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Executive Summary

Livestock production plays an important role in the Kenyan economy, contributing 3.5% of the total GDP and 14% of agricultural GDP. Within the livestock sector, dairy products contribute 30% of the livestock GDP and 22% of livestock gross marketed products. The industry is also a major employer, employing about 841,000 people at farm level and providing further employment opportunities in the formal and informal milk value chains. The industry also contributes to nutritional well being of many households who consume various dairy products.

Most dairy activities are concentrated in the high- to medium-altitude areas of the country which are mostly found in Rift Valley and Central Kenya. Rift Valley has by far the largest number of dairy cows in total while Central Kenya has the highest concentration of dairy cattle per square kilometer. Besides Central and Rift Valley, there are other parts of the country that have witnessed limited dairy activities even though they have nearly the same climatic condition and potential for dairy farming. Some of the regions that can benefit from experiences in Central and Rift Valley are the high potential areas of Western Kenya.

In spite of the crucial role of dairy in the Kenyan economy and the huge potential for further growth, productivity in the industry is constrained by unreliable breeding services, inadequate feed/fodder supply at farm level, poor quality of feeds, unreliable livestock health service, poor physical infrastructure and inefficient market system among others. In light of these limitations, several technologies and/or interventions have been developed and disseminated across the industry. Some of these technologies have been adopted by farmers with significant impacts on dairy productivity while others have failed to take off. In this study, we document technologies that have been disseminated across the dairy value chain in order to draw lessons for further development and dissemination of appropriate technologies for Western Kenya.  

To accomplish this goal we conducted an extensive literature review to understand different technologies that have been disseminated in the industry across the country and in Western Kenya in particular. Secondly, we held discussions with several key informants or stakeholders in the industry involved in development and dissemination of technologies. Our focus was largely on industry players in Western Kenya. Finally, we organized farmer focus group discussions in order to understand their experiences with the disseminated technologies.

Some of the technologies that have successfully been disseminated in Western Kenya include the “Tumbukiza” method for Napier grass establishment, fodder shrubs, the push-pull technology for control of Striga weed, which is an important source of fodder, and the innovation for improved access to expensive fodder seeds. These technologies have been successful for a mix of reasons ranging from their ease of fit in the existing farming system to their ability to provide solutions to multiple challenges at the same time. Promising technologies that have been successful elsewhere and that have the potential to succeed in Western Kenya include feed conservation using the pulverizer technology, improved marketing institutions through the dairy marketing hubs, share capitalization of chilling plants and public-private partnership in technology dissemination.

1 Introduction

Livestock production plays an important role in the Kenyan economy, contributing 3.5% of total Gross Domestic Product (GDP) and 14% of agricultural GDP (Muriuki et al. 2003). Within the livestock sector, dairy products (excluding live animals) contribute 30% of livestock GDP and more than 22% of livestock gross marketed products (FAO 2011). The dairy industry is also a major employer, sustaining about 841,000 full time jobs at farm level (Staal, Nin Pratt and Jabbar 2008a). Additionally, it is estimated that the dairy processing (formal) and the informal sectors both sustain about 40,000 jobs (FAO 2011). 

The sector also contributes to nutritional well-being of many households in Kenya who consume various dairy products. The estimated annual per capita consumption of marketed milk is 125 kg in urban and 19 kg in rural areas and this demand increases with growth in per capita income (SDP 2004). Indeed, dairy products form an important part of diet for many Kenyans, accounting for about 18% of household expenditure (SDP 2004). 
Annual milk production from all dairy species is estimated at about 3 billion kg, 45% of which goes towards meeting household consumption and calf feeding (FAO 2011). However, there are significant milk losses at farm level resulting from spillage, lack of market and rejection at market due to poor handling and length of time the milk spends on transit (Muriuki 2003). Rejections are particularly high in wet seasons when most rural roads are impassable. Paradoxically, these are the same seasons for high milk production.
The industry is dominated by smallholders at the production level who according to a survey conducted by the Smallholder Dairy Project (SDP) contribute 70% of gross marketed production from farms. These farmers have an average of 3 – 5 acres of land and they own an average of 2 – 5 heads of cattle yielding about 5 kg of milk per cow per day. The industry is generally characterized by low milk sales and low input  uses, which varies depending on traditions and level of market orientation (FAO 2011).

The main actors in the dairy sector include regulators, input suppliers, service providers, market agents, research and development organizations, farmers and their groups, non-governmental organizations (NGOs), community-based organizations (CBOs) and development partners. Main regulatory institutions include Kenya Dairy Board (KDB) - whose responsibility is to ensure efficient production, marketing and distribution and supply of milk and dairy products, Kenya Bureau of Standards (KEBS), Kenya Agricultural Research Institute (KARI), Veterinary and Vaccine Production Centre (VVPC) and several line ministries (Livestock, Agriculture, Trade and Co-operative Development among others). 

The main NGOs that have become very active in dairy development include Land O’Lakes, Heifer Project International (HPI) and TechnoServe. Development partners also play an important role in the dairy industry as a source of innovations and funds. Main partner institutions include FAO, DANIDA, the United States Agency for International Development (USAID), the UK Department for International Development (DFID), International Fund for Agricultural Development (IFAD), Netherlands Development Organization (SNV).
1.1 Geographical distribution of dairy cattle in Kenya

Dairy farming in Kenya is mainly concentrated in Central and Rift Valley provinces (EADD 2008; FAO 2011). As can be seen from table 1 below, the two regions account for close to 80% of dairy cattle population in Kenya.

Table 1: Geographical distribution of dairy cattle in Kenya

	Province
	Cattle numbers (1,000)

	
	Dairy
	Zebu

	Rift Valley
	1,895.1
	2791.5

	Western
	192.3
	755.3

	Nyanza
	211.7
	1,570.9

	Central
	852.9
	105.8

	Eastern
	304.1
	1,801.2

	Coast
	100.3
	1,201.6

	Northeastern
	0.1
	1,089.6

	Nairobi
	22.8
	5.0

	Total
	3,579.4
	9,320.9


Source: FAO (2011)
While Rift Valley has the highest number of dairy animals, Central has the highest concentration of dairy animals (Reynolds, Metz and Kiptarus 1996). The two regions also have the highest number of dairy cattle per head of population and the only areas fully capable of meeting local demand and supplying surplus milk to other regions.
1.2 Constraints to dairy production in Kenya

Dairy production in Kenya faces a number of challenges that have tended to discourage growth of the sector. These include small-size of most dairy enterprises that limit farmers’ capacity to take advantage of economies of scale. Secondly, there is a general shortage of well-trained staff across the entire value chain. As a result there is inadequate access to extension, breeding/AI services, and veterinary services among others. Indeed, extension to farmer ratio is quite low and budgetary provision for public extension services has also dwindled over the years while private extension has not expanded to fill the ensuing gap created by the decline in public extension. In few cases where private extension services exist, the costs are usually prohibitively high. Additionally, inadequate access to breeding services is aggravated  by poor infrastructure leading to non-use of better breeding technologies and hence widespread use of bulls with unknown breeding value (FAO 2011). 

Poor physical infrastructure also presents major challenges to milk marketing since most of the produced milk cannot reach the targeted markets during wet seasons when most rural roads are impassable. Furthermore, failure by farmers to adopt appropriate collective approaches has led to inefficient market system leading to substantial losses to farmers (EADD 2008). Dairy cooperatives that previously contributed to development of smallholder milk marketing and provision of inputs and services at low costs have actually lost out due to many factors: competition, inability to adapt to change, poor payouts, poor management, and corruption among others.  

Dairy production in Kenya is also characterized by poor genetic make-up of dairy herds leading to low productivity in most smallholder dairy farms. Production is also compromised by inadequate feed resources as well as poor quality and high cost of commercial feeds. Feed insufficiency is largely occasioned by increasing population pressure on land resource in high potential dairy regions and this has substantially constrained milk production (Muriuki 1993). As a result, there is substantial over-reliance on purchased forage and concentrates (Staal, Delgado and Nicholson 1997). This compromises dairy productivity since the supply of commercialized forage is subject to seasonality, while concentrates are largely unaffordable to most farmers. Moreover, most farmers lack managerial/production skills that can enable them to manage their dairy enterprises profitably. 

Finally, research sector, which is supposed to generate knowledge and technology for improving performance of the industry, is also inadequately funded. Additionally, transfer of the generated knowledge to farmers is also compromised by the inadequate extension services. 
1.3 Objectives of the study

The foregoing discussion has explored the state of dairy production in Kenya. We have also identified some of the crucial challenges constraining dairy production in the country. In recognition of these limitations, various stakeholders in the dairy industry have initiated various interventions and technologies for improving dairy production in different parts of the country. Some of these initiatives have produced impressive results that are worth scaling up to have wider effects across the country. There are also important lessons to learn from failures of previous initiatives. 

The objectives of this study are therefore threefold:

· To document existing dairy technologies that have been developed for the dairy value chain in Kenya

· To review the set of these and other technologies and/or interventions that have been disseminated in Western Kenya

· To document lessons from experiences with development and dissemination of technologies/interventions in Western Kenya and other parts of country in order to suggest appropriate technologies/intervention for further improvement of dairy productivity in Western Kenya. 
1.4 Methodology

Three main methods were used to gather information for this study, namely:
· Literature review

· Key informant interviews

· Farmer focus group discussions

First, a review of literature was undertaken to understand the industry and to establish which interventions and technologies have been developed for the dairy value chain in Kenya. Further review of literature focusing on Western Kenya was also undertaken. Secondly, key informant interviews were conducted for major players in the industry in Western Kenya. Among those interviewed were government livestock extension officers, government veterinary staff, representatives of NGOs promoting dairy activities in the region and representatives of other dairy development projects implemented outside Western Kenya. Finally, FGD were conducted for three groups of farmers in various parts of the region. This was supported by visits to some farms to observe actual implementation of some interventions/technologies.

Conceptual Framework

Milk produced in Kenya flows through various marketing channels to be consumed either raw or processed with the raw milk accounting for about 80% of the market share (FAO 2011). The formal milk market accounting for the remaining 20% market share is licensed by Kenya Dairy Board (KDB). Raw milk is sold to traders, co-operatives/farmer organizations, and other shops and kiosks. Some traders sell their milk directly to consumers while some also supply processors. Most of the milk from cooperatives/farmer groups is bulked, chilled and later sold to processors while part of it is also sold directly to consumers as raw milk. Processed milk is later distributed from processors to consumers through wholesale and retail outlets. 
To sustain milk supply and meet the demand, farmers need dairy cattle with genetic potential to produce the demanded quantity of milk. Identifying and supplying appropriate genetic material calls for a coordinated action by research institutions (KARI, ILRI etc.), producers of genetic material (CAIS, ABS etc.) and extension staff (public and private and NGOs). The genetic potential of provided cattle can only be exploited through appropriate feeding regimes, which can be enhanced though research on better quality feeds and fodder production methods. Effective extension approaches (by private, public and NGOs) are also needed to ensure faster dissemination and uptake of feed interventions. At the same time, reliable distribution channels for supply of feeds also ensure that feeds reach farmers. Finally, regulatory policies are also needed to govern activities of feed suppliers to ensure quality feed supply. 





Figure 1: Conceptual Framework

To produce to the genetic potential, dairy cattle have to be healthy and hence the need for an efficient and reliable healthcare service for the dairy industry. This can be facilitated through collaboration among research (KARI, ILRI etc.), extension (public, private, NGOS etc.) and policy regulations (government).

Finally, an effective and efficient market system is required to market the produced milk. Market efficiency ensures better returns to producers, which can be reinvested in better technologies for further improvement of dairy productivity, thus completing the productivity cycle of activities. Efficiency in market performance can be achieved through collaborative effort between public and private players. The public can play a major role of providing public goods such as physical infrastructure, while the private sector provides and finances business models that improve marketing of dairy products. Research support is also needed to analyze marketing channels and suggest appropriate institutional mechanism for reducing transaction costs and enhancing market efficiencies. 

Overall, the activities of various players require appropriate regulatory support from the government. Improving productivity in the dairy industry therefore requires coordinated action by various players providing various interventions and technologies.

The analytical method employed here therefore looks at every stage of the value chain to understand who the actors are and what interventions/technologies have been applied by these players towards improving dairy productivity. 

2. Technologies for improving dairy productivity in Kenya

Productivity refers to the amount of output that can be produced from a given unit of input. In terms of milk production, productivity improvement therefore entails increasing the amount of milk output per unit of inputs used. Such productivity improvements are often associated with technical change (or use of improved technologies).  Technology refers to mechanism/process of using inputs to produce output and to the extent that such processes reduce the amount of inputs needed to produce the given unit of output, such a technology would be productivity improving. Besides technology, productivity improvement can also result from efficiency with which technologies are used. In this study we focus on the role of technology in dairy productivity, but we also highlight interventions/innovations that enhance production efficiency thereby leading to improved productivity in the dairy industry. 

As outlined in chapter 2, dairy productivity in Kenya is constrained by several factors. Given the role of technology in enhancing productivity, adoption of appropriate technologies and/or innovations by dairy farmers can significantly improve productivity in the dairy sector. In the following sections we identify some of the technologies that have been developed for various stages of the dairy value chain in Kenya.

2.1. Technologies for dairy cattle breeding

Animal breeding programs in Kenya have largely aimed at improving dairy productivity, shortening calving intervals and enhancing herd fertility among other goals (Rege 2001). There is no explicit breeding policy in Kenya but various generic policy statements guide breeding programs in the country (Staal, Nin Pratt and Jabbar 2008b). Generally, the policy statements aim at increasing dairy productivity through breeding and selection implemented via wider use of AI and bull camps. A further goal is the production of high-yielding and diseases resistant cattle types. The objective is therefore not to eliminate the indigenous gene but to integrate exotic gene to improve productivity while retaining the disease resistance and local adaptability traits of the indigenous gene. 
Main institutions in dairy cattle breeding include Kenya Stud Book – keeping animal breeding records; Dairy Recording Service – to keep milk performance data; Central Artificial Insemination Station (CAIS) – to produce semen; and Kenya National Artificial Insemination Services (KNAIS) – to distribute semen (Conelly 1998). In order to achieve the goals of the breeding policies, there are various dairy breeding technologies and interventions that have been introduced in the country over the years.
a) Artificial insemination. One animal breeding technology that has widely been promoted by government is artificial insemination (AI). Until the mid-1980s, there was a well organized dairy cattle breeding system subsidized by the government that contributed to growth of the smallholder dairy farming system (FAO 2011). Consequently AI was used effectively to accelerate uptake of dairy farming by upgrading the local zebus. However, liberalization of the economy that led to reduced government involvement in breeding activities has seen a gradual replacement of government AI provision by private players, albeit at a slower rate (See Figure 1). Nevertheless, private AI services remain quite underdeveloped and this together with the perceived high cost of the service, has led to frequent use of bulls of unknown breeding value across the country. As can be seen from Figure 1, uptake of AI services has also been affected by a sluggish milk market. The sudden increase in uptake of AI technology after the increase in milk prices in 2007 is a clear testimony to this fact.  
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Figure 2: Annual inseminations (KNAIS and private) against milk prices

b) Gender selected/sexed semen. This is virtually an AI technology that is gender biased towards heifer. Using this technique, farmers can be about 90% certain of the gender of their calves. From a dairy perspective, the technology presents substantial opportunity for increasing population of heifers, which would address the biting shortage of heifers and translate to increased milk production. The other advantage is that it presents opportunities for decreased incidences of calving difficulties and accelerated upgrading process.

c) Multiple ovulation and embryo transfer (ET). The use of embryo transfer has remained at a low level overall but is common in those stud herds where breeding bulls are produced, particularly those that sell to AI centers. ET has also provided a method for importing genes from overseas while keeping down transport costs. Generally ET works out to be a little less expensive than live animal importations but this depends to a large extent on the number of calves born per 100 embryos implanted. ET is normally too expensive for breeding commercial dairy cows.
2.2. Feed technologies/interventions

Dairy production systems can broadly be divided into two categories: large-scale and small-scale. The categorization is based on scale of operation, level of management and use of inputs. Most dairy animals in semi-intensive and extensive production systems in Kenya are kept under an open grazing system with supplementary feeds provided occasionally. It is only in densely populated regions where intensive systems characterized by zero grazing and stall feeding are more prevalent. The main sources of feed for smallholding systems include forage, cultivated fodder and crop by-products. Of the cultivated fodder, Napier grass is by far the most commonly used source. Other common feeds and forages include maize stovers, dried poultry waste, hay (purchased pure Lucerne, grass or Lucerne/grass mix), silage (by a few farmers), home-made rations of locally available grains and other ingredients, and grazing, which is the most common source of animal feed (FAO 2011). There is some limited use of commercial feeds such as dairy meal, dairy cubes, calf pellets, maize germ, maize bran, molasses, cottonseed cake, wheat pollard and wheat bran among others. Commercial feeds have, however, witnessed dramatic price increases in the aftermath of the post-election crisis and the world economic downturn in 2008 (FAO 2011). Moreover, most commercial feeds are characterized by poor feed quality.

Overall, feeds account for the largest share of the cost of milk production in market oriented dairy farming in Kenya. Indeed, many farmers practicing either system of production are often faced with feed insufficiency, particularly in the dry season.  This has necessitated development and dissemination of feed technologies and interventions in order to increase feed availability at farm level. Some of the feed technologies/interventions currently promoted in the country are highlighted below. 

a) Planted fodder, herbaceous legumes, improved grasses and fodder trees & shrubs. The major livestock feed in smallholder dairy production systems in Kenya are natural pastures and planted fodder, mainly Napier grass (Pennisetun perpureum) (Orodho 2006a). Various fodder legumes and fodder trees and shrubs have also been introduced to farmers with varying successes as a means of increasing milk production. Of significant success is caliandra that has particularly been widely and rapidly adopted by many farmers in the country as a protein supplement for their dairy cows (Franzel and Wambugu 2007). Its easy fit into the existing farming systems made it easily adoptable by dairy farmers across the country. Other fodder legumes introduced so far include desmodium while other protein-based grasses such as Rhodes grass, Columbus grass are also being promoted in various regions of the country.

b) Improved dual purpose crops and crop residues. This involves the use of fodder from crops during the growth cycle e.g. leaf strips, sheath, toppings, thinning, and sweet potato vines. Some farms also use crop residues, some of which is micro-processed to improve on their storability. The most common crop residue include maize stover, wheat straw peelings etc. Given the need to improve storability of feeds for use in dry seasons, the promotion of these crop residues has often been accompanied by promotion of processing technologies. 

c) Feed processing technologies. To improve utilization of the crop residues and oher fodders, farmers also process feeds using various technologies. The most common processing technology which is increasingly becoming popular is the pulverizer technology. Some farmers also treat their feeds chemically using urea/ammonia while some also do biological treatment. Chemical and biological treatment have, however, not been widely adopted because they demand technical knowledge and are quite costly to implement. There are also isolated cases where farmers are storing unprocessed crop residues such as maize stover and beans husks. Indeed, increased feed conservation and utilization of crop residues has been realized due to the wider adoption of the feed processing equipments, mainly the pulverizer and grass cutter promoted by EADD program (EADD 2010). About 480 pulverizers have been purchased by farmers across EADD sites. 
d) Feed Conservation technologies. Besides planted fodder, legumes and shrubs, feed conservation technologies have also been introduced to smallholder dairy farmers in the country to address feed scarcity that is usually more evident during the dry seasons.  The most common conservation methods that have been introduced to farmers are hay and silages, which apparently have been adopted on a very limited scale. Hay is usually preserved either as standing hay or it can also be machine- or box-bailed. Various types of silos exist such as polythene/tube silos, plastic tank silos, above ground silos and trench silos. 

e) Balancing rations. This involves formulation of feed rations from locally available grains and other ingredients (FAO 2011). Some of the most common approaches include

· Use of concentrate feeds, cereals and oil seed by-products

· Use of multi-nutrient or urea/molasses mineral blocks, pellets or mash supplements

· Use of complete total mixed rations (TMR)

· Concentrate reallocation

· Home-made rations based on concentrates and forages

f) Pasture improvement and management. Besides improved fodder and concentrates a number of smallholder dairy farmers also maintain natural pastures by mechanically or chemically clearing bushes to enable establishment pastures. Pasture establishment is also accomplished through over-sowing replanting of grass in plots that have been overgrazed. Fencing and paddocking also aid in the management of natural pastures.

g) Use of agro-industrial by-products. Several by-products from industrial processing are also used by farmers as a source of feeds for dairy animals. The most common include; brewers waste, horticultural rejects/waste, poultry waste/guano, and pineapple waste among others. 

h) Rumen performance enhancing technologies. There are also technologies aimed at improving digestion and absorption of feeds by animals. This is mainly done using microbial enhancers or feed additives.
2.3. Animal healthcare technologies

Major health problems faced by dairy farmers in Kenya are the tick-borne diseases (TBDs), which cause significant losses to livestock keepers. Indeed about 37% of reported diseases are tick-borne (Ouma et al. 2007). TBDs cause direct production losses through morbidity and mortality of cattle due to infection (Mukhebi and Perry 1993) . Severely infected cattle often die unless treated and infected claves often experience retarded growth even after treatment. Preventive measures involving spraying or dipping of animals using acaricides is recommended as an appropriate control for TBDs. However, in case of infection, curative treatment using appropriate drugs is recommended. 
a) Dipping. Most tick-borne diseases are generally controlled through the application of acaricides. Before economic liberalization and the subsequent diminished government support, this was mainly done through public dips supervised by government staff. However, stringent government budget has compromised government’s ability to maintain dipping infrastructure and effective animal health extension. Consequently dips are now communally managed, a strategy that has failed and led to increasing number of non-functioning dips.

b) Hand-spraying. Owing to the failure of public and communal dipping system, most smallholder dairy farmers now spray their animals at home using either foot pumps or knapsack sprayers.

c) Vaccination. These are usually carried out by government in response to outbreak of notifiable diseases such as Foot and Mouth Disease (FMD), lumpy skin and anthrax among others. The initiative is still subsidized by the government.
d) Infection and Treatment Method. Given ineffectiveness of current control approaches, there are attempts to find more effective, cheaper and sustainable control for TBDs through immunization. One such attempt is an infection and treatment method (ITM), which involves infection of animals using a “characterized and potentially lethal dose of a sporozoite and a simultaneous treatment with antibiotics. This would provide a lifelong immunity to the vaccinated animal. ITM has been tried in the Southern range land among the pastoralist communities and the technology has been shown to have significant impact on animal survival in varying ecological zones (Homewood et al. 2006). However, uptake is associated with measures of wealth such as livestock numbers and economic security. This is mainly due the cost of vaccine, especially for farmers with relatively large herd sizes.

2.4. Milk marketing and handling technologies/intervention

The milk marketing system in Kenya can be divided into two sub-systems, formal and “informal”. The formal milk market is made up of about 30 licensed milk processors – two of which – KCC and Brookside, account for about 60% of total processed milk. Processors in total handle about 80% of total milk and dairy products marketed through the formal market channels. Other licensed milk traders include producers, mini dairies, cottage and cooling plants – whose numbers have been increasing. Cooperatives are the main channels for collecting milk destined for the formal markets composed mainly of milk processors.
The informal sector accounts for the largest share of total milk sold (over 80%) and include players who until the year 2004 were unlicensed such as brokers, traders/hawkers, transporters, cooperatives and farmer groups among others (Karanja 2003). The growth of the informal sector is mainly supported by the inefficiency of the formal marketing system, consumer habits/preference and price difference between raw and processed milk. Consumers are indeed major players as they influence how other players perform. In spite of regulatory regime prohibiting sale of raw milk, consumer demand has resulted in only 20% of marketed milk being processed. 

Apart from farmers supplying cooperatives, most farmers tend to sell their milk individually and this exposes them to manipulative practices by some milk traders. Furthermore, pricing analyses reveal that consumer prices have continued to skyrocket over time while producer prices and their share of consumer prices have declined. This has tended to discourage farmers from improving their levels of productivity. We discuss in this section various technologies and/or interventions for milk handling and marketing that have been designed to address some of these limitations. 
a) Chilling plants. This is a technology that is targeted at rural based smallholder dairy farmers who are faced with the challenge of milk spoilage and spillage occasioned by long hours of transport on dilapidated roads. The chilling plants are often run by cooperatives and are meant to serve as milk collection points linking producers to formal markets. Several dairy farmers’ cooperative societies operate chilling plants even though quite a number of them are operating below capacity. Some have also collapsed courtesy of mismanagement and leadership wrangles that have been the hallmark of the cooperative movement in Kenya. However, renewed efforts under various programs such as the East Africa Dairy Development (EADD) and Smallholder Dairy Commercialization Program (SDCP) are reviving some of the chilling plants and even supporting construction of new ones (EADD 2011; MoLD 2009). 

b) Ideal aluminum milk containers. Most marketed milk sold by Small-Scale Milk Vendors (SSMVs) is transported in plastic containers using bicycles or public service vehicles. This mode of transport and the containers used present crucial challenges in terms of milk quality and safety. To address this challenge, the Smallholder Dairy Project developed an “ideal aluminum milk container” suitable for SSMVs. The container is designed to allow for easy transport and to avoid spillage and contamination of milk during transit. However, uptake of this technology has been quite slow with just under 10% of SSMVs using the containers (NGI 2009). The low uptake is partly because the containers are expensive for most SSMVs. The containers are also not suitable for other modes of transport, other than the bicycles for which they were designed.

c) Mastivac. Kenya Dairy Development Program (KDDP) together with World Wide Sires (WWS) in collaboration with Nairobi Veterinary Centre, a private sector player, has introduced Mastivac, a vaccine for controlling mastitis in dairy cattle. Mastivac gives full protection against all the bacteria that cause mastitis in cows. The technology is convenient and affordable and results in increased production of quality milk. The use of Mastivac and training on proper milking hygiene has greatly reduced mastitis incidence on dairy farms. 

d) Collective marketing and the hub approach. As discussed in (a) above, the chilling plants are mostly run by cooperatives and they are also supposed to serve as points for milk bulking. This collective marketing approach is meant to enhance market access for smallholder dairy farmers who individually may not have sufficient volumes to command the interest of processors. To avoid the problems of under capacity operation that was evident in several chilling plants, EADD came up with a model aimed at increasing volumes that would profitably sustain the chilling plants. The idea was a hub approach with several productivity enhancing services bundled around the business of the chilling plants. Such services include provision of AI services for upgrading stocks, dedicated extension service for training farmers on feed interventions, animal husbandry practices and animal healthcare services among others. Moreover, EADD uses a financing model that members own the chilling plant and therefore have a great stake in its survival. Farmers raise 10% of the $125,000 start-up capital to cultivate ownership and accountability while EADD extends a 30% interest free loan redeemed over 5 years by the chilling plant shareholders through a minimal levy on every litre of milk sold (EADD 2008). The balance is covered by commercial debts.  

e) Training and certification of Small-Scale Milk Vendors (SSMVs). Milk produced by farmers in Kenya is marketed mainly through two channels namely: the private milk processor selling pasteurized and packaged milk products and the Small-scale milk vendors (SSMVs) selling raw milk. Until the year 2004, the SSMVs (hawkers) were unlicensed and were therefore operating illegally.  However, policy interventions in 2004 allowed for the licensing of SSMVs to enable them to operate legally. As part of the licensing process, the SSMVs are required to undergo training on milk handling and hygiene, which is delivered by accredited business development service providers or milk traders association. This has given opportunity for an estimated 44,000 SSMVs to scale up their businesses, which can now be inspected for compliance with milk quality standards (NGI 2009). The policy changes have led to significant reduction in transaction costs and substantial increase in volumes of marketed milk, both of which have had positive economic benefit for the country (Kaitibie et al. 2011).

3. Dairy production in Western Kenya: Potential challenges and technologies
Similar to other parts of the country, several technologies and interventions have been promoted in Western Kenya. Main targets have been the high potential areas covering both Western (Kakamega, Bungoma, Butere/Mumias, Khwisero etc.) and Nyanza (Kisii and Nyamira) province. These technologies and/or interventions have been promoted through several donor funded government programs as well as through project activities by non-governmental organizations. Before we explore these technologies, we present an overview of dairy production in Western Kenya. 
3.1. Potential for dairy production in Western Kenya

The main agricultural activity in Western Kenya is crop husbandry. Nevertheless, livestock plays an important role as a source of food, income and manure. The region has a favorable climatic condition, but similar to Central Kenya, land sizes per household are low, ranging from one to four acres in Kisii, Nyamira, Vihiga and Kakamega. It is only Bungoma that has relatively large landholdings per household - usually over 10 acres. Farmers in the region practice mixed farming of crops and livestock. The main livestock type kept are cattle, poultry, sheep, goats and donkeys and these are fed on natural pastures, Napier grass, banana stems, sweet potato vines, crop residues and fodder shrubs. While cattle are mainly grazed, confinement by tethering, zero-grazing or semi-zero grazing is increasingly becoming popular due to increasing population density. 

A typical household in Western Kenya has about three to five Zebu cattle producing one litre per cow per day and a few cross or grade cattle (Waithaka et al. 2000). The zebu cattle are mainly kept for cultural purposes such as paying dowry and prestige. Therefore the value is in the number of cattle kept rather than quantity of milk produced. The few farmers with improved animals keep an average of two cows producing an average of seven litres of milk per cow per day or three crosses producing an average of five litres per cow per day under zero or semi-zero system. The low number of improved animals kept per household and their low productivity is due to low feed supply and poor husbandry methods. Most farmers rely on Napier grass and natural pastures as main sources of forage. Some also use sweet potatoes and crop residues. 

Most of the milk produced by dairy farmers in Western Kenya is marketed through informal marketing systems comprising of direct sales from producers to consumers and through traders to consumers (Waithaka et al. 2000). Some traders also sell their milk through dairy bars mostly located in urban centers and retailing raw, boiled or fermented milk. Other traders move around hawking milk while there are also distributors/wholesalers who source milk from producers and sell to retail traders supplying consumers. Formal milk channels are comprised of a few cooperative societies who bulk and chill milk before supplying to processors. The region is, however, a milk deficit area with most of the milk consumed coming from neighboring districts in Rift Valley (Musalia et al. 2007).

Breeding is mainly by natural service using either improved bulls introduced under previous livestock development programs or zebu bulls. Improved bulls were provided through the bull schemes established by Livestock Development Project (LDP), HPI and few other NGOs. There are also AI services provided by both government and private service providers. However, the coverage is limited and relatively expensive for most farmers. 

In terms of livestock health, the region is generally prone to tick-borne diseases (TBD) such as East Coast Fever (ECF). The high prevalence is mainly attributed to the few communal and privately owned dipping systems in the region. Indeed, most farmers control ticks by hand spraying. Cases of worm infestation are also high, especially during the rainy seasons.

3.2. Constraints to dairy production in Western Kenya

In spite of the favorable climatic conditions and market incentives in Western Kenya, which are apparently similar to the situation in Central Kenya, dairy prevalence is at a much lower level relative to Central Kenya (Waithaka et al. 2002). This is due to several constraints that cut across the entire dairy value chain. First, breeding services in Western Kenya is fraught with many inefficiencies ranging from inadequate access to genetic material for cattle improvement to unreliable service provision and high charges for the provided services. Generally the population of improved cattle in the region is quite low making it difficult even to source for dairy cattle locally. Furthermore, the low population of improved dairy breeds in the region implies that there are also fewer bulls of improved genetics or of known breeding value. Semen is mainly procured from CAIS and ABS and is mainly offered through the veterinary department that does not serve well because of lack of transport facilities or through private service providers. Consequently, AI services are either too expensive or totally inaccessible for most farmers.

Secondly, limited land resources as a result of increasing population pressure imply that dairy farmers in Western Kenya are faced with serious feed shortage at farm level. Many farmers have difficulties obtaining adequate grass for their livestock. Furthermore, seeds for most fodder legumes such as Rhodes, Desmodium, Lucerne and fodder trees are either unavailable or too expensive for most farmers. Farmers also reported presence of low quality commercial feeds as a problem for livestock production in the region. There is also a general lack on know-how on feed conservation methods since the raw material for such conservation measures are readily available courtesy of the extensive use of land for food and cash crops.  

Third, livestock health is of a major concern to many farmers in Western Kenya. The main health issue for many farmers is the prevalence of TBDs especially East Coast Fever (ECF), which is largely associated with low number of dips, poor management of existing dips and poor spraying practices. The cost of acaricides is also quite high for some farmers while quality of some acaricides are also wanting. In case of infection curative treatments are also either unavailable or too expensive for most farmers. There are also frequent outbreaks of Foot and Mouth Disease (FMD) and lumpy skin diseases due to uncontrolled movement of livestock into and out of the region (Waithaka et al. 2000).

The other challenge is inadequate extension services and farmer training mainly due to understaffing of the livestock extension department. This has led to poor husbandry practices by many farmers leading to low production and a waning confidence in dairy cattle. 

Farmers are also faced with poor marketing systems. This has been worsened by the collapse of most cooperatives that was occasioned by poor management and organization of farmers. This has left farmers with no option other than marketing their small output individually leading to lower returns and subsequently discouraging further investment by farmers in dairy activities.

Finally and perhaps more fundamental is that cultural beliefs tend to discourage uptake of improved dairy breeds (Waithaka et al. 2000). Ownership of Zebu breeds in some parts of Western Kenya is influenced by cultural practices of paying dowry and prestige.

3.3. Dairy technologies promoted in Western Kenya

The exposition above reveals the potential for dairy production in Western Kenya. Indeed the climatic condition, market incentives and land tenure systems in Western Kenya are similar to situations in Central Kenya, which has recorded impressive levels of dairy productivity. The region lies in the medium- to high-altitude agro-ecological zone, characterized by adequate and generally reliable rainfall pattern. The climatic condition is suitable for pastures and other crops that may be used as feed supplements. Furthermore, crop residues courtesy of intensified crop husbandry in the region can form an important source of additional feeds. There is also a huge milk deficit courtesy of rapidly increasing population and current low productivity, which provides crucial market potential for dairy production. We, however, also identify crucial challenges that need to be addressed to enhance dairy productivity in the region. In the following sections we explore some of the technologies that have been disseminated in the dairy sector in Western Kenya.

3.3.1. Breeding technologies and stocking intervention

Breeding technologies in Western Kenya have generally been aimed at upgrading indigenous breeds into cross-bred cows capable of higher production of milk. For farmers already keeping high-grade dairy animals, the programs are meant to help farmers sustain the quality of their dairy breeds and to optimize their breeding strategies through reduction of calving intervals and reduction of reproductive diseases. Besides breeding oriented interventions there have also been initiatives aimed at helping farmers stock high-yielding dairy cows. These technologies have been promoted under various government programs and through project activities implemented by several NGOs, but the impacts on improving dairy genotypes have generally been very slow (Waithaka et al. 2000). In the following we discuss each of the breeding technologies and/or interventions that have been implemented in Western Kenya.

a) Artificial Insemination (AI). Initially provided by government and was highly adopted by many farmers because the service was heavily subsided and was therefore affordable. Moreover, the outreach was designed such that nearly all farmers could be reached wherever they are. While the service generally involves the use of gender unbiased semen, there are a few reported cases of sexed semen especially in Butere-Mumias district of Western Kenya. However, a change in AI services occasioned by liberalization led to near withdrawal of government subsidies has resulted in limited coverage and unreliable access to service by many farmers. Currently, there are still a few government staff offering AI, but the service is largely in the hands of private service providers. 

b) Bull Schemes. Owing to insufficient coverage of AI services, especially after the withdrawal of government subsidies, there have been interventions aimed at helping farmers upgrade their animals using bulls. These have been provided under some government programs such as the Livestock Development Program (LDP), Heifer Project International (HPI) and by some non-governmental organizations (NGOs) promoting dairy activities in Western Kenya (Waithaka et al. 2000). The bulls were provided to groups of farmers with one farmer identified by group members keeping the bull on behalf of others. Through sharing of bulls, individual farmers who could not rear their own bulls were supposed to have easy access to genetic material for upgrading their stock and maintaining the quality of their dairy breeds.

c) Dairy cattle stocking intervention. Apart from upgrading of indigenous breeds through AI and bull schemes, there have also been other interventions aimed at enabling farmers to quickly stock dairy cows. Such initiatives have been undertaken in Western Kenya through various government programs such as Livestock Development programs and the Millenium Development Goals (MDGs). NGOs such as Rural Outreach Program (ROP) and Heifer Project International (HPI) have also been active in this initiative. One of the most extensive programs under this initiative is “the send a cow” project implemented by HPI. The initiative involves providing dairy cows to individual farmers through groups. Group members decide who will receive the first livestock and then the selected farmers begin preparation by first planting fodder and preparing sheds (Hall 2006). Selected farmers sign a contract which compels them to pass on the offspring of the provided cow to other group members. Through this program, HPI had by the year 2005 provided an initial stock of 309 dairy cows to various selected farmers (Hall 2006). 

3.3.1.1. Uptake and impacts of breeding technologies and interventions

The discussed technologies have had varied impacts on dairy cattle upgrading and stocking in the region. The initial AI technology under the stewardship of government subsidized programs had significant impact on upgrading of indigenous breeds since it was cheap and readily accessible. As mentioned, however, the withdrawal of government support has had a negative impact on the use of AI technology. As revealed from our interaction with field extension staff and farmers the substantial reversal to use of indigenous or low grade bulls has been on the rise as a result of poor coverage and high cost of AI services (Mudavadi et al. 2001). On the other hand, support programs for uptake of AI technology such as the one implemented by SDCP in Nyamira district are proving to be quite successful. Indeed, the few farmers interviewed in Nyamira district indicated that the SDCP has increased the number of AI service providers and ensured that the supported farmer groups have a dedicated service provider that can be reached whenever their cows are on heat. AI services offered through the SDCP are also cheap (costing between 600 and 800 Kshs per service) as compared to other schemes (usually charging 1,000 to 1,200 Kshs per service). Consequently many farmers who were using bulls before have now turned to AI technology leading to a significant drop in the number of local zebu breeds in Nyamira district. There has also been an increase in the monthly rate of AI services (MoLD 2011). Since cross-bred and pure dairy cattle produce more milk, the upgrading initiative courtesy of the SDCP support for AI services has led to significant increase in milk production. The bull schemes have, however, not been taken up well by farmers and is often only used as a last resort. 

Dairy cattle stocking intervention has also contributed significantly to increasing population of dairy cattle in the region, particularly in Western province where HPI has actively been involved.  Most of the breed upgrading and cattle stocking interventions are often accompanied by a sequence of training aimed at preparing farmers to sustainably and productively manage the dairy cow. Indeed, the sequencing of the training activities, starting with fodder establishment to construction of the unit and the period provided for this preparation, was quoted by field staff as a major contributing factor to sustainable uptake of dairy cows. Indeed, recent initiatives to provide dairy cows to farmers without the requisite preparation have led to failure of the MDG cattle stocking program. 

3.3.1.2. Limitations of breeding technologies and interventions

A major challenge facing breeding programs in Western Kenya is the unreliable access to AI services. Liberalization of the AI services set the stage for minimal government involvement and a major role to be played by private AI service providers. However, heavy investment needed in training and acquisition of equipment for provision of AI services means that private AI personnel have to charge higher prices for the service. This has tended to reduce use of the service by majority poor smallholders. Furthermore, unreliable infrastructure for distribution of semen, inadequate facilitation of private AI service providers and lack of business skills among private AI service providers has compromised the quality of AI services, thus discouraging many farmers from adopting the technology. Indeed some agro-vets in Western Kenya serving as distribution agents for CAIS have been reported to either employ unqualified staff or use sub-standard equipment incapable of viably storing semen. As a result some of the semen purchased by AI service providers is dead by the time the animal is served.
The bull scheme has also been plagued by several challenges. First, the cost of keeping a bull is high while the price per service is quite low. Thus when the frequency of service to other farmers is low, which was often the case, the overall return from these services cannot cover the cost of maintaining the bulls. As a result, farmers charged with the responsibility of maintaining the bulls on behalf of their group members had no option other than to dispose of the bulls. Moreover, sharing of bulls among farmers leads to spread of reproductive diseases, which is a major source of productivity loss to farmers.

As for the dairy cattle stocking intervention, the challenge is that the pure bred cows provided to farmers have tended to produce below capacity. This is either because farmers do not have the capacity to exploit the genetic potential of provided cows or because the provided pure bred cows are of inferior quality. The high grade animals may also not be well adapted to local conditions in some cases. Indeed most field staff we talked to in Western Kenya suggested starting with cross-bred dairy cows and gradually upgrading the stock to achieve optimum adaptability.  Additionally choice of cattle breeds provided to farmers has also been wanting. Most field extension staff we interacted with indicated that the breeds being provided by supporting NGOs do not match farmers’ needs and constraints. A focus group discussion with farmers in the region revealed an overwhelming preference for Aryshire breed of dairy cattle mainly because of its low feed requirement, relative adaptability to local environment and higher butter fat content. Yet most farmers are provided with the Friesian breed. 

3.3.1.3. Summary remarks regarding success/failures of interventions

In general, use of improved breeding technologies remains quite low and several factors are responsible for this. We explore some of the factors that if addressed could potentially enhance uptake of improved breeding technologies in Western Kenya. 

a) Limited number of pedigree bulls for upgrading indigenous breeds. Very few farmers can raise their own bulls for breeding purposes mainly due to high cost of acquiring and maintaining a bull. Besides the initial acquisition cost, limited land resources for production of fodder implies that rearing of bulls for breeding cannot be a priority of most farmers. Even if the bull owner offers services to other members of the community, returns from such services can hardly meet the cost of maintaining the bull. Besides, such services often come with the risks of reproductive diseases and therefore the few farmers who have bulls are beginning to exercise restricted access to such bulls. This leaves many farmers with no option other than to use non-pedigree bulls that are easily accessible, leading to substantial downgrading of local stock (Musalia et al. 2007).

b) Incompetent AI service providers. The alternative approach to the bull service involves the use of AI technology. Yet the technology remains underfunded and is also not well regulated. As a result, there are a number of incompetent AI service providers offering sub-standard services to farmers. The heavy investment required to efficiently run AI service on a private basis also implies that the equipment used by private AI service providers and the quality of semen may be compromised. As a result, there are many cases of unsuccessful conception that have significantly reduced farmers’ confidence in AI technology. 

c) Poor infrastructure and low density of AI service providers. Even when service providers are competent, poor physical infrastructure and the wide areas to be covered tend to compromise the quality of service since service providers may not be able to reach remotely located farms in time. In such cases, service providers tend to reach the clients well past the possible conception period for the cow. This further contributes to unsuccessful conception and diminished farmer confidence in AI technology. 

d) Institutional innovation for enhanced AI provision. Adoption of AI can be enhanced by interventions aimed at increasing coverage and lowering the cost of operation for private AI providers. Such has been the aim of the facilitation program offered under the Smallholder Dairy Commercialization Program (SDCP), which has been quite instrumental in enhancing the use of AI technology by farmers in Kisii and Nyamira districts. The program trains an AI service provider identified by supported farmer groups and equips the group with the necessary AI equipment as well as 200 doses of semen as a start up semen stock. The trained AI service provider offers AI services to members and the generated income is deposited in the group’s bank account for payment of the service provider and subsequent purchase of semen for continued provision of AI services. 

e) Lack of clear breeding strategies. More importantly, there are no clear breeding strategies founded on the needs and interest of farmers in the region. This is clear from the type of breeds and the level of grade animals currently being promoted by various agencies in the region. As long as the provided dairy cows do not meet the needs and production constraints of farmers, interest in improved dairy animals will remain low. Similarly, if AI services do not factor in the interest of farmers in terms of trait and breed preference, confidence in AI technology will remain low.  

f) Unreliable and unorganized milk market. Finally, improvement in milk marketing is likely to play a major role in enhancing uptake of AI technology. While demand for milk in the region remains unsatisfied, lack of organized marketing approaches have left farmers at the mercy of unscrupulous traders leading to unfair farm-gate prices of milk. This is a major disincentive to many dairy farmers and discourages any effort aimed at improving their productivity. For such discouraged farmers, use of productivity improving technology such as upgrading of local breeds remains of low priority to many farmers. The improved uptake of AI technologies under the SDCP in Nyamira and Kisii districts as a result of improved milk marketing attests to this fact. 

3.3.2. Feed technologies and interventions

Western Kenya, particularly the high potential regions of Western and Nyanza province are characterized by high population densities. This implies pressure on existing resources that has resulted into unsustainable sub-division of land and intense competition among farm enterprises with livestock always bearing the heaviest consequences. Given the evident lack of sufficient land for grazing, farmers often adopt intensive systems of production. Yet competition for land among enterprises still compromises farmers’ ability to produce sufficient feed for their livestock. Moreover, existing feed systems are largely Napier grass (biomass) based with substantial protein gap, which subsequently lead to milk production below the genetic potential of existing dairy animals. Feed interventions and/or technologies in the region have therefore focused on promotion of interventions that can fit into the existing farming systems and feed-food crops that can serve dual purposes. We discuss each of these interventions below.

a) Napier grass establishment and management. Napier grass forms the bulk of fodder for smallholder dairy farmers in Kenya and Western region of the country in particular. It is the most common fodder in smallholders’ dairy systems and its preferred because of its high production per hectare in both dry matter and total digestible nutrients (Orodho 1988). Some varieties of Napier grass also tend to be relatively more drought tolerant and several high-yielding cultivars have been developed. Various government livestock extension programs and NGO projects have promoted the use of napier grass as a major source of fodder. Such interventions are accompanied by training on suitable planting methods such as the “tumbukiza” approach and improved management practices. The tumbukiza technology is aimed at increasing and maintaining productivity of Napier grass for a long period of time. The method also allows growing of more crops per unit area and is thus suitable in intensive feed production typical of smallholder farms with limited land resources.

b) Fodder trees and fodder legumes. Besides Napier grass, several fodder trees and herbaceous legumes have been promoted in Western Kenya. This is in recognition of the outlined protein gap in the existing livestock feed systems in the region. A study by Waithaka et al. (2002) found that 25% of households in Western Kenya who have cattle had legume trees. Most of these farmers were found in Nyamira district followed by Vihiga and the most common legume tree was Sesbania that was planted by 41% of those having legume trees, followed by caliandra that was planted by 22% of households growing fodder trees. Herbaceous legumes on the other hand are not used by many farmers and the only one that appears to be a bit popular is Desmodium uncinatum and Desmodium intortum.

c) Pasture improvement and maintenance technologies. Another source of feed that has been promoted in Western Kenya especially in Nyamira district under the SDCP is the use of natural grasses. Under the SDCP, farmers have been trained on re-establishment of depleted natural grasses using various re-establishment techniques such as over-sowing of pastures. They have also been trained on management of natural grasses through chemical weed control and manuring of re-established natural pastures. Additionally, farmers have been trained on the use of other grasses such as the Rhodes grass as an additional protein source. Some of these grasses are cut and fed to cattle directly while some of it can be used to produce hay.

d) Feed conservation. In light of the feed shortage and limited capacity for on-farm fodder production, there have been initiatives aimed at conserving fodder especially for use during the dry seasons. Main feed conservation strategies that have been introduced in Western Kenya include: tube silage and box haying.

e) Feed processing. The common feed processing technologies that are widely used in Western Kenya are feed chopping either manually or using a chaff cutter and a pulverizer. Through the support of SDCP, some farmer groups have acquired pulverizers that they are being used to process crop residues such as maize stover and beans husks among others.

f) Home-made rations. Commercial feeds used by dairy farmers as supplements have experienced sharp increases in prices. As a result many farmers have opted out of such commercial feeds such as dairy meal. In response to this, some dairy promotion programs have started training farmers to formulate their own feed rations at home. This involves the use of crop products and by-products and other purchased ingredients. Much of these activities are being promoted under the SDCP.

g) Establishment of feed seed bulking sites. High cost of seeds and/or planting material presents a major challenge to fodder production in smallholder dairy systems. Furthermore most seeds, especially for fodder legumes such as desmodium are sold in large units that can hardly be purchased by smallholders. This calls for innovative approaches that can improve farmers’ access to planting materials. Under the SDCP, farmer groups are facilitated to establish bulking sites as a way of improving access to planting materials. One group member volunteers his plot where fodder seeds provided by the program are planted and demonstration on management practices carried out. Once the fodder is established vegetative planting materials or seeds from the mature crop are harvested and used by other group members as planting materials. This reduces the extra cost of having to acquire seeds directly from suppliers and ensures that farmers have ready access to planting materials.

h) The ICIPE “push-pull” intercropping technology. This is a habitat management approach introduced by International Centre for Insect Physiology and Ecology (ICIPE) in collaboration with Kenya Agricultural Research Institute (KARI) and Rothamsed Research (UK) aimed at controlling Striga weed in maize crop. It involves intercropping cereals with a repellant plant such as desmodium, and planting an attractive trap plant such as napier grass as a border crop around this intercrop. By doing this, stemborers are repelled and deterred away from the target food crop, maize in this case (push). At the same time, they are attracted to the trap crop (pull), leaving the food crop protected. On the other hand, desmodium stimulates the germination of Striga weed and inhibits its growth after germination. The beauty of this technology from a livestock point of view is that it also provides high-quality fodder for livestock. ICIPE is currently implanting the “push-pull” technology in Western Kenya in collaboration with HPI. Some farmers in the region have now adopted a one to one intercropping of desmodium with either maize or napier grass.
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Source: Hassanali et al. (2008) 
Figure 3: Intercropping of maize and desmodium with napier grass as a border crop

3.3.2.1. Uptake and impacts of feed technologies and interventions

The feed interventions pursued under various programs have had substantial impact on on-farm feed availability leading to an improvement in milk production. Of notable importance are the training programs on fodder establishment and management that are provided by various agencies promoting dairy activities in the region. Training programs offered by HPI on fodder establishment and management for instance, have significantly improved milk production among project farmers (Hall 2006). Various extension services, both government and private also offer training on establishment and management of napier, which has often produced significant results. Tumbukiza method of planting napier grass, which is promoted by both government and NGO extension services has for instance led to significant increase in on-farm availability of feeds and is increasingly being adopted by more farmers in Western province and high potential areas of Kisii and Nyamira districts  (MoLD 2011; Orodho 2006b). 

The SDCP has also been conducting trainings on production of other fodder crops, which has led to many farmers in Nyamira and Kisii districts planting more fodder legumes, fodder trees and other pasture grasses (MoLD 2011). This has substantially increased the quality and quantity of feeds available for dairy cattle in the region. Uptake of respective fodder and/or forages has been enhanced by the bulking sites established under the SDCP initiative. Seeds for most fodder legumes such as desmodium, which were initially unaffordable for most farmers can now be accessed as farmers can use vegetative propagation as a source of planting material. Use of these protein-based fodder legumes and trees is having significant and positive impacts on milk production. The “Tumbukiza” technology for establishment of Napier grass has also been adopted by about 60% of beneficiaries across SDCP sites (MoLD 2009) which covers large areas of Western Kenya. In terms of returns, it has been shown that the method yields higher herbage dry matter and net present value (NPV) in comparison to conventional methods (Muyekho et al., 2003a; Muyekho et al., 2003b).

Table 2: Dry matter yields and crude protein by method of Napier grass establishment at Moiben

	
	Conventional method with farmyard manure
	“Tumbukiza” method with farmyard manure

	Site parameter
	
	

	Dry matter yields (t/ha) 1997
	10.8
	13.3

	Dry matter yield (t/ha) 1998
	5.6
	10.8

	Crude protein (%) 1997
	11.5
	13.1


Source: Muyekho et al. (2003a) 

The “push-pull” technology has also been well received by farmers. Across East Africa, the technology has been adopted by over 30,000 farmers 24,000 of which are found in Western Kenya (Khan et al., 2011). Figure 4 shows the uptake of the technology by farmers in Western Kenya where most of the adopters are found. In some regions such as the Suba district of Nyanza province, adoption of the technology resulted in an increase in the number of grade cows in the region (Hassanali et al. 2008). This was largely due to an increase in availability of fodder for the dairy cows.
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Source: Khan et al. (2011)

Figure 4: Number of farmers using the push-pull system in Western Kenya (1997-2009)

3.3.2.2. Limitations of feed technologies and interventions

Various feed technologies that are currently being promoted face varied challenges. Some feed conservation strategies for instance are largely discouraged by lack of sufficient fodder that can be conserved. This is due to limited land resources that greatly affect farmers’ capacity to produce fodder on farm. The use of pulverizer, while well received by farmers, involves high investment costs that may make it difficult for farmers to adopt the technology.  

The challenge to push-pull technology mainly lies in the lack of seeds for desmodium and other grasses in cases where the intercropping involves other grasses instead of Napier grass (Hassanali et al. 2008). Furthermore in cases where desmodium is grown on a one to one basis with other crops such as maize, desmodium has to be harvested at the end of the season just like maize to create room for the following cropping season. This implies that desmodium is not kept on the plot as a long term source of fodder.

The other limitation is that some technologies have been promoted as a solution to other challenges other than addressing feed insufficiency. When these other challenges take priority over feed constraints, it is likely that there will be minimal use of that technology to address feed related needs. Therefore, the presence of legumes on farm do not necessarily translate into usage as livestock feeds (Waithaka et al. 2002). Some farmers in Western province had fodder trees on their farms that they had never used as a source of cattle feeds. This is because some of those trees had been promoted as a source of fuel and for environmental conservation. Moreover some of the promoted forages such Napier grass are also affected by diseases (Orodho 2006a). 

Finally, feed conservation technologies are largely constrained by lack of sufficient fodder on-farm that can be conserved. Additionally, some of the feed conservation technologies such as silage are knowledge and labor intensive and can therefore only be adopted by the wealthy and more educated farmers.

3.3.2.3. Summary remarks regarding success/failures of interventions

Feed technologies that have been promoted in Western Kenya have received mixed reaction as far as uptake is concerned. Some have been successfully adopted while others have not fared well. Several factors are responsible for these mixed receptions. 

a) Technologies with business/market potential. One feed technology that has been taken up well by farmers is the conservation approach using the pulverizer.  While owning a pulverizer requires heavy investments, farmers do not have to own a pulverizer in order to use the technology. As long as there are entrepreneurial farmers in the neighborhood who have invested in the technology, other farmers in the neighborhood can easily access the technology at affordable fee. Farmers in Nyamira district can for instance process their maize stover for as low as Kshs. 100 per bag. Indeed, the business potential in the technology has attracted the interest of some innovative farmers who are currently not practicing dairying actively. By investing in this technology such farmers can realize significant profit gains while also encouraging feed conservation to the benefit of active dairy farmers. On a similar note, the intensive use of Napier grass around Emuhaya in Western province has been enhanced by traders who have exploited the existing business opportunity in fodder trade to establish a stable and reliable market for napier grass. Well packed and almost standard bundles of Napier grass are always sold on every market day at Lwanda market in Emuhaya.   

b) Use of locally available resources that easily fit existing farming systems. The other reason why the pulverizer has been successful is that farmers can make use of their crop residues that are readily available on farm and hence do not need to change their farming systems or the mix of crops they grow. Similarly fodder production strategies that involve maintaining of naturally growing grasses have also been well received especially under the SCDP initiative. Many farmers indicated that they spend minimal resources in maintaining the naturally growing grasses which they can cut and feed to their cows fresh or conserve as hay. Fodder shrubs such as caliandra have also been attractive since they do not require farmers to take land out of food or other crops (Franzel and Wambugu 2007).   

c) Multipurpose nature of technologies. The other feed technology that has been quite successful is the integrated pest management (“push-pull”) technology that has also proved to be an important source of fodder. The success of this technology can be attributed to the multi-purpose nature of the outcome. While the main objective of the technology was to address the Striga weed menace, the process led to an increase of fodder at farm level. Farmers felt that they did not have to commit extra land resources for the production of fodder. This was particularly important given the limited land resource that is characteristic of farming systems in much of Western Kenya.

d) Dissemination method. The method used in communicating an idea to farmers also plays a crucial role in acceptance of respective technologies. In the “push-pull” technology for instance, the dissemination method used involving farmer-farmer training and farmer field schools was instrumental in farmers’ acceptance and adoption of the technology (Amudavi et al. 2009; Hassanali et al. 2008). Similarly the successful adoption of caliandra has been attributed to effective extension approaches involving dissemination facilitators and farmer-farmer dissemination.

e) Cost minimizing interventions for technology access. Despite their capacity to address the protein gap in existing livestock feeding systems, several fodder legumes have been shunned by many dairy farmers in Western Kenya. This has been either due to the high cost of seeds for most legumes or mere lack of planting material when needed by famers. The cost of the smallest unit of caliandra seeds is close to KShs. 3,000, which is hardly affordable to many smallholder dairy farmers. The bulking sites established under SDCP initiative have significantly alleviated this constraint by making seeds easily and readily available for majority farmers. Courtesy of this initiative, the majority of farmers who cannot afford desmodium seeds for instance, can now obtain cuttings from the bulking sites, thus significantly reducing the cost of planting materials. 

3.3.3. Animal healthcare technologies 

The main health problem for smallholder dairy farmers in Western Kenya is the tick-borne diseases (Waithaka et al. 2002), the effect of which has been aggravated by the privatization of tick-control measures.  There are also regular cases of notifiable diseases that are largely controlled through vaccination programs. Animal healthcare technologies/interventions are therefore mostly targeted at tick control and vaccination. Tick control measures mainly involve the use of acaricides and curative treatments using antibiotics. The ITM vaccine that has been introduced in the Southern rangelands is not yet operational in Western Kenya. However, tick control using acaricide is often carried out in an inconsistent manner by farmers. A survey of dairy farmers in Western Kenya by Waithaka et al. (2002) revealed that only 55% of farmers undertake tick control measures on a weekly basis. About 17% of households control ticks once in a fortnight while 13% only do so occasionally.

a) Communal or privately owned dips. Tick-borne diseases in Western Kenya have conventionally been controlled through dipping. However, liberalization of the economy led to privatization of tick control with dip management becoming a communal or a private affair. However,  communal or privately owned dips are few and the existing ones are only functioning occasionally (Waithaka et al. 2000). Tick control through dipping is therefore only used to a very limited extent in the region. The District Veterinary Officer (DVO) for Kakamega central district revealed that most dips in the area have been brought down by mismanagement and leadership wrangles. Indeed, out of the existing 20 cattle dips, only one is operational. The quality and administration of acaricides used in the dips is also wanting and has led to low confidence in the dips by farmers.

b) Hand spraying. Due to the non-functioning of dips, most farmers tend to control ticks by spraying. However, not all smallholder farmers can afford a spraying pump. HPI has an intervention whereby they provide a foot pump to groups of 2 to 3 farmers that they support. These farmers are trained on spraying techniques and funds are also allocated for demonstration to aid farmers’ knowledge of acaricides. Farmers living in the neighborhood of each other supervise and monitor each other to ensure that there is limited tick infestation in the neighborhood. Since ticks can easily spread among neighboring farms, group members have greater incentives to impress upon group members to exercise tick control. 

c) Vaccination against notifiable diseases. Apart from tick-borne diseases, notifiable diseases are also quite common in the Western region and they are mostly controlled through vaccination and regulating movement of livestock. The common notifiable diseases include: Foot and Mouth Disease (FMD), lumpy skin and anthrax among others.

3.3.3.1. Uptake and impacts of animal healthcare technologies
Due to poor management and high cost involved especially after the withdrawal of government subsidies, tick control via dipping has drastically fallen. Indeed just about 25% of farmers still use dipping (Waithaka et al. 2002). The majority of the farmers, close to 65% of dairy farming households use hand spraying, which is prone to a number of limitations outlined in section 3.3.2. As a result tick-borne diseases remain highly prevalent in the region. Vaccination programs have been accessible to farmers but this is set to change with the likely reduced involvement by government.

3.3.3.2. Limitations of animal healthcare technologies
The outlined animal health technologies face some challenges that need to be addressed in order to make them more effective and useful for farmers.  First, most acaricides used by farmers for tick control are quite expensive and way out of reach for most smallholder farmers (Mudavadi et al. 2001). Consequently, farmers do not spray their animals regularly. Due to high costs, there is a tendency among some farmers to apply low doses of acaricides. Such inappropriate practices make tick control exercise ineffective and quite often, ticks even develop resistance over time. Similarly the cost of treatment once the animal has been infected is also high and many farmers often lose their animals simply because they cannot afford the high cost of treatment.   

A second major challenge is the quality of acaricides and treatment drugs that farmers have access to. Many farmers we talked to complained of unauthorized agro-vets out there dealing in animal health products. Some farmers also rely on the advice of the agro-vet dealers, some of whom do not have the necessary animal health training to advise farmers on animal health issues. Such unscrupulous dealers often sell sub-standard products and mis-advise farmers thus compromising quality of animal health interventions.  

Tick control interventions through dips are also affected to a great extent by poor management of respective communal dips. Most dip management committees are entangled in serious leadership wrangles and misappropriation of funds meant for operational management of the dips. Moreover, some drug companies supply sub-standard acaricides or take advantage of the committees’ ignorance to under-dose the dips. This compromises the quality of dipping service plunging the dip managements into further wrangles.

Finally, vaccination programs aimed at addressing notifiable diseases are not well funded. The government has recently prioritized some parts of the country that will receive preferential treatment as far as government vaccination programs are concerned and Western is not among these priority regions. Since vaccines are expensive, this implies that many farmers will be left exposed to outbreaks of the notifiable diseases. 

3.3.3.3. Summary remarks regarding success/failure of interventions

Various agencies promoting dairy activities in Western region are aware of the limitation of current interventions and are looking for means of addressing these challenges. In the following we highlight two interventions that can enhance farmers’ uptake of animal health technologies. 

a) Revolving fund for facilitation of vaccine programs. As explained above the impending gradual withdrawal of government from vaccination programs in some areas may leave many farmers quite at risk. SDCP initiative has recognized this challenge and put in place mechanisms to resolve it. The approach involves setting up a revolving fund for purchase of vaccines and conducting of the vaccination exercise. The initial funds are provided to the DVO to purchase vaccines and conduct the vaccination exercise. Farmers pay a fee for the exercise and the generated revenue is deposited to a bank account belonging to the dairy group. This fund will then be available for subsequent rounds of vaccination, thus ensuring that farmers have ready access to vaccination interventions.

b) Bundling of output and input market/services. Accessing quality inputs at affordable prices remains a nightmare for many smallholder dairy farmers, especially when they face the input market as individuals. Collective action in acquiring inputs may therefore provide economies of scale and significantly reduce the cost of inputs for most farmers. The input provision market can be bundled with an existing output market institution like a dairy cooperative. By integrating input acquisition into the services provided by a dairy cooperative, farmers will be escaping the trap of unscrupulous agro-vets usually bent on hoodwinking farmers. Furthermore, respective inputs can be acquired by farmers against their milk delivery to the cooperative.   

3.3.4. Milk handling and marketing interventions 

The bulk of milk produced in major areas of Western Kenya are sold locally to neighbors, local hotels and shops while some are sold to vendors and cooperative societies (Musalia et al. 2007). Some of these cooperative societies subsequently supply KCC or other private milk processors, especially under the support of SDCP in areas of Bungoma (MoLD 2009). However there are a number of cooperative societies that have collapsed leaving many smallholder dairy farmers in the region at the mercy of dishonest milk traders. The surviving ones are mostly beset by management problems and are also operating below capacity (Waithaka et al. 2000). The cooperative societies bulk and transport milk to processors while others offer additional services such as AI services and loan facilities. Within these milk marketing channels, there are a few milk handling technologies and marketing interventions that are implemented.  

a) Chilling plants. The only major intervention in milk marketing that has been implanted in Western is the chilling plants. These chilling plants like elsewhere in Kenya have been under the management of dairy farmers’ cooperative societies. However, most of these chilling plants have been operating below capacity due to low milk production by members. 

b) Bulking and collective marketing. Embedded in the chilling plant technology is the idea of collective marketing. The chilling plants are supposed to act as bulking point and generate volumes to attract the interest of processors. Cognizant of this potential, SDCP for instance has been training members on group marketing and collective bargaining. Such trainings have enabled some dairy farmer groups to initiate collective marketing activities with significant gains in market access and milk prices.  

3.3.4.1. Uptake and impacts of milk handling and marketing interventions

The chilling plant technology has not picked up well in Western Kenya especially in Western province. This is because previous chilling plants were managed by dairy cooperatives that were mismanaged leading to eventual collapse of respective plants. Thus, most smallholder dairy farmers in the region still associate chilling plants with the failure of cooperative societies.

Collective marketing has on the other hand picked up quite well, especially after the training programs offered by SDCP. In Kisii, three groups have started selling their milk collectively to Brookside Dairies to the tune of 600 litres per day. Some groups in Nyamira and Bungoma are also bulking milk and selling on behalf of their members to local markets at improved prices (MoLD 2009). Still under the support of SDCP a dairy group in Lugari has been supplying milk to Brookeside from 2008. This is as a result of training on contractual arrangements on marketing by SDCP. 

3.3.4.2. Limitations of milk handling and marketing interventions
There is a general lack of awareness on milk handling technologies and interventions. Most farmers we talked to were not aware of the ideal aluminum milk containers for instance. At least they were not aware of its advantage over other types of plastic containers that are more popular in the region. There is also limited commitment among farmers to activities related to collective milk marketing. This is mainly due to previous experiences with collective approaches under dairy cooperative societies. 

3.3.4.3. Summary remarks regarding success/failure of interventions

In spite of the above limitations, there is still some scope for scaling up some of the identified interventions in order to bring the associated benefits to more smallholder dairy farmers in Western Kenya. Much of this should involve adopting innovative organizational structures and a change in how collective initiatives have been handled before. This can borrow from experiences in other regions and programs where collective approaches to product marketing have produced impressive results. We highlight two issues that we think can bring about these desired changes.

a) Training on business skills and collective bargaining.  Experiences from the SDCP initiative have shown that with training on business skills and collective bargaining farmers are able to realize the potential in collective marketing. These training programs as we have realized, have been quite instrumental in enabling farmers to profitably engage in collective marketing and bargaining. 

b) Dairy hub approach (Value chain approach to technology adoption). Sustaining a chilling plant on full capacity requires volumes of milk to be supplied by farmers. This calls for farmers to engage in dairy activities in a more productive manner, which can be achieved only if support services such as breeding, feed supply and animal healthcare are closely linked and associated with milk marketing. Essentially it calls for a value chain approach to technology promotion where milk production and marketing, feed interventions, animal husbandry and healthcare are all promoted as a package. Bundling all these related services as components of a hub ensures that farmers have dedicated service providers working with them towards a common goal – improving productivity and marketing for members. The various models of dairy hubs currently being promoted by EADD can provide some crucial lessons for implementing such a scheme.

c) Share capitalization of chilling plants. Most chilling plants in Western province that eventually collapsed under management of dairy cooperative societies were provided to those cooperatives as loans or grants. While there may have been some mechanisms for repaying the loans, the financing model did not have appropriate models for members to claim ownership of the plants. Consequently, the chilling plants were seen as service equipment without additional direct dividend that would accrue to members if they had shareholdings in those plants. Reviving these chilling plants is of essence. But the financing model will need to incorporate mechanisms for smallholder members supplying those chilling plants to lay claim on the benefits accruing from operations of these plants. There are important lessons to be learnt from the financing models of the chilling plants currently being promoted by EADD. 

4. Conclusion: Successful and promising technologies for Western Kenya
The appraisal of existing dairy technologies and interventions provide interesting lessons for development and dissemination of appropriate technologies for smallholder dairy farmers in Western Kenya. The widespread adoption and appreciable impacts of some of these technologies present important insights for enhancing other interventions that are currently struggling to take off.  More importantly, failures of some interventions provide useful lessons on the pitfalls to avoid in development and dissemination of future interventions. In the remainder of this concluding section, we outline some successful technologies that have been implemented in Western Kenya. We also identify some promising technologies. 

Finally, we present the type of technologies or elements of technologies that can lead to successful adoption, resulting into enhanced dairy productivity. In each illustration we give examples of technologies that have been successful as a result of the approaches discussed.

4.1. Successful dairy technologies in Western Kenya
Successful technologies are those that have been taken up by many farmers and where farmers can express appreciable impact on their production processes or constraints. We highlight below some of the successful technologies for the dairy industry in Western Kenya. 

a) “Tumbukiza” method of Napier grass establishment. Napier grass as discussed already is the most common source of fodder. The improved method of establishing Napier, known as Tumbukiza has been successfully taken up by many farmers in Western Kenya. A study by Orodho (2006b) indicate that the technology is increasingly being taken up by farmers. Many farmers expanding their Napier plots prefere to use the method, while some farmers are also replacing Napier grass plots previously planted using conventional methods.

Reasons for success: - The method requires less land and produces high yield per unit area of land. Therefore it fits well in the limited land resource set-up of Western Kenya. Napier planted using this method is resistant to drought and has a longer lifespan.

b) Fodder shrubs. One fodder srub that has been widely adopted across East Africa and Western Kenya in particular is Caliandra. 

Reasons for success: - Adoption of Caliandra has been attributed to the fact that farmers did not have to devote extra land to such shrubs. This is because these trees could be planted as hedges or along soil conservation contours. So the intervention did not have to disrupt existing farming system.

c) Push-pull technology. The other technology that has been taken up well in Western Kenya is the integrated pest management method that involves intercropping maize with desmodium while planting Napier grass as a border crop. This technology was taken up well and even led to an increase in the number of improved dairy animals kept in Suba district (Hassanali et al. 2008).

Reasons for success: - The technology presented solutions to multiple challenges, controlling Striga weed menace while addressing forage/fodder constraints for dairy farmers.

d) Innovations for improved access to fodder seeds. The bulking sites promoted under the SDCP have significantly reduced the cost of acquiring seeds for many farmers, thus enabling them to take up initially inaccessible fodder shrubs and fodder grasses. 

Reasons for success: - The innovation presented an opportunity for farmers to access vegetative planting materials and harvested seeds on farm instead of relying on expensive seeds. The innovation therefore enhanced uptake by alleviating the financial constraint to technology uptake.
4.2. Promising dairy technologies and interventions for Western Kenya

Besides technologies that have successfully been disseminated in Western Kenya, there are also some interventions disseminated elsewhere across the country that have potential for success in Western Kenya

a) Feed conservation using a pulverizer. While a pulverizer technology has not been widely disseminated in Western Kenya, the technology has shown promising potential in other parts of Rift Valley and to a lesser extent in Kisii and Nyamira regions.  
Potential: - The technology has a huge business potential and has proved quite attractive for various entrepreneurs in other dairy producing regions. Secondly, agriculture in Western Kenya is characterized by extensive use of land for food crops and cash crops, which implies that there are plenty of crop residues and by-products that can be processed using a pulverizer and stored for use in dry season. 
b) Dairy marketing hubs. The marketing hub approach currently implemented by East Africa Dairy Development (EADD) adopts a value chain approach to technology dissemination. The approach takes cognizance of the interrelationship among different stages of the value chain and implements a model that bundles all other support services to the milk outlet. By ensuring that all support services (breeding, feeds, veterinary and extension) are readily available and accessible to farmers, the model increases dairy productivity, which apparently is needed to sustain the chilling plants. Better returns from a chilling plant operating at full capacity in return ensure that farmers have the capacity to pay for productivity improving technologies and services. A similar approach has been adopted by the SDCP albeit on a limited scale.

c) Share capitalization of chilling plants. The financing model for chilling plants promoted by EADD projects gives farmers a stake in the ownership of the chilling plants and hence an interest in the survival of respective plants. The approach ensures the chilling plant is finally transferred to members under a business arrangement that enables them to lay dividend claim to profits from the operation of the plant. 

d) Public private partnership. The role of the public sector is largely in the provision of public goods such as infrastructure that can facilitate operations of the private businesses to the benefit of farmers. The SDCP program has been quite successful in leveraging the public sector to allocate part of the Constituency Development Fund (CDF) to maintenance of physical infrastructure such as roads and revival of some previously collapsed public dips. Such initiatives have enhanced service provision facilitated by the donor funding.
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