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Abstract

The current problems in the world are variationliéng of rainfall, shortage of feed and water,idence of
disease and rising of temperature, these are ctwet decause of climate change. So, the objectivihi®
review is to appraisal the impact of climate changesmallholder dairy production and coping mecs@nin
sub-Saharan Africa. Climate change is a long-temoh significant change in the expected patterns sjexific
region’s average weather for an appropriately §icamt period of time caused by the accumulation of
greenhouse gases (gases facilitate for climategehare C@CH,and NO) in the atmosphere which leads to
global warming. Africa has been identified as ofiehe parts of the world most vulnerable to the acts of
climate change. Though climate change affect lo@stproduction directly and indirectly, can be e
through adaptation measures involve production madagement system modifications, breeding stregegi
institutional and policy changes, science and teldyy advances, and changing farmers’ percepticamure
management, shifting dietary and reducing entedthame production.
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1. INTRODUCTION

Climate change is the planet’s biggest threatctiffg land and water availability and crop yieldsadime when
populations are rising fast, periodically causiogd crises. Globally, there is an urgent need thuge the
greenhouse gas (GHG) emissions that cause clirhatege by at least 80% in wealthy countries andratept
the biodiversity which underpins food production§®A, 2012). Climate change refers to a changeerstate
of the climate that can be identified (e.g. usitagistical tests) by changes in the mean and/owvniability of
its properties and that persists for an extendetbgeand warming of the global climate is now unigqual.
Climate change is characterized by increasing teatpe= and related climate phenomena, includinmerease
in the frequency and intensity of extreme weathenes such as hot spells, droughts and floodsaaridcrease
in climatic uncertainty (Fraser, 2009; IPCC, 201pst climatologists agree that the increase ireigieouse
gases atmosphere is causing an increase in aietatope (T°) and that future increases in tempeggtose a
clear and present danger to the distribution anthdénce of animal and plant populations worldwigieen
though a large number of people doubt the reafitylabal warming, and others simply choose to ignibr the
increase in the earth’s air temperature over teell@0 years seems incontrovertible, as does thetfat these
increases are not a result of natural phenomenbon(ipson, 2010). The global average surface temperat
increased by about 0.6°C (IPCC, 2001) or 0.7 °Ctééfg 2008) during the twentieth century. The \taraof
rainfall in time and in space has undergone widengks and the level of sea water rose by approgiynab
cm. The increase in temperature has already affeéhtebiological systems on earth, and the chanigisgecies
distribution, the size of populations, seasonepfaduction and migration of animals and a higleeuaence of
parasites and diseases in the forest system (W&1608).

Heat-trapping gases (also known as greenhouse)ddsesvater vapor, carbon dioxide, ozone, methane,
and nitrous oxide, which absorb heat radiated ftbenEarth‘s surface and lower atmosphere and theiate
much of the energy back towards the surface. Anfianahing contributes to GHG emissions through saiver
routes. The most significant are carbon dioxidenfland use and its changes (32%) nitrous oxide fianure
and slurry (31%) and methane from animal digestRB%) (WSPA, 2012). Direct and indirect source&ofG
emissions in animal production systems include fihygical processes from the animal (enteric fertaton
and respiration), animal housing, manure storagegtrhent of manure slurries (compost and anaerobic
treatment), land application, and chemical fetiliz(Caseyt al., 2006).

Agriculture is an important source of global enossi GHG, mainly from ruminant production. The
negative impact of animal production is due to twain factors: the atmospheric pollution (carborxiie and
methane and manure management and nitrogen emfssiarsoils) and water and soil pollution (nitrogand
phosphorus). The methane emissions are mainlyaueninant farming as the ruminants emit methanpaat
of their digestive process (enteric fermentationgnure management and other processes (Silva, &046).
Dairy farming has been part of agriculture for thamds of years (IDF, 2010). Direct effects from air
temperature, humidity, wind speed and other clinfatgtors influence animal performance: growth, milk
production, wool production and reproduction (Hotoeghet al., 2001). Direct emissions refer to erissi
directly produced from the animal including entefigcmentation and manure and urine excretion (Juriglet

41



Advances in Life Science and Technology www.iiste.org
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) “_'i"
Vol.65, 2018 IIS E

al., 2001). Climatic influences on the quantity andlgy of feedstuffs such as pasture, forage, geaid the
severity and distribution of livestock diseases parhsites (Seo and Mendelsohn, 2006). In the ésdadcome,

if they are to survive, species will need to attezir distribution patterns, change their behapiatterns, and/or
make adjustments in their physiology, either byrsterm acclimation through phenotypic flexibilityr by
longer-term evolutionary shifts in physiological guotype by means of natural selection (Angilleg809).
Though, the climate change is increases, it needsake a cope mechanism through for selecting for
‘environmental fit'" which aim for a good match be®n the end result of the selection process, mstenf
genetic change, and the environment, or systerwhich animals are reared and maintained (Lawremce a
Wall, 2014). Therefore, the objective of this revies to design the impact of climate change on Krokler
dairy production and coping mechanism in sub-Sahafeca

2. Dairy Production Systemsin Sub-Saharan Africa

The consequences of increase population, rapidtgrowdemand, urbanization, combined with slowicgse
for supply response from traditional producing o@gi has resulted in increased sensitivity of atjrical
markets to supply variations due to weather (Godétaal., 2010). There are three major land-based systems
producing milk in SSA, pastoralists, agro paststaliand crop-livestock farmers (Walsiteal., 1991). Dairy
production is practiced almost all over Ethiopiadlving a vast number of small subsistence and atark
oriented farms (Derejet al., 2005; Sintayehet al., 2008). There are different types of milk prodactsystems
can be identified based on various criteria (Astal., 2013). Based on climate, land holdings and atign
with crop production as criterion, the dairy protioic system classified as rural (pastoralism, ggastoralism
and highland mixed smallholder), peri-urban andaarbirhe dairy sector in Ethiopia also categorizaseb on
market orientation, scale, and production intensttyere are three major production systems ideatifi
traditional smallholders privatized state farmg] arban and peri urban systems (G/Weildl., 2000; Ahmeckt
al., 2004).

3. Déefinition of Climate Change

It is the significant variation of the mean stdtan¢ term or permanent sift climate) of climateskaint variables
such as temperature, precipitation/rainfall (timamg quantity), Cg solar radiation and the interaction of these
elements and wind in a certain period of time, camiy over 30 years (IPCC, 2007; Fraser, 2009). l@nother
hand, climate change is defined as any long-tercthsignificant change in the expected patterns specific
region’s average weather for an appropriately §icamt period of time. It is the result of sevefattors,
including earth’s dynamic processes, external ®reed more recently, human activity. External destthat
shape climate include such processes as varidtiswar radiation, deviations in earth’s orbitdarariations in
the level of greenhouse gas concentrations. Eva@efnclimatic change taken from a variety of soarcan, in
turn, be used to reconstruct past climates. Mdstate evidence is inferred from changes in key atan
indicators, including vegetation, ice cores, denbronology, sea-level change, and glacial geolddgutna,
2010).

4. Factors(Causes) for Climate Change

Climate change is caused by accumulation of gragsthgases (GHG) in the atmosphere which leadsotmab|
warming (IPCC, 2013). At global scale, three majases facilitate climate change: carbon dioxide JG@0D%,
primarily from burning of fossil fuel (petroleuminported from industrialized countries), methane (Cldnd
nitrous oxide (NO) caused by deforestation and agricultural a@isjt particularly the use of pesticides
(Steinfeldet al., 2006). Livestock contribute to climate changeehyitting greenhouse gases, either directly (e.qg.
from enteric fermentation) or indirectly (e.g. frdieed-production activities, deforestation, overgng, etc.).
Greenhouse gas emissions can emanate from alldire steps of the livestock production cycle. Cdnttions

of livestock activities to carbon cycle may therefthave an important impact on the process of ¢\baming.

At the farm level, Ciland NO are emitted from enteric fermentation and manureuminant species, CHs
exhaled as a by-product of the process of fermentaif fibrous feedstuffs in the rumen. Nitrous axiis
released from manure during storage and spreadind, CH is also generated when manure is stored in
anaerobic and warm conditions (McKee, 2008).

5. Climate Changein Sub-Saharan Africa

Africa has been identified as one of the partshef world most vulnerable to the impacts of climabange
(IPCC, 2014; Niangt al. 2014). The climate of Africa is warmer than itsvB0 years ago and model-based
predictions of future GHG induced climate change tfee continent clearly suggest that this warming w
continue and, in most scenarios, accelerate (Hanat. 2001; Christensedt al., 2007). Climate change and
variability (CCV) in Sub-Saharan Africa is alreaitypacting negatively on rain-fed agriculture ange$itock
systems. The CCV are caused by both natural andahwelated activities. There are many complex and
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interrelated issues that contribute to this sthtaffairs. Probably more than 90% of the activitiddhumankind
are largely responsible for the current day CC\im@te change and variability complexities are exaated by
increasing human population and demand for morécagrral land for food production, resulting ineth
destruction of the vegetation cover and subsequeathpant environmental degradation (Christensteal.,
2007).

Changes in Africa’s mean annual rainfall are prigdcto be modest and varied. Rainfall is projedted
decline in southern Africa and the Horn of Africa b0%, and is projected to rise by up to 16% in Sadel
(although not all models agree with this prognosig)e problem in modeling potential rainfall charigethe
Sahel is the large degree of natural variabilitydtal annual rainfall that already occurs in tkgion and the
relatively short-term records that are availablér{§ine, 2002). Climate change is an added stesdready
threatened habitats, ecosystems and species inaAfaind is likely to trigger species migration dedd to
habitat reduction. Up to 50% of Africa’s total bieersity is at risk due to reduced habitat and otheman-
induced pressures (Bolebal., 2007).

The East Africa region is characterized by wideedde climates from desert to forest over compaebtiv
small areas. In the past, the region has been pooftl@ods and drought which have had severe negatipacts
on key sectors of economies of most countries dit Bdrica. These include agricultural productioreatih
status, water availability, energy use and biodiNgrand ecosystem services (including tourism)thia late
seventies and eighties drought caused widespreasiddaand economic hardships. Reports from risksassent
studies indicate that that future climate changg lead to a change in the frequency or severityuch extreme
weather events, potentially worsening these impaoggether with annual and seasonal rainfall change
addition, the extreme weather events such as dtamghfloods will have a potential negative conssme on
livestock-agriculture sector (Nicholson and Entdkhd986). Any outcome of the impact will have aosgy
distributional pattern and amplify inequalities health status and access to resources, due toempsgatial
variations in vulnerability. Furthermore, vulneripiis exacerbated by existing developmental @rales and
low adaptive capacity of rural communities. Smadtlileo dairy farmers produce milk in diverse prodoiti
environments where productivity of dairy breedsnisreasingly challenged directly and indirectly lwithe
impacts of variable and changing climate. Increasimbient temperatures directly impact heat loagsston
the animals while feed resource base worsens withe nirequent droughts and climate change induced
outbreaks of transboundary animal diseases (Biedle 2003).

6. Impact of Dairy Cattle on Climate Change

Dairy production plays a part in greenhouse gaG&83s) emissions, particularly methane, which couotes to
climate change (Siemes, 2008). Livestock sect@ abole is responsible for 18% of total anthropeg&HG
emissions measured in carbon dioxide fC€yuivalent (FAO, 2006), and global dairy prodoistaccounts for
4% of the total global anthropogenic GHG emissiif&0, 2010). Very high carbon footprint (CF) of kih
Sub-Saharan Africa is due to a particularly lowknyileld (less than 500 kg per cow and year) antyh age of
cows when having their first calf (Flysjo, 2012)HG emissions from raw milk production at farm lehale a
dominating influence (70-90%) on the carbon foatp(CF) of dairy products. CH4 (from enteric femteation
and manure management) angON(from production and use of fertiliser) are thaimsources of emissions
making up about 70-90% of total GHG emissions atghimary production stage (Flysg al., 2011). CH is
produced naturally by microbial fermentation in thenen of dairy cows. More than 95% of the Jddmes
from belching, while only a minor proportion is preed in the large intestine and passed out asidtate.
Thus, CH is a natural process and a condition affectingimanmts that convert grass and other plants, not
digestible to humans, to valuable products sucimiis and meat. Cll production is an energy loss for the
animal, and loss of CH(or ‘CH,4 conversion factor’) is dependent on the type andlity of the feed and is
typically between 4% and 10% of the gross enertgkifor ruminants (Lassey, 2007).

7. Impact of Climate Change on Smallholder Dairy Production in Sub-Sahara Africa

Dairy farming is vulnerable to climate change thgbuncreased temperatures and changes in rairdtéms
(Siemes, 2008). Africa’s livestock sector will bgesifically affected by climate changes throughnges in the
pattern and quantity of rainfall; an increase imperature; changes in winds; changes in seasgnaiitye
frequent catastrophic events; a decrease in feddf@der production; reduced water availabilityaobing
patterns and distribution of disease; changeseémihrketing and prices of commodities. The effettslimate
change on livestock production and health couldabeadditional significant burden to the alreadysgmg
problems that hold back livestock development iric&f (Van den Bossche 2008). In addition, lackafreomic
development and institutional capacity makes theiadibn more challenging. Significantly, the climat
variability will have a serious effect on pastostdiwhose livelihood depends upon livestock fodfaaconomic
security and cultural preservation. The impact lohate change also increases the problem of watsicsy;
pasture land shortage and diseases dynamics (Ga2f¥i®). The measure of climate change in daimnéacan
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be achieved by using the emissions of methane éyuiminants converted in G@quivalent (C@eq) (Silvaet

al., 2016). Climate change will have tremendous cgmseces for dairy, meat and wool production, mainly
arising from its impact on grassland and rangelamdiuctivity. Climate change will affect livestogkoduction
through competition for natural resources, quanditgd quality of feeds, livestock diseases, heasstrand
biodiversity loss while the demand for livestoclogicts is expected to increase by 100% by mid ef2ff
century (Garnett, 2012).

7.1. Effect on milk production

There is a particular temperature zone in whictiatirog dairy cows feel comfort and produce at atinogl
level. Lactating dairy cows prefer ambient tempaneg ranging from 5°C and 25°C, the ‘thermoneutzahe
(TNZ). When environmental temperatures move outhef thermoneutral zone (or comfort zone) dairyleatt
begin to experience either heat stress or coldsti® dairy cows, studies have considered twacatifTHI
thresholds (Davisomet al., 1996): Milk production starts to decline at Ththove 72 for cows which have no
access to shade, but important declines occur atabblve 78 for cows having access to shade andirakigy
system (Jones and Hennessy, 2000). High produatiraals having high endogenous heat productionpixh
tolerance to heat. Holstein dairy cow is the priyntarget of heat stress relief, followed by feedbattle
(Berman, 2005). A thermal environment is a majetdathat affects milk production in dairy cow esjadly on
animals of high genetic merit, and milk yield daeeliby 0.2kg per unit increase THI when it exceed2d
(Ravagnolo and Misztal, 2000). The reduction inkngitoduction caused by heat stress could be thét rek
decreased nutrient intake and nutrient uptake bypibrtal drained viscera of the cow. Blood flowfishio
peripheral tissues for cooling purposes, alter ieatrmetabolism and contribute to lower milk yielthe
increase in milk yield increase sensitivity of aalmto thermal stress and decline the thresholgeeature at
which milk losses occur (Berman, 2005). During lggeegnancy and the early post-partum period, hot
environment negatively affects milk quality, leadslower colostrum net energy fat and protein contén
addition, the analysis of protein fractions showekduction in percentages of casein, lactoalbulgiBm and
IgA (Nardoneet al., 2006). Heat and nutritional stresses in dainycoeduce herd productivity and profitability
through mortality, reduced growth and reproductishjch can be of substantial economic loss to predu
utilising less adaptable breeds. Heat stress heariaty of detrimental effects on livestock withgmsificant
effects on milk production and reproduction in glaiows (Valtorta, 1996)

7.2. Effect on growth

Temperatures ranging between 15°C and 29°C do emhdo have any effect on growth performance. The
effects of high ambient temperature on growth penfonce are induced by the decrease of the anadudlidgty

and the increase in tissue catabolism (Matai., 2007). The effect of climate change on growdlduce body
weight, reduce body condition score, reduce avedajly body gain, reduce feed intake, and redueal fe
conversion and allometric measurements. Heat dstsaffered by animals will reduce the rate of ahifeed
intake and result in poor growth performance (Rogsdin, 2008).

7.3. Effect on reproduction perfor mances

High ambient temperature compromise reproductiicieficy of farm female and male animals. Cattle’s
fertility is reduced from around 50% in winter &sb than 15% in summer. A drop can occur in sunaihabout

a 20-27% (Chebedt al., 2004). In practice, dry pregnant cows are notgmted from heat stress because they
are not lactating, and it is incorrectly assumedt tthey are less prone to heat stress. The dnpgadsi
particularly crucial since it involves mammary glamvolution and can affect endocrine responses rtey
increase foetal abortions, shorten the gestatingtte lower calf birth weight, and reduce follid&d oocyte
maturation associated with the postpartum repraceictycle (Bilbyet al., 2008).The somatic cells within the
follicles (theca and granulosa cells) could be dgedaby heat stress. Heat stress affects ovaridinldsl and
induces a decrease in estradiol synthesis (W#sah, 1998). It compromises oocyte growth in cows lbgrang
progesterone, luteinizing hormone, and folliclerstiating hormone secretions during the oestrusecgiRbnchi
etal.,, 2001).

Rensis and Scaramuzzi (2003) hypothesised thaddh@nant follicle develops in a low LH environment
resulting in reduced estradiol secretion inducingrpexpression of oestrus by reducing its length iatensity.
Once ovulation occurs, the damaged oocyte has eedabances of fertilizing and developing into abléa
embryo. The ability of zygotes to develop blastbayas reduced during summer (Al-Katanahial., 2002).
Heat stress can also affect the early developingrgm When heat was applied from day 1 to day &radstrus,
there was a reduction in embryo quality and stagmfembryos flushed from the reproductive tractday 7
after estrus (Putnest al., 1989). During pregnancy and prepartum heatsitesld decrease thyroid hormones
and placental estrogen levels, while increasingesterified fatty acid concentrations in blood;alwhich can
alter growth of the udder and placenta, nutriemtévdred to the unborn calf, and subsequent mitdpction
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(Collier et al., 1982).

7.4. Disease

Livestock disease occurrence is based on diseasaggand transmission dynamics which can be imiteel by
environmental conditions. Bacterial, viral diseasel parasitic infestation will be greatly influeddey changes

in rise in temperature and humidity. Temperaturessize diseases will be on the increase which rbay
considerable in high humidity and flooded areaseBse challenges have already indicated that tieey aajor
constraint to the improvement of the livestock isity in the tropics (Devendrat al., 2000). Expression of
many livestock diseases and parasitic infestatierkaown to be climate dependent causing devagtéliress
and loss of body condition resulting in reducednaii performance. Livestock health may be affectedt-h
related diseases and stress, extreme weather ewvatptation of animal production systems to new
environments, and emergence or reemergence oftimiscdiseases, especially vector-borne diseastisaty
dependent on environmental and climatic conditiffrrmanet al., 2008). Climate change-related effects are
likely to increase the importance of genetic resise and tolerance in disease control strategiestiWet al.,
1998). Under climate change, rising temperatureschanging the geographical distribution of diseaszors
which are migrating to new areas and higher akitydor example, migration of the malaria mosqtotbigher
altitudes will expose large numbers of previoushexposed people to infection in the densely popdlatast
African highlands (Bokeet al., 2007). Africa is vulnerable to a number of cltmaensitive diseases including
malaria, tuberculosis and diarrhoea (Guermteal., 2004). Diseases in livestock result in sevefects on
livestock survival, marketability, animal healthddivelihoods (Gardner, 2012).

7.5. Indirect effects (feed and water availability) of climate change

One of the most significant effects of climate ajp@aron livestock production is changing the animegdf
resources (Minson, 1990). Climate change and \iditiabave the potential to impact negatively oranges in
production and quality of feed crop and forage (ftan et al., 2009; IFAD, 2010), water availability and
access/demand particularly in Africa, animal groestidl milk production, diseases, reproduction (Naedal.,
2010), and biodiversity (Reynolds al., 2010). These impacts are primarily due to ameiase in temperature
and atmospheric carbon dioxide (§@oncentration, precipitation variation, and a bamation of these factors
(IFAD, 2010). According to IPCC (2007) state, cdefit that the overall net impact of climate chaagevater
resources and freshwater ecosystems will be negdtie to diminished quantity and quality of avdaalater.
Africa will face increasing water scarcity and stewith a subsequent potential increase of wateflicts as
almost all of the 50 river basins in Africa arenseboundary (De Wit and Jacek, 2006).

Increasing heat stress will significantly increasster requirements for livestock, resulting in @razing
near water points. As a result causing land degiadand endanger biodiversity (IPCC, 2007). Fos Balicus
water intake increases from about 3 kg per kg Didke at 10 °C ambient temperature, to 5 kg at 3a#d, to
about 10 kg at 35°C. Some of the greatest impdoggobal warming will be visible in grazing systenmsarid
and semi-arid areas (Hoffman and Vogel, 2008))dasing temperatures and decreasing rainfall regietds
of rangelands and contribute to their degradatidigher temperatures tend to reduce animal feekéntand
lower feed conversion rates. There is also evidé¢haegrowing seasons may become shorter in maswirgy
lands, particularly in sub-Saharan Africa (Rowlins@008). The spatial distribution and availabilitypasture
and water are highly dependent on the pattern andahility of rainfall (Aklilu et al., 2013). Changes in the
patterns of rainfall and ranges of temperaturecaffsed availability, grazing ranges, feed qualtged, pest and
disease incidence (Coffey, 2008). Thus, changedinmatic factors such as temperature, precipitatod the
frequency and severity of extreme events like dntaidirectly affected livestock yields (Adamtsal., 1998).
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Figure 1.Summary of climate change on dairy cattlein Sub-Saharan Africa

Impact of
climate
change on

dairy cattle

8. Dairy Cattle Adaptation Strategiesin Sub-Saharan Africa

Adaptation and mitigation can make significant irtgaif they become part of national and regiondicpes
(FAO, 2009). Adaptation measures involve productemmd management system modifications, breeding
strategies, institutional and policy changes, smeand technology advances, and changing farmerskption
and adaptive capacity (IFAD, 2010; USDA, 2013). €&sh is needed on assessments for implementisg the
adaptation measures and tailoring them based atidmcand livestock system (Thorntetnal., 2009). Effective
adaptation and adoption of new technologies, whattribute both to mitigation and the long termbiligy of
farming, will require investments and planning effaccapacity of individual farms. Public authorstieill have a
role to play in supporting and facilitating climathange adaptation policies. In order to contidivestock
industries need to anticipate these changes, lpame for uncertainty and develop adaption strate(fbebe,
2017).

Livestock producers have traditionally adapted adous environmental and climatic changes by bugdi
on their in-depth knowledge of the environment imich they live (Sidahmed, 2008). Smallholder, ssiasice,
and pastoral systems, especially those locatedaigimal environments, areas of high variabilityrainfall or
high risks of natural hazards, are often charazdrby livelihood strategies that have been evolved

(i) To reduce overall vulnerability to climate shoctad@ptive strategies”)

(i) To manage their impactx-post (“coping strategies”). The distinction betweensthéwo categories is
however frequently blurred: what start as copingtegies in exceptional years can become
adaptations for households or whole communitiesnWgefining features of dry land livelihoods
in Africa and elsewhere can be regarded as adagtiigegies to climate variability.

For example, Mortimore and Adams (2001) for Nonthiigeria mention five major elements of adaptation

e Allocating farm labor across the season in waydg fledlow unpredictable intra-season rainfall

variations: “negotiating the rain.”

* Making use of biodiversity in cultivated crops amitd plants.

* Increasing integration of livestock into farmingsggms (at a cost of increased labor demands).

*  Working land harder, in terms of labor input pectaee, without increasing external non-labor inputs

« Diversifying livelihoods
In addition above mentioned, the following havebaentified by FAO (2008), Hoffmann (2008), Sidadun
(2008) and Thorntost al. (2009) as ways to increase adaptation in thetibek sector:

v" Production adjustments

o Diversification, intensification, integration ofagture management, livestock and crop
production, changing land use and irrigation, aitgthe timing of operations, conservation of
nature and ecosystems.

0 Modifying stock routings and distances; introdgcimixed livestock farming systems — i.e.
stall-fed and pasture grazing.

v Breeding management strategies

o Changing the breeding animal for every 2-3 yeaxshange from other district herd) or artificial
insemination with proven breed semen will help whancing the productivity. This may be
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supplemented with supply of superior males thraiagimation of nucleus herd at block level

o Local breeds are already adapted to their harsHitoms. However, developing countries are
usually characterised by a lack of technology wedtock breeding and other agriculture
programmes which might help to speed adaptation.

o Changes in breeding strategies can help animaledee their tolerance to heat stress and
diseases and improve their reproduction and grodekelopment (Henryet al., 2012;
Rowlinson, 2008). Therefore, the challenge is imréasing livestock production while
maintaining the valuable adaptations offered byebimy strategies, all of which will require
additional research (Thornta al., 2007). In addition, policy measures that impredaptive
capacity by facilitating implementation of adapatstrategies will be crucial (USDA, 2013).

v ldentifying the genes responsible for unique charistics like disease tolerance, heat tolerarioiifya
to survive in low input conditions and using itlaesis for selection of future breeding stock walghin
mitigating the adverse effect of climate stress

v Capacity building livestock keepers — increasedramess of global changes, and improved capacity of
herders/livestock producers to understand and wihlclimatic changes. Training in agroecological
technologies and practices for the production amukervation of fodder is improving the supply of
animal feed, reducing malnutrition and mortalityhierds

v' Farmers’ perception and adaptive capacity

o One of the limiting factors for these changes uocsed is the disposition and capability of
farmers to recognize the problem and adopt climbhéage adaptation and mitigation measures
(Joneset al., 2008). Because of this, it is important to odilénformation about farmers’
perceptions to mitigation and adaptation measuBege approach for collecting information
about farmers’ perceptions that has been used ftigation and adaptation research is
gualitative; using open-ended survey questionsrou discussion at workshops to understand
individual and group opinions (Barnessal., 2008). By understanding farmers’ perceptions and
including them in rural policy development, thesea greater chance of accomplishing food
security and environmental conservation objecti{@bver et al., 2012; Barnes, 2013). Risk
perception within farmer decision-making can beréased through education, family farm
succession, and social interaction among farmedtdaming communities.

v' Science and technology development

0 Better understanding of the causes and impaatbméte change on livestock, development of
new breeds and genetic types, improved animal Weahd improved water and soil
management.

v" Improving local genetics through cross breedindwitat and disease tolerant breeds. If climategghan
is faster than natural selection the risk of sualvand adaptation of the new breed becomes greater

v ldentifying and strengthening local breeds whioh adapted to local climatic stress and feed sources

0 Increased awareness of global changes, and imgpreseacity of herders/livestock producers
to understand and deal with climatic changes. Twginn agro-ecological technologies and
practices for the production and conservation dfifer is improving the supply of animal feed,
reducing malnutrition and mortality in herds. Lsteck management systems — efficient and
affordable adaptation practices have to be devedldperural poor not able to buy expensive
adaptation technologies.

v Institutional and policy changes: removal or pwtin place of subsidies, insurance systems, income
diversification practices as well as the introdoctof Livestock Early Warning Systems, as in theeca
of IFAD-supported interventions in and other foigteeg and crisis preparedness systems

v' Market responses: improvement of agriculture manketmotion of inter-regional trade, credit schemes

v Provision of shade and water to reduce heat str@ssincreased temperature

o Current high cost of energy, providing natural (lmest) shade instead of high cost air
conditioning is more applicable to rural poor proeits; Reduction of livestock numbers —
lower number of more productive animals will causere efficient production and lesser
emission of GHG from livestock production Changelivestock/herd composition (large
animal versus small animal, etc.

v" Improved livestock management systems — efficiadtafordable adaptation practices have to be
developed for rural poor not able to buy expenagaptation technologies.

8.1. Genetic selection for environmental change adaptation

Livestock genetic adaptation responses will vagyrfiintensifying and managed systems to adaptiviesigsin
more marginal environments. Traditionally, the sgte of animals in tropical breeds has been aptiaone,
but in recent times, market pull has stimulatedgidly changing demand for higher production tlmatld not be
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met quickly enough by breed improvement of indigen@nimals. Widespread cross-breeding of animals,
mostly with “improver” breeds from temperate regiperossed with local animals, has occurred — oftigh
poor results. Little systematic study has been ool on matching genetic resources to differemhifag and
market chain systems from already adapted and higtaducing tropical breeds. However, given theneve
greater climatic variability and stresses anti@pathis is a most logical response to the adaptiadienges that
will be faced (Thorntort al., 2007).

Genetic approach need to be developed and applieelp dairy industries mitigate impacts of CVCnggi
genetic tools. Broader breeding goals have bectmedrm in the dairy, usually incorporating prodetand
“fitness” (health, fertility, longevity) traits irdeveloped world. However, exotic cattle produceaimfrsuch
breeding programmes faces challenges of genotygaiyonment interactions, hence there is a neegvelop
local breeding programme for specific productiorviemment. Therefore, an economic evaluation of the
different DBGs imported and across PEDs is necgdsaidentify the most suitable breed (s) for thiedent
production environments. The assessment of thepcesand magnitude of DBGs by environment intevads
needed, which will enable the achievement of optimperformance across the different environmentghén
presence of breed by environment interactionsjquéatr genotypes will be sought for particular g@oniments in
order to optimize total merit of production. Incsed training to farmers on how to handle the DB&also
necessary (ATPS, 2013).

Breeding goals may have to be adjusted to accaurtifher temperatures, lower quality diets, areatgr
disease parasite challenge. Species and breedw¢hatll adapted to such conditions may become maely
used (Hoffmann, 2010). The methods by which CH4ssions of individual animals can be measured are an
important factor because the method used to medkar€H4 trait will also influence the resultingnggic
parameters and is therefore an integral part ob#hection programme (Cottle et al., 2011). In &daj locally
adapted breeds are likely to be highly variable thechighest performing animals of such breedshesse great
productive potential. Therefore, the screeningiwvddtock populations previously not subjected tetematic
selection is likely to give quicker results to pide high genetic merit foundation stock for nuclédloxks
(Pankaj et al., 2013).

9. CopeMechanism for Climate Change/M ethod of Mitigation for Climate Change

Livestock improvement strategies should focus dmaening the ability of animal’s survival on low djityafeed,
induced by unfavorable climatic conditions, toldrememerging diseases and slow emaciation rateglfeed
and water resource shortage should be integrabpart effective future livestock improvement st (Never,
2015). Current animal breeding systems are notcgerit to meet this need and the improvement oédirey
programs under different livestock production andrketing contexts is a critical area for new resear
(Thorntonet al., 2007). In the context of climate change there ednfer selecting for ‘environmental fit’ which
aim for a good match between the end result ofsélection process, in terms of genetic change,thed
environment, or system, in which animals are rearetimaintained (Lawrence and Wall, 2014).

Attaining sustainable dairy productivity requireslizing breeds adaptable to the variable and chang
climate in order not to enter state of insecuriiiefood, nutrition, income and health of smallheiddairy
farmers and their livestock assets. When adaptdbley breeds are identified, they can be promoted i
appropriate environments together with appropriamagement interventions that effectively reducenah
stresses to changing climate to enable smallhdidéy farmers mitigate and adapt to effects of cfirag
climate to maintain and sustain their livelihoodets. Indigenous cattle breeds such as Zebu antbidses are
highly adapted to the harsh conditions, poor riatribnd disease and parasite challenges. Theirtattapis
attributed to different hereditary characteristicat have resulted in differences in reactionsrteirenmental
stimuli. These reactions are intimately associatgtth anatomical-physiological characteristics, whibhave
developed as a result of natural selection. Coe¥grindigenous cattle breeds possess genes aiesalhat are
pertinent to their adaptation to the local produtinvironments (ATPS, 2013).

9.1. Manure management

Most methane emissions from manure managementetated to storage and anaerobic treatment. Although
manure deposited on pasture can produce nitrowe @tissions, the mitigation measures are oftditdlif to
apply because of the manure dispersion on pasiickié et al., 2014). Therefore, most mitigation practices
involve shortening storage duration, improving tigniand application of manure, used of anaerobiestgys,
covering the storage, using a solids separator,chadging the animal diets. Anaerobic digestion ietuce
methane emissions while producing biogas (Geebet., 2010). Anaerobic digesters are lagoons or tamks
maintain manure under anaerobic conditions to cagtiogas and combust it for producing energy arirfy.
This process reduces the potential of GHG emissibpsconverting methane into CO2 (ICF, 2013).
Unfortunately, anaerobic digesters are costly faxdpcers; the best approach for implementing déegssis
through policies that create enough incentive fapaation (Dickieet al., 2014).
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The solids separator is mostly used in confinersgatems to remove solids from manure streams tkat a
entering the treatment or storage systems. By ramgahe solids from manure streams methane emissioa
reduced, the time between storage system cleasimgieased, and crust formation is prevented (EDR3).
These practices, compared to anaerobic digestasysaally low-cost and low-tech. However, theyuieg
more time and effort from the producer (Diclgeal., 2014). Adjusting animal diets can also be useda
mitigation measure, by changing the volume and amsitipn of manure. GHG emissions can be reduced by
balancing dietary proteins and feed supplementgrdfein intake is reduced, the nitrogen excretgditimals
can also be reduced. Supplements such as tanmnalssr known to have the potential to reduce eomssi
Tannins are able to displace the nitrogen excretiom urine to feces to produce an overall redurctio
emissions (Dickiest al., 2014).

9.2. Reducing enteric methane production
A set of nutritional strategies proved efficientr@ducing methane emissions in ruminants (O'Msia., 2008)

> Replacing roughages with concentrates resultsdreased proportion of propionate in the rumen, thus
less hydrogen available for CH4 production

» Feeding legume forages results in less emissi@Hsf than grass-based diets.

» Feeding ensiled forages reduces methanogenesis.

» Improving pasture management is associated withedsed CH4 emissions due to improved livestock
productivity and a reduction of dietary fibre.

» Administering plant extracts (condensed tanninppsis, and essential oils) reduces CH4 emissions.
Tannins have a direct effect on methanogenesisraiigéct effect on hydrogen production due to lower
feed degradation. Saponins, glycosides availabtaany plants, have direct effect on rumen microbes.
They decrease protein degradation and favour atahee time microbial protein and biomass synthesis.
Saponins induce protozoa suppression. Essentiatoiltain many biologically active molecules which
have antimicrobial properties. Some compoundssemsal oils are toxic to methanogens.

» Supplementing ruminants with lipid sources (fatails) impacts negatively on methanogenesis by
toxicity to methanogens, causes defaunation thpgpresses protozoa associated methanogens and
decreases fibre digestion.

» Administering ionophores like monensin in the diegults in a shift of bacterial population from gra
positive to gram negative organisms with a coneurmhift in the fermentation from acetate to
propionate (Mosst al., 2000).

9.3. Carbon sequestration

The success of strategies of greenhouse gas nutigdépends on the use of appropriate tools toceedarbon
losses and to increase carbon sequestration. Afsainagement practices that help achieve thesxinigs.
We report below some of these practices that tefgrassland carbon sequestration (Sousazaia 2010)
Avoiding soil tillage,

Moderately intensifying nutrient-poor permanentsgtands,

Avoid heavy grazing,

Grass-legumes association rather than grass only.

9.4. Fertilizer management

Fertilizer application on animal feed crops incesagitrous oxide emissions (Bouwman, 1996). Theeefo
mitigation measures such as increasing nitrogeretiggency, plant breeding and genetic modificatipusing
organic fertilizers regular soil testing, usingtteologically advanced fertilizers, and combiningumes with
grasses in pasture areas may decrease GHG emissidasd production. Nitrogen use efficiency can be
improved by applying the required amount that tfrepavill absorb and when it needs the nutrients, placing

it where the plant can easily reach it. Regulartesting can be a part of a nutrient managemet gepending
on the region and crop, and improve efficiency fogen use. Plant breeding and genetic modifioatioan
reduce the use of fertilizers by increasing a @aptrogen uptake (Dickiet al., 2014). Increasing the use of
organic fertilizers would also decrease emissiogsabse organic fertilizers do not produce as muichgen
oxide as synthetic fertilizers (Denef al., 2011). Furthermore, fertilizer technology hasioved through
regulating the release of nutrients from the fiedil and inhibiting nitrification to slow the degiation of the
fertilizer and maintain the nutrients available fbe plant. However, these technologically advarfeetlizers
are more costly than the other practices menti@iexve (Dickieet al., 2014). In the case of pasturelands, the
use of synthetic nitrogen can be reduced by combitégumes with grasses. Legumes fix nitrogen tinou
Rhizobium bacteria; therefore, the need for supplgary nitrogen is reduced (USDA, 2007).
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9.4. Shifting dietary

Improved forages can be used as a climate charntggation strategy in both developing and developgions.
Not only can improved pastures reduce CH4 emisdimms animals, but carbon sequestration in grasistanils
can also be increased by planting nitrogen-fixiaguimes (Liebiget al., 2010).One strategy for mitigating
methane emissions with feed changes is by includimge concentrates in addition to, or in place af,
proportion of dietary forage (IPCC, 2007). Changesnimal diets can reduce greenhouse gas emissiahs
increase animal productivity, but they can als& harming animal welfare. However, bolstering rtidri by
supplementing poor diets or using improved foraggs both reduce greenhouse gas emissions and ienprov
welfare at the same time. In regions of the worithwa seasonally dry tropical climate, such as &yithe low
nutritional value of most animal feeds during ting skeason is a major constraint on animal proditgt{¥ othill,
1985)

Options for mitigating climate change, which arebjeat to local context, include the following:
Eliminating unproductive animals and increasing t¢iverall efficiency of livestock production; ¢ Seton of
more productive livestock breeds where conditidiuma

0 Improving rangelands through improved pasture memmegt
Enabling of transhumance and effective communalupasnanagement
Reforestation and tree protection in pasture lands
Restoration of degraded lands
Improved waste management, including efficientafsmanure as fertilizer
Improved use of low fiber feed additives
Improved energy/feed efficiency
Breeding for improved productivity and efficiencin greenhouse gas emissions
((BCCRALSSA, 2010)

O O O0OO0OO0OO0OOo

10. Future Prospective (Scenarios)

Globally, most of the available scenarios on clenathange and their relationship with agriculture ar
pessimistic and predict a negative effect of glolatming on production outputs. From another pofntiew,
there is a consensus as to the difficulties to @impthe impact that can be attributed to globatmiag. Levels
of agricultural production including livestock prazkrs, are subject to important interactions betwfaetors
such as the use of inputs, the market forces andudtgral policies mainly subsidies and incentiviesaddition,
inter annual climatic variability is a major deténant of agricultural yields and this will not allceasy isolation
of the effect attributed to global warming (Saletal., 2011).

The most promising approach for reducing methanéssoms from livestock is by improving the
productivity and efficiency of livestock productiothrough better nutrition and genetics. Greatdiciehicy
means that a larger portion of the energy in thimals’ feed is directed toward the creation of usgroducts
(milk, meat, and draught power), so that methanésgans per unit product are reduced. The increéase
production efficiency also leads to a reductionthe size of the herd required to produce a giverllef
product. Because many developing countries arevirgjrito increase production from ruminant animals
(primarily milk and meat), improvements in prodoctiefficiency are urgently needed for these goalbd
realized without increasing herd sizes and cornedipg methane emissions (Steinfeld, 2006). To deer¢he
emission from manure management, it is necessaryedoce the animal number, to optimize the feed
digestibility, to increase animal productivity aimdprove the efficiency of the manure managementesys
(Bates, 2001).

11. CONCLUSION AND RECOMMENDATION

11.1. Conclusion

Climate change and variability in Sub-Saharan Afiialready impacting negatively on rain-fed agtioe and
livestock systems, caused by both natural and huaotvities (more than 90%). Livestock sector ire adlimate
change in the pattern and quantity of rainfall; inorease in temperature; changes in winds; chamyes
seasonality; more frequent catastrophic eventseeaedse in feed and fodder production; reduced rwate
availability; changing patterns and distributiondidease; changes in the marketing and prices rofremlities.
To enhance the ability of livestock survival in is& on low quality feed, tolerant to emerging d&es induced
by unfavorable climatic conditions and slow emaoratate during feed and water resource shortagaldtbe
integral part of an effective future livestock irngement strategy. Mitigation practices such assifjg animal
diets, shortening storage duration, improving tignand application of manure, used of anaerobicsiiégs,
covering the storage, increasing nitrogen use ieffay, using a solids separator, replacing roughagih
concentrates, improving energy/feed efficiency,idvteavy grazing, plant breeding and genetic madliions,
using organic fertilizers regular soil testing,ngsitechnologically advanced fertilizers, and cormgriegumes
with grasses in pasture areas, administering @amacts, feeding ensiled forages reduces methaesgand
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avoiding soil tillage are very important.
11.2. Recommendation
+ Awareness creation/training on climate change, iemutoved capacity of herders/livestock producers
to understand and deal with climatic changes
+ Research is needed on assessments for implemehtisg adaptation measures and tailoring them
based on location and livestock system.
+ Should be develop the habit of feeding concentrategqume forages and improving pasture
management
+ Indigenous/native breeds improvement should beldpver more adaptive the climate change
+ Research will be focus on livestock improvemenatsties for adopting genetic selection to mitigate
the climate change
+ Should be improve more productive dairy cattle sedlice the number of dairy cows
+ Research will be done on feed related with morelpetve species and mitigate the climate change
+ Should be administering ionophores and becteracihe diet of dairy cows
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