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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 African regional 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 such a meeting of livestock 

sector scientists, other practitioners and stakeholders every 4 years ï and 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 at that 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, Ethiopia in 2010. This sixth conference, held in Nairobi and 

hosted (for the second time) by APSK, marked a return to the 4-year interval established at the birth of the 

AACAA.  

 

The AACAA is the main mechanism through which the AASAP objectives are met ï i.e. providing a forum for 

stakeholders ï professionals and practitioners - to 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 AASAP 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, or regional or 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, Africa is projected to have 350 million 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 specific needs 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 systems will be needed. Well-functioning agricultural markets are essential for rural 

growth ï yet unfavourable terms prohibit or discourage rural households to fully participate in markets. 

Increasing (world and regional) markets give rise to opportunities for improved 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 

securing 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 governments, private, sector, civil society and rural peopleôs 

organizations ï with the international development community playing a supporting or facilitating role. 

 

Mobility out of poverty is associated with personal initiative and enterprise. Improving peopleôs capabilities 

must be tackled together with investment in rural development. Strengthening community-level organizations 

and their capacity to develop and execute programs must go hand in hand with expanding the range of 

financial services to poor rural people. 

 

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 trends present. Under the overarching theme ñAfricaôs Animal Agriculture: 

Macro-trends and future opportunitiesò, specific attention was given to: Youth and future of animal 

agriculture; the future of smallholder animal agriculture; options for pastoral systems; market access; 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 of the 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, groups and individuals who assisted in one way or the 

other, and the esteemed conference participants. 
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The venue, the setting and the overall conference atmosphere provided opportunity for networking by 

participants from across the continent and with colleagues from other corners of the globe. Many new 

friendships were made, old ones strengthened/renewed, and collaborations born. We 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 ensuring that 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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Africaôs animal agriculture: New opportunities as a great livestock transition gets under 

way 
 

Jimmy Smith 

 

Director General, International Livestock Research Institute. 

 

Correspondence: j.smith@cgiar.org 

 

 

Summary 
In coming decades, global demand for animal-source 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 recent estimates predicting milk 

demand to triple and consumption of pork, chicken and eggs to increase by up to six-fold by 2050. All the themes of 

this yearôs All Africa Conference on Animal Agriculture bear upon the continentôs ability to grasp these growth 

opportunities 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 production 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 instruments for transforming their livelihoods and the 

continentôs food systems both. We are entering a great livestock transition period: in coming years, one-third of 

todayôs livestock keepers are expected to move from subsistence to market enterprises, another third to leave the 

sector, with the final third going either way. To help shape this transition for broad-based, safe and sustainable 

growth, we need, more than ever, livestock research conducted both in and for development.  

Keynote 

mailto:j.smith@cgiar.org


2 
 

 

 

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

in an African context  
 

Tennyson Williams 
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Correspondence: TennysonWilliams@worldanimalprotection.org 

 

 

 

 

Macro trends ï what is happening now in the world? 
 

For a current view of what the macro-trends of global agriculture are, perhaps the best and most concise place to 

start are the five strategic objectives of the Food and Agricultural Organization of the United Nations (FAO, 2014). 

 

Å     Help eliminate hunger, food insecurity and malnutrition 

Å     Make agriculture, forestry and fisheries more productive and sustainable 

Å     Reduce rural poverty 

Å     Enable inclusive and efficient agricultural and food systems 

Å     Increase the resilience of livelihoods to disasters 

 

Similarly, another globally significant trend are the discussions around the UNôs sustainable development goals 

(SDGs).  The SDGs came about because the UN Rio+20 outcome document, The future we want,  set 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 SDGs should be integrated 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 

SDGs under the heading of Goal 2: End hunger, achieve food security and improved nutrition, 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 places the emphasis on increasing 

productivity and production in a sustainable manner. What is interesting to note here is that the African states in the 

OWG were very vocal on the need for a specific reference to sustainable agriculture in the title of this particular 

goal. This emphasis on sustainable agriculture is also shared by the Convention on Biodiversityôs Aichi Target 7 as a 

critical goal for avoiding the erosion of biodiversity. The Common African Position on the post-2015 development 

agenda has re-affirmed Africaôs commitment towards sustainable agriculture, food self-sufficiency and nutrition as 

an important element towards the realisation of structural economic transformation and inclusive growth in Africa 

by 2030, and importantly contributes towards the realisation of Africaôs Agenda 2063. 

 

If we consider this in terms of routes to change, we can identify a number of main trends taking shape.  The first  

relates to a shift away from a singular focus on more efficient production of food towards more efficient use 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 scarcity.  As a result we see a greater emphasis on reducing food loss and waste, with 

global efforts to reduce speculation with food commodities.   

 

The second trend relates to an increasing focus on producing food where it is needed.  As a result we see a 

strengthened focus on small-holder producers as these produce the vast majority of food consumed 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 health.  The growing relevance of the One Health concept to the work 

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 animal-human ecosystems interfaces. The emergence 

óAnimals raised on-farm in Africa are often handled well, considered symbols of wealth, and may even be treated as 

part of the familyô (Menczer, 2008). 

 

Keynote 
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of new or the re-emergence of existing animal diseases, including zoonoses, the growing threat of trans-boundary 

animal diseases, the impact of environmental changes and globalisation, concerns about genes from genetically-

modified crops and animals escaping into natural ecosystems and 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 organisations (WHO, 2010).   

 

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 Working Group 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:  

 

¶ Target 2.3 provides that increased productivity and production is sought through small holders and 

pastoralists. World Animal Protectionôs argument that better animal welfare increases productivity and 

longevity offer a route in this regard.  

¶ Target 2.4 seeks to make agriculture more resilient to climate change and disasters.  World Animal 

Protectionôs disaster management related work, both in terms of protecting livestock and working animals 

during disasters, and working with governments to mainstream animals in disaster risk reduction and 

disaster preparedness offer routes to change for better animal welfare. 

¶ Target 12.2 seeks to significantly reduce losses throughout the food production cycle.  World Animal 

Protectionôs work on transport and slaughter can be used to present good animal welfare as a route to 

reduce losses.  

 

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

adopted in October 2014ï confirm the existence of a direct link between animal welfare and human health.  This is 

an enormous milestone, as it is the first time that a UN-agreed text makes explicit reference to the concept of animal 

welfare.  The text states that responsible investments support óanimal health and welfare, and plant health, to 

sustainably increase productivity, product quality, and safety.ô  This is exciting as it is implicit acknowledgement 

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 food quality can and should influence new investments to 

consider animal welfare. 

 

When we consider the issue of ending hunger, sometimes what seems to be the óobviousô solution is anything but. 

Some would argue that increasing food production is the only, or main, solution 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 hunger  (De Schutter, 2010).  It must 

be combined with improved livelihoods for the poorest, particularly small-scale farmers in the developing world.  

Smallholder livestock farmers must be helped to increase their productivity in ways which are appropriate for their 

circumstances.  This should not entail the introduction of industrial livestock systems as these exclude participation 

of the poorest farmers.  They are out-competed by industrial production which provides little employment. And the 

indigenous breeds of animals that are most productive and resilient to droughts and changes in local climate are 

generally not used in industrial livestock systems ï CBD Aichi Target 13 encourages agricultural systems that do 

not erode genetic diversity. 

 

Increased production may be needed 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 by 2050 (FAO, 2012) seems 

to substantially overestimate the quantity of extra production 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 continuing ability to produce food depends. 

 

A constructive approach would be to help small-scale farmers provide improved healthcare and nutrition for their 

animals by better disease management, the expansion of veterinary services and the cultivation of fodder crops such 

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 farmers (40ï

50% being women) have planted such fodder shrubs which contribute about US$3.8 million annually to farmersô 

incomes across the region (Pretty 2011).  

 

The same issues apply when we consider food security.  Achieving food security is often presented as a primarily 

quantitative challenge. However, more than enough food is already produced to feed the anticipated world 

population in 2050 of 9.6 billion. The real challenge lies not so much in producing more but in wasting less, and 
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ensuring a more equitable distribution of food 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 nutritionally appropriate (Pinstrup-Andersen 2009).  Further, over 

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 security.  A 2014 report by the High Level 

Panel of Experts on Food Security and Nutrition states that worldwide 25% of food calories are lost or wasted post-

harvest or at the distribution, retail and consumer levels (High Level Panel of Experts, 2014).   

 

We do not 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 animalsô lives. Looking after livestock better while they are alive, 

and using their products better after slaughter 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 should be given 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 efficiency and sustainability. 

 

¶ Raising animals on pastures or other grasslands: The 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 other forms of food production.  Also, semi-natural 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. 

¶ Integrated crop/livestock production: The World Bank is extremely positive about the benefits of such 

rotational mixed farming as crop residues can be used to feed animals (World Bank, 2009). Moreover, their 

manure, rather than being a pollutant, fertilises the land 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 Africa.  Disease is a major constraint 

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 welfare, 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 issues such 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 that by creating synergies with human health care 

delivery, both can be better served by the óOne Healthô approach.  

 

Can we achieve enhanced animal production and productivity without compromising animal 

welfare? Setting the context. 
 

Turning from global macro-trends 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 diseases; consequently, low incomes are realised. All of these 

factors impact the welfare of dairy cattle (Aleri et al., 2012). 

 

Intensification of smallholder dairy production in response to these issues and to maximise profits has led to 

deteriorating husbandry standards resulting in stressful conditions which reduce dairy cow welfare. Poor welfare 

conditions have direct negative effects on physiology, behaviour, disease susceptibility and productivity (Aleri et al., 

2012). 

 

Before continuing, it may be useful to define exactly what is meant by animal welfare. In the Terrestrial Animal 

Health Code, the OIE define animal welfare as: óHow an animal is coping with the conditions in which it lives. An 

animal is in a good state of welfare if (as indicated by scientific evidence) 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 treatment, appropriate 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 

treatmentô (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 invest in upgrading the quality of their animals by 

improving the quality of their feeding, health care, and general management (Devereux, 2013). McInerney (2004) 

proposes a general relationship between the productivity of livestock and their welfare, summarised in Fig. 1.  

 

 
Figure 1. Synergies and conflicts between animal welfare and livestock productivity (McInerney, 2004) 

 

Point A in Fig. 1 represents the welfare of animals living in their ónaturalô state, or being reared under free range 

conditions. The trajectory between A and B represents ówin-winô gains: ñAs husbandry inputs are employed to feed 

and house the animals, protect them from predators, control disease and so forth, it is generally believed their 

welfare increases as well as their economic productivityò (McInerney, 2004).  

 

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, so human wellbeing outcomes and 

animal welfare outcomes change from a state of mutual benefit to conflict. 

 

Clearly, aiming for ówin-winô development strategies are the most sustainable way forward in terms of both animal 

welfare and human wellbeing. Devereux (2013) proposes a decision-tree model for analysis of animal welfare 

decisions (Fig. 2). 
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Figure 2. Animal welfare: a decision-tree analysis (Devereux, 2013) 

 

The topmost box (Fig. 2) models the sustainable ówin-winô situation, where the economic value of the animal 

increases by more than the cost of investment in the animalôs welfare. Of course, animal welfare considerations are 

influenced by and interact with other factors, some of which are outlined above. As stated at the opening of this 

paper, animals may be considered symbols of wealth and may be treated as part of the family, hence they have a 

non-use (or non-economic) value. If this is of great enough importance to the livestock keeper, investments may be 

made in animal welfare irrespective 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 the costs of non-compliance, this may result in investments being made 

in animal welfare. 

 

Working towards sustainable ówin-winô solutions ï some examples 
 

An example of how economic benefit can be an incentive to the promotion of animal welfare is provided by the beef 

industry in Namibia. Dominated by small-scale commercial producers, 80% of Namibiaôs beef production is 

exported, mostly to the European Union. The EU offered a quota to Namibia on condition that specified meat quality 

and animal welfare standards were 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 general 

animal welfare 

Hormone free; livestock owners are responsible for the 

welfare of their animals and must ensure that they are aware of 

all welfare requirements. 

Veterinary issues Records are kept and annual veterinary inspections carried out. 

Animal handling All animal handling facilities must be designed to ease 

handling of the animals and prevent injuries. 

Transportation The animals must be handled carefully to prevent stress and 

injuries. The use of electric goads is prohibited. 

The vehicle must comply with the conditions of the Code of 
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Practice for the Transport and Handling of Animals. There 

must be adequate handling facilities at the point of loading and 

off-loading. 

Housing and environment There should be no features of the environment that could 

cause recurring injuries to animals. 

 

Turning to another example, dairy production is Kenyaôs leading agricultural sector (Muriuki et al., 2003) with 

almost two million small-scale farmers (Smallholder Dairy Project, 2005) depending on it for their livelihoods and 

food security. Small-scale farmers are the backbone of the dairy sector, delivering 80% of all milk in the country 

(Wambugu et al., 2011).  Domestic production meets current demand, despite milk consumption in Kenya being 

among the highest in the developing world. At an estimated 145 litres per person per year, Kenyaôs milk 

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 from small-scale 

farmers. What started as a community-based 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 4,000 small-scale dairy farmers. It aims 

to improve the livelihoods of the community through advising on improved farm management, increasing milk 

distribution levels and facilitating access to markets, knowledge and inputs by dairy farmers. Co-operatives and 

farmersô organisations like LELBREN play a fundamental role in supporting the production, processing and 

marketing of milk from small-scale pasture-based systems, as well as increasing productivity, incomes, and 

supporting livelihoods and food security. 

 

The model of farming supported by LELBREN has made a positive impact on public 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. The co-operative also provides veterinary support 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 pasture-based 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 the co-operative. During the dry season, pasture is supplemented 

with hay or silage. Economically, LELBREN farmers 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 membership. The economic benefit of 

LELBREN goes beyond direct financial incentive for farmers. The growth of the co-operative 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 2005ï2006, LELBREN is proving to have a positive impact on 

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

 

Examples of non-African ówin-winô scenarios nonetheless provide lessons applicable to the African 

context 
 

Appleby and Huertas (2011) discuss a two year training course in Uruguay sponsored by the Ministry of Livestock, 

the Uruguayan meat board, the producersô association and academia. The training course focussed on animal 

handling techniques, and as well as bringing animal welfare benefit, resulted in reduction of carcass bruising by over 

50%, significantly reducing meat loss 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 in cattle was reduced from 20% to 1% through this measure. Paying a bonus to animal handlers for low 

levels of bruises, injuries and pre-slaughter deaths, and limiting the speed at which people work in slaughterhouses 

as well as the length of their shifts has also proved effective, and is repaid by the additional value of the carcases due 

to reduction in damage. 

 

Translating global issues to the African context ï youth, governments and policy drivers 
 

Translating global issues to the African context is vital. Sub-Saharan 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 years - making Africa the most youthful continent in the world. By 2020, it is projected that out of four 
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people, three will be on average 20 years old. This has real implications for food production (Agriculture for Impact, 

2014).  

 

The youth of Africa have an important role to play in advocating for animal welfare and in this regard, 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 

socio-economic development; indeed, the youth present the opportunity to discover a new connection (reflecting 

todayôs realities) between present generation humans and animals.  

 

Todayôs African youth (óleaders of tomorrowô) represents a major transition ï from deeply rooted, locally defined 

cultural influence of their parents to more open, globally shaped mind sets ïshaped by different realities and willing 

to do things differently. Demographics indicate that investing in youth awareness has high potential payoff ï larger 

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

secondary and tertiary education, developing animal welfare curricula and disseminating them widely with major 

public awareness campaigns, and using social media to reach large numbers ï driven by youth ambassadors or 

champions (World Animal Protection, 2014). 

 

Recent events in Africa at the government and policy level demonstrate a renewed commitment to accelerate 

agricultural growth and transform the 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 Addis Ababa, Ethiopia from 28 April - 2 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 Governments Twenty Third 

Ordinary Session of the AU Assembly in Malabo, Equatorial Guinea, held from 26-27 June 2014.   

 

This Summit, entitled óTransforming Africaôs Agriculture for Shared Prosperity and Improved Livelihoods through 

Harnessing Opportunities for Inclusive Growth and Sustainable Developmentô, also marked the tenth anniversary of 

the adoption of the Comprehensive Africa Agriculture Development Programme (CAADP)ò, and culminated in the 

Malabo Declaration.  This demonstrable recommitment by African governments towards 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.   

 

Animal welfare, human wellbeing and food production ï challenges, best practice and key 

opportunities for Africa  
 

There are a number of challenges to promoting animal welfare in the African context ï and globally as well.  These 

need to be clearly recognised so that efforts to address them are more effective.   

 

¶ Commercial interests.  Pursuit of commercial interests overshadows animal welfare issues. For instance, 

wildlife conservation in Africa is primarily focused on their ótourism attractionô benefits and associated 

economic value of the wildlife; the value of the animal 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 cost and reduced 

monetary gains associated with transporting fewer animals in comfortable trucks. 

 

¶ Entrenched negative attitudes towards animals.  Fixed mind sets and attitudes exist towards animals. Most 

people are not aware that animals are sentient creatures and still consider concern for animal welfare as an 

unnecessary western influence. Animals such as cats are just considered as rat-catchers, while dogs are for 

hunting or for security/protection of property.  

 

¶ 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 

ópolicingô approach is ineffective while at the same time given the current low-level of awareness, changing 

the situation and achieving attitude change is a slow and resource-intensive process. 

 

¶ Inadequate political participation in protecting animals.  In most African countries, political debates are 

centred on resource allocation for human development and politicians are generally reluctant to focus on 

animal welfare issues that are not seen as offering direct returns ï in a development sense. 
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¶ 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. 

 

¶ Low media interest and coverage of animal welfare. Unlike other continents (especially North America 

and Europe) where increased media focus 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. 

 

¶ Inadequate animal welfare 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 clear examples of where best practice in animal welfare has resulted in significant 

gains. One example is World Animal Protectionôs disaster management operational work in the Mwingi district in 

Kenya.  Losing livestock in a disaster has an enormous impact on communities and households, as well as real 

economic consequences. This is because livestock often play a critical role in economic productivity for these 

communities.  World Animal Protectionôs goal in Mwingi was to provide veterinary care and feed as an early 

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 results of World Animal Protectionôs Mwingi intervention over a one-year time 

period were truly startling. Over a one-year 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 extended to three years, the benefit-cost 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 finding a win-win 

between animal welfare and highest priority challenges for Africa and its development partners ï improving human 

livelihoods through poverty and hunger eradication programs.  

 

For example, how can animal welfare be made to offer business opportunities? What 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 livelihood benefits? Some leading supermarkets such as Pick nô Pay and Woolworths in South Africa 

sell free range eggs to loyal customers and get more returns than is possible with conventionally produced eggs from 

commercial ï usually intensive - layer chicken systems. How can these models be scaled up and out throughout 

Africa?  

 

A major opportunity 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 (FAO, 2008).  

 

There is also opportunity to engage African countries through the CAADP process and latterly the Malabo 

Declaration. By February 2014 a total of 40 countries had developed their CAADP compacts (agreements of 

consensually identified national priorities and a roadmap to implement the countryôs strategy for agricultural 

development) and 28 have developed National Agricultural Investment Plans (NAIPs), a clear indication of their 

commitments to applying the CAADP framework in prioritising and leveraging investments in agriculture. It is 

through policy imperatives such as these that areas relevant to animal welfare issues in Africa ï both in terms of 

livestock development and wildlife ï can be identified. 

 

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

the contrary, these concepts can co-exist and even enhance each other and embody Africanôs respect for life. Africa 

has a unique opportunity to demonstrate this, with the active participation of all 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 Sub-Saharan population deriving their 

livelihoods from that system. In the last half century of self-governing Africa there have been massive investments 

in smallholder production systems in the name of poverty eradication. Yet whether smallholder farming will 

eradicate poverty in developing 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 production systems, where land factor is complicated by tenure 

system and agro-pastoral and pastoral households are marginalised in the crop biased agricultural development 

framework in most developing countries. This paper present a review of development trends in African 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 economy. What is the role of state and non-state institutions, the AU led African countries agricultural 

development policy and the effects of increasing, large foreign and domestic investments on land and large-scale 

farming? Will smallholder livestock producers benefit from the undoubted opportunities of science and technology 

advancement as well as increasing livestock products demand, or are they going to miss out?  
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Summary 
 

Genomic prediction and selection of animals on the basis of single nucleotide polymorphisms (SNP) from dense 

marker maps in practical animal breeding has not only grown in popularity in recent years but is becoming the 

method of choice. This has been fuelled by 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 in the UK are briefly outlined. With large number 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 called two-step approach. The gain in reliability for 

genomic breeding values of young bulls was about 0.33 for production traits but varied from 0.20 to 15 for fitness 

traits of lower heritabilities such as somatic cell counts and lifespan. The comparison of initial genomic breeding 

values for a group of bulls with no daughter information to evaluations that later included daughters' records 

demonstrated good predictive of the SNP BLUP model. However, when number of genotyped animals is limited as 

in the dairy goat population in the UK, results indicated that the single step approach was optimal. The 

implications of both approaches are assessed in terms of the application of genomics for small holder farmers in 

Africa. 
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Abstract 
A review was conducted to examine the status of smallholder 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 for livestock and 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 needs. However, 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 Eastern Africa and 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 crop-livestock-fish systems. These practices 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 change. This paper suggests 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 integrated crop-livestock-

fish systems are not only technically feasible but environmentally and economically viable.   

 

Keywords: Smallholders, Crop-livestock-fish, Climate smart agriculture technologies 

 

 

Introduction  
 

There is ample evidence for increased global demand for livestock and livestock products (Herrero et 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 critical 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 livestock and that livestock keeping supports communitiesô 

livelihoods (Staatz and Dembele, 2007). 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 national economies.  

 

Increase in productivity of crops, livestock and fisheries have been recognized by the Comprehensive Africa 

Agriculture Development Programme (CAADP) of the African Union/New Partnership for Africaôs Development 

(NEPAD) as a key means to accelerating growth in agricultural sector. Experience 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 production systems is a major opportunity to increase 

the overall farming systemsô productivity (Kabirizi et al., 2013; Musiba et al., 2013; Owori e al., 2013).  

Smallholder farmers are however faced with challenges that limit their ability to undertake integrated production 

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 for increased 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, unfavourable policies, increased population pressure, lack of market, inadequate quantity and quality feeds, 

high labour costs, gender inequality, and inequitable markets are some of the major causes of vulnerability of 

livelihoods in smallholder production systems in many of the developing countries. Below follows analyses for 

some of the above challenges.  

 

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

mailto:Ajmwilawa@yahoo.com
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It has been estimated that each day more than two hundred thousand people are added to the world food demand. 

According to United Nation Population Division (2007) the worldôs human population has increased nearly fourfold 

in the past 100 years. The rate of population growth, however, is still relatively high in Central America, and highest 

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 industrialized countries) (UN Population Division, 2007). In sub-Saharan Africa, the population is 

projected to increase from about 770 million to nearly 1.7 billion by 2050.  As population grows, subdivision is 

reducing individual land holdings and farmers are struggling with declining levels of soil fertility and crop-livestock 

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 and cash crops and marginal lands are allocated to forage 

crops leading to low forage yields, low milk yield and long calving intervals (Kabirizi et. al. 2010). Traditional 

farming systems are breaking down under human and livestock population pressure. As these conversions take 

place, livestock increasingly depend on the use of crop residues for animal feed. This traditional cropïlivestock 

integration is largely supported by formal and informal relationships between crop farmers and transhumant 

livestock producers. 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 cropïlivestock interactions in a manner which facilitates the expansion of food production while 

sustaining or even increasing land and labour productivity under conditions where there is severe competition for 

resources. On the other hand, increasing demand for food by a rising population, observed dietary shifts also have 

implications for world food production. It has been reported that as people get richer they consume more animal 

products (Steinfed et al., 2006).  

 

(b) Effects of climate change  

The productivity and sustainability of smallholder crop-livestock-fish systems is greatly threatened owing to climate 

change and climate variability. The increasing intensity and frequency of climate change disasters has escalated 

farmersô risks and losses, and is now a major reason for the disparity between the crop and livestock productivity 

and sub-sector 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 alone rarely exceed 10 litres per 

cow per day leading to a reduction in household income (Kabirizi et al., 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 the dairy and vegetable sectors. 

This is a major constraint on production, significantly reducing farm-gate 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 feeds contribute 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 supply and 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 in integrated 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; Rietveld et al., 2012) Limited labour is available for integrated 

production systems. Integration means more labour is needed, yet African agriculture is already constrained by 

labour. Therefore, if there were to be integration, we need labour saving technologies. Increasing labour productivity 

is another important challenge and it may be partially addressed by cropïlivestock 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 that can increase the labour productivity of rural women and the 

ageing are likely to become prerequisites for ensuring agricultural output.  

 

(f) Nutrient deficiencies  

An important link in mixed farming systems is the cycling of natural vegetation and crop residue 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 or depositing 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 smallholder production practices/systems 

 
Integration of Crop-livestock-fish (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 from the ever 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 integration of CLF production, do 

complement each other through use of by-products 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 sustainability. 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 by Charo-Karisa et al. 

(2008). A simple conceptual framework in smallholder dairy-vegetable-fish/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 production (Kabirizi 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 choppers and wooden 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 sufficient 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 significance of this 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. These enable women 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 species (Brachiaria cv Mulato; Napier or Giant Panicum) 

with forage legumes (Desmodium intortum, Clitoria ternatea or Centrosema pubescence) have been recommended 

(Kabirizi et al., 2013). Pasture species capable of growing out of season can be planted to prolong the period of 

good-quality forage. Recommended drought-tolerant legumes can be particularly useful in grass-legume mixtures 

for various agro-ecological zones. Some success has been recorded with forage species such as Buffel grass, 

Rhodes; Napier; Guetamala, Panicum, Lablab, Blue pea, Glycine, Desmodium and stylo (Mtengeti et 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 tolerant forage legumes such as Clitoria ternatea in 

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 119 feeding days when 

compared to sole Napier fields. An additional 14,119 kg DM/ha/yr of fodder was obtained by establishing an 

additional forage bank of 0.5ha of B. mulato/Clitoria ternatea mixture on the same farms containing Napier grass 

fields.  This implies that 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 forage banks (Source: Kabirizi et al., 2013) 
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Fodder bank Mean (+SEM) 

yield (kg 

DM/ha/yr) 

Mean (+SEM) 

feeding period (days) 

from 0.5 ha for one lactating cow 

Napier grass monocrop 10,354+393 165.4+16.3 

Napier  grass/C. ternatea  mixture 17,790 +331 284.2.+26.9 

Brachiaria hybrid cv. Mulato/C. ternatea  mixture 14,119+196 193.6+19.4 

Maize monocrop  (stover  yield) 3,732+145 88.1+10.1 

Maize/L. purpureus intercrop  (stover yield) 4,998+155 161.0+21.4 

Maize monocrop  (grain yield) 1,747+.289 - 

Maize/L. purpureus intercrop  (grain yield) 2,912+110.7 - 

SEM ï Standard error of mean 

 

 

Forage conservation technologies 

(i) 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 technology has been well documented and demonstrated by many workers (Mwilawa et al., 

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 quality legume hay (leaf meals including tree leaf meals ï e.g. 

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 when there is maximum 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 farmers in Njombe district (Sundustøl et 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.   

(ii)  Silage making 

Mwilawa et al. (2013) demonstrated silage 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 country. Both bana grass and Napier grass have been 

shown locally to have higher yields (Mtengeti et al., 2001) and can be conserved as silage (Mtengeti et al., 2014). If 

cut and chopped at the recommended maturity stage, the giant fodder grasses are no more difficult to ensile 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 ( Mtengeti et al., 2013).  

 

 

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 systems. The developed climate smart agricultural (CSA) technologies and 

productivity enhancing technologies along the CLF value chains included:  improved food crops and drought 

tolerant forage varieties (Kabirizi et. al., 2013; Njarui et. al., 2013), simple rain water harvesting and conservation 

methods (roof catchment and surface run-off) (Itabari et. al. 2012; Habai et al., 2013; Wanyama et. al,. 2013), feed 

formulation, forage conservation and utilization for dairy production (Mugerwa et al. 2012; Mwilawa et al., 2013; 

Ngendello et al., 2013; Kabirizi et al., 2014); soil fertility management for forages and vegetable production 

(Mugerwa et. al. 2012; Minani et. al. 2013); labour saving technologies such as the use of fixed knife forage 

chopper and the treadle pump (Lubwama., 2013), feed, breeding and animal health management (Kanuya et al., 

2006), postharvest handling and value addition  on vegetables, fruits, milk and milk products (Nattabirwa et al., 

2012); and fish production, fish feed rations; breed improvement and fish seed production and distribution (Owori et 

al., 2013) and market access technologies and innovations (Birungi et al., 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 production to market oriented profitable enterprises that are well positioned to face the challenges of 

feeding the populating world in the 21st Century. Access to markets and competitiveness of the strategic value 

chains will be facilitated by the existence of an enabling 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 concludes that 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 fluctuating markets 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 developmental agenda and decision-making 

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 smallholder farmers 

where integrated cop-livestock-fish systems are not only technically feasible but environmental and economically 

viable.  
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Abstract 
Species of the genus Brachiaria originate primarily from Africa, where they are constituents of natural grasslands. 

Due to their adaptation to acidic, low-fertility soils, millions of hectares of Brachiaria species have been sown as 

improved pastures in South and Central America, especially B. brizantha cv. Marandu and B. decumbens cv. 

Basilisk. Due to B. decumbensô susceptibility to spittlebug insect pests in the Americas, CIAT in Colombia and 

EMBRAPA in Brazil initiated breeding programs in the 1980s. First cultivars released from CIATôs breeding 

program, cvs. Mulato and Mulato-II, have also been investigated in African countries. They have 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 cv. Mulato-II is currently happening in 

eastern Africa, where it is used by over 20,000 farmers as trap plant in the push-pull system for control of maize 

stem borers and parasitic Striga weed. Cv. Mulato-IIôs particular advantage is relatively high crude protein content 

due to greater leafiness and thinner stems than those of traditional Napier grass, resulting in higher nutritive quality. 

Yet, new pest challenges have emerged requiring further research attention. Though, diverse hybrids are in the 

pipeline for release, among them such suitable for cut-and-carry systems prevalent in eastern Africa. This paper 

reviews research, development and incipient adoption of new Brachiaria hybrids in African countries. 

 

Keywords: Conservation agriculture, cv. Mulato-II, East Africa, Forage adoption, Push-pull system 

 

 
Background  
 

Species of the genus Brachiaria originate primarily from eastern, central and southern Africa, where they are natural 

constituents of grasslands (Boonman, 1993). The largest impact of Brachiaria in agriculture, though, is in the 

Americas, especially in Brazil. Due to their adaptation to acidic, low-fertility soils, an estimated 99 million hectares 

of Brachiaria species have been sown as improved pastures in Brazil alone (Jank et al., 2014). This refers especially 

to B. brizantha cv. Marandu and B. decumbens cv. Basilisk. Despite Africa being their center of origin and diversity, 

Brachiaria species had not been selected for pasture improvement in eastern Africa, when grassland research was 

most active in the 1960s and 1970s (Boonman, 1993). The then available commercial cultivars of B. brizantha, 

B. decumbens, B. ruziziensis and B. humidicola were evaluated in small-plot 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 Signal grass (B. 

ruziziensis, K58321) has been used as a cultivated grass in some areas of Congo (DRC, formerly also Zaïre), Uganda 

and Kenya according to Boonman (1993) review. This nutritious and persistent grass has been in commercial seed 

multiplication since 1960.  

 

Brachiaria improvement in the Americas  

Due to the susceptibility to spittlebug insect pests of B. decumbens in the Americas, CIAT in Colombia and 

EMBRAPA in Brazil initiated breeding programs in the late 1980s (Miles et al.,. 2004). Accessing useful resistance 

genes for cross-breeding 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 available (Miles et 

al., 2004). The first inter-specific hybrids from CIATôs Brachiaria breeding program (cvs. Mulato and Mulato-II) 

were released in the Americas in early and mid-2000s by Grupo Papalotla (Table 1). Since 2012, cv. Cayman ï as a 

plant with higher water-logging tolerance ï has been made commercially available by Grupo Papalotla (Pizarro, 

2013), and the new, relatively taller cv. Cobra that is more suitable for cut-and-carry system will be soon available 

on the market.  

 

Table 1. Commercially available hybrid Brachiaria cultivars  

Cultivar  CIAT ID  Special characteristics  Country, year of 

variety protection 

(first release)  

Reference  

cv. Mulato  CIAT 36061  Spittlebug-resistant, high forage yield 

and nutritive quality, poor seed fill 

Mexico, 2004 

(2001)  

Argel et al., 2007;  

Miles et al., 2004  

cv. Mulato-II  CIAT 36087  Spittlebug-resistant, high forage yield 

and nutritive quality, good seed yield  

Mexico, 2007 

(2005)  

Argel et al., 2007  

cv. Cayman  BR02/1752 Higher tolerance to water logging 

than other hybrids  

Mexico, 2013 

(2012)  

Pizarro, 2013  

 

(cv. Cobra)  BR02/1794 Relatively taller than other hybrids, 

suitable for cut-and-carry  

Mexico, 2013  Pers. comms. E. Stern, 

M. Peters ï cv. name 

not yet official  

 

These interspecific hybrids originate from crosses between three Brachiaria species (B. ruziziensis x B. decumbens x 

B. brizantha) and subsequent screening conducted by CIATôs Tropical Forages Program in Colombia (Argel et al., 

2007). Being apomictic hybrids, these cultivars are true-breeding and will not segregate from 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 hybrid Brachiaria cultivars by receiving first-generation 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. comm.). After expiry of 

protection 15 years from the first sale, according to the International Union for the Protection of New Varieties of 

Plants (UPOV), cultivars will pass into the public domain and no other right may prevent free use. Global variety 

protection 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 Oceania, Asia, and Africa. Commercial seed production of the hybrids at low latitude in 

the tropics has been a major challenge. Therefore, Papalotla transferred seed production of cv. Mulato-II to sites of 

higher latitude (Ó15 °N) in Mexico and Thailand, from where most exports have been realized (Hare et al., 2013). 

This paper reviews research, development and incipient uptake of new hybrid Brachiaria cultivars in Africa to 

document the existing knowledge on their current uses.  

 

Hybrid Brachiaria in Africa  
The first cultivars released from CIATôs breeding program, cv. Mulato and cv. Mulato-II, have likewise been 

researched and distributed in Africa. Seed sales (2001-2013) by Grupo Papalotla/Tropical Seeds to African countries 

(M. Peters pers. comm.) suggest that an area of at least 1,000 ha has been sown to hybrid Brachiaria hitherto. The 

new hybrid Brachiaria cultivars have been distributed since 2001 to Eritrea, Ethiopia, Nigeria, DR Congo, Uganda, 

Rwanda, Burundi, Kenya, Tanzania, Malawi, South Africa and Madagascar according 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 

(ADOPT2 ï see details below), from where the seed is further distributed to participants in Ethiopia and Tanzania. 

Key findings from both on-station and on-farm research and development, emphasizing agro-ecological adaptation 

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

 

Small-scale agronomic and participatory evaluation  

Rwanda. During participatory research with farmers on sites with low rainfall and acidic soils in 2007, among 

various Brachiaria commercial cultivars, released hybrids and advanced lines, cv. Mulato-II was preferred because 

of producing green forage year round without any fertilizer input, high above-ground biomass production, 

palatability, drought tolerance, quick regrowth, persistence, being a perennial and easy for cut-and-carry (Mutimura 
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and Everson, 2012). Therefore, cv. Mulato-II is considered an excellent alternative to traditional Napier grass 

(Pennisetum purpureum) predominantly used in zero-grazed dairy systems of the region. Napier grass, though, has 

been widely suffering from Napier stunt disease (caused by Phytoplasma) and smut that both decrease severely 

herbage production and, thus, put dairy-dependent livelihoods at risk (Khan et al., 2014a). More than 150 individual 

farmers and over four farmer cooperatives are now using cv. Mulato-II as erosion control on contour bunds, 

livestock forage and hay-making for income generation. Currently, >50 ha are planted with cvs. Mulato-II, Marandu 

and Basilisk to multiply planting material to satisfy the high demand in the country (Pizarro et al., 2013).  

 

Kenya. While the Kenya Agricultural Research Institute (KARI) set up small-plot agronomic experiments in several 

KARI research stations across the country in 2011 to compare the performance of cv. Mulato-II with that of 

available local grasses and to assess its agro-ecological adaptation (D. Njarui pers. comm.), currently various 

Brachiaria cultivars are tested, including hybrids, within the new project óClimate-smart Brachiaria grasses for 

improved livestock production in East Africaô (see below). At KARI-Kiboko Research Station, cv. Mulato-II was 

found superior to native range grasses such as buffel (Cenchrus ciliaris) and horsetail grass (Chloris roxburghiana) 

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

quality, especially in terms of high DM digestibility (65%) assessed in 12-week-old plants, whereas crude protein 

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

after sowing, cv. Mulato-II in another rain-fed 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. Mulato 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 (DRC). Both cv. Mulato and Mulato-II were introduced for assessing 

agro-ecological adaptation in Sud-Kivu province. Small plots for agronomic evaluation were established at the 

INERA (Institut National pour l'Etude et la Recherche Agronomiques) Research Station in Mulungu and on farmersô 

fields in Kabare and Walungu ógroupementsô. Cv. Mulato was also evaluated when planted on contour bunds for 

erosion control within CIALCA (Consortium for Improving Agriculture-based Livelihoods in Central Africa) (B.L. 

Maass unpubl.). Unfortunately, the plants became so severely diseased that evaluation was disrupted and plots 

abandoned. Not only symptoms of fungal diseases (e.g., rust ï probably caused by Uromyces setariae-italicae Yosh 

ï and anthracnose) were found, but also of mites (H. Maraite pers. comm.). J. Linné (pers. comm.) explained this 

undue susceptibility of hybrid Brachiaria as a re-encounter phenomenon induced by returning plants (hosts) selected 

under completely distinct biotic challenges back to the speciesô centers of origin and, consequently, center of 

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 Développement (CIRAD) conducted medium-sized 

plot agronomic experiments to compare the performance of cv. Mulato as compared to other Brachiaria species (B. 

brizantha, B. decumbens cv. Basilisk, B. humidicola and B. ruzizensis) (P. Salgado unpubl.). Herbage production of 

cv. Mulato, local B. brizantha and 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. Rahetlah et al. (2012) demonstrated its 

superior herbage production and nutritive value than grass alone when combined with forage groundnut (Arachis 

pintoi). 

 

Systems integration  

Dairy production systems in Uganda. Cv. Mulato was introduced as an alternative to Napier grass, the predominant 

forage for dairy cattle in zero-grazing systems (Kabirizi et al., 2013). After initial on-station and further 

participatory on-farm evaluation in Masaka district, incipient uptake of cv. Mulato took place (Mugerwa et al., 

2012). Demand for cv. Mulato has been increasing since (Kabirizi et al., 2013). Mainly in smallholder dairy 

systems, cv. Mulato is being used for cut-and-carry together with legumes like Clitoria ternatea or Centrosema 

molle (Kabirizi et al., 2013). Cv. Mulato along with other grasses like B. brizantha cv. Toledo is now being 

promoted by NGOs such as óSend a Cowô (Kato, 2011). It is recommended to feed drought-tolerant cv. Mulato with 

a forage legume during the dry season, when Napier grass mono-crops are disadvantaged due to drought, Napier 

stunt disease and/or poor agronomic practices (Kabirizi et al., 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 agro-business opportunities, especially for women. In the more sub-humid 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 push-pull-system in Kenya, Tanzania and Ethiopia 
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The largest uptake of hybrid Brachiaria cv. Mulato-II is currently taking place in eastern Africa, where the grass is 

used as a trap plant in the push-pull system that helps control maize stem borers and the parasitic weed, Striga 

hermonthica (Khan et al., 2014b). The push-pull-system has been developed and promoted by the International 

Centre of Insect Physiology and Ecology (icipe) (Khan et al,. 2014b). This smart technology successfully harnesses 

agro-biodiversity for improving productivity of cereal crops while providing fodder for livestock. Initially, its 

components included Napier grass and Silverleaf desmodium (Desmodium uncinatum). Yet, on the systemsô limit to 

semi-arid lands (500-700 mm rainfall p.a.), cv. Mulato-II has been identified as a new trap crop together with 

Greenleaf desmodium (D. intortum) as the intercrop; both are currently being disseminated. These two components 

are more drought-tolerant than the traditional ones. In addition, cv. Mulato-II seems 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 cv. Mulato-II (C. 

Midega unpubl.). Farmers in Kenya 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. Mulato-II over 

Napier grass for several reasons: it is drought-tolerant, highly palatable and nutritious for livestock, easier to handle 

as cut-and-carry and for making hay to be used during the dry season. As the push-pull-system has been developed 

to control maize stem borer, thus far little attention has been paid to the possible importance of livestock production 

improvements for the uptake and further spread of the technology.  

Conservation agriculture and dairy systems in Madagascar: In Madagascar, cv. Mulato has been tested since 2008 

for soil structure improvement, high biomass production 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 are not easily 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 small-scale dairy farmers. It is mainly grown for green forage production under cut-and-carry systems 

during the warm and rainy season extending from November to April.  

Research and development of new hybrid Brachiaria for Africa: Despite all the enthusiasm and demand in the 

region, cv. Mulato-II seed is not yet available on the African market, except for experimental purposes. Therefore, 

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 (BecA)-ILRI Hub that, among 

other outputs, focuses on integrating improved Brachiaria grasses into smallholder mixed crop-livestock systems, 

while considering climate-relevant effects on the environment (Djikeng et al., 2014), will most likely push further 

the adoption of hybrid Brachiaria in the region.  

 

Outlook  
Apparently, hybrid Brachiaria 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 for release (Pizarro et 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 maximize 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 mixed crop-livestock systems; agronomy of 

system-integration; assessing the socio-ecological niche ï considering gender and economics, and adoptability by 

smallholder farmers);  

Upcoming research needs (e.g., dealing with biotic challenges like red spider mite, sorghum shoot fly, fungal 

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 cultivars into different 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 a semi-arid 

environment and Mvomero district with a sub- humid 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 small-scale farmers in the two districts. Kid body weights and mortality were 

recorded in 65 kids who were born. Kid birth weight of Norwegian crosses (3.07 ± 0.13 kg) and Toggenburg crosses 

(2.91 Ñ 0.14) were not significantly different (P ι 0.05).  The growth rate of Norwegian crossbred kids from birth to 

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). Norwegian crosses had higher mean EPG (211.78 ± 0.02) and lower PCV (23.93 

± 0.96%) than the Toggenburg crosses (129.51 ± 0.02 EPG and 26.71 ± 0.99% PCV). It is concluded that the 

Toggenburg crosses are relatively better suited to the smallholder production environments in rural areas compared 

to the Norwegian crosses.  

 

Keywords: Dairy goats, Growth 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 developing countries (Devendra, 2013). In 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 Toggenburg 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 promoted in 1980s 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 impact on their income, 

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 done to 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 semi-arid environment and Mvomero district with a sub- humid 

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 district, Morogoro region. Kongwa district is located between latitude 5Á30ô 

and 6Á0ô south and longitude 36Á 15ô and 36Á east. The district is found in semi-arid areas and has annual rainfall 

ranging from 400 to 800 mm and temperatures that vary from 18 to 34°C. Mvomero district is located in sub-humid 

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 procedure 

mailto:chenyasw@yahoo.com
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A total of 29, 28, 21 and 29 small-scale farmers from Kunke, Wami-Luhindo, Ihanda and Masinyeti villages (107 in 

total) were trained on improved goat husbandry practices, including feeding system, housing, feeds and feed 

compounding, breeding, health management and record keeping. After the training, each farmer constructed a raised 

slated goat house using locally available materials. A total of 72 Norwegian crosses (65 females, 7 males) and 57 

Toggenburg crosses (52 females, 5 males) were distributed to the 107 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 (75% Toggenburg blood 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 animals were ear-tagged 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 (Ivomec®) to control endoparasites and sprayed with acaricides to control ectoparasites. All goats 

were kept indoors under zero grazing and managed according to individual farmerôs conditions. Each farmer 

observed heat signs for the female goat, if the animal was found to be in heat it was taken to 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 distributed 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, monthly weights, 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 weights of the 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 nematode infection was monitored in all animals from June 2012 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 a separate 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 4°C until analysis. The presence of gastrointestinal nematode 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 (500 - 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 concentration (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 differ (P ι 0.05) between the breeds, but differed among the villages. On 

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 production. The 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 (Jackson et al., 2014) and Meru, Kenya (Ahuya et 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 (Safari et al., 2008). The 

difference between the current 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 lactations. The 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 are highland areas with cool 

temperature and adequate rainfall; hence, their climatic conditions could be more favourable for raising dairy goats 

compared to the semi-arid condition in the research villages. Lactation length was not significantly (P ι 0.05) 

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 Ahuya et al. (2003) in Toggernburg breed 
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and 10 and 8 months observed by Safari et al. (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 of dairy goats  

Factor  Lactation period 

(days) 

Mean daily milk 

yield (litre/day) 

Milk production per 

lactation period 

(litre) 

Breed     

Norwegian (n = 21)   103.87 ± 11.45a 0.64 ± 0.09a 82.32 ± 11.78a 

Toggenburg (n = 25)  104.12 ± 9.55a 0.81± 0.08a 104.58 ± 9.83a 

P ι F   0.9865  0.1504 0.1565  

Village     

Ihanda        (n = 12)  73.08±10.76b 0.50±0.09b 36.1 ±11.1b 

Masinyeti  (n =23)  93.23±6.40b 0.66±0.05b 62.9±6.59b 

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

Wami-Luhindo (n =4)  186.50±21.52a 1.29±0.16a 239.8±22.1a 

P ι F  0.0003 0.0014 0.0001 
a,b The means with different letters in the same column within the same factor differ significantly (P Ò 0.05). 

 

Table 2 shows the growth performance of Toggenburg and Norwegian crossbred kids in the research villages. 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 ι 0.05) from that of twins. Similarly, the overall growth rate of singles 

was not significantly (P ι 0.05) higher than that of twins. The mean birth weight of Norwegian kids was slightly 

higher compared to that of Toggernburg, but not significantly different (P ι 0.05). However, the growth rate of 

Norwegian kids from birth to one year of age was significantly lower (P Ò 0.05) than that of Toggenburg kids. The 

average birth weight of male and female kids did not differ significantly (P ι 0.05), but in terms of growth 

performance for the first 90 days, male kids had higher (P Ò 0.01) growth rate than female kids. The average birth 

weight and growth rate of Toggenburg kids are lower compared to the birth weight of 3.2 ï 3.6 kg and growth rate 

of 104 ï 127 g/day reported in Meru, Kenya (Ahuya et al., 2003). For the Norwegian goats, the mean birth weight 

observed in the present study is slightly higher that that reported in Mgeta (2.5 ï 2.8 kg) (Safari et al., 2008), but the 

kid growth rate is lower than the growth rate of 65 ï 118 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 

days (g/d) 

Growth rate to 

180 days (g/d) 

Overall growth 

rate (g/d) 

Breed     

Norwegian(n = 33) 3.07 ± 0.13 114.40a±6.81 24.22b±11.55 54.26±4.33 

Toggenburg(n = 32) 2.91 ± 0.14 89.88b±7.02 71.97a±11.71 61.50±4.38 

P ι 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 59.04a±4.16 

Kunke (n = 10) 3.22 ± 0.20 113.70±10.18 7.11±17.94 43.85b±7.24 

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

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

P ι F 0.4777 0.4885 0.0122 0.0426 

Sex     

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

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

P ι 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 94.32±8.02 37.41±13.15 54.92±4.34 

P ι F 0.5002 0.0699 0.1349 0.2851 
a,b The means with different letters in the same column within the same factor differ significantly (P Ò 0.05). 

 

The effect of breed and location on gastrointestinal nematode infection is shown in Table 3. Breed had no significant 

effects (P ι 0.05) on EPG and HB, but significantly influenced (P Ò 0.05) PCV. The Norwegian crosses had slightly 

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 crossbred 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 other studies (Costa et 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 local conditions and 

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).  However, 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 observed in the research villages are lower 

than the mortality rate of 17 ï 33% 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  

 

 

Conclusions 
 

The study has revealed that the Toggenburg goats produce 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 villages areas are relatively low. Therefore, there is a 

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

 

 

Acknowledgement 
 

This research was supported with a grant from the International Development Research Centre (IDRC), Ottawa, 

Canada, and the Canadian International Development Agency (CIDA). We are grateful for the cooperation and 

assistance provided by the farmers and extension officers in the research villages.  

 

 

References 
 

Ahuya, C.O., Okeyo, A.M., Mosi, R.O. and Murithi, F.M. (2003). Growth, survival and milk production of 

Toggenburg goats and their crosses with East African and Galla goat breeds on the Eastern slope of Mount 

Kenya. Paper presented at LPP International workshop on small ruminant research and dissemination, 3rd ï 

7th March 2003, Embu, Kenya.  

Costa, C.A.F., Vieira, L.da S., Berne, M.E.A., Silva, M.U.D., Guidoni, A.L., and Figueiredo, E.A.P. (2000). 

Variability of resistance in goats infected with Haemonchus contortus in Brazil. Veterinary Parasitology 

88: 153-158. 

Das, S.M. and Sendalo, D.S.C. (1991). Small Ruminant Research Highlights in Tanzania. Ministry of Agriculture, 

Livestock development and co-operatives. pp 33. 

Devendra, C. (2013). Investments on pro-poor development projects on goats: Ensuring success for improved 

livelihoods. Asian-Australasian Journal of Animal Science 26(1): 1ï18. 

De Vries, J. (2008). Goats for the poor: Some keys to successful promotion of goat production among the poor. 

Small Ruminant Research 77: 221ï224. 

Factor Factor 
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 ± 0.41 24.79 ± 1.16 13.8  

Wami-Luhindo 246.46 ± 0.06 7.02 ± 0.62 26.58 ± 1.75 18.18  

P ι F 0.6776 0.3630 0.5706 0.2931  

Breed     

Norwegian 211.78 ± 0.02 6.91 ± 0.34 23.93b ± 0.96 16.5 

Toggenburg 129.51 ± 0.02 7.09 ± 0.35 26.71a ± 0.99 19.4  

P ι F 0.2638 0.5856 0.0023 0.3326 



32 
 

Hansen, J. and Perry, B. (1994). The Epidemiology, Diagnosis and Control of Helminth Parasites of Ruminants, 2nd 

Edition. ILRAD, Nairobi, Kenya  

Jackson, M., Chenyambuga, S.W., Ndemanisho, E.E. and Komwihangilo, D.M. (2014). Production performance of 

Toggenburg dairy goats in semi-arid and sub-humid areas of Tanzania. Livestock Research for Rural 

Development, 26, Article #30. Retrieved February 4, 2014, from 

http://www.lrrd.org/lrrd26/2/jack26030.htm 

Mruttu, H.A. (2001). A study on reproductive traits and effect of parent phenotype on post-weaning performance of 

goat kids. MSc. Dissertation, Sokoine University of Agriculture, Morogoro, Tanzania. 

Safari, J., Mtenga, L.A., Eik, L.O., Sundstøl, F. and Johnsen, F.H. (2008). Analysis of three goat production systems 

and their contribution to food security in semiarid areas of Morogoro, Tanzania. Livestock Research for 

Rural Development, 20 (5). [http://www.lrrd.org/lrrd20/5/safa20074.htm] visited on 20 March 2012 

 

 

Nutritional attributes and gas production of silages from two forages inoculated with 

locally-derived substrates for smallholder setting 
 

G.R. Matshaba, K.Tshireletso,  M.D. Legodimo, M. Moshakga, F. Nemark, O.R. Madibela*  

Department of Animal Science and Production, Botswana College of Agriculture, P/Bag 0027, Gaborone, Botswana 

 

*Correspondence: othusitsem@yahoo.com 

 

 
Abstract 
Smallholder dairy farmers are challenged with feeding their cows. Silage is a world-wide recognized method of 

preserving fodder. Also feed additives may be necessary to attain 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 crops common 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 (Mel) (citrullus vulgaris) or 

no additive (control; Co) resulting in the following treatments; MaMol, MaChi, MaMel, MaCo, MiMol, MiChi, 

MiMel and MiCo. Silages were tested for dry matter (DM), ash, crude protein (CP), fibre 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 89.5 g/kg) and 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 4.1 and 4.0 respectively 

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/kg) 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 was 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 treatment (NDF 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 MaMol (226.5 g/kg) 

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 tended (P = 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). Addition of additives 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, Digestibility, Gas production, Maize, Millet, Silage 
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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 forage crops for 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 can be used for silage making. 

Sorghum is more tolerant to drought compared to maize (Ambula et al., 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). Pearl 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 (Levital et al., 2009). Therefore crops adapted to arid environments 

such as sorghum and millet should be considered for silage making by smallholder farmers. However, crops 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 develop high fibre 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 available, it will be out of 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 traditional 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 and sun-dried to increase shelf life. This product is 

hypothesized by the present authors to have high 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 and melon as 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 in the field under 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 (without additive) for each 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 compacted into one litre plastic bags. Sun-cured 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 a warm cool 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 100g sample was placed 

in an oven at 70oC 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) and neutral detergent fibre (NDF) were analysed using ANKOM220 fiber analyser (AOAC, 

1996) using reagents suggested by van Soest et al. (1991).  For ash weighed samples were burned in a muffle 

furnace at 550oC for four hours. Digestibility was determined by incubating silage samples in 100ml syringes 

(150ml) according to Menke and Steingass (1988) modified by weighing the samples in a multi-layered 

polyethylene cloth bags, (F57 filter bags: ANKOM, Technology Crop). The rumen fluid was from steers fed with 

maize silage. 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 for 60 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 McDonald et al. (2011); ME (MJ/kg DM) =DOMD (g/kg DM) × 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 SAS Statistical 

package (SAS, 2002-2008) 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 at significant at pÒ0.05 and are reported as least square means Ñ standard deviation. 

 

 
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 (Table 1). Ash 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, 101.5 and 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 improves crude protein of sorghum grains. Beer making to get Chibuku is 

a result of alcoholic fermentation by a fermenting yeast Saccharomyces cerevisiae (Togo et al., 2002). Yeast 

(Saccharomyces cerevisiae) is widely used in diets for dairy cows (Bruno et al., 2009) to shift ruminal microbial 

population (Ghasemi et al., 2012) and to promote health (Bruno et al., 2009). Therefore the addition of chibuku, 

which is local product, into silages may result in these beneficial effects. 

 

The NDF of silage from MiCo had the 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 MaChi 

(261g/kg) was not significantly different (P>0.05) from that of MaCo (260g/kg). MaMel 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 Boever et al. (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 (Kolver et al., 2000 as cited by 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 Kolver et al. (2001). Forage crops are best preserved within an 

oxygen-free (anaerobic) environment with a low pH (3.8-4.5). According to McDonald et al. (2002) silage with a 

pH range of 3.8 to 4.2 is considered well preserved, an observation made in the present study.  Kolver et al. (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 melon resulting in lower pH values. This indicate that local additives 

such chibuku or melon could be a potential additives in silage making. Togo et al. (2002) noted that there is 

spontaneous lactic acid fermentation during 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 there is enough LAB for the efficient fermentation of 

forages during ensiling, bacterial inoculants comprising mainly LAB are used (Nkosi et al., 2011). Therefore, 

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

 

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 (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 Kolver et al. (2001). Forage crops are best preserved within an oxygen-free (anaerobic) 

environment with a low pH (3.8-4.5). According to McDonald et al. (2002) silage with a pH range of 3.8 to 4.2 is 

considered well preserved, an observation made in the present study.  Kolver et al. (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). 
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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 melon resulting in lower pH values. This indicate that local additives such chibuku or 

melon could be a potential additives in silage making. Togo et al. (2002) noted that there is spontaneous lactic acid 

fermentation during 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 there is enough LAB for the efficient fermentation of forages during 

ensiling, bacterial inoculants comprising mainly LAB are used (Nkosi et al., 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 ±standard deviation of chemical composition, in vitro dry matter digestibility (g/kg DM), 48hrs gas production (ml/200mg), ME (MJ/kg DM) and pH 

of maize and millet silage treated with sun dried melon, chibuku and molasses after 21 days. 

 

 

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 detergent fiber; DMD = dry matter digestibility; ME = metabolizable energy;  NS=P>0.05; * = 

*=P<0.05; ** = P<0.01; ***=P<0.001 

Treatments DM ASH CP NDF ADF pH 
Gas DMD ME  

Maize/melon  236cb 29c 98b 273.5ab 182.5abc 4.2c 42.5a 

 
 

81.6bc 

 

 

12.7bcd 

 

 

Millet/melon  453.5a 38cb 84c 241.5cd 131.5d 4.1c 42.5a 

 

80.4cd 

 

12.7bc 

 

Maize/molasses 261b 133a 108b 226.5d 161.5bc 3.9bc 35c 

 

83.5a 

 

12.4ab 

 

Millet/ molasses 427a 43.5b 83.5c 295a 205a 4.8a 40abc 

 

78.9d 

 

13.1cde 

 

Millet/chibuku 439a 36.5cb 101.5b 298.5a 171bc 4.5a 22.5ab 

 

82.6ab 

 

12.9a 

 

Maize/chibuku 235.5cb 25.5c 126a 261bc 160c 3.7b 32.5abc 

 

80.2cd 

 

12.6e 

 

Millet/control  213c 11d 89.2c 305bc 185ab 4.4b 25bc 

 

75.1e 

 

11.8f 

 

Maize/control 200.5c 28c 99.5b 260a 162bc 4.2bc 37.5abc 

 

80.4cd 

 

12.5de 

 

Std Dev 107.54 36.58 13.85 28.79 22.21 0.33 8.84 

 

2.56 

 

0.37 

 

Additive effect **  *  ***  NS NS *  NS 

 

*  

 

NS 

 

Forage effect ***  NS ***  *  NS ***  NS 

 

NS 

 

NS 

 

Treatment effect ***  ***  ***  **  **  ***  NS 

 

***  

 

***  
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The present results show no effects of treatment, none of forage or additive in gas production by silages. 

However, MiChi and MiCo produced the least 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 degradation (Karabulut et al., 2007). The 

more fermentable carbohydrate available for the micro-organisms 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 

because 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% respectively). 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 for silages according 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 can  be used as alternative 

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

silage. 

 

 
References 
 

Ambula, M.K., Odulo, G.W. and Tuitoek, J.K. (2001). Effects of sorghum tannins, a tannin binder 

(Polyvinylprrolidone) and sorghum inclusion level on the performance of broiler chicks. Asian-

Australasian Journal of Animal Science 14: 1276-1281. 

Bruno, R.S.G., Rutigliano R.L., Cerri P.H., Robbinson H. and Santo J.E.P. (2009). Effect of feed Saccharomyces 

Cerevisiae on performance of dairy cows during summer heat stress. Animal Feed Science and 

Technology 150: 175-186. 

De Boever J.L., Cottyn B., De Brabander, D.L., Vanacker, J.M. and Boucque, C.V. (1996). Prediction of the 

feeding value of grass silages by chemical parameters, in vitro digestibility and near infrared reflectance 

spectroscopy. Animal Feed Science and Technology 60: 103-115. 

Food and Agriculture Organisation (FAO) and International Crops Research Institute for Semi-arid tropics 

(ICRISAT) (1996). The world sorghum and millet economies; facts, trends and outlook. FAO and 

ICRISAT; pp 5-25. 

Ghasemi S., Naserian A.A., Valizaden R., Vakili A.R., Behga M., Tahmasebi A.M. and Ghovvati S. (2012). 

Partial and total substitution of alfalfa hay by Pistachio by product modulated the counts of selected 

cellulotyc ruminal bacteria attached to alfalfa hay in sheep. Livestock Science 150: 342-348. 

Iranha, P. (2011). Silage and Silage Additives. http://www.articlesbase.com/agriculture-articles/silage-silage-

additives-4641907.html 

Karabulut, A., Canbolat, O., Kalkan, H., Gurbuzol, F., Sucu, E. and Filya, I. (2007) Comparison of in vitro gas 

production, metabolisable energy, organic matter digestibility and microbial protein production of some 

legume hays. Asian-Australasian Journal of Animal Science 20: 517-522. 

Kolver, E.S., Roche, J.R., Miller, D. and Densley, R. (2001). Maize Silage for Dairy Cows. Proceedings of the 

New Zealand Grassland Association 63: 195-201. 

Legodimo, M.D. and Madibela, O.R. (2013) Effect of sorghum variety on chemical composition and in vitro 

digestibility of malted grains from Botswana. Botswana Journal of Agriculture and Applied Sciences  9: 

104-108. 

Levital, T., Mustafa, A.F., Seguin, P. and Lefebvre, G. (2009). Effects of a propionic acid-based additive on 

short-term ensiling characteristics of whole plant maize and on dairy cow performance. Animal Feed 

Science and Technology 152: 21-32. 

Menke, K.H. and Steingass, H. (1988). Estimation of the energetic feed value obtained from chemical analysis 

and in vitro rumen fluid. Animal Research and Development 28: 7ï55. 

van Soest, P.J., Robertson, J.B. and Lewis, B.A., (1991). Methods for dietary fiber, neutral detergent fiber, and 

nonstarch polysaccharides in relation to animal nutrition. Journal of Dairy Science 74: 3583ï3597. 

McDonald P., Edwards R.A., Greenhalgh J.F.D., Morgan C. A.and Sinclar L.A. (2011). Animal Nutrition. 7th 

Ed. Pearson. London 

McDonald P., Edwards R.A., Greenhalgh J.F.D., Morgan C.A. and Sinclar L.A. (2002). Animal Nutrition. 6th 

Ed. Pearson. London 



38 
 

Nkosi, B.D. and Meeske, R. (2010) Effects of whey and molasses as silage additives on potato hash silage 

quality and growth performance of lambs. South African Journal of Animal Science 40: 229-237.  

Togo, C.A., Feresu, S.B. and Mutukumira, A.N. (2002). Identification of lactic acid bacteria isolated from opage 

beer (Chibuku) from potential use as a starter culture. The Journal of Food Technology in Africa 7: 93-

97. 

 

 

Trends and risks associated with erosion of Sahiwal cattle genetic resources 

 
D.N. Kamiti1, A.K. Kahi1, R.C. Bett2, E.D. Ilatsia3* 
 

1Department of Animal Sciences, Egerton University, P.O. Box 536, 20115 Egerton, Kenya, 2Department of 

Animal Production, University of Nairobi, P.O. Box 30197, 00100 Nairobi, 3Kenya Agricultural Research 

Institute, P.O. Box 25, 20117 Naivasha, Kenya,  

 

*Correspondence: Evansilatsia@yahoo.com 

 

 

Abstract 
With continuous crossbreeding and selection, the Kenya Sahiwal cattle face the risk of losing their genetic 

diversity and purity. The objective of this study was to quantify the level of genetic diversity within the breed by 

evaluating and monitoring the trends of pedigree depth, amount of inbreeding, effective population size, and the 

additive genetic relationships through pedigree analysis. Pedigree data from National Sahiwal Stud and Kenya 

Stud Book were combined and analyzed using POPREP software package. The maximum number of discrete 

generation equivalents traced was 6.41 while the average was 2.46. The average annual level of inbreeding was 

0.66% for all animals and 5.24% for inbred animals. Average annual inbreeding level for the entire breed 

increased at 0.025% per annum. The effective population size of the breed was lower than that proposed to avoid 

extinction in long term and showed a gradual decline over time. The average AGR in the whole population was 

0.0087. The breed was found to be losing genetic diversity over time, showing that the Sahiwal genetic resources 

may be lost over a short evolutionary timescale. 

 

Keywords: Conservation, Genetic diversity, Pedigree 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 (Anderson, 2003). They provide meat, milk, eggs, draft power, 

manure and other resources for economic development (FAO, 2011). Over the past years, available AnGR have 

declined considerably due to changes in production systems, loss of rangeland grazing resources, natural 

calamities, disease outbreaks, inappropriate breeding policies and practices, and the failure to assess the 

sustainability of farming practices (FAO, 2007). 

 

Considering their importance, the continuing loss of AnGR would compromise efforts to achieve food security 

and rural development. An important aspect of AnGR is their genetic diversity (within-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 deserts and 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 (FAO, 2007). 

 

The status of genetic diversity within a given population needs to be assessed because its understanding ensures 

sustainable use and development of AnGR (Barker, 2001; Fernandez et al., 2001). The current study aimed to 

assess the status and monitor trend of genetic diversity within the Sahiwal breed by quantifying the depth of 

known pedigree, amount of inbreeding, effective population size (Ne), and average relatedness (AR) based on 

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

Data source 

Pedigree data collected from the NSS were complemented by additional records from the Kenya Stud Book 

(KSB). The pedigree files consisted of unique identification of each animal, indicating the sire, dam, birth date 

and sex. Pedigree file was converted from Microsoft Office Excel to American Standard Code for Information 

Interchange and then uploaded to http://popreport.tzv.fal.de web portal.  

 

Data analysis 

After computations of genetic diversity parameters, a typeset report was generated containing definition, 

computation and meaning of the parameters (Groeneveld, et al., 2009). To assess the quality of the pedigree data 

used to estimate inbreeding and relatedness, a measure of pedigree completeness was calculated on a per year 

basis, as described by MacCluer et al. (1983). Inbreeding coefficients (F) for each animal in the pedigree were 

computed using the algorithm of Meuwissen and Luo (1992) in the POPREP software package. Average annual 

F was computed from 1960 to 2008 while the rate of inbreeding was estimated by the method described by 

Falconer and Mackay (1996). The number of inbred animals was quantified and expressed as percentage 

according 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 to 2008. The effective 

population size (Ne) was calculated using two methods: (1) Ne based on the rate of inbreeding, (2) Ne based on 

the number of parents (Falconer and Mackay, 1996). Average relatedness (AR) within and between groups was 

computed using CFC computer program following the efficient indirect method of Colleau (2002). Average 

additive genetic relationship (AGR) was computed using the PEDIG Fortran Package (Boichard, 2002). 

 

 
Results and discussion 
 

Pedigree Completeness decreased with generations 

Pedigree completeness is the extent to which an individualôs ancestry is known to some defined generation in the 

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 individualôs ancestry, the higher the pedigree completeness and the more 

reliable is its estimate of inbreeding level (MacCluer et al., 1983). Pedigree completeness for animals born in the 

last ten years decreased with increase in generation depth from 1st to 6th generation, implying that animals in 

older generations 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: 

1st generation 

2nd generation 

3rd generation 

4th generation 

5th generation 

6th generation 

 

75.7 

73.8 

69.9 

64.7 

58.3 

51.4 

Longest ancestral path traced 16 

Maximum generation equivalents 6.41 

Average generation 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 equivalents (Gutiérrez et al., 2003). Therefore, the breed has a 

reasonable pedigree depth and completeness level for assessment of inbreeding and average relatedness. 

 

High level of inbreeding within Sahiwal populations 

The total number of inbred animals recorded annually increased over time from one animal in 1960 to 221 

animals 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%) animals in the entire population were inbred, 

http://popreport.tzv.fal.de/
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with the number of inbred animals increasing at a rate of 17.2% per annum. There was a steady decrease in the 

average F of inbred animals but the average F of the entire breed population showed a gradual increase over 

time. The average annual level of inbreeding was 0.66% for all animals and 5.24% for inbred animals. Large 

variation between inbreeding level of all animals and inbred animals suggest presence of highly inbred animals 

within the breed. On average, sires had a higher inbreeding level than dams i.e. 0.80% vs 0.69%. Inbreeding 

level of the 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%. A wide range of inbreeding level was reported in the breed with about 87.24% 

of the inbred animals having 0 %<FÒ5% while 0.26% had 25%<F Ò30%. Regression of the rate of inbreeding 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 generation for the breed (P<0.05). Rate of inbreeding for 

inbred animals decreased at -0.0012% 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 choice. Inbreeding 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 implemented on time. 

 

Effective population size 

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

number of parents ranged between 31 and 184 with a mean of 32 animals. Regression of Ne on year of birth of 

the registered animals showed a decline in Ne when both methods were considered. The rate of decline was 

faster when Ne was estimated using the number of parents. This was mainly because of slow replacement rate of 

breeding animals and failure to recruit more individuals particularly males into the breeding herd. The reduction 

of Ne in 2008 is largely attributed to intensive use of only a few prominent sires (8 sires) for breeding since the 

number of sires used for breeding is expected to have more effect on Ne than the dams (Moriya et 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, 

therefore 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, 1996). The 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 individuals 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 founders. The higher AR 

of males suggested that some males were overused and indicated that inbreeding may increase unless the 

breeding program is changed. Founders of this breed are under-represented (Goyache et al., 2003; Gutierrez et 

al., 2003). The average additive genetic relationships (AGR) of the whole population was about 0.87%. The rate 

of change of the AGR (æf) between 1963 and 2008 for the Kenya Sahiwal breed was 0.04% per year resulting in 

a æf per generation of 0.3%. The AGR of the breed remained lower than the inbreeding level before 1988 

indicating wider use of within herd mating. After 1988, 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 

inbreeding depression. For long-term maintenance of genetic diversity and dynamics of the breed, there is need 

for minimization of the increasing genetic relationships between individuals. Conservation of the Sahiwal 

genetic diversity requires re-optimization, as with 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 forest agro-

ecological zones, a household baseline survey was carried out in a total of 500 households randomly chosen. It 

appears that cavy culture is a women (> 60%) and youth (>12%) driven livestock production system for both 

regions. The main motives are consumption (62%), income generation (32%) and manure (18%). The majority 

of actors are smallholders, more or less organized, with flock size varying from 3 to >500, with a mean of 16 per 
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farmer. Average adult cavy live weight was 620g (Ñ35). The most common production technique was ókitchen 

free roamingô, with only few caging. A total of 475 cavy biodata samples were collected to estimate the genetic 

variability using 13 microsatellites markers. Inbreeding was a real challenge in all study sites (Fis = 0.32852). 

Cameroonôs cavy populations demonstrated four putative subpopulations with a wide range of variation, and 

very distant to 2 other country types. Genetic potential and breeding-related constraints were identified in all the 

zones. Traits of importance from farmersô views were growth, adaptability and fecundity. There is need for a 

well designed and comprehensive national breeding program for cavies, and 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.  

 

Keywords. Cameroon, Domestic 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 (Dikko et al., 2009; Lammers et al., 2009). The potential 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 (Sportono et al., 2004). The aim of our study was respectively to assess the cavy 

production systems and cavy populationsô genetic variability in Cameroon.   

 

 

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 SPSS 18.0. 

Genomic DNA was extracted from 475 FTA cards collected from non related cavy individuals. Following 

Sportono et al., (2004) procedure genetic variability was evaluated using 13 cavy microsatellites and data 

processed under GenAlex 6.0. Native populations were genetically compared to some cavies populations from 

Colombia, Cote dôIvoire and DRC. 

 

 

Results  
 

It appears from our findings (not shown) that cavy keeping is a women (> 60%) and youth (>12%) driven 

livestock production system. As displayed in table 1 here below, the main motives are consumption (62%), 

income generation (32%) and manure (18%). 

 

 

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 of 16 per 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 systems     Frequency Percentage 

Kitchen free roaming and cavies fed with fresh harvested forage         7   1.9 

Kitchen free roaming and cavies fed with fresh harvested forage 

and kitchen wastes 

     340 91.4 
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Kitchen free roaming and cavies fed with fresh legumes and forage         4   1.1 

Total kitchen free roaming       21    5.6 

Total      372 100 

 

The most common production technique was ókitchen free roamingô, with only few caging. Total penning was 

very scarce in general. High mortalities were noted in 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 in all study sites 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 

genetic types (data not shown). 

 

 

 
Figure 1. Four countries Cavy populationsô phylogenetic relationships   

 

 

Discussion, conclusion and implications 
 

Production systems we described in our findings were identified earlier (Manjeli et al., 1998) as traditional 

guinea pig management system. Most of challenges were also those found by Dikko et al. (2009) in Nigeria. The 

opportunities for better cavy keeping development were discussed by Niba et al. (2012) and are being unraveled 

by our study. Genetic variability and population segregation could have been caused by isolation or introduction 

of foreign ñbloodò into local genepool (Niba et al., 2012). There have been some private initiatives to distribute 

heavy Central America breeds in order to improve the live body weight of 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 to 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 porcellus) has high potential as alternative and rapid access to food and income in 

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 markets by small-scale 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 where women inevitably became the majority.  

This gave them a voice and space for leadership. Women constitute 73.4% of those who had planted forages for 

cavies by March 2014. Cavies have ready market within production neighborhoods and have short value chains. 

This makes 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 unlikely), under the current low-input 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 feeding and feeds, right housing and 

mailto:w.chiuri@cgiar.org
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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 agriculture has given substantial attention to African Women within small-scale 

farming households, where they provide the bulk of the labour required both for cash and food crops.  They are 

also in charge of household welfare, health, and food and nutrition security.  They meet these obligations with 

limited access to and control of production assets, services and information.  Hence, the sub-Saharan agricultural 

sector is underperforming because women do not have equal access to resources and opportunities that they need 

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 differences, use of small livestock is imperative. Thornton et al. (2003) estimated 

that 600 million small livestock keepers are women from developing countries.  According to Kristjanson et al. 

(2010), it is easier for many women in developing economies ñéto acquire livestock assets, whether through 

inheritance, markets or collective action processes, than it is for them to purchase land or other physical assets or 

to control other financial assetsò.  This means that, womenôs ownership of small livestock may be a faster route 

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

 

 

Methodology and Site Selection  
 

After the commissioning of Sud-Kivu Provincial Cavy Innovation Platform, a baseline survey was conducted 

with a sample 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 sub-Innovation Platforms (sub-IPs) in three territories (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) (Figure 1). An IP is defined as óa space 

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 problems, identify opportunities and find ways to achieve goals (Homann-Kee 

Tui et al., 2013). 

 

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

 

In South Kivu Province, we have two layers of innovation platforms; the provincial platform, which is the 

official platform with a wide variety of stakeholders, and village-level sub-platforms, which are composed of 

farmersô and tradersô associations.  These sub-IPs are in four sites selected after the baseline study and they are 

the forums which propose the agenda for the required research activities and other interventions depending on 
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the farmers/traders/consumersô felt needs, problems and opportunities.  Members participate in information 

gathering that is then shared with the rest of the group and with the provincial IP if necessary. 

 

 

Results and discussions 
 

Innovation Platform  

The cavy project was designed to use the IAR4D approach.  Therefore, at the onset of the project, a Sud-Kivu 

Cavy Provincial Innovation Platform (IP) was established and commissioned on 2nd-5th 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.  Four sub-IPs exist in Kalehe, Kabare, Kamanyola and Tubimbi. 

Each sub-IP has a management committee assisted by sub-committees (commissions) to handle, (i) Market; (ii) 

Monitoring & Evaluation; (iii) Technical; and (iv) Credit (Table 1).   Women are inevitably the majority and 

they are very active.  This gives them a voice and space for leadership. 

 

Table 1: Women/men in leadership  

S-IP Committee S-IP 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 shows, 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 sites; Kamanyola and Tubimbi which were conducted in June 

2014 where they took most positions. Sud-Kivu provincial Cavy IP meets thrice annually while the sub-IPs meet 

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

 

Table 2: Attendance list July 2013 - June 2014  

Gender  
2013   2014 

Jul Aug Sept Oct Nov Dec    Jan Feb Mar Apr May Jun 

Women 

11

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 these sub-IPs are registered with the provincial government.  

 

Savings and Credit 

After the sub-IPs 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 














































































































































































































































































































































































































































































































































































































































































