manufacturing process and
transport (Marius, 2009; IUCN, 2010).

Better quality feeds such as concentrates produce a higher proportion of propionate in the
rumen than poor quality feeds (crop residues), which produce higher acetate and butyrate
(Van Soest, 1994). The reason for this aligned to the fact that rumen microbes can
convert a unit of hexose (6 carbons) into 2 units of propionate (2_Cz) when feed is better

quality while only two units of acetate (2_Cz) and/or one unit of butyrate (1_Cs) when
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feed is poor quality. Then, the two carbons per unit of hexose are not captured in short
chain fatty acids in the case of acetate and butyrate production and are available for gas
production. Accordingly, gaseous losses per kg of feed digested in the rumen are
calculated to be 17% higher for poor quality feeds compared to the better quality. The
consequence is that livestock fed on crop residue based diets will have higher CHa
emissions per kg meat or milk produced than livestock fed better quality feeds which has
environmental implications (Blimmel et al., 2009). There is a clear relationship between
feed OM digestibility, concentrate feed or starch intake and livestock productivity.
Johnson and Johnson (1995) stated that when quality feed intake increases, the Ym factor

decreases by about 1.6% per each level of intake above maintenance.

Noziere et al. (2010) estimated that VFAs molar proportions (acetate, propionate and
butyrate) would average 66, 17 and 14 mol per 100 mol of NDF, and 41, 44 and 12 mol
per 100 mol of starch, respectively. Indeed, a 72% versus 52% concentrate diet produced
a 59% increase in propionate concentration and a 44% drop in acetate to propionate ratio
in lactating dairy cows (Agle et al., 2010). This implies that higher inclusion of forages
with higher starch content such as cereal crop silages in ruminant diets lowers enteric
CHys production. Comparably, Pelletier and Tyedmers, (2010) reported 30% higher total
GHG emissions for pasture finished cattle compared with cattle in a grain based feedlot
system. Generally, livestock production result in CH4 emissions from fermentation and
both CHs and N>O from manure management systems. Methane from manure is
generated during anaerobic decomposition of OM in faeces and bedding material when

manure managed under anaerobic condition (Chadwick et al., 2011; CDR, 2011).
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3. MATERIALS AND METHODS

3.1. Study Area Description

The study was conducted in Bale Zone of Oromia National Regional State, Southeast
Ethiopia. Recent demographic report revealed that the human population of the Zone is
estimated at 1,616,061 of which, 87.3% live in the rural area (Bale Zone BoFED, 2012).
The Zone holds three town administrations and 18 rural districts. From the 18 rural
districts, 9 fall under the mixed farming system where the rest 9 are pastoral and agro-
pastoral. The study area was situated at the highland altitude with mean annual rainfall of
860.00 mm. The average minimum and maximum daily temperatures were 9.4 °C and
25.2 °C with overall daily average temperature of 16.3 °C (NMA Bale branch
unpublished data). The rainfall pattern of the study area is characterized as bimodal type.
The area has two distinct seasons namely: Belg which extends from March to July and
Meher which extends from August to January (Bale Zone BoFED, 2012).

Topography of the study area is characterized by major flat plain suitable for both small
scale and mechanized crop cultivation (Chibsa and Ta’a, 2009). The vegetations in the
area are natural pasture from meager wetlands, riverbanks and few sparsely distributed
trees while eucalyptus is dominant around the settlement areas. Forest and shrub lands are
mainly restricted to religious and cultural reserved areas, periphery of the study area
districts such as along the Wabe river valley hills and gorges. The dominant soil types in
the study area are Cambisols, Vertisols and Fluvisols which usually occur in flat plateau
highland areas and are suitable for various crop production and natural vegetations of a
wide range (Chibsa and Ta’a, 2009; Serekebrhan, 2009).

Major crops cultivated in the area are wheat, barley, emmer wheat, teff, faba bean, field
pea, maize, and some oil crops. Moreover, the study area has large livestock resources,
since the smallholder livelihood bases are livestock herding and cultivation. The major
livestock species traditionally reared by the study area inhabitants include cattle, sheep,

donkey, horse and chicken (CSA, 2016). The districts used for this study were among the
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first few potential mixed farming districts of the Zone known for the extensive cultivation

and raising high livestock population (Chibsa and Ta’a, 2009, Figure 4).
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Figure 3. Location map of the study area

3.2. Procedures of Sampling and Data Collection

3.2.1. Sample size and sampling procedures

The potential mixed farming system (cereal-cattle dominant) districts were purposively
selected from the nine highland farming districts based on cropland cover (Figure 4,
Appendix Table 31) and livestock population potential (Appendix Table 1). The land
use/land cover of the mixed farming districts were categorized in to cultivation land,
forest land, bush-shrub land grassland and others (alpine, exposed rock and soil surface
areas, town districts and settlement areas). Further, the nine kebeles namely (Hamida,
Hora-Boka, Weltei-Berisa, Ali-Sefera, Mokonna-Chefe, Ambentu, Nake, Chifaro and
Birbirsa) were randomly selected from the fifty-five highland crop-livestock farming
kebeles of the districts. The households (HHs) were stratified into three different wealth
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groups on the basis of their basic livelihood assets (livestock and land) possessed and
capacity of the farmers to satisfy basic needs of their family. This was made in
consultation with development agents, district experts and community representative
group discussions in accordance with other similar farming system reports (Abegaz,
2005; Eba, 2012). The groups were better wealth (>4.25 hectare land, >15 TLU); medium
wealth (2.25-4.25 hectare land, >5 and <15 TLU), and low wealth (<2.25 hectare land, <5
TLU). A total sample size of 156 HHs [N = (0.25/SE?)] were used to represent study
population (Arsham, 2005). The proportional number of respondents of the study
appeared to be 26% (better), 54% (medium) and 20% (low) wealth groups based on the
existing proportion of the HHs as per the ‘Probability Proportional to Size’ sampling
technique (Alam et al., 2015).
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Figure 4. Land use/land cover map of the nine mixed farming districts of Bale Zone
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3.2.2. Data collection

A single visit multiple subject formal survey (ILCA, 1990) was done using pre-tested
structured questionnaire. Before the commencement of the actual interview, the
questionnaire was pre-tested with farmers and experts for further refinement. Following
the pre-test, appropriate modifications were made to some questions to fit the purpose.
The survey covered subjects like demographic characteristics, landholding, cropping
pattern, livestock holding, herd composition, purpose of livestock keeping, herding
labour, livestock housing, manure management and utilization, major feeds and water
sources, common livestock disease, productive performance, livestock and feed
production constraints, climate variability perceptions, livestock climate variability
relationships and traditional climate variability adaptation strategies. Nine enumerators
who were working as development agents in the sample kebeles were selected and trained
on the primary data collection methods under close supervision of the researcher. A
single focus group discussion (FGD) comprising 9-13 people, who were drawn from
farmers of different wealth groups, sex, farming experience and development agents were
conducted in all nine kebeles by the researcher (Figure 5). The employed data collection
methods were: cross-sectional survey, focus group discussions, key informant interview

field observations and feed samples collection.

Figure 5. Focus group discussions at sample kebeles
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3.2.3. Feed sample collection and chemical composition analysis

Mixed natural pasture herbages from protected private grazing and fallow land of the
wealth groups (9 kebeles * 3 wealth groups * 3 quadrants) at the midway mature age
were harvested from 1m * 1m quadrant (Tessema et al., 2011) and 27 samples from each
private grazing and fallow lands of the wealth groups, bulked and dried under shade for
further chemical analysis. The dominant herbage species from these lands were: Cypenus
rigidifolius, Andropogona abisinica, Hyperrhenia rufa, Digitaria and Trifolium. Major
crop straws: wheat (Triticum sativum), barley (Hondrium vulgare), emmer wheat
(Triticale species), teff (Eragrostis tef) and highland pulses (Vicia faba and Pisum
sativum) used as livestock feed in the area were collected from straw stacks owned by the
respondent HHs (9 kebeles * 3 wealth groups * 3 straw stacks). The collected feed
samples were manually chopped into small size and ground to pass through 1mm screen
sieve. The chopped pasture herbage and crop straws from the nine kebeles were pooled to
their respective categories of the wealth groups (7 feed samples for each wealth groups)
and mixed thoroughly. The mixed representative sub-samples were taken per the feed
type and packed in a paper bag (Figure 6) at room temperature pending chemical analysis

at Holeta Agricultural Research Center’s Animal Nutrition Laboratory.

Figure 6. Major livestock feed samples pending chemical analysis
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The wealth group based pooled sub-samples (mixed natural pasture, fallow land herbage,
wheat, barley, emmer wheat, teff and pulse straws, and homemade concentrates) were
dried in air draft oven at 65 °C for 72 hours to determine herbage DM. The DM and ash
contents were determined by oven drying at 105 °C overnight and igniting in a muffle
furnace at 500 °C for 6 hours, respectively. Nitrogen (N) content was determined by the
Kjeldahl method and crude protein (CP) was calculated as N * 6.25 (AOAC, 1995).

Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin
(ADL) were analyzed according to Van Soest and Robertson (1985). The in vitro
digestibility organic matter in the dry matter (IVDOMD) was determined by Tilley and
Terry method as modified by Van Soest and Robertson (1985).

Chemical constituents of crop aftermath grazing and forage crops were used from Bogale
et al. (2008) and Bediye et al. (2007), respectively.

Metabolizable energy and digestible crude protein contents of a given feed were
estimated from IVDOMD and CP contents, respectively, employing the following
formulae:

ME (MJ kgt DM) = [0.15*IVDOMD (%)] (Beever and Mould, 2000)

DCP (g) = [0.929 * CP (g/kg DM) - 3.48] (Church and Pond, 1982 as cited in Bogale et
al., 2008). Where, IVDOMD = In vitro organic matter digestibility and DCP = digestible

crude protein.

Relative Feed Value (RFV) was calculated according to Uttam et al. (2010) and
Schroeder (2013):

RFV = [DDM (%DM) * DMI (%BW)/1.29]: Where, DDM and DMI calculated from
ADF and NDF the feeds, respectively:

DDM (%DM) = 88.9 - 0.78 * ADF (%DM) and DMI (%BW) = 120/NDF (%DM)

The contribution of major feeds to annual ME and DCP supply was estimated by
multiplying the quantity of each feed (DM basis) with corresponding nutrient constituent
obtained from laboratory analysis.
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3.2.4. Estimation of available feeds annual biomass yield

The quantity of feed DM obtained annually from the different land use types were
calculated by multiplying hectare of the land under each land use type by its conversion
factors (FAQO, 1987). The conversion factors of 2.0 and 0.5 tons DM per hectare per year
were used for communal and crop aftermath grazing, respectively. The herbage DM from
fallow and private grazing lands was calculated from harvested samples DM. The
quantities of crop residues produced by the respondent HHs were estimated by converting
crop grain yield to straw yield. Accordingly, for a ton of wheat, barley, emmer wheat and
teff straw, a multiplier of 1.5; for the highland pulse (faba bean and field pea) a multiplier
of 1.2 and for oilseeds a multiplier of 4.0 were used (FAO, 1987; Appendix Table 2). The
quantity of potentially available crop residues for animal consumption was estimated by
considering 10% wastage due to collection, transport, storage, processing and other

alternative uses (Tolera and Said, 1994).

3.2.5. Land use/land cover change assessment

The previous and existing grazing lands of the study area were assessed from two
different period Landsat images using GIS and ERDAS IMAGINE software (ERDAS,
2010). The images were analyzed to figure out the major existing land covers. The type
and characteristics of the past and present land use/land cover changes were generated
from Landsat satellite imagery of 1986 and 2014 ETM (Enhanced Thematic Mapper) at
30 m spatial resolution for both satellite imageries. Field observations, interviews, and
discussion with the land users were also employed to substantiate the information.

3.2.6. Estimation of livestock nutrient requirement

The study sample HHs livestock population was converted to tropical livestock unit
(TLU). The animal specific TLU conversion factors used for ox/bull, cow, heifer, steer,
calf, sheep, horse and donkey were 1.1, 0.8, 0.5, 0.6, 0.2, 0.1, 0.8 and 0.5, respectively as
recommended by (Jahnke, 1982; Gryseels, 1988) (Appendix Table 3). The daily DM
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