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Preface

The idea of a regional conference on animal agriculture, initially focusing on Eastern and Central Africa, was
conceived by a small group of members of the Animal Production Society of Kenya (APSK) in 1988. This
culminated into an Eastern and Central Africagional conference on animal agriculture which was held in
1989 in Nairobi and was the precursor of the first All Africa Conference on Animal Agriculture, also held in
Nairobi in 1992. It was at that first conference that a decision was made to have maghing of livestock
sector scientists, other practitioners and stakeholders every 4iyaad this was also the birth of the All
Africa Society for Animal Production (AASAP); the second conference was held in Pretoria, South Africa in
1996. It was athat conference that the AASAP became recognized as the African chapter of the World
Association of Animal Production. The third one was held in Alexandria, Egypt in 2000, the fourth in Arusha,
Tanzania in 2005, and the fifth in Addis Ababa, EthiopiaGi@ This sixth conference, held in Nairobi and
hosted (for the second time) by APSK, marked a return to 4ea# interval established at the birth of the
AACAA.

The AACAA is the main mechanism through which the AASAP objectives aré metprovidinga forum for
stakeholderd professionals and practitionerso get together to share views on issues germane to animal
agriculture. Thus, every one of these conferences focuses on a major contemporary issue or sets of issues
which, in the views of the ABAP working with host country organizers, require attention. These may be new
technologies or approaches, emerging challenges which require attention, controversial issues with
implications for animal agriculture that require rational conversation, oomagior global trends which may

have consequences for animal agriculture. The sixth conference focused on examining macro trends that
underpin animal agriculture, with a special focus on implications for Africa.

By 2025, Africais projected to hav850 milion middle-class consumers, and the second highest number of

city dwellers of any global region. This urbanization will offer opportunities to business throughout the
continent and will require the development of innovative products to meet the speeifls of the urban poor

and wants of an emerging consumer class. At the same time, it is clear that rural incomes will not be
substantially increased by exclusive emphasis on subsistence food crop production; rather, more market
oriented production systemsill be needed. Welfunctioning agricultural markets are essential for rural
growth i yet unfavourable terms prohibit or discourage rural households to fully participate in markets.
Increasing (world and regional) markets give rise to opportunitiesrfpraved market governance. Reducing

risk and transaction costs along value chains is crucial for profitable market participation by smallholder
farmers. Such improvements are crucial for agricultural intensification, capturing market opportunities, and
searring land tenure. Another important trend is that traditional distinctions between social and economic
programs and sectors are disappearing. This opens opportunities for new partnerships and accountabilities,
including new ways of working between govemmt s , private, sector, ci vil
organization§ with the international development community playing a supporting or facilitating role.

Mobility out of poverty is associated with personal initiative and enterprise. Improving pesplec apabi | i t i
must be tackled together with investment in rural development. Strengthening comtaueitgrganizations

and their capacity to develop and execute programs must go hand in hand with expanding the range of
financial services to poor rurpkople.

The 6th AACAA provided opportunity for Africa and the international community working on African

livestock sector to discuss these trends and to seek ways of addressing the associated challenges while
harnessing the opportunities these trendsepres . Under the overarching theme |
Macrot r end s and future opportunitieso, speci fic atter
agriculture; the future of smallholder animal agriculture; options for pastoral systemsetnaadess; and

strategies for leveraging the available human capacity through innovative capacity strengthening initiatives.

The conference was organized by the AASAP in association with the APSK. We would like to express our
gratitude to the sponsors tife conference. Special thanks are due to the government of the Republic of Kenya
which was a major sponsor and also host of the conference, presenters and authors of papers and posters, our
colleagues on the organizing committee, institutions, groupsratidduals who assisted in one way or the

other, and the esteemed conference participants.



The venue, the setting and the overall conference atmosphere provided opportunity for networking by
participants from across the continent and with colleagues fother corners of the globe. Many new
friendships were made, old ones strengthenedived, and collaborations boi/e have made no attempt to
summarize the outcomes of the wide array of discussions on the many papers presented in the six sessions of
the conference. After the conference, presenters were asked to submit or revise their papers, taking into
account the issues raised during the conference discussions. The papers were then subjected to light technical
reviews and language editing, thus ensyitimat intellectual content remains that of the authors.

It is our hope that these proceedings will provide useful reference material for those interested in
understanding the major trends and associated issues covered during this conference.

Ed Rege
President, All Africa Society for Animal Production (AASAP)
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Keynote

Africads ani niNew oppodgunities aslatgreat Bvestock transition gets under
way

Jmmy Smith
Director General, International Livestock Research Institute.

Correspondencg.smith@cgiar.org

Summary

In coming decades, global demand for anis@lrce foods is predicted to rise a great deal faster than that for crops,

driven by and in developing countries. Africa is outstanding in this regard, with recenttestimnedicting milk

demand to triple and consumption of pork, chicken and eggs to increase by ufotd bix2050. All the themes of

this yearos Al Africa Conference on Ani mal Agricul tui
opporturities while mitigating harm such growth could cause. For example, countries that meet the growing demand
through imports are likely to face significant foreign exchange shortages. On the other hand, proliferation of large

scale industrial livestock produoh systems within Africa could pollute environments, and/or put public health at

risk and/or widen already large socioeconomic gaps. What we can do now is to use this window of opportunity to

help millions of Africans employ livestock as powerful instrumsefor transforming their livelihoods and the
continentdés food systems both. We are ent er-hidpf a gr ea’
todayobés |livestock keepers are expected tthod tanleaveethef r om s
sector, with the final third going either way. To help shape this transition for -basstl, safe and sustainable

growth, we need, more than ever, livestock research conducteih lzottifor development.
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Keynote

Maximising animal welfare and human wellbeing in food production: A global perspective
in an African context

TennysorWilliams
Regional Director, Africa, World Animal Protection's

Correspondnce: TennysonWilliams@wddanimalprotection.org

0 Ani mal s -famain Afrieadare wften handled well, considered symbols of wealth, and may even be tre
part of the familyd (Menczer, 2008).

Macro trends 1 what is happening now in the world?

For a current view of what the maettr@nds of global agriculture are, perhaps the best and most concise place to
start are the five strategic objectives of the Food andcAlyural Organization of the United Nations (FAO, 2014).

Help eliminate hunger, food insecurity and malnutrition

Make agriculture, forestry and fisheries more productive and sustainable
Reduce rural poverty

Enable inclusive and effient agricultural and food systems

Increase the resilience of livelihoods to disasters

Too Too Too T Io

Similarly, another globally significant trend are the
(SDGs). The SDGs came about because the UNZRiotitcome documenthe future we wantset out a mandate

to establish an Open Working Group (OWG) to develop a set of SDGs for consideration and action by the UN
General Assembly at its 68th session. The Rio outcome gave the mandate that the SDGseshteddated into

the UN development agenda beyond 2015.

The five strategic objectives of the FAO are echoed in the targets identified by the Open Working Group (OWG) on
SDGsunder the heading of Goal End hunger, achieve food security and improvedrition, and promote
sustainable agriculture OWG, 2014.

The difference between the FAO objectives and OWG targets is that whereas the FAO objectives place a greater
priority on increasing production and productivity, the OWG process increasingly ghacesiphasis on increasing

productivity and production in sustainablemannerWhat is interesting to note here is that the African states in the

OWG were very vocal on the need for a specific referencidtainable agriculturein the title of this paicular

goal . This emphasis on sustainable agriculture is also
critical goal for avoiding the erosion of biodiversity. The Common African Position on th@bStdevelopment

agenda hasraffi r med Africabés commit ment t owsafficikrey andunsittitiennas abl e a
an important element towards the realisation of structural economic transformation and inclusive growth in Africa

by 2030, and importantly contributes towatdsie r eal i sati on of Africadés Agenda 2

If we consider this in terms of routes to change, we can identify a number of main trends takingT$lespst

relates to a shift away from a singular focus on more efficient production of food towards fitieatalise of the

food we are already producing. This is to ensure we are not wasting the resources used to produce the food in a
context of increasing resource scarcifys a result we see a greater emphasis on reducing food loss and waste, with
globalefforts to reduce speculation with food commodities.

The secondtrend relates to an increasing focus on producing food where it is nedded. result we see a
strengthened focus on smdalblder producers as these produce the vast majority of fociewd by those that are
food insecure.

A third trend concerns the increasing acknowledgement that the food that we consume and the manner of food
production has a significant impact on human healthe growing relevance of the One Health concepteontbrk

of the key global agencies is an indication of how important this is. The FAO, OIE and WHO are committed to
working more closely together to align activities related to the arfinadan ecosystems interfaces. The emergence

2
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of new or the reemergene of existing animal diseases, including zoonoses, the growing threat ebtnamdary

animal diseases, the impact of environmental changes and globalisation, concerns about genes from genetically
modified crops and animals escaping into natural ecosgsagh reducing the resilience of agricultural landscapes,

as well as new societal demands related to food security, food safety, public health and animal welfare, emphasise
the critical need for collaboration between the three organis&tfdhg°1?)

Although the scale of the challenge can seem overwhelming, there are a number of opportunities to explore which
demonstrates how good animal welfare can lead to improved outcomes. The SDGs will set the global agenda for the
next 15 years. The Open Workirgroup on the SDGs outcome document will be a main input into the final
negotiations on the SDGs and offer a number of opportunities for introducing good animal welfare as part of the
solution:

1 Target 2.3 provides that increased productivity and produttis sought through small holders and
pastoralists. Worl d Ani mal Protectionds argument t
longevity offer a route in this regard.

1 Target 2.4 seeks to make agriculture more resilient to climate changedeadters. World Animal
Protectionds disaster management related wor k, bot |
during disasters, and working with governments to mainstream animals in disaster risk reduction and
disaster preparednesseafioutes to change for better animal welfare.

1 Target 12.2 seeks to significantly reduce losses throughout the food production cybeld Animal
Protectionds work on transport and sl aughter can L
reducedosses.

Separately, the Committee of World Food Security principles for responsible agricultural investments (RAI)

adopted in October 201L4onfirm the existence of a direct link between animal welfare and human h€hlthis

an enormous milestonas it is the first time that a Ublgreed text makes explicit reference to the concept of animal

wel fare. The text st at es dnimal thealth ersd pyvelfare, iahdl piant health,ecs t me n t
sustainably increase productivity, product qgtgland safety 6 This is exciting as it is
that increasing productivity without supporting animal welfare is not sustainable. Focusing our efforts on proving

that better animal welfare leads to greater food safety and foodyqeeatitand should influence new investments to

consider animal welfare.

When we consider the issue of ending hunger, someti mes
Some would argue that increasing food production is the only, or n@inios to ending hunger. However, in a
report submitted in December 2010 by the then UN Special Rapporteur on the right to food, Olivier De Schutter, he
stressed that increasing food production will not of itself be sufficient to combat Hideg8chuter, 2010) It must

be combined with improved livelihoods for the poorest, particularly ssealle farmers in the developing world.
Smallholder livestock farmers must be helped to increase their productivity in ways which are appropriate for their
circunmstances. This should not entail the introduction of industrial livestock systems as these exclude participation
of the poorest farmers. They are -gsompeted by industrial production which provides little employment. And the
indigenous breeds of animalsat are most productive and resilient to droughts and changes in local climate are
generally not used in industrial livestock systemSBD Aichi Target 13 encourages agricultural systems that do

not erode genetic diversity.

Increased production may beeded in certain regions or specific cases but, in light of the various forms of loss and
waste referred to below, the claim that a 60% increase in global food production is needed PP 2950seems

to substantially overestimate the quantity ofrextroduction needed. This (arguably erroneous) 60% figure leads
policy makers to place undue emphasis on further intensification while giving insufficient weight to the need to farm
in ways that do not undermine the natural resources on which our é¢ogtahility to produce food depends.

A constructive approach would be to help srsathle farmers provide improved healthcare and nutrition for their

animals by better disease management, the expansion of veterinary services and the cultivationarbfrdsiech

as legumes. For example, in East Africa fodder shrubs have been identified that provide cheaper and easily available
protein feeds for improving milk production in smallholder farms. Around 200,000 smallholder dairy farmiers (40

50% being womenhave planted such fodder shrubs which contrib
incomes across the regiGfty 2012

The same issues apply when we consider food security. Achieving food security is often presented as a primarily
guantitdive challenge. Howevermore than enough food is already produced to feed the anticipated world
popuation in 2050 of 9.6 billionThe real challenge lies not so much in producing more but in wasting less, and

3



ensuring a more equitable distribution of foa and agricultural resources Sufficient caloric availability at the
national or global level, while a critical component of food security, neither ensures equitable distribution of those
calories, nor does it ensure that those calories are nutriticapopriatéPinstrupAndersen 2009). Furtheoyer

50% of global crop calories are lost or wasted or otherwise used in ways that do not contribute to the human food

supply:

Combatting food loss and waste is absolutely central to achieving food secur2§14 report by thédigh Level
Panel of Experts on Food Security and Nutritstates that worldwide 25% of food calories are lost or wasted post
harvest or at the distribution, retail and consumer |éfgl]geve! Panel of Expertsp] 4),

We do nt need to produce large amounts of extra food; we just need to use the food we produce more sensibly.
Waste of food from animals represents a waste of ani ma
and using their products better afstaughter will improve both animal welfare and food availability.

What does looking after livestock better while they are alive mean in practice? For one, it means excessive use of
cereals in animal feed should be avoided and instead more emphasis lsh@iven to different approaches. The
welfare of animals in alternative systems (such as the examples suggested below) is generally better than in
intensive farming, so again, a focus on animal welfare can help to achieve benefits for efficiencysamabditgt

1 Raising animals on pastures or other grasslanfse benefit of extensively reared ruminants is that they
convert grass and other inedible vegetation into food that we can eat and are able to use land that is
generally not suitable for otherorins of food production. Also, sematural grasslands support
biodiversity and store carbon. However, care must be taken to avoid overgrazing which in marginal lands
can lead to desertification. Nor should new pastures be created by deforestation.

1 Integrated crop/livestock productionThe World Bank is extremely positive about the benefits of such
rotational mixed farming as crop residues can be used to feed afi¥iaIga"« 2009 Moreover, their
manure, rather than being a pollutant, fertiliseslémd and improves soil quality.

The One Health concept has animal welfare as a key part of its approach. To that end, a viable primary health care
system is an important and underpinning part of improving animal welfare in Afdis®ase is a majaronstraint

to increased animal production and a significant source of suffering in animals in Africa. World Animal Protection
works with the veterinary profession worldwide to increase awareness and support the advocacy role of
veterinarians in animal welfe, while acknowledging that global needs may not always reflect those of the African
continent.

It is precisely in this region where we can focus veterinary efforts at improving the welfare of animals used in
agriculture, by addressing specific isssesh as the way these animals are raised and housed. In countries where

there is inadequate health care, this must come first as this is where most gains can be made for animals and people
dependant on them for their livelihoods. As such, we believe thatrdating synergies with human health care
deliverybot h can be better served by the 60ne Healthoé apprc

Can we achieve enhanced animal production and productivity without compromising animal
welfare? Setting the context.

Turning from global macrérends to the African context, we know that approximately 70% of dairy production in
Kenya is from smallholders. Production in such systems is negatively impacted by factors such as poor nutrition,
substandard husbandry and management practices and stisessequently, low incomes are realised. All of these
factors impact the welfare of dairy cattle (Aletial, 2012).

Intensification of smallholder dairy production in response to these issues and to maximise profits has led to
deteriorating husbandrstandards resulting in stressful conditions which reduce dairy cow welfare. Poor welfare
conditions have direct negative effects on physiology, behaviour, disease susceptibility and productiviey éhleri
2012).

Before continuing, it may be usefud tlefine exactly what is meant by animal welfare. In the Terrestrial Animal
Heal th Code, the OIE define ani mal wel fare as: O0How an
animal is in a good state of welfare if (as indicated by scierdifidence) it is healthy, comfortable, well nourished,
safe, able to express innate behaviour, and if it is not suffering from unpleasant states such as pain, fear, and distress.
Good animal welfare requires disease prevention and veterinary treatmprdprégie shelter, management,
nutrition, humane handling and humane slaughter/killing. Animal welfare refers to the state of the animal; the
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treatment that an animal receives is covered by other terms such as animal care, animal husbandry, and humane
trea¢ ment 6 (OIE, 2010).

Moderate Intensification, Productivity and Welfare

Theoretically, a more moderate intensification of livestock production is associated with improvement in animal
welfare, as livestock producers have economic incentives to invegigirading the quality of their animals by
improving the quality of their feeding, health care, and general management (Devereux, 2013). Mclnerney (2004)
proposes a general relationship between the productivity of livestock and their welfare, summé&iigetl in
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Figure 1. Synergies and conflicts between animal welfare and livestock productivity (Mclnerney, 2004)

Point A in Fig. 1 represents the welfare of aneg mals | i
conditions. The traject orwi nbde tgwaei enns : A fiaAnsd hBu srbeapnrder sye nitnsp L
and house the animals, protect them from predators, control disease and so forth, it is generally believed their

welfare increasesaswelleshei r economic productivityodo (Mclnerney, 20

As intensification of production rises and husbandry techniques seek to further exploit the biological potential of the
animal, increases in productivity are made at the expense of animal welfare, soheltbaing outcomes and
animal welfare outcomes change from a state of mutual benefit to conflict.

Clearly, aiwinintg dfeorel @& wiment strategies are the most sus
welfare and human wellbeing. Devereux (3DPproposes a decisigree model for analysis of animal welfare
decisions (Fig. 2).



|= the cost to the owner of investing
in an acceptable level of animal
welfare lessthanthe economic

returnsto this investment?

Yes

Yes

\ND

The livestock keeper attaches
high non-usevalueto animal
welfare

\I"-Ju

The government introduces
punitive legislation against
mistreatment of animals and
enforcescompliance

— \ND

The investment will probably
be madeand animal welfare
will probably be satisfactory

The investment will probably
not be made and animal
welfarewill probably not be

satisfactory

Figure 2. Animal welfare: a decisioctree analysis (Devereux, 2013)

The topmost box (Fig. 2Wi nndo dseil tsu dteheeonomio watleedf tha Bnimal 6 wi n
increases by more than the cost of investment in the
influenced by and interact with other factors, some of which are outlined above. As stated at the afpisng

paper, animals may be considered symbols of wealth and may be treated as part of the family, hence they have a
nonuse (or noreconomic) value. If this is of great enough importance to the livestock keeper, investments may be
made in animal welfargrespective of any economic advantage (and even economic cost). Furthermore, as a result

of cultural and social attitudes and pressures, governments may introduce and enforce legislation or regulation to
safeguard animal welfare and, depending on thes @dshoncompliance, this may result in investments being made

in animal welfare.

Wor king towar ds-wbsnoét aisomddxamplégswi n

An example of how economic benefit can be an incentive to the promotion of animal welfare is providetdsf th

industry in Namibia. Dominated by smallc al e commer ci al producer s, 80% of
exported, mostly to the European Union. The EU offered a quota to Namibia on condition that specified meat quality
and animal welfare standardeme adhered to. The Farm Assured Namibian Meat Scheme (FANMEAT) was the
government response to this opportunity. This set standards for livestock production systems, veterinary care, animal
handling, transport and housing conditions, as per the table below

Table 1. Animal welfare standards in the Farm Assured Namibian Meat Scheme. Source: Bowles et al. (2005).

Issue Standard and animal welfare applicability

Production systems and gene| Hormone free; livestock omers are responsible for th
animal welfare welfare of their animals and must ensure that they are awg
all welfare requirements.

Records are kept and annual veterinary inspections carrie
All animal handling facilities must é& designed to eag
handling of the animals and prevent injuries.

The animals must be handled carefully to prevent stress
injuries. The use of electric goads is prohibited.

The vehicle must comply with the conditions of the Codg

Veterinary issues
Animal handling

Transportation

6
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Practce for the Transport and Handling of Animals. Th
must be adequate handling facilities at the point of loading
off-loading.

Housing and environment There should be no features of the environment that g
cause recurring injuries to animals.

Tuming to another exampl e, dairy productet a,r003)svithKenyabs
almost two million smalkcale farmers (Smallholder Dairy Project, 2005) depending on it for their livelihoods and

food security. Smalscale farmes are the backbone of the dairy sector, delivering 80% of all milk in the country
(Wambuguet al, 2011). Domestic production meets current demand, despite milk consumption in Kenya being
among the highest in the developing world. At an estimated 145eli per person per year
consumption is more than five times that of other East African countries (Smallholder Dairy Project, 2005).

LELBREN was founded in 2004 to provide support to the production and marketing of milk fromssaiall

farmas. What started as a communritgised organisation of 29 farmers is now a limited company with a board of

directors elected by the current membership, which in 2012 stood at almost 4,008csdeatiairy farmers. It aims

to improve the livelihoods of theommunity through advising on improved farm management, increasing milk
distribution levels and facilitating access to markets, knowledge and inputs by dairy farmeger@tives and
farmersé organisations | i ke L EL BRE®S prqdlctoy, pracessing mmia me nt a
marketing of milk from smalscale pasturbased systems, as well as increasing productivity, incomes, and
supporting livelihoods and food security.

The model of farming supported by LELBREN has made a positive impgetilglic health: a fleet of trucks link
producers to two collection centres, ensuring that milk does not spend long periods in hot conditions. A new cooling
plant has opened to serve farmers in more remote areas. Tdgemive also provides veterinary popt to

farmers, meaning animals are in good health and diseases that might compromise milk quality are not left untreated.
From an animal welfare perspective, well managed pab@sed dairy systems provide excellent health and welfare

for dairy cattle LELBREN cattle experience good health with a low incidence of mastitis and lameness. In case of
illness or disease, veterinary care is available via thepeoative. During the dry season, pasture is supplemented
with hay or silage. Economically, LELBREfrmers receive a premium price for every litre of milk, substantially

more than they would receive if they sold their milk to the open market. Farmers recognise the financial benefit of
being part of LELBREN, which is evident from the rapid growth in memship. The economic benefit of
LELBREN goes beyond direct financial incentive for farmers. The growth of Hopermtive has attracted business
opportunities and service providers such as banks, IT companies, dairy equipment, veterinary and artificial
insemination services, which has led to setting up service points and establishing business relationships. In an area
where the poverty index was estimated at 47.4% in 2Z20@5, LELBREN is proving to have a positive impact on

the economic development of taeea (Kenya Open Data, 2012).

Examples of norAf r i c awi fwi scenari os nonetheless provide |
context

Appleby and Huertas (2011) discuss a two year training course in Uruguay sponsored by the Ministry of Livestock,
theUruguayan meat board, the producersd association an
handling techniques, and as well as bringing animal welfare benefit, resulted in reduction of carcass bruising by over
50%, significantly reducing meatds during dressing.

McLeod and Sutherland (2012) discuss how making transporters financially accountable for bruises, poor meat
quality and loss of animals has improved handling during transport in the USA and Brazil. In one Brazilian example,
bruising incattle was reduced from 20% to 1% through this measure. Paying a bonus to animal handlers for low
levels of bruises, injuries and pstughter deaths, and limiting the speed at which people work in slaughterhouses
as well as the length of their shiftssha@so proved effective, and is repaid by the additional value of the carcases due
to reduction in damage.

Translating global issues to the African contexi youth, governments and policy drivers
Translating global issues to the African context is vBalbSaharan Africa is the youngest region in the world, with

about 65% of the total population of Africa being below the age of 35 years, and over 35% are between the ages of
15 and 35 yearsmaking Africa the most youthful continent in the world. By QQR is projected that out of four



people, three will be on average 20 years old. This has real implications for food pro@Agtioalture for Impact,
2014).

The youth of Africa have an important role to play in advocating for animal welfare artdsimegard, the

importance of animal welfare education for this young audience, as well as other key stakeholders in the region,
needs to be emphasised. Improved awareness and attitude change is critical for mainstreaming animal welfare in
sociceconomic évelopment; indeed, the youth present the opportunity to discover a new connection (reflecting
todaybés realities) between present generation humans al

Todayés African youth (6l eader s i &dm deeplymoted; locall$ definede pr e s en
cultural influence of their parents to more open, globally shaped mindssetped by different realities and willing

to do things differently. Demographics indicate that investing in youth awareness has high potential jsageff

numbers in shorter time. This can be achieved through youth awareness grdjaktsd to selected primary,

secondary and tertiary education, developing animal welfare curricula and disseminating them widely with major
public awareness campaigns, andngssocial media to reach large numberdriven by youth ambassadors or
championgWorld Animal Protection, 2014).

Recent events in Africa at the government and policy level demonstrate a renewed commitment to accelerate
agricultural growth and transfortie continent for shared prosperity and improved livelihoods. Some of the key
events include the AU Joint Conference of Ministers of Agriculture, Rural Development, Fisheries and Aquaculture
that took place at the African Union Conference Centre in AddabaA, Ethiopia from 28 April2 May 2014. This

was one of a series of events commemorating 2014 as the Year of Agriculture and Food Security in Africa, and a
critical part of a process that led up to the AU Summit of the Heads of State and Governmemig Tiwrd

Ordinary Session of the AU Assembly in Malabo, Equatorial Guinea, held fre2@ d6ne 2014.

This Summit, entitled 6Transforming Africads Agricul tu
Harnessing Opportunities for Inclusiv Gr owt h and Sustainabl e Development 6,
the adoption of the Comprehensive Africa Agriculture
Malabo Declaration. This demonstrable recommitment by African goversrt@mards revitalizing its agricultural

sector is significant and this paper recognises the opportunity these policy drivers offer for animal welfare to become
central to the African agenda.

D

Animal welfare, human wellbeing and food productioni challenges, best practice and key
opportunities for Africa

There are a number of challenges to promoting animal welfare in the African comatedtglobally as well. These
need to be clearly recognised so that efforts to address them are more effective.

1 Commercial interests. Pursuit of commercial interests overshadows animal welfare issues. For instance,
wildlife conservation in Africa is primarily focus
economic value of the wildlife; the value of tlmimal in its own right and its link to the overall
functionality of the ecosystem is given limited attention. In addition, traders and producers are reluctant to
adopt internationally recommended designs for animal transport vehicles due to added cedueed
monetary gains associated with transporting fewer animals in comfortable trucks.

1 Entrenched negativeattitudes towards animals. Fixed mind sets and attitudes exist towards animals. Most
people are not aware that animals are sentient creatwtegtibiconsider concern for animal welfare as an
unnecessary western influence. Animals such as cats are just considerechttheas, while dogs are for
hunting or for security/protection of property.

1 Weak animal welfare legislation and enforcement.There is low level of enforcement of national animal
welfare regulations (where they exist) due to inadequate resources for this purpose. Moreover, the general
Opolicingd approach is ineff ect i-levelofwharaekss, chariging he s an
the situation and achieving attitude change is a slow and resotgosive process.

1 Inadequate political participation in protecting animals. In most African countries, political debates are
centred on resource allocation for human dewalent and politicians are generally reluctant to focus on
animal welfare issues that are not seen as offering direct rétinrssdevelopment sense.



1 Lack of disposable income for animal needs.Most African households are struggling to feed their
families and have no income to spend on animal welfare, which is still considered a luxury and
preoccupation of the wealthy.

1 Low media interest and coverage of animal welfareUnlike other continents (especially North America
and Europe) where increased meftiaus on animal welfare led to enhanced awareness and improved
animal welfare, the media in Africa seldom highlights animal welfare issues. This is a clear indication of
the pervasive low awareness in society and system as a whole.

1 Inadequate animal welfae education. There is limited understanding of animal welfare issues by the
average person. This is worsened by the fact that there is hardly any training on animal welfare in existing
formal education systems.

Despite these challenges, there are @e&amples of where best practice in animal welfare has resulted in significant

gai ns. One example is World Ani mal Protectiondbés disast
Kenya. Losing livestock in a disaster has an enormous impactromuoities and households, as well as real

economic consequences. This is because livestock often play a critical role in economic productivity for these
communities. Worl d Ani mal Protectionés goal i1dyn Mwi ng
intervention in the drought that was occurring across the country at the time. This was done utilising the University

of Nairobi veterinary emergency response team that we have funded, equipped and trained.

Following external analysis, the resultsWior | d Ani mal Protecti onos-yedtimen gi i nt
period were truly startling. Over a ofear time period, this intervention generated US$2.74 of benefits in the form

of avoided losses for every US$1 spent. If the time period is extéadbrke years, the benefibst ratio increases

to US$6.69 in benefits for every US$1 spent.

Opportunities for animal welfare in Africa

The greatest opportunity for significantly changing the status of animal welfare in Africa lies in findingnarnwin
between animal welfare and highest priority challenges for Africa and its development parmpreving human
livelihoods through poverty and hunger eradication programs.

For example, how can animal welfare be made to difisiness opportuniti@swWhat changes could be made in the

way wildlife and farm animals are managed that will generate positive animal welfare benefits while also providing
direct human | ivelihood benefits? Some | eadingasuper ma
sell free range eggs to loyal customers and get more returns than is possible with conventionally produced eggs from
commerciali usually intensive layer chicken systems. How can these models be scaled up and out throughout
Africa?

A major opportunig area is awareness and training. There are collaborative opportunities for improving animal
welfare through capacity building funded by support from the FAO, OIE, governments and multilateral
organizations that work to promote animal welfare in Africa@;2008).

There is also opportunity to engage African countries through the CAADP processttany ke Malabo
Declaration.By February 2014 a total of 40 countries had developed their CAADP compacts (agreements of
consensually identified national prr i t i e s and a roadmap to i mpl ement t he
development) and 28 have developed National Agricultural Investment Plans (NAIPs), a clear indication of their
commitments to applying the CAADP framework in prioritising and legi@g investments in agriculture. It is

through policy imperatives such as these that areas relevant to animal welfare issues ih Bdtitan terms of

livestock development and wildlifiecan be identified.

Animal welfare is not incompatible with fogaroduction or human wellbeing in the African or global context. On

the contrary, these conceptscareca i St and even enhance each other and er
has a unique opportunity to demonstrate this, with the active partizipaitiall key stakeholders and World Animal

Protection looks forward to working with them to make it happen.
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Summary

African agriculture is predominantly smallholder with over 80% of -Sabharan population deing their
livelihoods from that system. In the last half century of-gelferning Africa there have been massive investments

in smallholder production systems in the name of poverty eradication. Yet whether smallholder farming will
eradicate poverty ileveloping countries remains an unanswered question. Some schools of thought contend that
smallholder farming is an obstacle to development in developing countries. While farm sizes have been used to
define small holdings, this is tricky in livestock pration systems, where land factor is complicated by tenure
system and agrpastoral and pastoral households are marginalised in the crop biased agricultural development
framework in most developing countries. This paper present a review of developmestitrefsftican post
independence livestock production system in the wake of fast changing social and economic global development
trends. We look at the future of smallholder livestock production systems with major shift from public to private led
agrarian esnomy. What is the role of state and rgiate institutions, the AU led African countries agricultural
development policy and the effects of increasing, large foreign and domestic investments on land acdléarge
farming? Will smallholder livestock proders benefit from the undoubted opportunities of science and technology
advancement as well as increasing livestock products demand, or are they going to miss out?

Implementation of genomic selection: Steps and experience in dairy cattle and goats
populations: Implications for intensification of dairy production in Africa
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CorrespondencédRaphael.mrode@sruc.ac.uk

Summary

Genomic prediction and selection of animals on the basis of single nucleotide polymor(@ii#mdrom dense
marker maps in practical animal breeding has not only grown in populanigcémt years but is becoming the
method of choice. This has been fadllby the reduction in genotyping or sequencing costs over time. In this talk,
steps involved in the implementation of genetic selection on basis of genomic breeding values in the dairy cattle and
goat populations inthe UK are briefly outlined. With largemumber of genotyped bulls available for the
Holstein breed in the UK, a SNPBLUP model has fitted, with the subsequent incorporation of parental
contributions from conventional genetic evaluations; the so calleesteyp approach. The gaim reliability for
genomic breeding values of young bulls was about 0.33 for production traitaried from 0.20 to 15 for fitness
traits of lower heritabilities such as somatic cell counts ldespan. The comparison of initial genomic breeding
values for a group obulls with no daughtemformation to evaluations that later included daughters' records
demonstrated good predictieé the SNP BLUP model. However, when number of genotyped animals is limited as
in the dairygoat population in the UK, results indicateldat the single step approach was optimal. The
implications of both approaches are assessed in terms of the application of genomics faolderafarmers in
Africa.

Options and future of smallholder production system in Africa

A.J. Mwilawa.
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Abstract

A review was conducted to examine the status of lbwlder production system, major constraints and
opportunities that exist for improvement. It is acknowledged that Smallholder livestock keepers representing 20% of
the world population play a critical role in providing the ever increasing demand fotolikeand livestock
products. Smallholders in the tropics are the steward of agricultural land and the environment. They provide
subsistence economies, but in some market oriented smallholder systems, they provide sufficient incomes for non
subsistence nesdHowever, the main challenge confronting smallholder farmers is how to increase the production
to meet the ever increasing demand for food with a core problem of climate change and variability, and increased
population growth. Experience from Easternigdrand elsewhere in the developing world indicate that one major
opportunity lies in increasing overall productivity through an integrated approach combining climate smart and
sustainable agriculture practices such as -tik@gstockfish systems. These gmtices act as means for smallholder
farmers to diversify production, thereby providing nutritious foods for both subsistence and surpluses for sale, which
help reduce vulnerability to external drivers such as fluctuating markets and climate changap@hg&iggests that
smallholder farmers need to participate in developmental agenda and decision making processes to foster
collaboration and information sharing among public and private sector stakeholders where integrdiesstook

fish systems areat only technically feasible but environmentally and economically viable.

Keywords: Smallholders, Crogiivestockfish, Climate smart agriculture technologies

Introduction

There is ample evidence for increased global demand for livestock and livpstdcicts (Herreret al, 2008). The

demand is projected to more than double by 2050 (Conforti, 2011) due to increasing human population,
urbanization, rising incomes and dietary changes towards higher meat and milk consumption. Livestock sector plays

a aitical role in the economies of most countries in the World. It is also evident that most of the households and
families particularly in developing world rely on |i\
livelihoods (Staatz and Dembelep@7). More than 80% of African farmers are rural based smallholders and

produce more than 90% of the food (Wiggins, 2009). In Africa, livestock, especially smallholder mixed
crop/livestock production systems are important to both household and natiomainées.

Increase in productivity of crops, livestock and fisheries have been recognized by the Comprehensive Africa
Agricul ture Devel opment Programme (CAADP) of the Afric
(NEPAD) as a key means to accetem@ growth in agricultural sectoExperience and lessons leant from various
developmental work in Eastern Africa and elsewhere in the developing world indicate that integration and
intensification of crop, livestock and fish (CLF) in smallholder produrctystems is a major opportunity to increase

t he overall farming s yed tale 20430 Mupibaetdaly @Q@13 Owori v al.( 2083ph i r i z i
Smallholder farmers are however faced with challenges that limit their ability to undertake int@goatection

systems ranging from global climatic changes, economies, resource availability and technology requirements. This
paper highlights the challenges and discusses the opportunities for integrated smallholder production systems as a
way forward forincreased production and sustainability of African agricultural systems.

Major challenges in smallholder production systems

Human population growth, climate change and variability, poverty, poor soils, low and unreliable rainfall, pests and
diseases, dfavourable policies, increased population pressure, lack of maradgquate quantity and quality feeds,

high labour costs, gender inequality, and inequitabeketsare some of the major causes of vulnerabitify
livelihoods in smallholder productiogystems in many of the developing countries. Below follows analyses for

some of the above challenges.

(@) Increase in human population and allocation of resources among smallholder

14


mailto:Ajmwilawa@yahoo.com

It has been estimated that each day more than two hundred thousarel greoptided to the world food demand.
According to United Nation Population Division (2007)
in the past 100 years. The rate of population growth, however, is still relatively high in Centralameddighest

in Central and part of Western Africa. In relative numbers, Africa will experience the most rapid growth, over 70%
faster than in Asia (annual growth of 2.4% versus 1.4% in Asia, compared to the global average of 1.3% and only
0.3% in many mdustrialized countries) (UN Population Division, 2007). In-Satharan Africa, the population is
projected to increase from about 770 million to nearly 1.7 billion by 20&8€.population grows, subdivision is
reducing individual land holdings and farmearg struggling with declining levels of soil fertility and criyestock

yields with few opportunities to diversify. Land and livestock are the major assets available to smallholder crop and
livestock farmers. Farmers allocate fertile land to food amth caops and marginal lands are allocated to forage
crops leading to low forage vyields, low milk yield and long calving intervals (Kalgtizal. 2010). Traditional

farming systems are breaking down under human and livestock population pressure. Amitessions take

place, livestock increasingly depend on the use of crop residues for animal eedraditional croplivestock
integration is largely supported by formal and informal relationships between crop farmers and transhumant
livestock produces. The latter derive access to seasonal feed resources, while the former benefit from the manure
deposited. An important challenge to wealthy investigation is to develop technological options that promote the
benefits of croplivestock interactions in a amner which facilitates the expansion of food production while
sustaining or even increasing land and labour productivity under conditions where there is severe competition for
resourcesOn the other handncreasing demand for food by a rising populatiobserved dietary shifts also have
implications for world food production. It has been reported that as people get richer they consume more animal
products (Steinfedt al., 2006).

(b) Effects of climate change

The productivity and sustainability of sttholder croplivestockfish systems is greatly threatened owing to climate
change and climate variability. The increasing intensity and frequency of climate change disasters has escalated
farmersdé risks and | osses, @ynbetweersthercropvandalivestah productivig a s o n
and subsector growth. The seasonal gain and loss in weight of animals results in poor growth pattern accompanied
by low reproductive performance. Milk yields of dairy cattle on low quality diets aloeéy rexceed 10 litres per

cow per day leading to a reduction in household income (Kakirizi.,2010). The integration of the crop livestock
enterprises provides an important interlinked system which enables farmers attain enhanced incomes from livestock
and crop production and increased household nutrition, thus improving livelihoods of small scale farmers.

(c) Poor infrastructure as influenced by policies

Poor infrastructure plays a key role especially in the informal market that dominates thendaiggatable sectors.

This is a major constraint on production, significantly reducing fgate prices and raising the cost of inputs and
services. Policies that target improvement of road infrastructure and monitoring of feed quality are likely to have a
positive and significant effect on livestock production.

(d) Inadequate policy and regulation enforcement on livestock feeds

Earlier work has reported that livestock feedsitribute over 70% of the total cost in smallholder dairy enterprise
(Kabirizi, 2006). However, concerns over high feed prices and poor quality have continually been raised after
liberalization of the feeds market and decontrol of feed prices. Some of the necessary ingredients, especially those
not locally available, are in low suppbnd often adulterated. Inadequate enforcement on policy guidelines and
regulations has resulted to supply of feeds with poor quality standards which would improve the competitiveness of
smallholder farmers and increase production.

(e) Limited labour inntegrated production systems.

Rural women play an import role in African agricultural production as more than 80% of agricultural labour is
supplied by women and the elderly (Manju, 1995; Rietwtldl.,2012) Limited labour is available for integrated
production systems. Integration means more labour is needed, yet African agriculture is already constrained by

is another important chalige and it may be partially addressed by tlipstock integration. However, over time,

the average age of rural farmers is expected to increase, given historic evidence that younger people, mostly males,
tend to migrate to urban centres. Technologies ¢ha increase the labour productivity of rural women and the
ageing are likely to become prerequisites for ensuring agricultural output.

(f) Nutrientdeficiencies

An important link in mixed farming systems is the cycling of natural vegetation andesigue biomass between
livestock and soil via faeces and urine. Also the link between Irrigation water/pond silt as fertilizer in
crops/vegetable fields and in return the vegetable and crops that feed the pond. In similar manner the water wastes
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from the pond to livestock where manure also can fertilize the pond. Nutrient deficiencies common in many
developing countries can contribute to imbalances by excessive removal of vegetation while grazing and in
harvested feeds and by not recycling nutrients oositipg them unevenly on the land. In a typical dairy farm in the
developed countries nitrogen fertilizers are the major source of nitrogen while in developing countries manure are
the only significant nitrogen input.

Opportunities for improvement of smalholder production practices/systems

Integration of Croplivestockfish (CLF)

The main challenge confronting smallholder farmers in Africa is how to increase the production from smallholder
farming systems to meet the increasing demand for food froneuée increasing human population. Given the
declining land holdings, integration of several agricultural enterprises in way that outputs from one enterprise are
used as inputs in another enterprise holds the future for smallholder farmers. The inte§i@tiérproduction, do
complement each other through use ofpbgducts from one system as inputs into another system. Crop residues
can be used to feed livestock and fish, livestock manure can be used to fertilize crop fields and fish ponds, and waste
water from fish production can be used in irrigation of crops. Such an integrated system therefore not only results in
increased production and productivity but also reduction in the costs of production, increased overall system
productivity and enhanced sastability. The success of such integration could be limited by lack of specific
standards and environmental criteria for production of safe fish and fish products as argued Ha@baet al.
(2008). A simple conceptual framework in smallholder damggetablefish/aquaculture and climate change is
presented in Figure 1.

Labour saving technologies:

Labours saving technologies developed and validated by various developmental partners if adopted could
significantly contribute to smallholder producti@abirizi et al.,2013). Women youth and children play a central

role in poverty reduction and food security because they are responsible for both production and reproduction.
Labour saving technologies and innovation such as manual fixed forage choppeamaaen hay bailers are meant

to reduce workload on chopping fodder for feeding dairy cattle. Also wooden bailers are meant to facilitate
conserving fodder to ensure year around supply. Water harvesting enables farmers to collect additional water for
both home consumption and livestock.
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Figure 1. Conceptual framework for small holder integration production system of CLF

Experiences from Eastern and Central Africa have shown that up to 35,000 litres of water can be harvested per
season which is suffient to meet family needs of four people, 0.1 ha of vegetable irrigated plot and drinking water
for two lactating cows and can take four to six weeks. With this provision a family can save about USD 30 per
month (Kabirizi,et al. 2013). The significancefdhis is the labour saving from searching for water. Small scale
vegetable production with manure from the zero grazing cattle and irrigation using gender sensitive treadle pumps
reduces workload to draw water from water tanks and shallow wells. Thesie @manen to actively participate

and engage in more than one enterprise and also attract youth to farming.

Drought tolerant and high yielding forages

Some forage technologies involving mixtures of grass speBieslfiaria cvMulato; Napier or GianParicum)

with forage legumesDesmodium intortunClitoria ternateaor Centrosema pubescendeave been recommended
(Kabirizi et al, 2013). Pasture species capable of growing out of season can be planted to prolong the period of
goodquality forage. Recommeed droughtolerant legumes can be particularly useful in gteagsme mixtures

for various agreecological zones. Some success has been recorded with forage species such as Buffel grass,
Rhodes; Napier; Guetamala, Panicum, Lablab, Blue pea, Glycine,ddesmand stylo (Mtengetet al, 2001;

Mwilawa et al.,2005;Njarui et al.,2011; Kabirizi et al.,2013) and the need to explore more of them with climate
change is highly emphasized.

On farm studies have revealed that incorporation of drought tol&meage legumes such &litoria ternateain

Napier grass fields increased fodder availability by 42% (Table 1). The increment in fodder yield can sustain a
crossbred (Friesian x indigenous) lactating cow (470+21.0 kg liveweight) for an additional 1ih@ fé&ys when
compared to sole Napier fields. An additional 14,119 kg DM/hal/yr of fodder was obtained by establishing an
additional forage bank of 0.5ha of B. mul&btoria ternateamixture on the same farms containing Napier grass
fields. This implieghat increased forage yield was able to sustain adequate availability of fodder to a lactating cow
throughout the year and alleviate farmers labour to look for forages on roadsides.

Table 1.Forage yield and feeding period of different established fdragks (SourceKabirizi et al, 2013)
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Fodder bank Mean (-SEM) Mean SEM)

yield (kg feeding period (days)
DM/halyr) from 0.5 hafor one lactating cow
Napier grass monocrop 10,354+393 165.4+16.3
Napier gras€l. ternateamixture 17,790+331 284.2+26.9
Brachiaria hybrid cv. MulatdC. ternateamixture 14,119-196 193.6t19.4
Maize monocrop (stover yield) 3,732:145 88.1+10.1
Maizel. purpureusdntercrop (stover yield) 4,998+155 161.0:21.4
Maize monocrop (grain yield) 1,74#.289 -
Maizel. purpureusntercrop (grain yield) 2,912110.7 -

SEM1 Standard error of mean

Forage conservation technologies

0] Hay making

The production of hay from natural pastures as well as improved pastures appears to be an easy and cheap method of
conserving forage. The tecology has been well documented and demonstrated by many workers (Meflaiva

2013). Baling hay saves storage space and avoids waste during feeding. The bales or bundles are stored under a roof
and stacked on raised wooden structures. The good qglegjityne hay (leaf meals including tree leaf méaésg.

use of leucaena leaf meal by Tanga dairy farmers) may replace certain amount of concentrate in the ration, thus
reducing the cost of production. The fodders can be harvested at the stage whenntfaetienum accumulation of

nutrient in the plant. The disturbances of weather during hay making have rather been worked with and fence hay
drying technology during the rainy season have been demonstrated and successfully adopted among smallholder
dairy farners in Njombe district (Sundustgt al,. 2008). The major intervention here could be sensitization and
knowledge dissemination to farmers on owning pasture fields that could be used for hay conservation.

(i) Silage making

Mwilawa et al. (2013) demonstratesilage making in farmers farmlands in the Lake zone of Tanzania and farmers
have adopted the practice although at limited scale. Small quantities of Napier/guetamala silage and occasionally
maize silage are produced on some dairy farms around the coBathybana grass and Napier grass have been
shown locally to have higher yields (Mtengetial.,2001) and can be conserved as silage (Mtergeti.,2014). If

cut and chopped at the recommended maturity stage, the giant fodder grasses are no mdiréodiffisile than

maize, although they do have a higher protein content necessitating the addition of a carbohydrate supplement such
as molasses or locally available additives such as chewing sugarcane crush or maize bran (eviédn2@1i3).

Potential proven technologies for adoption by smallholders

There has been a number of technologies developed among developing countries that has been tested and validated
and could be used in integration systerfibe developed climate smart agricultural (GSt&chnologies and
productivity enhancing technologies along the CLF value chains includiegroved food crops and drought
tolerant forage varieties (Kabirigt. al.,2013; Njaruiet. al.,2013), simple rain water harvesting and conservation
methods (rof catchment and surface rofff) (Itabariet. al.2012; Habaket al, 2013; Wanyamat. al,.2013), feed
formulation, forage conservation and utilization for dairy production (Mugetvad. 2012 Mwilawa et al., 2013
Ngendelloet al, 2013; Kabiriziet al., 2014); soil fertility management for forages and vegetable production
(Mugerwaet. al. 2012; Minaniet. al. 2013); labour saving technologies such as the use of fixed knife forage
chopper and the treadle pump (Lubwama., 2013), feed, breeding and heatth management (Kanug al.,

2006), postharvest handling and value addition on vegetables, fruits, milk and milk products (Natalatwa
2012);and fish production, fish feed rations; breed improvement and fish seed production and dis{@wutidret

al., 2013)and market access technologies and innovations (Biringi, 2013).Development of the CLF value
chains to enhance their efficiency along the value chain is a key strategy to transform smallholder farmers from
subsistence productioto market oriented profitable enterprises that are well positioned to face the challenges of
feeding the populating world in the 2Tentury. Access to markets and competitiveness of the strategic value
chains will be facilitated by the existence of @mabling policy environment that regulates the inputs and outputs
markets. Access to market information and better linkages to other actors in the value chains will improve market
opportunities for smallholder farmers.
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Conclusion

This paper conclude$at integrated approach using climate smart agricultural technologies will allow smallholder
farmers to diversify production, thereby meeting both subsistence and surpluses for sale, which help reduce
vulnerability to external drivers such as fluctuatingrkets and climate change. Ensuring the participation of all
stakeholders is key for sustainably managing natural resources and increasing the scale of climate smart agricultural
innovations and technologies. Small holders need to participate in develapragenda and decisianaking
processes to foster collaboration and information sharing among public and private sector stakeholders. It is more
critical that appropriate climate smart agriculture technologies need to be available among smallholdsr farmer
where integrated celivestockfish systems are not only technically feasible but environmental and economically
viable.
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Abstract

Species of the genwrachiaria originate primarily from Africa, where they are constituents of natural grasslands.

Due to their adagation to acidic, lowfertility soils, millions of hectares dBrachiaria species have been sown as

improved pastures in South and Central America, espedilbrizantha cv. Marandu andB. decumbensv.

Basilisk. Due toB.decumberts s u s ¢ e p titilebuig insett pests io thes Americas, CIAT in Colombia and
EMBRAPA in Brazil initiated breeding programs in the
program, cvs. Mulato and Mulat have also been investigated in African countries. Theye been examined for
integration in conservation agriculture systems (Madagascar), for drought and acidic soil tolerance (Rwanda) and for
intercropping forages in dairy systems (Uganda, Madagascar), among others. Seed sales to African countries suggest
that an area of at least 1,000 ha has been sown so far. Largest adoption of cwlIN&ilatorently happening in

eastern Africa, where it is used by over 20,000 farmers as trap plant in theylusystem for control of maize

stem borers and parasititriga weed. Cv. Mulatb | 6 s parti cul ar advantage is rela
due to greater leafiness and thinner stems than those of traditional Napier grass, resulting in higher nutritive quality.
Yet, new pest challenges have emerged irequfurther research attention. Though, diverse hybrids are in the
pipeline for release, among them such suitable forandicarry systems prevalent in eastern Africa. This paper

reviews research, development and incipient adoption oBrashiaria hybrids in African countries.

Keywords: Conservation agriculture, cv. Mulalip East Africa, Forage adoptionushpull system

Background

Species of the genBrachiaria originate primarily from eastern, central and southern Africa, where they aralnatur
constituents of grasslands (Boonman, 1993). The largest impdtaohiaria in agriculture, though, is in the
Americas, especially in Brazil. Due to their adaptation to acidic;fétility soils, an estimated 99 million hectares

of Brachiaria speciedhave been sown as improved pastures in Brazil alone élaik2014). This refers especially

to B. brizanthacv. Marandu and@. decumbenev. Basilisk. Despite Africa being their center of origin and diversity,
Brachiaria species had not been selectedpasture improvement in eastern Africa, when grassland research was
most active in the 1960s and 1970s (Boonman, 1993). The then available commercial cultBdygzainthg

B. decumbensB. ruziziensiandB. humidicolawere evaluated in smablot agronomic trials in western and central

Africa in the 1990s (Ndikumana and de Leeuw, 1996). However, none of them appears to have found its way into
commercial agriculture at a significant scale in any African country (Boonman, 1993). Only Congo Siga#.gra
ruziziensis K5832) has been used as a cultivated grass in some areas of Congo (DRC, formerly also Zaire), Uganda
and Kenya according to Boonman (1993) review. This nutritious and persistent grass has been in commercial seed
multiplication since 160.

Brachiaria improvement in the Americas

Due to the susceptibility to spittlebug insect pestBofdecumbensn the Americas, CIAT in Colombia and
EMBRAPA in Brazil initiated breeding programs in the late 1980s (Mitesl.,.2004). Accessing usefaesistance

genes for crosbreeding was a particular challenge due to the apomictic nature of the grass (i.e., reproducing
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asexually by seed). This was only made possible by applying modern biotechnological tools then availaléé¢ (Miles
al., 2004). Theifstinters peci f i ¢ hy b rBradht@riabreeding prédratnTa¥ss Mulato and Muldtp

were released in the Americas in early and-8060s by Grupo Papalotla (Table 1). Since 2012, cv. Caynaara

plant with higher watelogging tolerancé hasbeen made commercially available by Grupo Papalotla (Pizarro,
2013), and the new, relatively taller cv. Cobra that is more suitable f@ancgarry system will be soon available

on the market.

Table 1 Commercially available hybriBrachiaria cultivars

Cultivar CIAT ID Special characteristics Country, year o Reference
variety  protectior
(first release)

cv. Mulato  CIAT 36061 Spittlebugresistant, high forage yie Mexico, 2004 Argel et al., 2007;
and nutritive quality, poor seed fill (2001) Miles et al.,2004

cv. Mulatall CIAT 36087 Spittlebugresistant, high forage yie Mexico, 2007 Argel et al.,2007
and nutritive quality, good seed yie (2005)

cv. Cayman BR02/1752 Higher tolerance to water loggir Mexico, 203 Pizarrq 2013
than other hybrids (2012)

(cv. Cobra) BRO02/1794 Relatively taller than other hybrid Mexico, 2013 Pers. comms. E. Ster
suitable for cuiandcarry M. Petersi cv. name

not yet official

These interspecific hybrids originate from crosses betweerBnachiaria speciesB. ruziziensis< B. decumbensg

B.brizanthg and subsequent screening conducted by e, ATb6s Tr
2007). Being apomictic hybrids, these cultivars are-bmezding and will not segregd®m one generation to the

next.

Commercialization of hybrid Brachiaria

In 2000, the Mexican seed company Grupo Papalotla/Tropical Seeds entered into agreement with CIAT for 10
years, for obtaining rights to commercialize CIAT hybBichchiaria cultivars by receiving firsgeneration hybrids

bred during that period for further evaluation and determination of their commercial potential. Papalotla is paying
royalties for protected and commercialized cultivars during protection period (E. Stern pers..csitemexpiry of
protection 15 years from the first sale, according to the International Union for the Protection of New Varieties of
Plants (UPQV), cultivars will pass into the public domain and no other right may prevent free use. Global variety
protecton for the released cultivars has been obtained in Mexico (Table 1). While Grupo Papalotla/Tropical Seeds
has been marketing the seeds directly in the Americas, so far the Australian company Heritage Seeds has been
responsible for countries in Oceaniaj@sand Africa. Commercial seed production of the hybrids at low latitude in

the tropics has been a major challenge. Therefore, Papalotla transferred seed production of cll. tilsites of

hi gher | &N)intMexice and Tdildnd, from whereast exports have been realized (Hatel, 2013).

This paper reviews research, development and incipient uptake of new Byhdkiaria cultivars in Africa to
document the existing knowledge on their current uses.

Hybrid Brachiaria in Africa

The fird cultivars released from ClI AT®6s Hlrhave tikewisg bepr o gr a m,
researched and distributed in Africa. Seed sales ¢200.8) by Grupo Papalotla/Tropical Seeds to African countries

(M. Peters pers. comm.) suggest thateen of at least 1,000 ha has been sown to h@sedhiaria hitherto. The

new hybridBrachiaria cultivars have been distributed since 2001 to Eritrea, Ethiopia, Nigeria, DR Congo, Uganda,
Rwanda, Burundi, Kenya, Tanzania, Malawi, South Africa and Madagasicording to combined information

from seed sales and published research. While the largest share of known commercial seed sales of hybrid
Brachiaria cultivars went to Kenya, this only reflects the fact that a big project is being conducted from Kenya
(ADOPT? 1 see details below), from where the seed is further distributed to participants in Ethiopia and Tanzania.
Key findings from both osstation and ofiarm research and developnt, emphasizing agiecological adaptation

of the plants and their accapility for farmers, are described below.

Smaltscale agronomic and participatory evaluation

Rwanda During participatory research with farmers on sites with low rainfall and acidic soils in 2007, among
variousBrachiaria commercial cultivars, releasdgybrids and advanced lines, cv. Muldtavas preferred because

of producing green forage year round without any fertilizer input, high apauend biomass production,
palatability, drought tolerance, quick regrowth, persistence, being a perennial pridreag-and-carry (Mutimura
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and Everson, 2012). Therefore, cv. Mulditas considered an excellent alternative to traditional Napier grass
(Pennisetum purpureunpredominantly used in zeigrazed dairy systems of the region. Napier grass, though, has
been widely suffering from Napier stunt disease (causedPlytoplasma and smut that both decrease severely
herbage production and, thus, put daigpendent livelihoods at risk (Khanal.,2014a). More than 150 individual
farmers and over four farmer qoeratives are now using cv. Mulatoas erosion control on contour bunds,
livestock forage and hayaking for income generation. Currently, >50 ha are planted with cvs. Mul&arandu

and Basilisk to multiply planting material to satisfy the high denia the country (Pizarret al.,2013).

Kenya While the Kenya Agricultural Research Institute (KARI) set up sylali agronomic experiments in several

KARI research stations across the country in 2011 to compare the performance of cv-IMuigtiothat of

available local grasses and to assess its-egpipgical adaptation (D. Njarui pers. comm.), currently various
Brachiariacul ti vars are tested, i ncl udi ngnartBradhiaria grasses fari t hi n t
improved livestock pradict i on i n East Af r i-kibakd RegeareheStatior, lcvo Mulatowas t KARI
found superior to native range grasses such as b@fésdhrus ciliari3 and horsetail gras€hloris roxburghiana

in both primary dry matter production and subsequegrowth (Machogu, 2013). It also had higher nutritive

quality, especially in terms of high DM digestibility (65%) assessed iwdekold plants, whereas crude protein

content (13.3%) was similar to that of the other grasses. While this trial was cahduitt irrigation until 16 weeks

after sowing, cv. Mulatdl in another rairfed trial at Kiboko was heavily infested by red spider mite and both
biomass production and plant survival were affected by drought.

Eritrea. Wolfe et al. (2008) evaluated cv. Mato at two agricultural research stations in Eritrea, Halhale in the
Central Highlands and Shambuko in the Western Lowlands, from 2006 to 2007 and found it was among the most
promising grasses in Halhale.

Eastern Democratic Republic of the Congo (DRE9th cv. Mulato and Mulatdl were introduced for assessing
agroecological adaptation in Stiivu province. Small plots for agronomic evaluation were established at the

INERA (Institut National pour I'Etude et la Recherche Agronomiques) Research $tationMul ungu and on f
fields in Kabare and Walungu &égroupement sd. Cv. Mul at c
erosion control within CIALCA (Consortium for Improving Agricultubased Livelihoods in Central Africa) (B.L.

Maass unpbl.). Unfortunately, the plants became so severely diseased that evaluation was disrupted and plots
abandoned. Not only symptoms of fungal diseases (e.g}, prsbably caused byromyces setariaétalicae Yosh

I and anthracnose) were found, but alsonites (H. Maraite pers. comm.). J. Linné (pers. comm.) explained this

undue susceptibility of hybriBrachiariaas a reencounter phenomenon induced by returning plants (hosts) selected
under compl etely distinct b i o tsiotoriginhand, toesaqgently, cdntercok t o t
diversity also of its diseases and pests.

Madagascar The Centre for Rural Development and Applied Research (FIFAMANOR) and the French Centre de
Coopération Internationale en Recherche Agronomique pour le Déeatgnp (CIRAD) conducted mediusized

plot agronomic experiments to compare the performance of cv. Mulato as compared Rraxthéria species B.

brizanthg B. decumbensv. Basilisk,B. humidicolaandB. ruzizensis(P. Salgado unpubl.). Herbage protilue of

cv. Mulato, local Bbrizanthaand cv. Basilisk was around 20 t DM/ha/year and significantly higher than that of the

other species, while nutritive value (net energy for lactation) was similar. Rakétddh(2012) demonstrated its

superior herbge production and nutritive value than grass alone when combined with forage groukrdichis(

pintoi).

Systems integration

Dairy production systems in Ugand@v. Mulato was introduced as an alternative to Napier grass, the predominant
forage for dairycattle in zeregrazing systems (Kabirizet al., 2013). After initial onstation and further
participatory oAfarm evaluation in Masaka district, incipient uptake of cv. Mulato took place (Mugetvad,

2012). Demand for cv. Mulato has been increasimges (Kabirizi et al, 2013). Mainly in smallholder dairy
systems, cv. Mulato is being used for-amtcarry together with legumes lik€litoria ternateaor Centrosema

molle (Kabirizi et al., 2013). Cv. Mulato along with other grasses liRe brizanthacv. Toledo is now being
promoted by NGOs such as 06Send a Co wo-tolerdnadv.dvulatwati 1) . It
a forage legume during the dry season, when Napier grass-enop® are disadvantaged due to drought, Napier
stunt diseasand/or poor agronomic practices (Kabirgial.,2013). As no seed is available commercially, farmers,
even with only small plots, sell vegetative planting material (splits) (B.L. Maass unpubl.). This, hence, creates small
scale agréousiness opportunitse especially for women. In the more submid area around Jinja, cv. Mulato also
appears to be an ideal solution for grazing of calves due to its relatively high nutritive quality (R. Jones pers.
comm.).

The pushkpull-system in Kenya, Tanzania and Etfia
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The largest uptake of hybrid Brachiaria cv. Muléités currently taking place in eastern Africa, where the grass is
used as a trap plant in the pymlll system that helps control maize stem borers and the parasitic weed, Striga
hermonthica (Kharet al., 2014). The puskpull-system has been developed and promoted by the International
Centre of Insect Physiology and Ecology (icipe) (Kleaml,.2014). This smart technology successfully harnesses
agrobiodiversity for improving productivity of cerealrops while providing fodder for livestock. Initially, its
components included Napier grass and Silverleaf desmoddesn{odium uncinatum. Yet , on t he syste
semiarid lands (506/00 mm rainfall p.a.), cv. Mulatth has been identified as awetrap crop together with
Greenleaf desmodiunD( intortum) as the intercrop; both are currently being disseminated. These two components
are more drougHiblerant than the traditional ones. In addition, cv. Mulhteeems to be resistant to Napier stunt
disease (Z.R. Khan unpubl.) that devastates Napier grass in the region. Over 20,000 smallholder farmers benefiting
from the ADOPT project in Kenya, Uganda, Tanzania, Nigeria and Ethiopia have already planted cvlIM@lato
Midega unpubl.). Farmers in Kga indicated that their dairy goat milk production has doubled due to the
availability of the improved grass and Greenleaf desmodium (B.L. Maass unpubl.). They prefer cv:IMaato

Napier grass for several reasons: it is drodghgrant, highly palteable and nutritious for livestock, easier to handle

as cutandcarry and for making hay to be used during the dry season. As theupllislystem has been developed

to control maize stem borer, thus far little attention has been paid to the possiblanogaf livestock production
improvements for the uptake and further spread of the technology.

Conservation agriculture and dairy systems in MadagaskaMadagascar, cv. Mulato has been tested since 2008

for soil structure improvement, high biomassdurction and carbon accumulation in the soil by its root system as a
first step for direct seeding on compacted soils. However, the conservation agriculture system did not spread as
initially expected as it requires herbicides for grass control, which @treasily accessible in Madagascar (O.
Husson pers. comm.). On the other hand, in dairy production systems in the highlands, specifically in the
Vakinankaratra region, almost 20 ha were planted with cv. Mulato in 2011 (V.B. Rahetlah unpubl.). Owing to its
better palatability and higher biomass yield as compared to other Brachiaria spp., cv. Mulato has been rapidly
adopted by smabkcale dairy farmers. It is mainly grown for green forage production undemdwarry systems

during the warm and rainy seasextending from November to April.

Research and development of new hybrid Brachiaria for Afridaspite all the enthusiasm and demand in the
region, cv. Mulatell seed is not yet available on the African market, except for experimental purposes. Eherefor
Grupo Papalotla/ Tropical Seeds has requested varietal release from Kenyan authorities, possibly being granted later
in 2014. A new research project led by the Biosciences eastern and central Africa-(BeicAub that, among

other outputs, focuses dntegrating improvedrachiaria grasses into smallholder mixed ctliyestock systems,

while considering climateelevant effects on the environment (Djikeetgal, 2014), will most likely push further

the adoption of hybri@rachiariain the region.

Outlook

Apparently, hybridBrachiaria has a role to play in improving African agriculture. Yet, new pest and disease
challenges have emerged that require further research attention. On the other hand, an array of diverse hybrids is still
in the pipeline forrelease (Pizarret al., 2013; E. Stern pers. comm.); some of these new materials may better
address the specific biotic and abiotic challenges identified as well as the requirements for particular production
systems in African locations. In order to makie benefits for smallholder farmers and deploy the new hybrid
Brachiaria cultivars effectively, the following research needs and opportunities have been identified:

Researchable knowledge gaps (e.g., effects on livestock production in mixelidrestqrk systems; agronomy of
systemintegration; assessing the soe€icological niché considering gender and economics, and adoptability by
smallholder farmers);

Upcoming research needs (e.g., dealing with biotic challenges like red spider mite, sorghtrflystiongal

diseases; seed production on the continent); and

Research and development opportunities (e.g., testing advanced hybrids under biotic and abiotic stress as well as in
representative African production systems; fitting the right cultivarsdifferent production systems and further
develop their agronomy).

Brachiaria, so far neglected grasses in their continent of origin, have not only returned home in the form of
improved hybrids, but they have been very welcome by African farmers.
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Abstract

This study was carried out to compare the growth rate, lactation performance and tolerance to gastrointestinal
nematode infection of Toggernburg and Nowergian breeds in Kongwa district, Tanzania, with -aridemi
environment and Mvomero district with a stlumid environment. Milk production of does, nematode eggs per
gram of faeces (EPG) and packed cell volume (PCV) were recorded for one year in 57 Toggenburg crosses and 72
Norwegian crosses raised by 107 snsakle farmers in the two districts. Kid body gigis and mortality were
recorded in 65 kids who were born. Kid birth weight of Norwegian crosses (3.07 £ 0.13 kg) and Toggenburg crosses
(2.912 N 0.14) were not significantly different (P . 0.
one year (54.26 + 4.33 g/day) was lower than that of Toggenburg crossbreds (61.50 + 4.38 g/day). Toggenburg
crossbred does produced slightly higher average daily milk yield (0.81 + 0.08 l/day) compared to Norwegian
crossbred does (0.64 + 0.09 l/day). Noriaegcrosses had higher mean EPG (211.78 £ 0.02) and lower PCV (23.93

+ 0.96%) than the Toggenburg crosses (129.51 + BR& and 26.71 + 0.99% PQMt is concluded that the
Toggenburg crosses are relatively better suited to the smallholder productimmerents in rural areas conmpd

to the Norwegian crosses.

Keywords: Dairy goatsGrowth rate, Milk production, Nematode infection

Introduction

Dairy goat production has been adopted as an intervention strategy for poverty reduction and improving the
livelihoods of rural poor households in develogpicountries (Devendra, 2013). recognition of the importance of

dairy goats to poor farming households, the government of Tanzania introduced dairy goat breeds, namely, Saanen,
Alpine, Anglo-Nubian and Togenburg in the country in the early 1960s (Das and Sendalo, 1991). These breeds of
dairy goats were imported mainly from Europe and kept in research stations and missionary centres. Smallholder
dairy goat production in rural areas started to be promoteP@ds as one way of mitigating the problem of
malnutrition and improving the living conditions of poor families. It was envisaged that helping the rural poor
people, especially women, to successfully raise dairy goats can have a very significant imih&it imcome,

social status and even on the local environment (De Varies, 2008). However, the distribution of these breeds has
been carried haphazardly without taking into consideration the environmental conditions in rural areas. No efforts
have been danto match the genotype with the right environment. This study was carried out to assess the growth
performance, lactation performance and tolerance to gastrointestinal nematode infection of Toggernburg and
Nowergian breeds in Kongwa district with a seamd environment and Mvomero district with a sutumid
environment

Materials and Methods

Location of the study

The study was conducted in Masinyeti and Ihanda villages of Kongwa district, Dodoma region and Kunke and
Wami-Luhindo villages of Mvomero disr i c t , Morogoro region. Kongwa distri
and 6A006 south and longitude 36A -4ri8 éreamandhasadnial miafalt . The
ranging from 400 to 800 mm and temperatures that vary from 18°@®. 34vomero district is located in sttumid

zone and lies between latitudes 8° and 10° south and longitudes 28° and 37° east. The district receives an annual
rainfall of 600- 2000 mm and has temperatures that range from 18 to 30°C.

Experimental procedte
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A total of 29, 28, 21 and 29 smaitale farmers from Kunke, Wathuhindo, Ihanda and Masinyeti villages (107 in

total) were trained on improved goat husbandry practices, including feeding system, housing, feeds and feed
compounding, breeding, healtramagement and record keeping. After the training, each fawnstructed a raised

slated goat house using locally available materi@lstal of 72 Norwegian crosses (65 females, 7 males) and 57
Toggenburg crosses (52 females, 5 males) were distribotdae t107 farmers between March and April 2012. In

each village, half of the farmers received Norwegian crosses and the other half received Toggenburg crosses. The
crossbred goats were crosses of Toggenburg with the Small East African (SEA) goats (78%biliegblood and

25% SEA blood) and Norwegian goats with the SEA goats (75% Norwegian blood and 25% SEA blood). For each
breed, one buck was shared by about 10 farmers, each one keeping one female goat. Before distribution to the
project farmers, all aninlewere eatagged for identification and screened to know their health status with regard to
gastrointestinal nematode infection. Before the beginning of data collection, all goats were treated with an
anthelmintic drug (Ivomé®) to control endoparasitesd sprayed with acaricides to control ectoparasites. All goats
were kept i ndoors wunder zero grazing and managed acc«
observed heat signs for the female goat, if the animal was found to be in heattitkeiado the buck of the
respective breed for mating.

Data collection on kidding, milk production and kid growth

A weighing scale for measuring live body weight, a calibrated cup for measuring milk production and a record card
for data recording were difbuted to each farmer. Upon kidding, the birth weight of the kid(s) was measured using

the weighing scale and daily milk production for each doe was measured and recorded after each milking by the
farmer. Data on kidding, kid weights at births, monthbigits, kid deaths and daily milk production were routinely
collected by each farmer. The research team made monthly visits to the research sites to collect data recorded by
farmers on goat kidding, body weight measurement and milk production. Body weigtite offspring were
measured at birth and then every month up to 12 months. Growth rate and yearly body weight were determined and
used for evaluation of growth performance.

Collection of data on gastrointestinal nematode infection

Gastrointestinal @matode infection was anitored h all animalsfrom June2012 to April 2013. During this period

field visits were made by the research team every month and faecal samples were collected from the rectum of each
animal. Each faecal sample was placed in arsdp polythene bag, labelled and then all samples were packed and
stored in a cool box and transported within 24 hours to the laboratory at Sokoine University of Agriculture (SUA)
where they were stored at 4Util analysis. The presence of gastrointedtinematode eggs in faeces was
determined using the McMaster counting technique (Hansen and Perry, 1994). The number of eggs counted in the
McMaster slide was multiplied by 100 and expressed as nematode eggs per gram of faeces (EPG). Animals with
medium 600 - 1,000 EPG) to high rate (> 1,000 EPG) of infection were treated. In addition to faecal sampling,
blood sample from each animal was collected from jugular vein using 10 ml vacutainer tubes containing EDTA.
Packed cell volume (PCV) and haemoglobin e@mation (HB) were determined as complementary tests for
nematode infection.

Results and Discussion

Results for milk production and lactation period are shown in Table 1. Average daily milk yield, total milk
production and lactation period did not diff (P 0.05) bet ween the breeds, b u
average the Toggenburg crosses produced 22.26 litre more than the Norwegian crossbred goats, indicating that the
Toggenburg goats are superior to Norwegian goats in terms of milk pidudhe average daily milk yield

observed in the project villages for Toggenburg does is lower than the mean milk yield of 1.7 and 2.2 litre/day
reported for Toggenburg goats in Babati, Tanzania (Jacksah, 2014) and Meru, Kenya (Ahuyat al, 2003),

respectively. Similarly, the average daily milk yield of Norwegian does is lower than the mean yield of 1.0 and 0.9
litre/day reported for pure and 75% Norwegian goats, respectively, in Mgeta, Tanzania €6afar2008). The

difference between the aent study and previous studies could be due to differences in the age of the animals,
management and environmental conditions. Normally milk production is lower during the first lactation and it
increases gradually from the first to the fourth lactatidime goats in the research villages were either in the first or

second lactation. It is anticipated that in subsequent lactations, milk production will increase to the levels
comparable to those observed elsewhere. Moreover, Meru, Babati and Mgeta #medhigteas with cool

temperature and adequate rainfall; hence, their climatic conditions could be more favourable for raising dairy goats
compared to the semair i d condition in the research villages. Lac
different between Toggenburg and Norwegian crosses. The mean lactation length of 3.5 months observed in the
present study is lower than the lactation length of 7.5 months reported by éthaly§2003) in Toggernburg breed
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and 10 and 8 months observed by Sataml (2008), respectively, in Norwegian goats. The difference in lactation
length might be due to differences in management, nutrition, dairy breed blood level and environmental conditions.

Table 1.Effects of breed and location on milk production afrg goats

Factor Lactation period Mean daily milk Milk production per

(days) yield (litre/day) lactation period
(litre)

Breed

Norwegian (n = 21) 103.87 +11.45 0.64 £ 0.09 82.32£11.78

Toggenburg (n = 25) 104.12 £ 9.55% 0.81+0.08 104.58+ 9.83

P . F 0.9865 0.1504 0.1565

Village

Ihanda (n=12) 73.08+10.78 0.50+0.09 36.1+11.2

Masinyeti (n =23) 93.23+6.40 0.66+0.08 62.9+6.59

Kunke (n=7) 63.17+16.44 0.47+0.13 35.0+16.9

Wami-Luhindo (n =4) 186.50+21.52 1.2940.16 239.84+22.%

P . F 0.0003 0.0014 0.0001

T he means with different | etters in the same col umn wi

Table 2 shows the growth performance of Toggenburg and Norwegian crossbred kids ieatehreilages. The
results show that among the kids born, 74.7% were born as single and 25.3% were twins. The mean birth weight of

single kids was not significantly different (P . 0.05)
wasn ot significantly (P 0.05) hi gher than that of t wi
hi gher compared to that of Toggernbur g, but not signi
Norwegian kids from birthto oneeyar of age was significantly | ower (P O
average birth weight of mal e and female kids did not

performance for the first 9 @rowtharatesthan feraale &idskThedaserabeaboth hi g h e
weight and growth rate of Toggenburg kids are lower compared to the birth weightio8.8.Xkg and growth rate

of 10471 127 g/day reported in Meru, Kenya (Ahugtal, 2003). For the Norwegian goats, thean birth weight

observed in the present study is slightly higher that that reported in MgetaadB%g) (Safaret al, 2008), but the

kid growth rate is lower than the growth rate of 6818 g/day which has been reported for Norwegian goats in

Mgeta The differences could be attributed to the differences in climatic conditions and age of the dam.

Table 2. Effects of breed, location, sex and type of birth on growth performance of dairy goats

Factor Birth weight (kg) Growth rate to 90 Growth rate to Overall growth
days (g/d) 180 days (g/d) rate (g/d)

Breed

Norwegian(n = 33) 3.07+0.13 114.40+6.81 24.22+11.55 54.26+4.33

Toggenburg(n = 32) 2.91+0.14 89.88+7.02 71.97+11.71 61.50+4.38

P . F 0.3753 0.0087 0.0025 0.3088

Village

Ihanda (n = 18) 3.00+0.13 97.56+6.94 42.15+12.61 59.04+4.16

Kunke (n =10) 3.22+£0.20 113.70+£10.18 7.11+£17.94 43.8%+7.24

Masinyeti (n = 31) 2.90+0.10 104.38+5.44 74.89+9.58 70.76+4.63

Wami (n = 6) 2.84 £ 0.26 92.94+13.60 68.24+26.44 -

P . F 0.4777 0.4885 0.0122 0.0426

Sex

Female (n = 25) 2.95+0.14 91.16+7.39 48.03+12.08 56.05+12.39

Male (n = 40) 3.03+0.11 113.13+5.89 48.16+10.39 55.01+10.58

P . F 0.6107 0.0103 0.9923 0.6610

Birth type

Single (n = 46) 3.04 £0.10 109.97+5.15 58.79+9.34 60.84+3.15

Twins (n = 19) 2.93+0.15 94.3248.02 37.41+£13.15 54.92+4.34

P F 0.5002 0.0699 0.1349 0.2851

abThe means with different letters in the same column within the same factor differisif i cantly (P O 0.0

The effect of breed and location on gastrointestinal nematode infection is shown in Table 3. Breed had no significant
effects (P . 0.05) on EPG and HB, but significantly in
higher values for EPG (211.78 + 0.02) than the Toggenburg crosses (129.51 + 0.02) while the Toggenburg crosses
had higher HB (7.09 £ 0.35 g/dl) and PCV (26.71 + 0.99%) values than the Norwegian crosses. The higher EPG
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values observed in the Norwegian @laed goats compared to Toggenburg crosses may suggest that the Norwegian
goats are more susceptible to gastrointestinal nematodes than the Toggenburg goats. Breed differences with respect
to nematode infection in dairy goats have been reported by otlibes{Costat al, 2000). The Toggenburg goats

have been in the country for longer time (since early 1960s) compared to the Norwegian goats, which were
introduced in the late 1980s. Hence, the Toggenburg goats may have adapted better to the looalscandliti
developed traits for tolerance to endemic diseases compared to the Norwegian goats.

Kid mortality rate is shown in Table 3. The results show that kid mortalities of Toggenburg and Norwegian goats
were not significantly different (P > 0.05). Howez, the average kid mortality rate in Toggenburg kids was higher

by 2.9% compared to that observed in Norwegian kids. Kid mortality rate observed in this study is higher than the
recommended kid mortality of 10%. However, the kid mortality rates obsénvbe research villages are lower

than the mortality rate of 1i733% reported for Norwegian goats at Sokoine University of Agriculture farm (Mruttu,
2001).

Table 3.Effects of location and breed on EPG, HB, PCV and kid mortality of dairy goats

FactorFactor Parameter - -
EPG HB (g/dl) PCV (%) Kid mortality (%)

Village

Ihanda 184.14 £ 0.03 7.27 +£0.38 25.52 £ 1.06 22.2

Kunke 96.55 + 0.02 6.59 + 0.36 24.39+1.01 22.9

Masinyeti 155.43 £ 0.03 7.12+041 24.79+£1.16 13.8

Wami-Luhindo 246.46 £ 006 7.02 +0.62 26.58 £ 1.75 18.18

P F 0.6776 0.3630 0.5706 0.2931

Breed

Norwegian 211.78 £ 0.02 6.91 +0.34 23.93+0.96 16.5

Toggenburg 129.51 + 0.02 7.09+0.35  26.7F+0.99 19.4

P . F 0.2638 0.5856 0.0023 0.3326

Conclusions

The study has revealed that the Toggenbuaisggproduce slightly higher amount of milk and are relatively tolerant

to nematode infection than the Norwegian goats. In addition, the study has found that milk production and growth
performance of Norwegian and Toggenburg goats in research villagesergeatatively low. Therefore, there is a

need to improve management practices in order to improve productivity of the dairy goats in the research villages.
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Abstract

Smallholder dairy farmers are challenged with feeding their cows. Silage is awidedecognized method of
preserving fodder. Also feed additives may be necegsaajtain good quality silage. Conventional additives such

as molasses may be out of reach of smallholder dairy farmers. This calls for investigating locally available substrates
with a potential to act as feed additives, for example, whether other @papsaon in smallholder setting such as

millet and sorghum can be used. This paper investigated the nutritional attributes and quality of maize (Ma) and
millet (Mi) silages treated with 5% molasses (Mo), chibuku (Chi), and sun dried melon (Ml s vugaris) or

no additive (control; Coyesulting in the following treatments; MaMol, MaChi, MaMel, MaCo, MiMol, MiChi,
MiMel and MiCo. Silages were tested for dry matter (DM), ash, crude protein (CP), fibore components (NDF and
ADF), dry matter digestibility DMD), gas production (after 48hrs) and pH. There was treatment, forage and feed
additive effect (ranging from P<0.05 to P<0.001) on DM, CP, and pH whereby silage from millet had high DM
(383.1 vs 233.2 g/kg), silages from maize had high CP (108 vs 8% ayid addition of chibuku resulted high

levels of CP (113.7 vs 95.7 vs 94.3 vs 91.2 for chibuku, molasses, control and melon respectively). Maize resulted in
the lowest pH than millet (4.0 vs 4.4) while addition of chibuku and melon lowered pH to 44lCarebspectively

while lack of additive and addition of molasses resulted in pH of 4.3 and 4.5 respectively. However, only treatment
(P<0.001) and feed additive influenced ash (P<0.05) and DMD (P=0.067), whereby MaMol had the higher levels of
ash (133 g/g) while MiCo had the least ash content (11 g/kg) and molasses resulted in the highest ash (88.2 g/kg)
and the least was in silages without inoculum (19.5 g/kg). Dry matter of MaMol was highly digestible (835 g/kg)
and that of millet without feed additive@as the least digestible (751 g/kg) but the addition of chibuku tended to
improve DMD (814 g/kg) than silages without feed additives (777 g/kg). Addition of feed additives (NDF and ADF)
and forage type (ADF) did not have an effect (P>0.05) while treat(hi&f and ADF; P<0.01) and forage (NDF;
P<0.05) had an effect. It was observed that levels of NDF in millet was higher than that of maize forage silages (289
vs 255 g/kg) while MiCo (305 g/kg) and MiMol (298.5 g/kg) had the highest NDF levels and MaMab (@/&@)

and MiMel (241.6 g/kg) had the least NDF levels. The highest and least levels of ADF were observed in MiMol
(205 g/kg) and MiMel (131.5 g/kg) respectively. Gas production after 48 hrs was similar between treatments,
between forage type but tendéd = 0.056) to vary with addition of feed additives, even though MiChi (22.5
ml/200mg) and MiCo (25.0 ml/200mg) produced less gas than MaMel and MiMel (42.5 ml/200mg). Addition of
melon elicited more gas than molasses (42.5 vs 25.8 ml/200mg). Additialditi¥es or forage did not influence

ME (P>0.05) but treatment (P<0.001) did, whereby MiMol had more ME than MiCo (13.1 vs 11.8 MJ /kg
respectively). The current results indicate that millet can also be used to produce high quality silage while the
addition of either melon or chibuku improves nutritive value of silage and increases gas production. This is a
significant production advantage because millet, melon and chibuku can be easily accessible under smallholder
setting.

Keywords: Crude protein, Digediility, Gas production, Maize, Millet,iage
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Introduction

Small scale dairy production is constrained by lack of high quality feeds, resulting from lack of water for irrigation
or low and erratic rainfall. Silage is normally used to preserve forags fwo dairy cattle and as a source of energy.
However, crops such as maize which is traditionally used for making silage in temperate climate may not be ideal in
arid conditions. The question is whether other crops common in small holder setting cad b@ sfage making.
Sorghum is more tolerant to drought compared to maize (Andiwh, 2001). The high physiological adaptation of
sorghum to acquire and retain moisture has made it more genetically suited to arid conditions (FAO and ICRISAT
1996). Paarl millet silage produced equal amount of milk with higher milk fat levels than corn silage in a dairy
feeding trial at McGill University in Quebec (Levitet al., 2009). Therefore crops adapted to arid environments

such as sorghum and millet should loasidered for silage making by smallholder farmei@wever, cops that are

rich in soluble carbohydrates and cultivated grasses are the most suitable for ensiling (Iranha, 2011). During the
process of adapting to hot areas, sorghums and millets devglofilive levels and this reduces highly fermentable
carbohydrates. Under such conditions of low soluble carbohydrates, such feed additives as molasses are normally
used. However, in countries where sugar is not farmed and molasses is not availableyetowilof reach of
smallholder farmers. This necessitates investigation on locally available substrates with a potential to act as feed
additives. Small amount of grains can be used in the form of malts or brewers spent grains which are available
during raditional beer making. Another common crop that is not effectively used at farm level is melon. In
Botswana the edible melon type is processed into small strips ardtisdrnto increase shelf life. This product is
hypothesized by the present authorsaweehhigh fermentable sugars and will be suitable as a feed additive in silage
making. The objectives of the present study was to investigate the nutritive attributes and gas production of silage
made from sorghum and millet and treated with chibuku andnreed compared to maize as forage and molasses as

an additive.

Materials and methods

The study was conducted at Botswana College of Agriculture (BCA) near Gaborone Botswana. BCA is located in
Sebele Content farm. The experiment crops were grown inglieunder rain fed conditions. Two types of crops

(maize and millet) were collected from different fields Notwane and Modipane farms. For silage three additives
were used; molasses, sundried melon, chibuku all in powder form and a control (withouepélitdach crop, and

two replicate for each crop. Both maize and millet samples were obtained at milking stages, hand harvested and
passed through a commercial silage chopper at Notwane farm. The bulky chopped material was taken and placed
and compactechto one litre plastic bags. Swoured melon was dried in an oven and ground. The ground melon,
chibuku and molasses were added to the 600g chopped materials at rate of 30g. The silage plastic were closed
airtight and placed in the big bag and store in anwaool environment. The resultant silages were assessed for
chemical composition and quality after 21 days.

Chemical composition determination at ensiling

Dry matter and chemical composition determination of samples was done in duplicates. A 100gvsesnmideed

in an oven at AT for 48 hours and thereafter the samples were weighed and grinded. Crude protein (CP) was
calculated from the nitrogen content of the samples determined by modified Kjeldahl methods (AOAC, 1996). Acid
detergent fiber (ADF) andeutral detergent fibre (NDF) were analysed using ANK&Nber analyser (AOAC,

1996) using reagents suggestedviay Soeskt al. (1991). For ash weighed samples were burned in a muffle
furnace at 55 for four hours. Digestibility was determined bycimating silage samples in 100ml syringes
(150ml) according to Menke and Steingass (1988) modified by weighing the samples in -dayeatsl
polyethylene cloth bags, (F57 filter bags: ANKOM, Technology Crop). The rumen fluid was from steers fed with
maizesilage. At the end of the incubation (48 hrs), gas produced was recorded and the bags were removed from the
syringes, rinsed four times with distilled water, dried, weighed and placed in an ANKOM fiber analyzer and boiled
in neutral detergent solution f60 min. In vitro dry matter digestibility (IVDMD) was calculated as the difference
between DM incubated and the residue after NDF analyses. Organic matter digestibility was used for calculating
metabolisable energy according to McDonetdil. (2011); ME(MJ/kg DM) =DOMD (g/kg DM) x 0.016. pH was
assess by putting samples in a blender and reading the pH using a digital pH meter.

Statistical analysis
Data was on chemical composition was analysed using General Linear Model (GLM) procedures of SASI Statistica
package (SAS, 2002008) as a factorial to test for the effect of treatments (Forage/Additive), effect of forage and
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effect of additive. Where there was differences, mean separation was done using Duncan multiple range test. Mean
were considered atsigni cant at pOO0. 05 and are reported as | east so

Results and discussion

The concentrations of DM, NDF, ADF, CP and Ash were significantly different in maize and millet silage treated
with melon, chibuku and molasses (Tab)eAsh from millet without any additive was significantly lower (P<0.05)

than all other types of silages. The CP for maize treated with chibuku was higher (P<0.001; 126g/kg) than other
silages. MaMel, MiChi, MaCo, and MaMol had similar (P>0.05; 98, 108,5.@nd 99.5g/kg respectively) CP
which was higher (P<0.001) than those of MiMel, MiMol and MiCo (84, 83.4 and 89.2g/kg respectively). Both
additive and forage had a highly significant (P<0.001) effect on CP. It would seem that addition of chibuku
improved (P<0.001) CP concentrations of silages while maize silages had higher (P<0.001) CP concentration.
Chibuku is a malted starter culture of maize/sorghum for traditional beer making and a recent study by Legodimo
and Madibela (2013) showed that malting imm® crude protein of sorghum grains. Beer making to get Chibuku is

a result of alcoholic fermentation by a fermenting ye&atcharomyces cerevisig&€ogo et al., 2002). Yeast
(Saccharomyces cerevisjais widely used in diets for dairy cows (Brueo al., 2009) to shift ruminal microbial
population (Ghasengt al., 2012) and to promote health (Bruebal., 2009). Therefore the addition of chibuku,
which is local product, into silages may result in these beneficial effects.

The NDF of silage from MiCo hathe highest (P<0.01) amount of fiber (305g/kg) which was similar to that of
MiChi (298.50g/kg), MiMol (295g/kg) and MiMel (273.5g/kg). On the other hand NDF of silage from MacChi
(261g/kg) was not significantly different (P>0.05) from that of MaCo (26Qg/kaMel had the lowest level of
NDF (226.5g/kg). Silage from MiMol had the highest ADF level (205g/kg) while that from MaMel, MiChi and
MaMol were similar (P>0.05). Silage from MiMel had the lowest (131.50g/kg) and significantly different (P<0.01)
ADF levels than all other silage types. De Boegtal. (1996) also found NDF levels (45g/kg) which were higher
than those in present study.

For these fiber components (ADF and NDF) additives did not (P>0.05) affect, but forage did (P<0.05) affect NDF
but not ADF concentration (P>0.05). The low level NDF of less than 300g/kg accompanied by low dietary DM in
diets, as is the case with maize in this study (Table 1) of cows fed maize silage may create problems of rumen and
hoof health (Kolveret al, 2000 as citedy Kolver et al (2001). Millet silages had the highest (P<0.05) NDF but
also low CP as discussed above. This high NDF and low CP may affect digestibility of silages made from millet and
eventually lead to low milk solids as suggested by Koéteal. (2001). Forage crops are best preserved within an
oxygenfree (anaerobic) environment with a low pH (3.%). According to McDonalet al. (2002) silage with a

pH range of 3.8 to 4.2 is considered well preserved, an observation made in the present sttehet Klo{2001)
reviewed literature on the quality of maize silages and identified that pH ranging from 3.8 to 4.5 would contain high
concentrations of lactic acid. In the present study MiMol and MiChi silages had the highest (P<0.001) pH values
(4.8 and 4.5 respectively) while the least pH values was recorded from MaMol and MaChi (3.9 and 3.7
respectively). A highly significant effect was due to forage (P<0.001) than additive (P<0.05) with maize silages
having lower pH and addition of chibuku or melosuking in lower pH values. This indicate that local additives
such chibuku or melon could be a potential additives in silage making. &ogb (2002) noted that there is
spontaneous lactic acid fermentation during traditional beer making using chibekuabtly to mesophilic lactic

acid bacteria (LAB) inherent in the malt and the authors identified Lactobacillus lactococcus leuconostoc bacteria in
chibuku beer. Normally, in silage making, to ensure that there is enough LAB for the efficient fermemitation
forages during ensiling, bacterial inoculants comprising mainly LAB are used (Mkadi, 2011). Therefore,

further investigation on the potential use of chibuku as silage additive is worth undertaking.

For these fiber components (ADF and NDF) asdg did not (P>0.05) affect, but forage did (P<0.05) affect NDF
but not ADF concentration (P>0.05). The low level NDF of less than 300g/kg accompanied by low dietary DM in
diets, as is the case with maize in this study (Table 1) of cows fed maize sdggzeate problems of rumen and
hoof health (Kolveret al 2001). Millet silages had the highest (P<0.05) NDF but also low CP as discussed above.
This high NDF and low CP may affect digestibility of silages made from millet and eventually lead to low milk
solids as suggested by Kolvet al. (2001). Forage crops are best preserved within an oxygen(anaerobic)
environment with a low pH (3-8.5). According to McDonal@t al. (2002) silage with a pH range of 3.8 to 4.2 is
considered well preserved, ansebvation made in the present study. Kokeal. (2001) reviewed literature on the
quality of maize silages and identified that pH ranging from 3.8 to 4.5 would contain high concentrations of lactic
acid. In the present study MiMol and MiChi silages ttz& highest (P<0.001) pH values (4.8 and 4.5 respectively)
while the least pH values was recorded from MaMol and MaChi (3.9 and 3.7 respectively).
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A highly significant effect was due to forage (P<0.001) than additive (P<0.05) with maize silages haeingHo

and addition of chibuku or melon resulting in lower pH values. This indicate that local additives such chibuku or
melon could be a potential additives in silage making. Tetgal. (2002) noted that there is spontaneous lactic acid
fermentation durig traditional beer making using chibuku due mostly to mesophilic lactic acid bacteria (LAB)
inherent in the malt and the authors identified Lactobacillus lactococcus leuconostoc bacteria in chibuku beer.
Normally, in silage making, to ensure that theren®ugh LAB for the efficient fermentation of forages during
ensiling, bacterial inoculants comprising mainly LAB are used (N&bai.,2011). Therefore, further investigation

on the potential use of chibuku as silage additive is worth undertaking.
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Table 2.Least square means tstandard deviation of chemical composition, in vitro dry matter digestibility (g/kg DM), 48hrs gasm(odi200mg), ME (MJ/kg DM) and pH
of maize and millet silage treated with sun dried melon, chibuku and molasses afigs21 d

Treatments DM ASH CcP NDF ADF pH

Gas DMD ME
Maize/melon 2360 29 og 273.5° 182.5%c 4% 42.5 81.8¢ 12,7
Millet/melon 453.5 38® 84° 241.54 131.8 4.1° 42.5 80.4¢ 12.7°
Maize/molasses 261° 133 108 226.5 161.9¢ 3.9¢ 35 83.5 12.4°
Millet/ molasses 427 43.9 83.5 295 205 4.8 4Qpbe 78.9 13.1c%
Millet/chibuku 439 36.5° 101.% 298.5 171°¢ 4.5 22.5° 82.6" 12.9
Maize/chibuku 235.5° 25.5 12¢ 261p° 160 3.7 32.50¢ 80.xd 12.6
Millet/control 213 114 89.Z 3059¢ 185% 4.4 25p¢ 75. 11.8
Maize/control 200.5 28 99.9 260 162° 4.2 37.5%¢ 80.4¢ 12.5
Std Dev 107.54 36.58 13.85 28.79 22.21 0.33 8.84 2.56 0.37
Additive effect xx * rhx NS NS * NS * NS
Forage effect rkk NS ok * NS ok NS NS NS
Treatment effect ok ok - ok ok - NS ok ok

Means with the same letter along the same column are not significantly different.
DM = dry matter; CP = crude protein; NDF= neutral detergent fiber; ADF = acid detergentf¥MB = dry matter digestibility; ME = metabolizable energy; NS=P>0.05; * =
*=P<0.05; ** = P<0.01; ***=P<0.001

36



The present results show no effects of treatment, none of forage or additive in gas production by silages.
However, MiChi and MiCo produceddhleast gas (22.5 and 25 ml respectively). Melon produces more and
molasses produce less gas even though the model shows that there was no significant effect. Gas production
methods have been used to determine the rate and extent of dry matter degfiddediomutet al.,2007). The

more fermentable carbohydrate available for the micganisms the more gas production occurs. Therefore the
low gas production of millet silages may be indicating low rate and extent of digestion in the rumen, probably
becase of high NDF observed in the present study. Dry matter digestibility was highly different between silages
(P<0.001) but forage had no effect (P>0.05) while an additive effect was observed (P<0.05). MiMol and MiChi
had the highest DMD (82.6 and 83.5% mdjpvely). It would appear that additives are actually improving dry
matter digestibility. Metabolisable energy was found to be high for silage from MiMol but low from MiCo
reflecting trends in OMD. Metabolisable energy in this study are typical ME &gesilaccording to McDonald

et al.(2002).

Conclusion

We conclude that sun dried melon and chibuku powder improved the fermentation characteristics of maize and
millet silages. The results of this study suggests that sun dried melon and chibuku naed las alternative

silage additives as they gave results in line to those obtained with molasses as an additive to maize and millet
silage.
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Abstract

With continuous crossbreeding and selectitne KenyaSahiwal cattle face the risk of losing their genetic
diversity and purityThe objective of this study was quantify the level ofjenetic diversity within the bredzy
evaluatingand monitoring the trends of pedigree depth, amount of inbreeding, effective population size, and the
additive geneti relationships through pedigree analy$isdigree data from National Sahiwal Stud and Kenya
Stud Book were combined and analyzed using POPREP software patkageaximum number of discrete
generation equivalents traced was 6.41 while the average %&sThe average annual level of inbreeding was
0.66% for all animals and 5.24% for inbred animaiserage annual inbreeding level for the entire breed
increased at 0.025% per annum. The effective population size of the breed was lower than that prapo&ed t
extinction in long term and showed a gradual decline over fiine.average AGR in the whole population was
0.0087.The breed was found to be losing genetic diversity over, tiimawing that the Sahiwal genetic resources
may be lost over a short@wutionary timescale.

Keywords: ConservationGenetic diversityPedigree analysis

Introduction

Animal genetic resources (AnGR) contribute to the livelihoods of over a billion people and thus form an
essential component for world food security (Andarsp003). They provie meat, milk, eggsdraft power,

manure and other resources for economic development (FAO, Zdr) the past years, available AnGR have
declined considerably due to changes in production systems, loss of rangeland grazing resaunegs,
calamities, disease outbreaks, inappropriate breeding policies and practices, and the failure to assess the
sustainabilityof farming practice¢FAO, 2007).

Considering their importance, the continuing lo$AnGR would compromise &brts to acleve food security

and rural developmentAn important aspect of AnGR is their genetic divergityithin-breed and between

breed. It has made it possible for humans to survive in a wide range of environments, from the hot and humid
tropics to arid deserend extremely cold mountainous regions (FAO, 1999). Maintaining the diversity of AnGR

is therefore essential to enable farmers, pastoralists and animal breeders meet current and future production
challenges resulting from changes in the environment (R2807).

The status of genetic diversity within a given population needs to be assessed because its understanding ensures
sustainable use and development of An@Rrker, 2001; Fernandet al, 2001). Thecurrent study aimetb

assess the status and monit@nd of genetic diversity within the Sahiwal brasd quantifying the depth of

known pedigree, amount of inbreeding, effective population $igp Gndaverage relatedne¢AR) based on

pedigree data so as to provide baseline information to advansereation strategies for the breed.
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Materials and Methods

Data source

Pedigree data collected from the NSS weoenplemented byadditional records from the Kenya Stud Book
(KSB). The pedigree filesonsisted of unique identification ehch animalindicating thesire, dam, birth date

and sexPedigree file was converted from Microsoft Office Excel to American Standard Code for Information
Interchange and then uploadechttp://popreport.tzv.fal.dereb portal

Data analysis

After computations of genetic diversity parameters, a typeset report was generated containing definition,
computation and meaning of the paramet@méneveldet al, 2009).To assess the quality of the pedigree data
used to estimate inbeding and relatedness, a measure of pedigree completeness was calculated on a per year
basis as described by MacCluet al. (1983) Inbreeding coefficientsH) for each animal in the pedigree were
computed usinghe algorithm of Meuwissen and Luo (1998)he POPREP software package. Average annual

F was computed from 1960 to 2008 while the rate of inbreeding was estimated by the method degcribed
Falconer and Mackay (1996The number of inbred animals was quantified and expressed as percentage
accordng to their level of inbreeding. The annual rate of inbreeding was then estimated by fitting a linear
regression of annual average inbreeding level on years through the time period from 1960 The@@dctive
population sizeN€e) was calculated usingvo methods(1) Ne basedon the rate of inbreeding?) Ne based on

the number of parents (Falconer and Mackay, 198@3rage relatedness (AR) within and between groups was
computed using CFC computer program followihg efficient indirect method of dlleau (2002).Average
additive genetic relationship (AGR) was computed using the PEDIG Fortran Package (Boichard, 2002).

Results and discussion

Pedigree Completenedscreased with generations

Pedigree compl et eness i ssandedryiskndwa to someé definedlgénerétionanthei ndi v
past. It was computed to assess the quality of the pedigree data in estimating inbreeding level of the breed. The
more complete the knowledge of an i ndeénessdndte dose ances
reliable is its estimate of meeding level (MacCluest al., 1983). Pedigree completeness for animals born in the

last ten years decreased with increase in generation depth from6t generation implying that animals in

older gerrations were founders with no sire and dam records (Sargolzaei and Iwaisaki, 2004). The results are
summarized in Table 1.

Table 1 Pedigree completeness index, maximum and average number of generation equivalents for the Kenya
Sahiwal breed

Parameter Value
Average pedigree completeness index (%) for:
1stgeneration 75.7
2"d generation 73.8
3" generation 69.9
4" generation 64.7
5 generation 58.3
6™ generation 51.4
Longest ancestral path traced 16
Maximum generation equivalents 6.41
Average genmtion equivalents 2.46

Pedigree completeness of the Kenya Sahiwal was comparable to that reported for the Spanish beef cattle breeds
which ranged between 0.81 and 2.97 generation equivalentg&(rezet al, 2003).Therefore, he breed has a
reasonald pedigree depth and completeness level for assessment of inbreeding and average relatedness.

High level of hbreedingwithin Sahiwal populations

The total number of inbred animals recorded annually increased over time from one animal in 1960 to 221
animds in 1984 and then changed erratically until 2008. The proportion of inbred animals increased with about
73.12% of calves born in 2008 inbred. A total of 4,656 (23.76%) animalse entirepopulation were inbred
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with the number of inbred animals incr@ag at a rate of 17.2% per annuifhere was a steady decrease in the
averageF of inbred animals but the averageof the entire breed population showed a gradual increase over
time. The average annual level of inbreeding was 0.66% for all animals a#%b 5d2 inbred animals. Large
variation between inbreeding level of all animals and inbred animals suggest presence of highly inbred animals
within the breedOn average, sires had a higher inbreeding level than dams i.e. 0.80% vs 0.69%. Inbreeding
level ofthe dams showed a gradual increase with time at a rate of 1.90% per annum. The average inbreeding of
sires increased at a rate of 2.90%wide range of inbreeding level was reported in the breed with about 87.24%

of the inbred animals havil@%< F O5 % whi | e 0. 2 6 YRedression & Hiésatd-of iAbBeOdy on

year of birth of animals born between 1960 and 2008 resulted in an estimated rate of inbreeding of 0.025% per
year which represents rate of inbreeding of 0.185% per generatiorefbrad (P<0.05). Rate of inbreeding for
inbred animals decreased -8t0012% per year (P<0.05). The shrinking breed population and increase in the
number of inbred animals may result most of the animals in the breed population being closely related thus
limiting mate choicelnbreeding level will also accumulate over time leading to intensively inbred animals and
consequently economic losses due to inbreeding depression (Weigel and Lin, 2002), unless counteractive
measures are introduced and implementetinoe.

Effectivepopulationsize

The Ne estimates based @ ranged between 0 and 1,000 with a mean of 247 animals Waitesed on the

number of parents ranged between 31 and 184 with a mean of 32 animals. Regrassion géar of birth of

the regitered animals showed a decline Nie when both methods were considered. The rate of decline was
faster wherNewas estimated using the number of parents. This was mainly because of slow replacement rate of
breeding animals and failure to recruit more indli’als particularly males into the breeding hérde reduction

of Nein 2008 is largely attributed to intensive use of only a few prominent sires (8 sires) for breeding since the
number of sires used for breediisgexpected to havaore effect orNethanthe dams (Mriyaet al, 1997).The

Sahiwal cattle breeding program in Kenya is characterized by small nucleus herds where a few bulls are used for
mating. Outstanding bulls have numerous female descendants that eventually enter the breeding scheme,
therdore limiting breeding opportunities because available bulls are closely related to a large proportion of the
females. Under such circumstances, it is increasingly challenging to maintain given levels of effective population
size (Falconer and Mackay, 199%he Ne of the Kenya Sahiwal can be expanded by increasing the number of
breeding bulls to control loss of genetic diversity and as well ensure genetic progress within the breed.

Average Relatedness and additive genetic relationships

The AR among indiduals in different groups of registered animals ranged between 0.07% and 1.41%. The
highest AR was recorded among males while the lowest AR was recorded among the fdumedbigher AR

of malessuggestedhat some males were overused andicatedthat nbreedingmay increase unless the
breeding program is changdeounders of this breed are ungepresentedGoyacheet al, 2003; Gutierrezet

al., 2003. The average additive genetic relationships (AGR) of the whole population was about 0.87%. The rate
ofchange of f)between 2963Fand 2688 for the Kenya Sahiwal breed was 0.04% per year resulting in
a f g&r generation of 0.3%lhe AGR of the breed remained lower than the inbreeding level before 1988
indicating wider use of within herd mating. Aft&988, AGR increased and remained higher than inbreeding
level until the year 2000 owing to reports of declining performance due to inbreeding in 1978 that led to minimal
use of related individuals within the breed (Boichard, 2002; Mpofu and Rege, 2002).

Conclusion

Although mean inbreeding is still low and its rate has not yet reached the critical level, existence of highly inbred
individuals within the breed population necessitates introduction of breeding strategies to prevent losses due to
inbreedingdepressionFor longterm maintenance of genetic diversity and dynamics of the breed, there is need
for minimization of the increasing genetic relationships between individ@aaservation of e Sahiwal

genetic diversity requires{@ptimization, as wh the utility of its enormous potential.
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Abstract

In order to assess existing cavy production systems of Cameroon western highlands and rain ferest agro
ecological zones, a household baseline survey was carried out in a total of 500 households randomly chosen. It
appears that cavy culture & women % 60%) and youth (22%) driven livestock production system for both
regions. The main motives are consumpti6g%y), income generation £36) and manure @%). The majority

of actors are smallholders, more or less organized, with flock sizengargim 3 to >500, with a mean of 16 per
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far mer . Average adult cavy |live weight was 620g (
free roamingdé, with only few caging. A total of 4
variability using 13 microsatellites markers. Inbreeding was a real challenge in all study sites (Fis = 0.32852).
Cameroonds cavy populations demonstrated four putat.i
very distant to 2 other countryggs.Genetic potential and breedinglated constraints were identified in all the
zones. Traits of i mp o r tgeowtlk, adaftabildynandffexundite. Trem@ is ndedkfara wer e
well designed and comprehensive national breeding program ¥iescaand increased capacity building of

farmers to address mortality rates and health issues. Rapid improvements in production could be easily achieved
with huge potential impacts through improved feeding and reproduction management.

N35
75

Keywords. Cameroonpomestic cavy, Genetic diversity, Husbandry, Smallholders.

Introduction

Cavyculture offers an alternative for food and income generation for many rural and peri urban households in
sub Sahara Africa (Dikkeet al, 2009; Lammerst al, 2009). The potgial has not yet been thoroughly
exploited for Cameroon context where accessibility to animal protein is becoming a real challenge (Ngoupayou
et al, 1995). Beside the production systems per se, genetic material introduced in various stages from South
America has received little or no attention. Recent molecular techniques opened wide the opportunity to
populations characterization (Sportoebal.,, 2004).The aim of our study was respectively to assess the cavy
production systems etiovdriabditg m €amproop.ul ati onsd gen

Material and methods

A baseline survey was undertaken on a total 500 households randomly chosen using snow ball approach in
western highlands and rainfall agroecological zones of Cameroon. Data were analyzed under .8PSS 18
Genomic DNA was extracted from 475 FTA cards collected from non related cavy individuals. Following
Sportonoet al, (2004) procedure genetic variability was evaluated using 13 cavy microsatellites and data
processed under GenAlex 6.0. Native poputaiovere genetically compared to some cavies populations from
Col ombi a, Cote dobélvoire and DRC.

Results
It appears from our findings (not shown) that cavy keeping is a womeé®%) and youth (2£2%) driven

livestock production system. As displayed inl¢éath here below, the main motives are consumpt&add,
income generation %) and manure @%).

Table 1: Cavy keeping motives in Cameroon

Motives for cavy keeping Main motive Secondary motive
Sales 33.5% 37.0%

House consumption 27.5% 35.0%

Manure 18.5% 17.8%

Secondary self employment 16.0% 6.0%

Pet 4.5% 4.2%

Total 100.0% 100.0%

Majority of actors are smallholders, more or less organized, with flock size varying from 3 to >500, average
adult cavy live weight being 620g (+35), with a mean ofp®8 farmer (data not shown). Health and feeding

were the highest constraints faced by cavy keepers. As shown in table 2, only 4% of cavy keepers were able to
feed their flock with both grass and legume forages.

Table 2: Cavy feeding systems

Feeding sgtems Frequency Percentage
Kitchen free roaming and cavies fed with fresh harvested forac 7 1.9
Kitchen free roaming and cavies fed with fresh harvested fo 340 91.4

and kitchen wastes
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Kitchen free roaming and cavies fed with firdegumes and forag 4 1.1
Total kitchen free roaming 21 5.6
Total 372 100

The most common production techniqgue was O6kitchen frr
very scarce in general. High mortalities weréedoin all households, particularly for kids before weaning stages.
Sudden mortalities were also common (data not shown) depriving the overall growth of cavy populations.

From molecular analysis, it appears that inbreeding was a real challenge idyaBigts with inbreeding index

(Fis) = 0.32852 (data not shown). All the 13 loci were polymorphic and structured the samples cavies in their
respective origin groups in general (Figure 1). Cameroon cavy population is very distinct with a clearly 02
genetictypes (data not shown).
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Figure LFour <countries Cavy populationsd phylogenetic rel

Discussion, conclusion and implications

Production systems we described in our findings were identified earlier (Manhjali, 1998) as traditional
guinea pig management system. Most of challenges were also those found by akK&009) in Nigeria. The
opportunities for better cavy keeping developtmsare discussed by Niba et €2012) and are being unraveled

by our study. Genetic variability anmbpulation segregation could have been caused by isolation or introduction
of foreign fAbl oodod etiah 2042). Ther hdve bgem soene mricate ini(ialhviesbt@distribute
heavy Central America breeds in order to improve the live bodiyhivef native genetic types.

Cavyculture in Cameroon is dominated by smallholder systems, with variegated cavy populations. Developing
opportunities are enormous, while considering better feeding practices and health management, as well as
reproduction® address inbreeding issues. Solutions could be tapped locally from available resources, within the
country or in connection with other African countries.
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Abstract

Domestic cavy Cavia porcelluy has high potential as alternative and rapid access to food aanhénin
Cameroon and the eastern Democratic Republic of Congo (DRC). Cavies are small and kept mostly by women
and youth. Cavies are one of the farm animals controlled by women for food and incomes. Poor access to
regular, reliable and profitable marketg $mallscale farmers is one of the causes for low technology adoption
and lack of interest in improved production. The project under report established cavy farmers groups with
activities implemented under Innovation platform (IP) approach whereen in@itably became the majority.

This gave them a voice and space for leader&figmen constitute 73.4% of those who had planted forages for
cavies by March 2014Cavies have ready market within production neighborhoods and have short value chains.
This maks it easier for women not only to participate but to take the lead in cavy trade. Given the local prices
and the reliable ready markets, it can be deduced that if a family of 5.6 members had only cavies as the sole
source of livelihood (which is unlikelyunder the current lownput husbandry, they would need to have over

230 cavies at any one single time within an year. This would enable them meet their protein requirement and
generate enough income of at least 1.25 Dollars a day. With reliable femtinfeeds, right housing and
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improved husbandry, the same family would need only 130 cavies to achieve the same. Cavy husbandry in
addition provides easy to use high quality manure among others.

Introduction

The current debate on African agriculturastgiven substantial attention to African Women within sisedlle
farming households, where they provide the bulk oflah@urrequired both for cash and food crops. They are
also in charge of household welfare, health, and food and nutrition seciiigy meet these obligations with
limited access to and control of production assets, services and information. Hence;Shbaaln agricultural
sector is underperforming because women do not have equal access to resources and opportunitiegéuhat they n
to be more productive. As a result, many African countries have been unable to meet their Millennium
Development Goals on gender equality (MDG 3), poverty and food security (MDG 1) which are mutually
reinforcing.

In order to address the gender diéfleces, use of small livestock is imperative. Thorrgbal (2003) estimated
that 600 million small livestock keepers are women from developing countries. According to Krisgamson

(2010) , it is easier for manyquinedivestatk assets, drether thoygh ng ec
inheritance, markets or collective action processes, than it is for them to purchase land or other physical assets or
to control other financi al assetso. Thi afastkeerautes t hat |,

to their access and control of resources and assets that can propel them to empowerment,

Methodology and Site Selection

After the commissioning of Sulivu Provincial Cavy Innovation Platform, a baseline survey was conducted

with a sampd of 250 households. Snowball sampling method was used to target only those households with
cavies. Based on information gathered during the baseline study, four sites have been selected for establishing
Cavy sublnnovation Platforms (sulPs) in three érritories (in brackets), Muhongoza (Kalehe), Nyacibimba
(Kabare), Kamanyola and Tubimbi (both Walungu).

Impact Pathway and Data Correction

The pathway to impact is constructed through innovation platforms (IPs) (Figwenl). | P i s def i ned a:
for learning and change composed of a group of individuals (who often represent organizations) with different
backgrounds and interests: farmers, traders, food processors, researchers, government officials among others.
They come together to diagnose pmhs, identify opportunities and find ways to achieve goals (HorHaen

Tui et al, 2013).

" Improved cavy husbandry
Improved cavy breeds (|ater)
= - Improved markets & marketing
Improved nutrition
Improved incomes

.—"'J—F_'_'_'_\_\_---\""\-\.
< Improved ™

Ill.rellhc:--:-u:l____, o

¢ Action™, m Y
“yeseard) Y reseand, ~ Improved strategies
;ﬂy_____‘_ﬂ: [ - * Cavy husbandry
/ Covy Innovation Plotform Cavy breeds

1 * Markets& marketing
* Household food &
nutrition security

___|Capacity building)

Assessments of: livelihood, genetic diversity,
hushandry practices, feeding/forages

Baseline assessment

Figure 1. Pathway to impact by making use of Innovation Platforms.

In South Kivu Province, we have two layers of innovation platforms; the provincial platfoniohvs the

official platform with a wide variety of stakeholders, and villdgeel subplatforms, which are composed of
farmersd and tr ade r-IPHaredansfauosites seledted after.the baseline sty andithey are
the forums which mpose the agenda for the required research activities and other interventions depending on
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the farmers/traders/ consumerso6 felt needs, probl ems
gathering that is then shared with the rest of the gamapwith the provincial IP if necessary.

Results and discussions

Innovation Platform

The cavy projectvas designed to use the IAR4D approach. Therefore, at the onset of the projeeKiauSud

Cavy Provincial Innovation Platform (IP) was establishad aommissioned on"25" May, 2012 in Bukavu.

The project team established cavy farmers groups in each research site which are key pillars for the provincial
IP. Membership was based on cavy ownership. FowiBalexist in Kalehe, Kabare, Kamanyalal Tubimbi.

Each sublP has a management committee assisted bycsmmittees (commissions) to handle, (i) Market; (i)
Monitoring & Evaluation; (iii) Technical; and (iv) Credit (Table 1). Women are inevitably the majority and
they are very active. Thgves them a voice and space for leadership.

Table 1: Women/men in leadership

SIP Committee SIP Commissions

Men Women Total Men Women Total

Kalehe

4 6 10 Market 1 3 4
M&E 2 2 4
Credit 2 1 3
Technical 3 2 5

Kabare

3 8 11 Market 1 2 3
M&E 2 3 5
Credit 2 2 4
Technical 2 4 6

Tubimbi

3 6 9 Market 1 3 4
M&E 2 2 4
Credit 1 2 3
Technical 1 2 3

Kamanyola

5 6 11 Market 3 3 6
M&E 2 1 3
Credit 2 2 4
Technical 1 2 3

15 26 41 28 36 64

As Table 1 above shes, women were keen to take leadership in cavy associations. The office bearers in each of
these positions are democratically elected through secret ballot. Women are maintaining leadership as
exemplified in recent elections in two of the study sitesnKayola and Tubimbi which were conducted in June
2014 where they took most positioidKivu provincial Cavy IP meets thrice annually while the-$Bb meet

every monthWomen participate a lot more than men in the meetings (Table 2).

Table 2: Attendane list July 2013 June 2014

2013 2014
Gender
Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun
11
Women 9 129 188 109 127 146 70 101 76 71 91 70
Men 78 78 93 91 85 91 55 34 37 41 37 37

Each of thessubIPs are registered with the provincgdvernment.

Savings and Credit

After the sublPs were registered, it was imperative to introduce savings and credit to the members. This meant
that they needed to have group bank accounts and also agree to start group savings. Members were encouraged
to open up bank accounts with savings from membership contribution and from cavy sales. The banking activity
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