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Executive summary

This study presents a synthesis of crop technologies for enhancing crop productivity in the arid and semi-arid lands of Kenya. The main study objectives are: i)  to identify technologies that are pertinent for enhancing the productivity of cereal, pulse, root and tuber crops; ii) identify technologies that have been released and adopted; ready to be released; preferred by farmers and successful; iii) establish demand from stakeholders’ perspective and iv) generate recommendations on policy and programmatic interventions to up-scaling successful technologies. 

The study has adopted two methods, literature review and interviews with key informants. Literature was reviewed to evaluate previous adoption of crop technologies, and the contribution of major driving forces which include international, public, private and local domains in Kenya. Consultation with key stakeholders across the formal and informal sectors provided significant information which our findings are anchored in. The identified study areas are Machakos and Makueni counties with target crops being cereals (maize, sorghum, and millet), pulses (pigeonpea, green gram, beans and cow peas), roots and tubers (cassava and sweet potatoes). A conceptual framework is also developed, which provides a snapshot of the structure of crop technology systems, linking various actors, stakeholders and the corresponding supply chains.
Significant progress has been made in the area of research and development in improving crop technologies. One of the major focuses is to improve the quality of seed varieties which encompass special attributes such as drought tolerance, pest and disease resistance, early maturing, and high yielding. Most of these varieties are designed to adapt to wider agro-ecological zones. International Agricultural Research Institutes (IARIs) have been significantly contributing to the public sector in terms of developing improved genetic materials and technical backing. Consultative Group on International Agricultural Research (CGIAR) Centres such as International Maize and Wheat Improvement Centre (CIMMYT), International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), International Institute for Tropical Agriculture (IITA), International Center for Tropical Agriculture (CIAT), and Africa Rice Centre (ARC) are the major actors that are diligently working on enhancing the attributes and traits of crops that are target in this study. National Agricultural Research Institutes (NARIs) are also working in close collaboration with IARIs where their responsibilities further include registering improved products to be licensed and released. A number of national and multinational seed companies also have been adding value to the over all effort in improving the country’s seed technology supply systems.
This study attempted to identify the existing improved seed varieties of target crops that have been developed and released.  Among the crops, a great emphasis has been given to maize at the national level in terms of research and development, compared to those of remaining ones. Maize is one of the major staple foods in Kenya and perceptibly potential investments target these crops. Further, the large portion of research and development in the system is funded by international donors where the nature of investments to a certain degree focuses on crops that have global importance. Such disparity is clearly shown in our review of seed technologies where maize represents the lion’s share of variety released by Kenya Plant Health Inspectorate Service (KEPHIS) compared to the remaining target crops.  
Findings in this study show limited adoption of crop technologies constituting improved seed varieties, soil and water management, processing and storage. This is greatly attributed to inadequate access to information and knowledge on the existing crop technologies; lack of financial capital; limited extension services; under developed output markets; chronic drought and less efficient coordination of supply value chain for the technology systems. The study also recognised farmers’ lack of financial capability as the most crucial stumbling block for uptake of crop technologies. Most of the existing technologies could not be easily afforded while at times there are shortages of relatively preferred varieties during the planting seasons.

There is also limited access to formal credit and that farmers in general heavily rely on the informal financial systems. Such systems in most cases involve borrowing from fellow farmers or relatives to address household investment and for consumption smoothing when encountered with food shortage. Almost all farmers in the study groups have no access to formal risk management options. Small amounts of credit made available through microfinance are either exorbitantly expensive or largely unsuitable for major investment in productive inputs and conservation agriculture. The majority in the groups have also expressed uneasiness towards formal credit services, for the lack of transparency involving terms and conditions; therefore, reluctant to subject themselves for any loss of asset as a result of swift actions in case of potential default.
The existing effort to establish strong links between crop technologies and service providers with end users is not sufficient enough to create substantial impact in the lives of many subsistence farmers. This situation arises not only from the limited availability of technologies but also from the overall lack of capacity and efficiency in promoting and diffusing the required technologies to the wider consumers, which would ultimately ensure adoptions.

Extension services are extremely limited in both counties where the ratio of an extension agent to farm household in Machakos and Makueni are 1:1800 and 1: 1434, respectively. Strategies for information dissemination include, field days, on-farm demonstration, farm visits to those who demand services, group approach, media outlets in local languages and barazas
. In addressing seasonal seed needs, services in Makueni often involve, organizing community seed fares during planting seasons by bringing together different stakeholders. The same services are also extended during harvesting season to deal with challenges of post-harvest management.
The presence of NGOs and faith-based organizations is strong and contribute to the farming community by building capacities of CBOs and facilitate technology uptakes. Further, they respond to potential emergency situations such as food crisis in the target areas. The availability of extension services is very limited relative to the service needed in covering wider geographical areas.  Availability of agro-dealer shops in the more marginal areas is also limited.
Free seed distribution has a tendency of distorting input markets, thereby, affecting the demand for new technologies as well as supply systems. On the other hand, demand for improved varieties is relatively low for seeds that could be recycled. In practice, farmers replace fresh stocks of seed less frequently also creating uncertainty for seed companies to establish dependable estimates on demand on which to base seed production planning. Farmers opting for commercial seeds are likely to be market oriented, well informed, and better endowed with financial capital and production factors. Accordingly, seed replacement rate may depend on farmer’s ability to recognize loss of varietal integrity and vigour, and also the profitability of purchasing fresh stock. 

Storage technologies also remain a challenge where the majority of farmers often rely on the traditional systems to store grains. However, technologies such as improved granary, large pot, and metal silo offer better and safer systems that provide protection from potential damages from pests, rodents and grain losses. There needs to be a push in promoting and disseminating relevant technologies which ensure cost effective and efficient storage systems to stimulate adoption. Farmers also raised concerns about the challenges of aflatoxin infestation for maize in seasons when there is excess harvest. To avoid such challenges farmers are often forced to sell marketed surplus at a very low prices. 
Lack of proper output markets has also created difficulties for farmers in seeking potential buyers for their excess produce. This could negatively impact farmers’ long term visions to invest in crop technology which are critical to overcome poverty and lead a food secured sustainable life. 
Sound and coherent policy and regulatory frameworks are vital to harness the potential of all key players in the input supply systems. This requires formulating multiple policies that ensure availability, access and timeliness of crop technologies leading to wider adoption. Such strategies should emphasise on strengthening the supply of input technologies in conjunction with output markets and value chains of target crops to encourage technology adoption at the same time stimulating demand both for farm inputs and products. On the other hand, smart policies such as input subsidies (e.g. fertilizer and improved seed) could be useful to minimize the common dependency of resource poor farmers on free input distribution while providing them at affordable prices. 
1. Introduction

Agriculture in Kenya continues to be the lifeline for the majority of the rural poor. The sector contributes up to 28 percent of the total gross domestic products (World Bank, 2011). About 79 percent of the total population size of 40 million resides in the rural areas and heavily relies on agriculture for most of its income and livelihoods (IFAD 2011). Despite its significance as a primary source of livelihoods, the sector is afflicted by several challenges which are especially predominant in the arid and semi-arid areas. The level of crop productivity is below potential and in recent years, yield and value for some agricultural produce have either remained constant or are on the decline (Government of Kenya 2010). The country’s total agricultural land stands at 56,914,000 hectares (IMF 2010) where the Arid and Semi-Arid Lands (ASALs) constitute about 80 percent of the total land mass. ASALs in Kenya exhibit erratic rainfall and weather conditions (frequent dryspells with occasional flooding), frequent crop failures and low crop and livestock productivity (Government of Kenya 2010).

Smallholder farming is typically rain-fed; largely subsistence oriented while in ASALs of Kenya, scarcity of water (and its poor management) remains a major challenge to improving productivity and enhancing food security. Subsistence farmers in Eastern regions of Kenya face serious crop failures about twice every seven years due to severe droughts
. Poor soil fertility is one of the major impediments in drought prone areas delaying recovery from such shocks. 

Crop productivity is central in this study which requires addressing several components in the crop production systems. Primarily, crop productivity directly depends on farmers’ decisions in terms of farm investments. Farmers’ knowledge and awareness is the key in making optimal decisions. Such decisions are partly anchored on endogenous elements such as financial capital and resource endowments (land, labor, equipments used for faming). While exogenous factors include: availability of crop technologies such as improved varieties, soil and water management technologies; post-harvest management technologies. Others comprise availability of credit and risk management options, extension services, input and output markets, institutional settings, proper infrastructure (road, communication networks, media outlets, etc.), policies and regulatory frameworks. 

Locally adapted and risk-reducing crop technologies
 are extremely vital in increasing crop productivity especially in the areas where production solely depends on seasonal rains. Nevertheless, strategies which intend to promote the development of crop technologies often concentrate on hybrids and high-value exportable crops favouring commercial farmers in high potential areas (Maredia et al. 1999; Venkatesan 1995;

HYPERLINK \l "Dimithe" Dimithe et al., 1998;

HYPERLINK \l "Tripp" Tripp 2000). Efforts to extend the supply of commercial seed to the rural areas of Kenya, especially in drought prone semi-arid regions, have often been challenged by weak supply networks and inadequate coordination between stakeholders in seed production, multiplication, distribution, and marketing (Shiferaw et al. 2006).

Research and development on orphan or traditional high value crops
, commonly grown in the drier region of Kenya, are relatively limited. The mandates of international donors often give priority to food crops that have global importance such as maize, which to certain degree affected potential financial support needed to crops relevant to drylands such as dry land legumes and dry land cereals. This has been greatly reflected on the research and development outputs by IARI, KARI and national and multinational seed companies in terms of varietal development and release. The majority of private seed companies are also engaged mainly in hybrids limiting the supply of OPVs of traditional high value crops. For instance, maize is recognized as the most important staple food in Kenya, and about 164 improved varieties of maize have been developed and released compared to sorghum (18), cowpea (10), millet (8), pigeonpea (7), cassava (7), beans (5), sweet potatoes (4), and green gram (1). 
Apart from improved varieties, limited capacity in extension services hampers the effort of covering wider geographical areas to promote and disseminate relevant crop technologies with technical advisory services and backstopping. Further, lack of proper roads has created inefficiency and more challenges in penetrating the most vulnerable farming communities residing in the marginal and inaccessible areas. This also affects timely availability, access to crop technologies, which are also the key to meeting seasonal demands. Seed delivery systems in Kenya, generally, suffer from lack of strong coordination and linkages within the value chains; insufficient capacity in bulking the required seed; and in some cases limited access to foundation seed.     

Credit and insurance services also have significant role in creating opportunities for farmers to invest in technologies that increase crop productivity; mitigate pervasive food shortages; and to deal with potential risk factors that arise from frequent droughts.  When the formal credit and insurance systems fail to provide the required services, such challenges are often dealt with through local institutional responses such as informal credit systems while crop diversifications or land diversification (e.g. intercropping or relay cropping) are practiced if the impact is location-specific. The severity of shocks and the non-location specificity of the risks make the traditional risk management system insufficient.

In drought prone areas of Kenya, poverty is deeply rooted and the vicious cycle is a threat to livelihood security. As a result of frequent drought, food shortages are rampant and most households live on the verge of food crisis. Non-agricultural income sources and proper safety nets which cushion vulnerable farm households from potential shocks are limited where a slight deviation in rainfall patterns may push many households into hunger. Recently, severe food shortages claimed the lives of many vulnerable women and children, not only in Kenya but also in the neighbouring Somalia and Ethiopia.

Such extreme situation often calls for large scale intervention. NGOs and relief agencies normally respond to such disasters through provision of free relief food and seed to mitigate both food and seed shortages. These programs often rely on the public and private sectors to address seed shortages (Remington 2004) while calling for national, regional and international interventions to respond to chronic food deficiencies. There are concerns that this approach would create dependency when it is part of institutionalized seed handout programs that may undermine the development of formal seed sector where markets would play a major role. Various approaches such as seed voucher systems could however be used to stimulate the local seed systems through direct seed trade, without compromising the viability of commercial seed sector. 

A combined method of literature review and interviews with major crop technology providers and other relevant stakeholders were used to identify major constraints to crop productivity. The interviews with technology developers also focused on identifying existing opportunities to leverage advances in research and information deliveries for farmers in drought prone regions. The target areas are Machakos and Makueni counties in Eastern Kenya region. At the field level, information was gathered from various stakeholders
, which provided valuable insights on issues spanning availability, accessibility, and timeliness of crop technologies; uptake of technologies; attitudes towards technologies; potential constraints to uptakes; soil and water managements; credit and risk management options; input and output markets; and demand and adoption of such technologies. 

The study recognized, along with inadequate access to available crop technologies, that water (and its poor management) is by far the major limiting factor in these areas and farmers face eminent risk of crop failures as a result of recurrent droughts. Farmers, in most cases, are unable to invest in crop technologies such as improved seed varieties, soil conservation and water harvesting,  and post-harvest managements due to lack of affordable credit and financial services. Thin or in some cases absence of output markets discourage farmers from venturing into new technologies, which also affect the ability to generate marketed surpluses. Extension services are extremely limited in both counties where the ratio of an extension agent to farm household in Machakos and Makueni are 1:1800
 and 1: 1434
, respectively. This figure indicates a considerable gap between what is required to address the needs of the majority of farm households and what is actually made available. Such meagre services create a lag in promoting and transferring the right and most appropriate technologies that reduce risks and help improve productivity. 

Objectives 

The overarching goal of the study is to identify available crop technologies to enhance crop productivity in the arid and semi-arid lands of Kenya. This calls for a complete investigation of the existing structure of crop technology systems and the role of major actors and stakeholders. The study attempts to pin down limitations in addressing crop productivity in subsistence farming systems. Further, potential challenges in dealing with the supply of such technologies were looked at while highlighting areas which merit scaling-up. The specific objectives were to: 

1. Identify technologies that are relevant for enhancing the productivity of cereals, pulses, roots and tubers in the arid and semi- arid lands of Kenya;

2. Identify technologies that have been released and adopted; ready to be released; and preferred by farmers and successful;

3. Identify the means to promote up-scaling of such technologies;
4. Establish demand from stakeholders’ perspective and the implications on adoption of crop technologies;

5. Assess systematic and structural problems; and 

6. Draw lessons and provide recommendations on knowledge gaps for further research, scaling up and institutional innovations and best practices. 

The rest of the paper is organised as follows. Section 2 presents methods that were employed in this study and a conceptual framework which depicts crop technology systems. Section 3 makes use of the descriptive information gathered from the study areas such as farming systems, crops that are grown, and the relative importance of target crops for the farming communities. Section 4 reviews the structure of crop technology systems. The corresponding major technology providers in the value chains which constitute international, public and private sectors are presented in section 5. Section 6 presents key findings on systemic and structural challenges, which affect the availability, access of technologies; input and output markets; availability of credit and insurance markets; demand and level of adoptions; institutional capacities; and policy implications.  Section 7 highlights the emerging role of different stakeholders; puts forward successful technologies for scaling-up; and underscores policy implications.

2. Methods

The study adopted a mix of methods, literature review and interviews with key informants, to establish a cohesive report. 
2.1. Literature review

Literature were reviewed to evaluate previous adoptions of crop technologies and the contribution of major driving forces both in international, public, private and local domains in Kenya.  Further, constraints limiting the up-take of crop technologies were reviewed while exploring the contribution of policies that are in place towards efficient value chains and adoptions. Existing improved seed varieties for crops that are locally grown in both counties were reviewed. The study attempted to identify the corresponding challenges in accessing such technologies. Water and soil managements are also crucial in addressing crop productivity, therefore, the availability of such technologies was looked at and the accompanying impediments in transferring such technologies to farmers were assessed.

2.2. Interviews

The study heavily relied on consultation with key stakeholders and informants across formal
 and informal
 technology sectors. Semi-structured questionnaires were developed for each of target groups of informants to guide the discussions. At the field level, we held several formal individual and group-level discussions with farmers, farmer groups, women groups, district agricultural officers/extension agencies, input distributors, agro-dealers/agro-vets, model farmers, NGOs, development agencies, community-based organizations. 

Information obtained from farmers focus groups may have suffered from selection bias where the majority, in most of the groups we interviewed, was represented by women. This is partly due to the planting season where some of the men at this time of the year are normally engaged in crop activities in the field. However, in most cases men tend to move to towns in searching for off-farm income sources as subsistence farming in these areas often hardly meets household consumption requirements.  

Several productive discussions were conducted with national and international research institutes, seed companies, Ministry of Agriculture, and others in the public and private domains. IARI
 such as ICRISAT, CIMMYT have provided valuable information on their contribution to the development of improved seed varieties which possess particular traits
that are especially suitable for ASALs. These institutes work in partnership with the national research institutes such as KARI and universities to enhance the availability of high quality genetic materials, by injecting more improved quality seed varieties into the systems. They also promote soil, water and crop management technologies to improve the overall crop productivity.   

2.3. Conceptual framework

A conceptual framework is developed which provides a snapshot of the structure of crop technology systems linking various actors, stakeholders and the corresponding activities (Figure 1). In the public sector, both international and national research institutes are engaged in the research and development of improved crop technologies while investment in R&D and agricultural policies are crucial determinants of the success of crop technology systems. Currently, agricultural R&D in Kenya, which is essential to meet the needs of low-income farmers, is mostly funded by the public sector and is likely to remain so, while the private sector perceives that the potential rates of returns from investing in R&D are low. Regulatory agencies also play their part in inspecting the registered material to meet the NPTs. The registered variety undergoes at least two seasons trial to test for its distinctness, uniformity, and stability. The seed industry, constituting small to high capacity
 seed companies are mainly involved in seed multiplication, processing and marketing while extension officers and agro-dealers/agro-vets are directly linked to the farmers in terms of direct access of crop technologies, information and formal training to facilitate adoption. 

With the support of NGOs, community based organizations such as farmer’s organizations and women’s groups could be used as means to address potential seed shortages through establishing seed multiplication at the local level to respond specifically to the local needs. Properly functioning input and output markets as well as institutions are critical to warrant sustainable use of crop technologies and up-take. Availability of infrastructure and communication networks such as roads, media outlets, etc; potentially contribute to easy access to major technologies and the accompanying information and knowledge.
Utilization of improved seed technologies should be complemented with proper soil and water managements and conservation agriculture to realize the full benefits. Improved storage systems are essential to address post harvest challenges (e.g. pests, rodents).  
Supply chains in a perfectly functioning system are guided by defined methodologies which are also internationally standardized, and backed by national legislation (Odame and Muange, 2010). As presented in Figure 1, the potential contribution of public and private sector could be linked all across the supply chains of what is collectively known as the formal/organized sector; while NGOs and faith-based organizations are involved more on the responsibility of bridging the gap between the formal and informal sectors where farmers are the main recipient. 
Harnessing the ultimate potential of technology systems involving all actors and stakeholders in its entirety could bring about the intended result in terms of adoption and crop productivity. This could gradually enable farmers to harvest sufficient marketed surplus in a sustainable manner thereby increase household income. This would ultimately improve household consumption and food security. 

[image: image1]
Source: Developed by the author 
Figure 1. Conceptual framework for crop technology systems

3. Description of study areas and target crops  

3.1. Study areas

Two major Counties, namely Machakos and Makueni, were selected based on agro-ecological zones classified as ASALs where scarcity of water is perceived to be the major challenge. Unpredictable rainfall patterns, that often manifest as drought and low soil fertility have contributed to low crop productivity in this region. For the most part, these areas are recognized as low potential. Agriculture is mainly rain-fed and predominantly subsistence farming where farmers, in general, depend on the bimodal rainfall. There are two rainfall seasons, March-April and November-December. 

Six farmer groups, 1 from Makueni
 and 5 from Machakos
, were interviewed to establish the use of crop technologies consisting of improved seed varieties; soil and water management; and post-harvest handling (processing, value addition, and storage). In Machakos, information was gathered from Mwala, Yatta
and Machakos town where key informants comprise district MoA office, extension officers, farmer groups, agro dealers, NGOs, Faith-based organizations, input distributors. Ministry of Agriculture operates mainly in two administrative divisions, Mwala and Yathui. In Makueni, information was gathered from Wote administrative division and key informants include district MoA office, extension officers, farmers’ group, and agro-dealers.

Machakos 
The farming systems are mixed farming with livestock being used as dual purpose for milk and meat. Food crops grown include green grams, beans, pigeon peas, cowpeas, cassava and sorghum.  Fruits grown are papaya, mangoes and bananas. There is some degree of irrigation potential in this region especially for horticulture; however, the practice is limited among farmers. Farmers mainly grow French beans, tomatoes, onions and green maize. Production of cotton had also done well in the past but had been abandoned as a result of low prices, weak output market and high production costs. 

Productivity of the major crops has been fluctuating over the years. Figure 2 presents productivity trends of the cereals for the period 2000-2010.
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Figure 2: Productivity of Cereal in Machakos District

Direction of performance of the three main cereals grown in the region is similar over the years although sorghum appears to have greater potential, performing much better in good years as illustrated by 2006 and 2007. The fact that farmers tend to grow the three crops together may, thus, be dictated by the tastes and preferences, and possibly the different uses that individual crops may serve rather than insurance against production risks.

Beans and pulses exhibit almost a similar trend of productivity (Fig.3).
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Figure 3: Productivity of Beans and Pulses in Machakos District

While fluctuations in performance are noted for all these crops, pigeon peas and cow peas dominate most of the periods. Beans tend to manifest some of the steepest fluctuations. For instance, the productivity increased steeply in 2004, only to drop sharply in 2005.
For the two main roots and tubers grown in Machakos, cassava appears to be performing much better (Fig. 4).
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Source: MoA, various years
Figure 4: Productivity of roots and tubers in Machakos

In fact, productivity of sweet potatoes has been consistent on the decline for the period under consideration.

In terms of land allocation to individual crops, beans, pigeon peas and cow peas enjoy the largest share. Possibly this is due to the fact that the crops take a shorter time to mature which makes them a better bet for highly variable weather experienced in the region.
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Figure 5: Proportion of land allocated to selected crops in Machakos

On average, however, land allocated to individual crops has remained fairly stable.

Makueni 
The farming systems are represented by mixed farming in the upper areas i.e. Kaiti and Kee as well as agro pastoral and pastoral farming. Food crops that are grown include maize, sorghum, millet (finger and pearl), pigeon peas, cowpeas, green grams, cassava and sweet potatoes. Fruit trees constitute mangoes, citrus, papaya. Horticultural crops: kales, tomatoes, spinach and cabbages which are grown along valley bottoms. 
Productivity of cereals is persistently low in this region (Fig. 6). 
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Figure 6: Productivity trends for Cereals in Makueni

The occasional steep rises in productivity (e.g. 2001 for sorghum and millet) indicate that the area has potentials which can be tapped if over-reliance on rain-fed agriculture is reduced.

The productivity of beans and pulses is not any different from that of the cereals (Fig. 7).
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Figure 7: Productivity trends of Beans and Pulses in Makueni
For most of the years, productivity is low although, occasionally steep rises in productivity are realized. This is attributable to adverse weather experienced in the region most of the years.
Roots and tubers seem to be doing better than the other crop categories (Fig. 8).
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Figure 8: Productivity trends of Roots and Tubers in Makueni

Between 2002 and 2005, productivity was on a downward trend before a sudden rise in 2006. Between 2007 and 2010, an upward trend was registered. Increased investment in these crops, therefore, could be important for food security.

3.2. Target crops and their relative importance
Cereals: maize, sorghum and millets. 

Maize is the major staple food in Kenya both in urban and rural areas. Through time, maize has become one of the widely grown food crops in the country occupying large areas in the semi-arid regions and throughout the country. Dryland cereals, sorghum and millets, are recognized as important food security crops especially in the ASALs of Kenya.  Both crops require less water than maize thus offering great potential for supplementing food and feed resources (Karanja  et al., 2006) while both can be consumed by farm household as “ugali”, “uji” fermented porridge and beer. However, sorghum is not as popular as the rest of cereals as a traditional menu. 

Pulses: Pigeon pea, cowpea, green gram, beans 

Machakos and Makueni are recognised as the most important pigeon pea producing counties in Kenya. Pigeon pea is usually planted at the onset of October/November short rains. Farmers normally do not apply fertilizer for this crop although occasionally they use manure. Cowpea is another important legume grown in the study area. It is highly adaptable to different types of soil and intercropping systems. It is resistant to drought and its ability to improve soil fertility and prevent erosion makes it an important economic crop. The other important pulses include green gram and beans. The majority of grain legumes fixes nitrogen from the atmosphere, thus contributing significantly to the sustainability of soil fertility in the dry land cropping systems and hence reduces the requirements for inorganic commercial fertilizers. 

Productivity has been largely falling or at best stagnating. This raises concern because these are the main food staples in the country. Policy interventions with the aim of promoting productivity and venturing into alternative high value crops are, thus, necessary.

Roots and tubers: cassava and sweet potatoes


Cassava is important in the economy of households and is mainly a subsistence crop grown for food by small-scale farmers. It adapts well in adverse and diverse agro-ecological zones with limited labour requirements which makes it highly suitable for ASALs. It provides food security during harsh seasons, since it conveniently grows underground. Cassava could be intercropped with vegetables, mangoes, papaya, sweet potatoes, maize, millet, sorghum and other pulses. Sweet potato grows in marginal conditions, requiring little labor and chemical fertilizers. It is a cheap, nutritious solution in terms of growing more food on less area, and also provides high-protein fodder for animals. Cassava is also contributing significantly to consumption of subsistence farm households where the crop is mainly grown by small-scale farmers, with minimal inputs. 

4. Overview of the structure of crop technology systems 

The effectiveness of technology supply systems is often measured in terms of the quality of technologies, availability, accessibility, timeliness, appropriateness, and utilization
 of technologies (Tripp 2000; Gordon 2000; Venkatesan 1994; Ndjeunga et al. 2000;
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 Maredia et al. 1999;
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 Dimithe et al. 1998). The readily available products of research, the improved crop technologies that are adaptable to local conditions have to go through a number of procedures before reaching the end-user. The technology development process (research phase) proceeds the seed production stage. The initial development of new genetic materials is followed by several steps before the variety is released including conformity with regulatory requirements and NPT leading ultimately to variety release. This is followed by production of breeder seed; pre-basic and basic seed; production of certified seed; multiplication and bulking of commercial seed; and finally processing distribution and marketing through identified outlets to the end users. 

A lot has been done in terms of developing varieties that have special attributes and traits which include drought tolerance, disease and pest resistance, early maturing, high yielding and adapted to wider growing environments. International research institutions such as CIMMYT, ICRISAT, IITA, CIAT, Africa Rice; national research institution, KARI; parastatal, KSC; multinationals, Pannar Seed Company (S.A),  Pioneer, and Monsanto; and other private seed companies, Western Seed Company, and Dry land Seed Company,  play a major role in Kenya’s seed technology sector as major providers of improved seed technologies involving  development of improved germplasm, production of breeder, foundation, and commercial seeds, which ultimately reach end users.

There are several improved crop varieties and complementary agronomic practices developed to address the challenges facing the arid and semi-arid agro-ecological zones. However, wide adoption of these technologies remains the biggest challenge in ASALs of Kenya. National research stations such as KARI Katumani, KARI Kiboko, and other international research stations are based within a specific geographical area with intent to develop and test seed technologies that are most suitable for that specific agro-ecological zone. This opportunity also created a perfect platform for researchers to take inventory on what farmers need and accordingly improve/enhance existing seed technologies, soil and water management practices, and storage systems, which could ultimately benefit subsistence farmers. 

The regulatory agency, KEPHIS ensures quality
 of registered cultivars through NPT tests set by KEPHIS. KARI has been at the forefront in contributing the largest share of new genetic materials that have been developed, registered and released. Seed companies such as Kenya Seed, Western Seed Company, Pannar, Pioneer, AgriSeedCo and few others also have been adding to this effort. International agricultural research institutes, in most cases, are not directly involved in registering their products; rather they allow access of their lines to be used by the public sector and seed companies that have the capacity to add value and maintain these materials. In this case, further improvements and crosses could be made according to the needs to fit in specific target environments prior to registration. KEPHIS then releases cultivars that meet all the criteria. 
The following sub-sections provide major crop technologies of 1) improved seed varieties 2) soil and water conservation 3) water harvesting 4) post harvest management and 5) labour conserving technologies.  Adoption of these technologies and the corresponding demand is discussed in section 6 under findings. 

4.1. Improved seed varieties- inventories
 

This section attempts to address research questions on improved seed technologies that have been developed by research institutions, large scale national and multinational seed companies for major cereals, pulses and roots and tubers. A detailed technology inventory for each crop with a brief description of each variety is provided in Annex I. Further, information on improved seed technologies that are at the uptake stage and technology dissemination is also provided. 
Maize (Table 1)
There are about 164 registered and released maize varieties during1964-2009, of which 37 varieties are suitable for arid and semi-arid areas of Kenya. About 21 out of 37 maize varieties that have been released are drought tolerant. 

· KDV4: A drought resistant variety, KDV4, was developed by Dryland Seed Company from CIMMYT line and disseminated
 in semi-arid areas. This variety is at the uptake stage.
· KDV1: CIMMYT had also developed drought tolerant KDV1 and KH500-21A varieties that are also at the uptake stage in semi-arid areas. 
· Katumani Composite B: Another open pollinated and drought resistant variety which was developed and disseminated by KSC is Katumani Composite B. It is mainly grown in Arid and Semi-Arid areas of Kenya and is at the uptake stage. It grows up to 174cm tall and flowers within 65 days after planting and matures in 3-4 months. It thrives best in marginal areas of Kenya between 1000 – 1800 m above sea level.  
· DTMA: These varieties are the products of collaboration with CIMMYT and were just released in 2010 and at early stage of uptake. Both have attributes of drought tolerant and striga resistant. DLC1 a DTMA variety does better in drier areas of Kenya. It targets the sorghum and millet zones. It grows up to 150 cm and flowers after 52 days. Expected yields are about 1 ton/ha.
Other improved maize varieties include KDH4 SBR, KDH5 SBR, KDH6 SBR, KDH4 14-01 SBR, KDH414-02 SBR and  KDH414-03 SBR,  developed by KARI, and DH02 developed by KSC which all are tolerant to drought, resistant to stem borers and adopted to low levels of soil nitrogen. These varieties were also disseminated by KARI in drought prone areas. AgriSeedCo Ltd developed SC Duma 43, an early maturing variety which is resistant to ear rot, rust, MSV
, and tolerant to drought. The variety was released in 2004 and disseminated by AgriSeedCo Ltd targeting drought prone areas. 

Finger millet (Table 2)
There are about three improved finger millet varieties released during 1996-2011 that are important for drought prone semi-arid areas.  

· KAT FM-1: This variety is self-pollinated and grows up to 6cm tall. It flowers in 75 days and matures in 90-115 days. Mature ear glumes are straw in colour and the seed color is brown. The potential grain yield is 1400kg/ha or 560 kg/acre and the variety is tolerant to blast and resistant to lodging. It can also grow from sea level to 2000m above sea level and high in calcium. It was developed by KARI and released in 2000.  This variety is also disseminated by KARI.

· Nakuru FM1: Drought and cold tolerant Nakuru/FMI is developed by KARI-lanet and released in 1996 and suitable for dry mid altitude. 

· U-15, Gulu and Okahale-1: The other varieties (U-15, Gulu and Okahale-1) have a range of attributes which include high yielding, tolerance to drought, striga weed and blast disease, good malting qualities, and higher nutritional value. Both were developed by KARI and released in 2011 and to be taken up.
Pearl millet (Table 2)
Pearl millet is naturally adapted to drought prone semi-arid regions and has an impressive adaptation to low rainfall areas. There are about four improved pearl millet varieties that have been developed and released during 2000-2001 suitable for drought prone areas. 

· P224:  Is a high yielding, open headed variety with prominent brown grains tolerant to blast and lodging but highly susceptible to striga weed infestation. It was developed by KSC and released in 1981. This variety is suitable for all finger millet growing areas and has potential for spilling over national boundaries (Shiferaw et al. 2008). 

· KAT PM-1: Another variety that was developed by KARI is KAT PM-1. It was released in 2000. It is an open pollinated variety, which flowers in 48-59 days and matures in 80-100 days. The seed shape is obviated and grey in color. Potential grain yield is 2800kg/ha with a mean of 1900kg/ha or 760 kg/acre. Eighty percent of the ear heads have bristles, which is a desirable bird-scaring trait and is tolerant to rust and leaf blight.

· KAT PM-2: The other pearl millet technology is KAT PM-2 that was developed by KARI and released in 2000. It is an open pollinated variety that flowers in 52 days and matures in 80-90 days, a week earlier than KAT/PM-1. Seed shape is obviated and grey in colour. Potential grain yield is 2500kg/ha with a mean of 1800kg/ha or 720 kg/acre. Only 10% of the ear heads have bristles. The variety is tolerant to rust and leaf blight.

· KAT PM-3(ICMV221): Also was developed by KARI and released in 2001. It is an open-pollinated variety. Plant height ranges from 140 to 160cm which flowers in approximately 45-55 days depending on altitude and matures in 75-90 days. It has mean grain yield potential of 2,400kg/ha or 960 kg/acre and can be grown between 50 and 1500m altitude in the semiarid areas of Kenya. 
Sorghum (Table 3)
A total of 18 sorghum varieties have been developed and released during 1970s-2008. Here we have highlighted a few that are suitable for drought prone areas in Kenya.

· Serena: is semi-dwarf and early maturing (110-120 days) variety released in 1970s. The plant height ranges from 150 to 160cm depending on the altitude. The variety has a thinner stem, many straight erect tillers and smaller compact head type when compared with Seredo. It is tolerant to striga parasitic weed and grain mould. It also does well in wetter semi-arid areas. KARI owns, maintains and disseminates this line. This variety has an attribute of wide adaptability. 

· Seredo: This variety was released in the 1970s by KARI is early maturing and drought tolerant. The plant is of medium height (150-160cm). It produces more outward spreading tillers and has a thicker stem than Serena. It flowers in 65-77 days and matures in 110-120 days. The potential grain yield is 4,000 kg/ha with average yields of 1,000-2,800kg/ha or 400-1,100 kg/acre. It is cultivated in areas of 1300 to 1700m above sea level. KARI is the owner and maintainer of this variety. This technology is disseminated through KARI targeting areas that are prone to drought which include ASAL zones. 

· Gadam: Drought tolerant, high yielding Gadam variety was developed by KARI using ICRISAT line. It was released in 1995 and disseminated by KARI. It has semi-dwarf small plants that grow 100-130 cm tall with a very uniform plant population. It does well in low rainfall semi-arid areas and dry warm mid-highlands. It matures in 85-95 days depending on altitude which is earlier than the other sorghum varieties, making it an ideal variety for food deficient drought prone areas. It is tolerant to insect pests, especially stem borer, shoot fly and leaf diseases. The potential yield ranges from 1,700 to 4,500kg/ha or 680-1,800 kg/acre or (8-20 bags/acre). However, it’s prone to stalk borer and frequent bird attacks.  

· KARI/Mtama-1: The plant height ranges from 50 to 170cm tall depending on the altitude and grain color is white with a hard endosperm and has no testa. It flowers in 58-65 days and matures in 95-100 days. KARI Mtama-1 is highly tolerant to stalk borers and aphids. It recovers from drought very fast. It is highly palatable and sweet making it attractive to birds. In order to minimize the losses due to birds, a cluster of farmers should plant or cultivate the variety to increase the acreage in a location. It has a potential yield of 4,000kg/ha with an average yield of 2500kg/ha or 1000 kg/acre. It was developed by KARI using the ICRISAT germplasm (KAT 83/369) and released in 2000. This variety is owned by KARI and maintained by KARI Katumani.

KARI also added to the list the following sorghum varieties for which it has a full ownership. These include KARI/Mtama2 (developed based on ICRISAT line IS 8193) is also tolerant to stem borer; E 1291 has a dual
 purpose and good beverage quality; Legio, that was developed based on ICRISAT germplasm, and Kaburu which contain a high yield trait; and KARIA-SH2, released in 2008 and has traits for dual purpose (food and fodder), and tolerance to rust and cold. 
Pigeonpeas (Table 4)
Pigeonpea, is an important legume crop highly adapted to semi-arid regions. There are three maturity groups: short duration, medium duration, and long duration. In collaboration with ICRISAT, KARI has developed about six varieties of pigeonpea varieties during 1981-2009.

· KAT 60/8:  This variety was developed by KARI and released in 1998. It flowers in 95-120 days and a medium maturity variety in 136-150 days. Potential grain yields range from 1200-1500kg/ha or 480-600 kg/acre in one season and in two seasons it yields 3000kg/ha or 1200 kg/acre. This variety is susceptible to insect pests mainly pod sucking bugs and pod borers but has tolerance to wilt and leaf spot diseases. 
· Mbaazi-1:  It was developed by KARI and released in 1998. This variety flowers in 55-70 days and matures in 105-120 days producing greyish grain (short duration). It has potential yields of 1000kg/ha or 400 kg/acre in one season and 2000kg/ha or 800 kg/acre in two seasons. Uptake pathway was mainly through KARI and all the varieties are at the uptake stages.

There are other important varieties which are widely grown in Eastern Province. These are ICEAP 557 and 554 (medium duration) and ICEAP 00040 (long duration).

Cowpea (Table 5)
Cowpea is another legume largely adapted to drought prone areas. KARI has developed 7 varieties in collaboration with IITA that have been released during 1987-2000.
· Machakos 66 (M66): was developed by KARI and released in 1998. It is a dual-purpose variety grown for both leaves and grain. This variety flowers within 55-60 days and matures within 80-90 days. The yields range from 800-1700 kg/ha or 320-680 kg/acre and is tolerant to yellow mottle virus and scab, moderately tolerant to septoria leaf spot and powdery mildew.

· Katumani 80: The other KARI variety which was released in 2000 is Katumani 80(K 80). It is a dual-purpose (food and fodder), M66 spontaneous mutant variety and may still mutate to other forms and is suitable for both grain and leaf production. Potential yields range from 800-1800kg/ha or 320-720 kg/acre and it is resistant to aphids, moderately tolerant to thrips, pod borers and leafhopper.  It is moderately tolerant to foliar fungal diseases and mosaic virus.

KVU – 419: The third variety developed by KARI and released in 2000 is KVU – 419 (Kunde 419). It flowers in 41-49 days and matures in 65-72 days (early maturing). Its potential yield is 1000-1500kg/ha or 400-600 kg/ha and has smaller grains than both Machakos 66 and Katumani 80.  It is tolerant to cold and recovers from drought very fast. All these varieties are disseminated mainly through KARI through on-sfarm demonstration and farmer field days. 
Beans (Table 6)
There are about five improved seed varieties of beans; those are suitable for arid and semi-arid conditions. KARI has developed four out of five improved beans varieties presented here namely, Kat X56, Kat X 69, Kat/Bean 1(Katheka), and Kat-Bean 9 released during1995-2008. 

· Kat/Bean1 (Katheka): It was released in 1997. It flowers within 30-31 days and matures in 60-65 days. Potential yield ranges from 1400-1900 kg/ha or 7-9 bags/acre. The grains taste sweet. The variety is tolerant to rust (Uromyces sp.), common bean mosaic virus (CBMV), angular leaf spot and bacterial blight and highly tolerant to heat and grows well under tree/banana shades.

· Kat X56: It was released in 1995. It flowers in 30-35 days and the flowers are light pink. It has uniform flowering and matures within 60-65 days. The grains are brilliant dark red, long, oblong and round. The potential yields are 1400-2000kg/ha or 7-10 bags/acre. Under good conducive conditions, the variety yields more than KAT/B-1 and KAT/B-9. It has tolerance to rust, charcoal rot, CBMV and tolerance to angular leaf spot.  The mature pods ready for harvest are not damaged by heavy rains. The grains cook fast and taste sweet.

· Kat X69: It was also released in 1995. It flowers in 30-35 days and matures within 60-65 days. The grains are long, oblong with dark red background. The potential yields are 1400-2000kg/ha or 7-10 bags/acre and it is resistant to rust common bean mosaic virus (CBMV) and also tolerant to angular leaf spot and charcoal rot.  However the variety is susceptible to lodging due to heavy bearing and tall plants. It cooks fast, producing large, brownish and sweet tasting grains.

· Kat-Bean 9: It was released in 1998. It flowers in 30-40 days and matures within 60-65 days. The grain is brilliant red and gives an Irish brown colour when cooked with maize, a quality preferred by farmers and has a potential yield is 1400-1900kg/ha or 7-9 bags/acre. It is more drought tolerant than KAT B1 and tolerant to CBMV and rust; and has field tolerance to several fungal diseases. 
Green gram (Table 7)
The only improved green gram variety developed is N26 which was released in 1998. The variety was developed by KARI.  It flowers in 40-45 days and matures in 60-65 days. The potential yields range from 300-1500kg/ha or 520-600 kg/acre.

Cassava (Table 8)
There are also several stress tolerant cassava technologies well adapted to semi-arid regions. Most of the improved cassava varieties are developed by KARI in collaboration with IITA. IITA has also contributed in provision of cutting edge cassava technologies that address these challenges. While AGRA through capacity building which focused on training potential scientists in the area of crop breeding has led to the development and release of new cassava varieties. A total of 15 varieties were developed and released during 1969-2008.
· Mucericeri: This is the variety developed and released by KARI. This variety has low cyanide and it matures in 16 months and has a yield potential of 20-28 tons/ha or 8-11 tons/acre. The variety is sweet and tolerant to cassava mosaic virus and scales. 
· KME 61: Was also developed and released by KARI in 2000. This variety shares the same common traits with Mucericeri: Low cyanide and early maturity. It matures in 14 months and yield potential of 20-30 tons/ha or 8-12 tons/acre. It is bitter and more fibrous than KME 1 and the variety is tolerant to cassava mosaic virus and scales.

· Bio cassava plus: The other variety by KARI is, Bio cassava plus, which has a special trait of better nutritional properties in terms of carotene, iron and protein and disseminated throughout the country focusing mainly in cassava growing areas. 
Sweet potatoes (Table 9)
The collaboration with CIP, KARI has developed and released 4 improved sweet potato varieties during 1998-2000 that are suitable for drought prone areas. 
· Mtwapa 8: was developed in 1998; it has attributes of low fibre and high beta carotene. 
· Jayalo and 22/77: These varieties were released in the same year. Both varieties share a common attribute of good for piece meal harvesting. 
KSP 20 (Wanjugu): The last variety released in 2000 is KSP 20 (Wanjugu). This variety matures in 3½ - 4 months with a potential yield of 8-10 t/acre.

4.2. Soil and water conservation technologies

The importance of improved varieties has been well established as an integral part of a package of crop technologies in increasing production and productivity. However, the productivity of improved varieties will remain low unless complemented with improved soil and water conservation practices (Heinrich, 2004). These technologies could be described as activities that reduce water losses by runoff and evaporation, while maximizing in-soil moisture storage for crop production (Mati, 2005). Here rainwater is conserved in-situ wherever it falls. 
A number of sound soil and water conservation practices have been suggested to mitigate the challenges of land degradation and low productivity in the ASALs and the level of adoption of such practices like in many countries in the region remained low. Many of the soil and water conservation technologies entail significant labour input and capital and require a long time to return the investment. As a result, many resource poor farmers lack the incentive to adopt such practices unless government and other agencies provide some sort of support or subsidies. 

Many of the soils found in the study region have developed hard pans at around 4 inches of soil depth which slow rainwater infiltration leading to rainwater loss through runoff, and in turns carries away top fertile soil required for healthy crop growth
. Some of soil and water conservation technologies that have been developed and suitable for the study region are presented on what follows.

Ridging and tied Ridging: This technology requires preparing ridges and furrows, then damming the furrows with small mounds, or ties to increase the level of surface storage where ridges tied at spacing 1.5 to 2.5 meter intervals. In the semi-arid areas, tied ridges are made by modifying normal ridges. The technique involves digging major ridges that run across the predominant slope, and then creating smaller sub-ridges (or cross-ties) within the main furrows. This generates a series of small micro-basins that store rainwater in-situ, enhancing infiltration (Mati, 2005). 
If complemented with proper fertilizer use, this method could be beneficial for drier areas not only for reducing run-off and soil loss, but also to increase crop yield. This technology is disseminated by KARI in 1989; however the uptake is low due to high cost and drudgery involved. This system is ideal for the production of cereal and grain legume crops. 
Fanya juu terrace: This conservation technology is more commonly used by smallholder farmers. The conventional fanya juu terrace is prepared in a way to allow runoff from external catchments (road, homesteads or grazing land) into the trench. This is done by digging a trench 60cm wide and 60cm depth, while the modified version which is wider than the conventional one  is constructed by digging a trench where the depth and width are 1.5 m and 1 m, respectively. These technologies are suitable on slopes with annual rainfall of 500-1,000 mm and facilitate water retention while at the same time allowing more time to infiltrate the soil. 
Crops grown on the trench have been shown to benefit from the water retained in the system. However, modified fanya juu terraces are relatively labour intensive and expensive to construct. The technique has been well adopted despite its high labour requirement
. Evidence from Machakos District suggested that the adoption of this technology played an important role in reducing land degradation over the period of 1930s -1990s (Mati, 2005). The success has been largely due to its simplicity and easy replicability across a wide range of agro-climatic zones and slope gradients. 
Agroforestry: planting multipurpose trees such as annual and perennial legumes is also critical to enhance soil fertility where water is a limiting factor. This technique also benefits farmers directly through fruits for sale and consumption, fuel wood and fodder for livestock. The trees also prevent soil erosion, conserve soil water and improve the micro climate. However, the need to maintain or expand the production of these trees through soil and water conservation methods and programs is clearly a major challenge in the study area. 

Organic and inorganic fertilizer use
Organic fertilizers are widely adopted as traditional soil fertility input in the study area to enhance the productivity of soil in the study areas. Their application is closely associated with ownership of livestock with the average quantity of manure available significantly correlated with the size of the livestock herd. Organic fertilizers include manure, compost
, municipal garbage, human faeces and urine, crop residues and plant teas. 

Green manures are also commonly used and suitable especially for dry regions in terms of improving soil fertility, organic matter content or retention, control soil erosion, regulate soil surface temperatures, and conserve soil moisture. This type of input is often complementary to the cropping systems that incorporate legumes as major crops in the system. 

On the other hand, inorganic fertilizer use is generally low for non-commercial crops whose seeds can be saved compared to that of hybrids and high value crops in Kenya. Despite research findings that inorganic fertilizer can be a feasible and profitable soil fertility management option, its adoption in the study areas has remained low. The major challenge is arising from farmers’ lack of liquidity, lack of knowledge, asymmetric information, risk and uncertainty and frequent droughts. 
Ogada et al. (2010) in their study conducted in Machakos and Taita Taveta revealed that a higher probability of crop failure encourages farmers in the study area to undertake terracing and apply manure more intensively while lowering the probability and intensity of fertilizer use. This may indicate that use of fertilizer is meant to increase output, whereas manure input along with terracing are used to maintain the level of yield while restoring severely degraded soils that no longer promise good yields. Thus, farmers view manure application and terracing as means to minimize the potential of crop failure. 

Another survey conducted in Machakos also showed that on average 27% of the households use inorganic fertilizers. However, the rates of application are much lower than recommended, e.g., the rate of N application in maize was found to be one-fourth of the recommended rate (Itabari Mimeo, Omiti et al., 1999).

4.3. Water harvesting technologies

Research conducted in Eastern Province of ASALs in Kenya over the years has shown that rainwater harvesting in combination with improved soil fertility management has the potential to significantly increase crop productivity in dry land areas (Kathuli et al., 2010). Under water harvesting, a deliberate effort is made to transfer runoff water from a “catchment” to the desired area or storage structure (Mati, 2005).

Micro-catchments (runoff-runon): Micro-catchments systems are basins, pits, bunds and all other water harvesting systems that get their runoff from small areas. This technique involves spreading runoff from part of land on to an adjacent cultivated land without using any structures. The techniques rely on runoff coming from within the vicinity of crop field where a portion of upslope land is allocated to harvest runoff which is then directed to the cultivated area. The soil in the cultivated area is loosened to increase infiltration. This has also been shown to substantially increase crop yields in Kitui District (Critchley, 1989). However, despite the obvious benefits, adoption has been limited by its non-conformity with the traditional practices which utilize the crop field for planting in its entirety, that is, farmers are not willing to leave a portion of their land unplanted. 
Other water catchments techniques include rocks, roofs, road runoffs and flood water from seasonal rivers. A few farmers in the study areas have adopted water catchments using these sources to grow vegetables. Very few better off farmers who have the financial capital also adopted a water catchment technique which employs the use of road runoff by building a dam to sustain the production of horticulture. One success story of a model farmer in the study area shows that the farmer was able to harvest five times per year as opposed to twice a year after adopting this technology. His annual income per season grew 3 fold from Ksh 20,000 per season to 60,000 where his total annual income has increased from Ksh60, 000 to a staggering Ksh300, 000 per year.  But, the reality is only few farmers such as this farmer could afford Ksh76, 000 worth of technology.

Zai-pits: This technology utilizes shallow pits and requires digging about 30 cm in diameter and 15-20 cm deep and adding manure or compost at the bottom of the pit to enhance soil fertility prior to planting. During digging, the soil is thrown down-slope to form a small embankment. Then four to eight seeds of e.g. cereal crops such as maize are planted around the bottom of the pit. This technology works by a combination of water harvesting and conservation of both moisture and fertility in the pit. KARl  Katumani, in Machakos has developed a locally adapted manual pitting system which is called the “katumani-pit”. This technology has been introduced in the study areas however adoption has been limited to farmers growing vegetables.

Drip irrigation: Drip irrigation practices are suitable for dry areas due to its relative advantages, which include efficient use of available water, reduced labour costs, more uniform utilization, increased crop yields, reduced cost for fertilizer and other chemicals, and reduced salinity hazard. This technology has been promoted by KARI through on-farm demonstrations. The constraints to adoption of the technology include blockage of drip lines when muddy water is used, gnawing of drip tapes by rodents, breakages of buckets after a short period, salty water, water stress in environments where evaporation is high, lack of capital to purchase kits and associated production inputs, lack of skills for production of vegetables and fruits and lack of drip kits at farm level. 

Semi-circular (bunds): This technology is commonly used in the semi-arid areas of Kenya for runoff harvesting where annual rainfall ranges from 200 mm to 275 mm, and land slopes are less than 2 percent steepness (Mati, 2005). The technique involves making earth bunds in the shape of a semi-circle with the tip of the bunds on the contour to trap runoff. Water is collected within the bunds from the area above it and confined to the depth defined by the height of the bund and the position of the tips. The main problems associated with this type of bund are: 1) they are difficult to construct with animal draft; and 2) they require regular maintenance. The technology is disseminated by KARI in 1989. 

4.4. Post-harvest management technologies

Proper drying is considered the biggest single factor in determining whether grain will be effectively stored without damage. After the grains are harvested, traditionally they are usually laid out in direct sun to dry before the actual storage begins. Therefore, checking the moisture of the grain is the most crucial prerequisite for effective storing and to minimize potential grain loss. Grains should be dried to less than 14% moisture content in case of cereals and less than 10% for pulses (Tefera et al., 2010). However, successful drying alone could not guarantee against all post-harvest losses since insects, rodents and birds may attack drying cribs or stores after harvest. 

Incidence of pest attack on stored grains is often linked to mycotoxin contamination and poisoning especially for maize. Mycotoxin contamination (especially aflatoxin and fumonisin produced by Aspergillus flavus and Fusarium verticillioides Sacc Nirenberg, respectively) makes grain unsafe for food and animal feed, thus adversely impacting food and feed safety. Consumption of high doses of aflatoxin leads to aflatoxicosis that can impose a potential health hazard resulting in acute illness and death, usually through liver cirrhosis (Tefera et al., 2010). 

The main traditional storage systems include underground storage; open air storage under a shade; granary; and in main house stored in baskets, bags or under the floor. These methods are unhygienic and expose grains to pest attacks. Storage system technologies are presented in what follows. 

Improved granary: This technology is developed by the MoA. The structure is made of wooden wall with supporting poles or stones and roofed with iron sheets. Granary has good ventilation and aeration thus discourages growth of moulds. This adoption rate of this technology is about 20% in the study area
.

Large pots: Large pots are multipurpose storage facilities made of hardened clay through heating for several hours. The major disadvantage of this technology is fragility and limited capacity. Adoption rate is about 2%

Super grain bag: In Kenya, most farmers store grains in bags and stacked in the house. Super grain bag is grain storage technology which works based on the principle of oxygen depletion. This technology seems to be effective in the short run; the bags normally last for three years but the challenge of this technology is that it can easily be perforated and cannot be reused. This creates a challenge in terms of cost effectiveness and doesn’t lend a long term sustainable solutions for farmers to invest in. 

Polypropylene bags: These short duration storage bags are widely used in Kenya. The standard polypropylene bags that farmers commonly use typically contain 90 kg but sizes range from 25-100kg. The storage bags require constant application of insecticide actellic to obtain the maximum benefit. Average costs are Kshs 25 – 50 per piece which are prices that are affordable to most farmers. The study conducted by Bett et al., (2011) shows that in eastern province of Kenya, this technology is used by about 17.6 % of maize farmers located in dry medium altitude
 while the level of adoption of maize farmers in dry transitional zones was 21.28 %.
Metal Silo: This storage technology developed by CIMMYT has been proven to be effective in protecting the harvested grains from attack not just only from the storage insects but also from rodent pests. Metal silo is an airtight storage system which eliminates oxygen from inside, killing any insect pest that may take a colony inside. Depletion of oxygen can be achieved by burning candle inside the silo. It also completely locks out any pest or pathogen that may invade the grains inside. Compared to other storage systems, the metal silo technology does not require pesticides in order to control insect pests. This technology is jointly promoted by CIMMYT and KARI and the adoption level is 3-4% in the study area
. Adoption of this technology is low due to high costs while the technology is recently available for use. The cost of metal silo varies according to capacity, from Kenyan Shilling (Ksh) 3000 for a 90 kg capacity metal silo to Ksh 25200 kg for a 1800 kg capacity. Once adopted, the technology could provide farmers with a long term solution free from pesticide use if followed the required management. 

In many cases, application of chemical insecticides is recommended to mitigate potential grain damage that may result from insect pest and pathogen attack during storage. However access to insecticides is frequently limited or if available is too expensive for most of subsistence farmers. Pesticides that are commonly used are such as actellic super and phostoxin. 
4.5. Labour saving technologies

Conservation agriculture is a labour saving technology which is critical to maintain and improve crop yields and land resilience against drought while at the same time protecting and stimulating the biological function of the soil. Such practices include minimum tillage and zero tillage which requires direct seed drilling without opening any furrows or pits. These systems could be incorporated with crop rotation and fallow systems. Old crop residues act as a mulch and weeds are controlled using herbicides. However, zero tillage may not work well in the dry areas due to poor infiltration (as soils are easily self-sealing) and costs of herbicides being prohibitive.
Livestock play a vital role in the farming system, where draught power reduces the drudgery associated with hand tool agriculture. Further, this system could increase the productivity of labour, intensity of land use while improving the quality and timeliness of key farming operations (Muvirime and Ellis Jones 1999). In the study area, similar to many parts of Kenya, livestock plays a significant role in terms of draught power and manure. There is a degree of interdependency between crop production and livestock where the latter contributes to land preparation while crop residue is used for animal fodder. This synergy is critical both in terms of household consumption and income generation. 
5. Major technology providers 

The productivity of the agricultural sector is constrained by inefficiencies in the supply chain resulting from limited storage capacity, lack of post-harvest services and poor access to input markets (Government of Kenya 2010). The readily available inputs of improved crop technologies that are adaptable to local conditions have to go through a number of procedures and stages before reaching the end-users. This includes the initial development of improved genetic materials; veriety registration and release of improved seed technologies that fulfil the regulatory standards; downstream activities (production of pre-basic and basic seeds, multiplication and bulking of commercial seed, processing and marketing). 

5.1. International agricultural research institutes and partners
IARIs have been playing a pivotal role in research and development of crop technologies and contributing tremendously to drought management technologies in conjunction with improved water and soil management practices to mitigate drought effects in ASALs. The responsibilities of IARIs often fall within the parameter of research and development of improved genetic materials. However, regardless of the effort made, farmers have not realised the maximum benefits due to lack of technologies in integrated fashion. 
Most CGIAR centres have established strong lines of own genetic materials that could be accessed by the public domain and seed companies through the Standard Material Transfer Agreement
. Large scale national and multi-national seed companies
 such as Kenya Seed Company KSC, Western Seed Company WSC, Pioneer and others also stand to benefit from such collaboration. The centres, to large extent, are contributing to genetic improvement research and development which has been benefiting the seed systems of target crops.
ICRISAT

ICRISAT is at the forefront in developing improved genetic materials of its mandate crops
of cereals and pulses that are highly relevant to ASAL areas and the varieties released using its germplasm in Kenya during 1976 and 2010 stand at 23, of which 7 sorghum, 1 pearl millet, 7 chickpea, and 8 pigeonpea
. (Table 10) presents the lists of technologies of sorghum, pearl millet and pigeonpea which are now owned and maintained by KARI. The varieties released have special attributes which include drought tolerant, early maturing, wide adaptability, tolerant to stem borers, dual purpose, and good beverage quality, traits that are highly suitable for the ASALs Kenya.  

ICRISAT has also contributed also in the area of conservation agriculture. The Broad Bed and Furrow system has been mainly developed at the International Crops Research Institute for the Semi-arid Tropics (ICRISAT) in India. This is a modern version of the very old concept of encouraging controlled surface drainage by forming the soil surface into beds. This system consists of broad beds about 100 cm wide separated by sunken furrows about 50 cm wide. The preferred slope along the furrow is between 0.4 and 0.8 percent on vertisols. Two, three, or four rows of crop can be grown on the broad bed, and the bed width and crop geometry can be varied to suit the cultivation and planting equipment.

CIMMYT

CIMMYT also has been a part of the effort which has been made to constantly improve the quality of maize technologies as well as adding to the expanding maize technologies. The main focus is to develop stress resilient (abiotic and biotic)   maize germplasm. Maize production has been highly affected in drought prone areas resulting in low productivity. Such technology is relevant to offsetting the consequences of drought. The institute is working on a project called Drought Tolerant Maize for Africa DTMA aiming to double yield by year 2016 to be par with commercial checks based on availability of water. (Table 11) presents CIMMYT’s line of germplasm.
Maize is susceptible to pests and diseases such as streak and striga. CIMMYT is working on improving the existing technologies and identifying efficient adaptive traits addressing such challenges. This is done in collaboration with scientists from Africa in CIMMYT headquarters, Mexico. This required identifying donors where the technical aspect involves screen of germplasma, transfering the resistance through breeding. The centre is also conducting regional on-farm varietal testing to identify best technologies of which most of the products were picked up and registered by public partners such as KARI, KSC and Western Seed Company. 

Apart from addressing drought and diseases challenges, CIMMYT is working on potential technological options to control weeds through a natural mutation within maize that tolerates herbicide MAZAPYR, when it is sprayed in the field without affecting maize. The problem of insect pests is also being addressed (both on farm field and post-harvest) through developing technologies that are resistant to stem borer (BT maize- Bacillus Thuringiensis) which affects selectively that insect. This technology has been successful especially in the US and South Africa and it is on the pipeline to be applicable in Kenya where the main collaborator is Monsato Seed Company.  

CIMMYT is also looking into high yielding nutritional quality maize for Kenya which is high in protein content compared to normal maize.

IITA
The institute is actively involved in research and development of crops such as cassava, cowpea and maize. The aim is to make cereal and legume systems productive through integrated farming systems, improved varieties, and plant health as well as natural resource managements. At counterpart institutes, IITA, marked its presence in the seed technology systems by actively contributing to the improvement of technologies for its mandate crops.

The major contribution include high yielding cowpea varieties that are early or medium maturing and have consumer-preferred traits such as large seeds, seed coat texture and colour. A number of the varieties have resistance to some of the major diseases, pests, nematodes, and parasitic weeds.  Developed improved cassava varieties which are disease- and pest-resistant, low in cyanide content, drought-resistant, early maturing, and high yielding. Disease-resistant varieties give sustainable yields of about 50% more than local varieties. 
CIP

The International Potato Centre (CIP) is working in close collaboration with several stakeholders spanning counterpart - IARIs; NARIs and universities; civil and small-holder organizations and associations; and the private sector. Roots and tubers are the major crops that CIP is focusing on. One of the priorities of the centre is enhancing the availability of planting materials that are more resistant to pests or disease and higher yielding that are adapted to local needs and preferences. One area of focus is to establish fast-track seed systems that link public and private sector seed production with on-farm multiplication and promote varietal dissemination
.
AGRA

AGRA’s integrated programs in seeds, soils, market access, policy and partnerships and innovative finance work to trigger comprehensive changes across the agricultural systems. AGRA has been supporting research and development activities both at national and international level and is taking a lead in advocating efficient crop technology systems. The collaboration with KARI Katumani in support of breeding initiatives targeting sorghum, cassava, and maize has led to a release of 2 early maturing maize varieties and a sorghum hybrid that is suitable for ASALs in Kenya. AGRA is also at the forefront in supporting seed companies that are keen on producing commercial seeds relevant for dryland areas. Since 2008, Drylands Seed Company has been supported to produce maize, beans, cowpeas, sorghum and green grams where production increased from 15 metric tonnes (prior support) to 350 metric tonnes. 

AGRA also has been advocating credit access for smallholders in Kenya to boost crop production and food security. In partnership with Equity Bank Limited, the International Fund for Agricultural Development (IFAD) and the Kenya Ministry of Agriculture, AGRA signed an agreement for a loan facility of US$50 million (3 billion Kenyan shillings) to accelerate access to affordable financing for 2.5 million farmers and 15,000 agricultural value chain members such as rural input shops, fertilizers and seed wholesalers and importers, grain traders and food processors. This could create a perfect platform to turn farmers’ agriculture into viable businesses.

5.2. National agricultural research institutes

Kenya Agricultural Research Institute (KARI) is a parastatal research institution established under the Science and Technology (Amendment) Act of 1979 with a specific mandate (Government of Kenya 2010). Its mandate is research and development and creates a synergy in collaboration with other national and international partners. The aim is to develop improved crop technologies which benefit farmers through increased crop productivity. The institute works closely with farmers in different forums to identify what farmers need. KARI is the major player in the seed systems in Kenya by developing the lion’s share of improved seed technologies that have been released over the course of many years. 

KARI is also playing a major role in conservation agriculture by contributing to water harvesting technologies; conservation tillage; promotion of subsoiler ripper; integrated soil fertility (use of manures and inorganic fertilizers in combination with water harvesting); drip irrigation, management of vector soils, and water conservation at catchment level.

5.3. Regulatory agencies

KEPHIS was established in 1996 and is the only regulatory agency in Kenya which has the authority and mandate to undertake inspection, testing, certification, quarantine control, variety testing, description of seeds and planting materials, and issue release of the cultivar. KEPHIS' activities and services involve but are not limited to offering inspectorate services on all matters related to plant health and quality control of agricultural inputs and produce. The procedures of variety release initially involve registration of the germplasm for inspection.

The criteria which should be met during inspection are minimum isolation distance; timely inspection in the fields to ensure that seed resulting from a crop meant for seed purpose is of the designated variety (trueness to type) and has not been contaminated genetically or physically (varietal purity) beyond certain specific limits; healthiness of the material (especially seed borne). The remaining process include processing; seed testing; labelling and sealing; post control; post certification survey. The variety will be released upon meeting all the indicated criteria. 

KEPHIS has four regional offices, located in Nairobi (headquarter), Mombasa, Nakuru, and Kitale. To ensure that the quality is maintained post certification, a survey is conducted at the time of planting through the regional offices.

5.4. Ministry of Agriculture

The mandate of the Ministry of Agriculture is to promote and facilitate production of food and agricultural raw materials for food security and incomes; advance agro-based industries and agricultural exports; and enhance sustainable use of land resources as a basis for agricultural enterprises (Ministry of Agriculture 2008).

The Ministry, in executing its mandate and implementing its programmes and projects, collaborates with a number of stakeholders and development partners which include: JICA, German Technical Cooperation (GIZ), International Fund for Agriculture Development (IFAD), European Union (EU), USAID, African Development Bank (ADB), Sida, COMESA and the World Bank.


The national seed industry policy gives a clear direction for the development of a sustainable seed industry in order to avail high quality seed and planting materials to farmers and harmonize all seed related activities and legislation. 

Both Kenya Seed Company and KEPHIS are functioning under the Ministry where KSC is mandated to promote production, processing and distribution of mandated crops while KEPHIS is mandated to undertake quality control services of agricultural inputs, protection of plant varieties, and the health of the plants and plant produce in the agricultural sector.

There was not much significant advance made in the development and release of new technologies for finger and pearl millet in Kenya. To address this challenge, MoA contracted KARI and Kenya Seed Company to develop kat finger millet 1; kat pearl millet 1; kat pearl millet 2; kat pearl millet 3; and P224 finger millet.

5.5. Seed companies 

Kenya is deemed to have a relatively vibrant seed sector
 compared to its counterparts in East African region. Regardless of its status, the sector has a long way to go in terms of coordinating efficient and properly functioning value chains that reinforce access of crop technologies to the rural farmers. Several small seed companies in Kenya obtain foundation/basic seed (for non-hybrid crops) from the Kenya KARI. However, the quantities supplied are often insufficient, and the companies must bulk this seed before they can begin commercial production. Some lack this capacity, and must rely entirely on KARI (Tripp 2000). 

Kenya Seed Company

Kenya Seed Company is a parastatal under the Ministry of Agriculture whose main mandate is to produce top quality certified seeds for the country’s community with an overall objective of enhancing food security in Kenya. KSC is registered under the Companies Act (Cap 486) (Government of Kenya 2010). Its mandate crops include maize, wheat, barely, sorghum, millet, sunflower, horticulture crops. The company has steadily increased the production of certified seed suitable for all agro ecological zones in the East African region. The company is highly active in developing new seed technologies and many of its improved varieties have been released through KEPHIS.

KSC is a large capacity Seed Company in Kenya with complete facilities enabling development of own materials, bulking and processing of improved seed leading to commercial release of significant amount of seed supply. Many small scale commercial seed companies also access improved seed from the company to conduct the downstream seed activities. KSC also works in collaboration with national and international research institutes in developing new technologies that farmers need. Such collaboration is demand driven where in most cases international research institutes concentrate on developing genetic lines that could ultimately be used by national research institutes and seed companies such as KSC for further modifications. Such synergy could potentially benefit in addressing seed challenges in the crop systems.    
FRESHCO

The company’s mandate crops are maize OPV (KDV1, KDV6) and hybrids (KDH29) which are best suited to the semi-arid areas; sorghum (Gadam, Seredo, Serena and EJ1531; millet (finger and pearl millets); others include varieties of dolichos lablab, cowpeas, pigeon peas, green grams; beans (KAT 56, KAT bean 9, and KAT bean 1), and cassava (the company has started to produce cuttings).

The role of FRESHCO Seed Company in the seed systems is mainly focused on seed multiplication promotion and marketing of crops that are less appealing to other commercial seed companies. The company accesses breeder’s seed from KARI and takes the downstream seed activities under the laid down regulations by KEPHIS, to produce and multiply the certified seed. 

Seed multiplication is done through contracting farmers (small holder and large scale farmers). The company also extends inputs and credit access to contract growers in facilitating optimal land preparation. Training on agronomic practices is offered and entails dissemination of information on best agricultural practices to ensure maximum output. Promotion of new technology is done by holding field days, attending agribusiness fairs organized by other companies and also small seed packages.
Dry land Seed Company

This company plays a great role in Eastern Kenya specifically in Machakos and Makueni counties. The company is currently producing varieties of maize OPV (KDV1, KDV2i, and KDV4) and hybrids (KH 500-21a); sorghum (Gadam and Seredo); beans (B1, B9, and KAT X- 56); cowpeas (K80, M66); green grams (N26); and pigeonpeas (Mbaazi1, 60/8 and Mbaazi2).

The role of the company is to produce adaptable improved varieties that can be produced under the harsh conditions of ASALs of Kenya. The company sources basic seed from KARI and seed bulking is done through contract growers who also are involved in seed multiplication, processing, packaging. The company does marketing and promotion of improved varieties as well as trainings facilitated through different forums which allow farmers to access relevant information and knowledge on available technologies.

 6. Key findings

Our findings on adoption of crop technologies show that there is very limited uptake of improved varieties of target crops in the study areas. This, in general, could be attributed to inadequate access to information and knowledge on the existing crop technologies; lack of financial capital; limited public extension services; under developed output markets; recurring drought and less efficient coordination of technology supply chains. The presence of NGOs and faith-based organizations is strong in the study areas and they have been contributing to the farming community through capacity building and facilitate technology uptakes. Further, they respond to potential emergency situations in the target areas. The availability of public extension services is very limited compared to the service needed in reaching out to wider geographical areas.  The presence of the private sector in the more marginal areas is also limited.
6.1. Availability of crop technologies 

One of the main impediments affecting the availability of improved varieties of target crops in the study area is insufficient seed supply which is arising from limited production coupled with lack of coordination. Major seed companies that are addressing the seed needs in those areas, such as Dry land Seed, often bulk seed through out growers within the community where the risk of crop failure is high. This situation sometimes presents a unique challenge for the seed companies, which is apart from potential crop failure; there is a risk that contract farmers could default on their agreements either by selling the product to the highest bidder or use it to deal with food shortage in the household. Other challenges are inadequate access to basic/foundation seed and timeliness which affect the efficiency of commercial seed companies. 
Poverty in these areas has also led to low use of inorganic fertilizer input and agro-chemicals while the majority opt to use own saved seed. When available, the prices of fertilizer and agro-chemicals are on the high side discouraging resource poor farmers from utilizing these inputs. Inadequate cost effective soil and water management options; and lack of financial capital to adopt sound technologies, forced farmers to rely only on age old traditional methods of conservation agriculture which has very limited impact in mitigating and offsetting the high rate of soil degradation and nutrient depletion.  Most of available water harvesting technologies, apart from high costs, poses drudgery discouraging potential uptakes.    This in turn has critically affected crop productivity in these areas.
Improved seed technologies that are available in the target area include: Maize from KARI katumani (KDV1, KDV6, and DH04); Kenya Seed Company (Duma 41 and 43); varieties from Syngenta, Pioneer and Pannar for the higher areas; Beans from KARI (KAT B1, KAT and B9); Pigeonpeas KARI (Mbaazi 1 and 2); Cowpeas KARI (M66); KSC (keni kunde); Green grams KARI (N26, M56) and Sorghum KARI (Seredo and Gadam). 

6.2. Adoption of crop technologies 

Once a specific technology is developed, the adoption process goes in to a number of stages before it reaches the end users. The new and improved ones should be promoted, demonstrated, and advertised through farmer’s field, media outlets, research stations, extension officers. Most of the technologies that were adopted have been mainly introduced through KARI and international research stations. NGOs are also instrumental in playing a part in this by facilitating the dissemination of technologies and the accompanying know-how while some of the technologies and complementary inputs are accessed from the private sector e.g. agro-vet/agro-dealer’s shops. Public extension services also play a similar role as that of NGOs in terms of facilitating the transfer of new technologies. In addition to this they cater for any query that could potentially stimulate the uptake of newly introduced technology while responding to other farm activity needs. This shows that the success and failure of adoption of crop technologies hinges partly on how efficiently these actors are performing. In the target areas, improved seed varieties that have been known by farmers for many years and well adopted are most likely those which could be accessed from relatively stable and reliable sources. Farmers who are well affiliated and embraced by NGOs and other organizations have a better chance to have a reliable access compared to  farmers who are only relying on the existing input markets. Most NGOs in the target areas have mandate crops that they are focusing on. Here also, the achievements of these organizations, in terms of capacity building and dissemination of technologies, could greatly influence the uptake of these technologies.    
Generally, the success of a specific crop technology in terms of adoption depends on several factors. First and foremost, knowledge and awareness are crucial in making optimal choices that maximize household benefits. On the other hand, farmers risk preferences and the economics of adoption at farm level could also affect adoption decisions. The other challenge could arise from the fact that farmers may attempt to adopt technologies without fully understanding the social and economic costs. This is absolutely important in dealing with soil and water management technologies where socio-economic aspects are critical. Factors that are likely determining farmers’ adoption decisions could include potential risks, costs, income, profitability under improved technologies, markets, and credits, while socio-economic factors such as level of education, farming experience and skills could also significantly affect their decisions. Institutional factors such as contractual arrangements and land tenure are likely to influence farmer’s decisions whether or not to adopt potential crop technologies. 
From a range of potential crop technologies, the ones that are successful could be picked up quickly while others remained on the shelf. This partly depends on farmers’ specific preferences as well as on factors which we have discussed in the preceding paragraphs in this section. In addition to this, the level of benefits gained from a specific technology should outweigh the potential costs and drudgery which could be imposed in adopting it. Not all technologies offer the same level of benefits; therefore, this would clearly establish criteria in choosing a certain technology. These criteria could set a standard in identifying preferable technologies while the standard remains to be different for each farmer.          
There were challenges in establishing uptake levels and identifying successful technologies for the crops that farmers grow in the study regions. Based on the focus group discussions, the study recognizes three major challenges in estimating the level and intensity of adoption 1) the first challenge arises from selection bias where gender was not proportionally represented in the focus groups. 2) The groups that were selected are likely to be those who have access to extension services, conservation and crop management technologies as well as improved varieties through the private sector, NGOs and research stations. Since many subsistence farmers in more marginal and inaccessible areas do not usually have access to such services, this is likely to overestimate the overall level of adoption. 3) The third reason is that in order to clearly identify successful technologies and estimate adoption one needs to have a representative household (and plot) level panel data which can help identify adoption trends over time.   Thus findings from this assessment are just our best estimates based on the information available and need to be interpreted carefully.

Our use of the term “successful technology” is also subjective as our data do not include information on the economics of varieties. This may need to be interpreted with caution and more research is needed in identifying successful innovations. Technologies might be available, but the level of adoption could certainly depend on a range of components which could potentially affect farm household decisions.  The criteria that this study employed to identify successful technologies is based on the information gathered from farmer groups where 50-100 percent adoption of a given technology by the group was considered as successful. Table 12 presents adopted technologies and information on how long the technology has been known for each adopted variety. 

Surprisingly only two out of six farmer groups in the study area grow maize. The findings show that maize varieties that were adopted are Duma 43, KDV1, and DH02 and these varieties have been known by the groups for 3-8 years. The most successful are Duma 43 and KDV1. Poor output markets, low prices, storage pests and aflatoxin are the major problems that challenge adoption. 

Our findings with respect to sorghum show, although not widely cultivated, three out of 6 groups adopted improved varieties - Serena, Gadam, Mtama-1, and Seredo. The most successful are Gadam and Serena where both varieties have been known by the group for about 8 years. The major adoption constraint of these varieties is bird attacks. 

The adoption of millet is very low relative to the remaining varieties of crops that are grown in the target areas.  Only two out of six farmer groups grow improved millet. The adoption levels are 3% and 32% for group2 and group4, respectively. However, the name of the adopted variety is unknown, except that it was sourced from KARI Katumani. As a result, successful millet technology could not be established. A study conducted by (Shiferaw et al., 2008) targeting the same study areas presented technology uptake pathways through a range of stakeholders spanning KARI, ICRISAT, NGOs and extension agencies for millet varieties. This study shows that finger millet is widely grown in Western Kenya (e.g. Kakamega, Teso etc.) while pearl millet is grown to some extent in Eastern Kenya. 

Improved varieties of pigeonpea, Mbaazi-1 and Mbaazi-2, were adopted by three out of six farmer groups where both varieties are identified as successful and have been known by these groups for 3 years or more. However, further adoption has been hampered by poor output markets and post-harvest pest attacks. In most cases, farmers tend to recycle seed from the previous harvests making it difficult to approximate how well these technologies were received. Recently, some varieties in the process of being released (e.g. ICEAP00557 and 00554), medium duration types, are becoming popular in drier growing areas through farmer -participatory research and farmer-to-farmer seed exchange (Shiferaw et al., 2008)
.

Three out of six farmer groups grow cowpea. The adopted technologies are KVU 27-1, M66 and K80. All varieties were successfully adopted. On the other hand, two out of six groups adopted bean varieties Kat X56 and Kat/B1.  Kat X56 is successfully adopted with the rate of 83.3% and 55.6% for group 1 and group 3, respectively. However, the adoption level of Kat B1 is low (33%). Improved varieties of cassava, Mucericeri, KME 61 and KME1, were also adopted by two out of six groups. All three varieties were successfully adopted at 100% by group 5 while the level of adoption of Mucericeri and KME 61 by group1 is 83.3% and 17%, respectively. Green gram varieties, N26 and KS20, were successfully adopted where the level of adoption of N26 was 100% for group 1, group 2, and group 3. 

The uptake pathways of all the technologies were primarily facilitated through the developers and maintainers (i.e. KARI and seed companies). The international research institutes through research stations in the study areas also conduct farmer participatory variety trials to test on-farm performance and farmer choice of technologies derived from their advanced breeding lines. The promotion is conducted through both on-station and on-farm trials and demonstration in disseminating the technologies. NGOs and extension agents also facilitate adoption by engaging forums which involve different stakeholders in technology value chains to promote selected varieties while allowing farmers to be informed and acquainted with available crop technologies and the accompanying potential benefits.

Our findings, generally, show that adoption of improved soil and water managements are very limited in the study areas due to the fact that not many farmers are made aware of the technologies that are available. If adopted, technology options such as ridging and tied ridging, fanya juu terrace, semi-circular bunds could offer better opportunities for target areas in terms of suitability while cost and drudgery factors remain to be challenging in encouraging the much needed adoptions. Water harvesting technology options that could potentially benefit the target areas include micro-catchments, zai-pits and drip irrigation. These technologies have been introduced in the study areas however adoption has been limited.
Storage technologies also remain a challenge where farmers heavily rely on the traditional systems to store grains. However, technologies such as improved granary, large pot, polypropylene, and metal silo could offer a better and safer system in protecting grains from potential pests, rodents and grain losses. Metal silo is the most durable and sustainable one and doesn’t require pesticide treatments. Its initial cost could potentially prohibit resource poor subsistence farmers from investing. As a result, the adoption level remained as low as 3-4% in the study area. Improved granary, which was developed by MoA, is also adopted at 20% in the target area. 

The major failure emanates from not involving farmers to a certain degree in the process of technology development and full participation in the process of technology promotion and dissemination. According to farmer groups, the major adoption constraints are lack of financial capital. Thin, and in some cases absence of output markets also pose challenges in putting up marketed surpluses for sale in excess seasons driving down prices. Other factors such as information, access to seed, and availability of credit risk management options, also play a critical role in adoption of technologies and have been discussed throughout this study. 

6.3. Demand for technologies

Analogous to adoption of improved varieties, determining a clear trend of demand is a bit of a challenge here as well for the same reasons indicated in the previous section. The study, therefore, established technologies that are demanded from the perspective of different stakeholders including extension officers, agro-dealers, seed companies, NGOs. 

Extension officers: 

Maize (KDV1, KDV6, DH04, Duma 41 and Duma 43)

Beans (Kat B1, and Kat B9) 

Pigeonpeas (Mbaazi 1 and Mbaazi 2)

Cowpeas (M66)

Green grams (N26 and M56)

            Sorghum (Seredo and Gadam)
NGOs and faith-based organizations:


Maize (DH4, DH3 and Duma43)

Bean varieties (Kat X B1, Kat 56, Kat 69 and Kat B9)


Sorghum (Gadam, Seredo and Serena)

Green grams (N26 and KS20)

Cowpeas (K80, M66, and KVU-27)

Pigeonpeas (Mbaazi 1 )

Agro-dealers:


Maize (DH1, DH2, DH4, Duma43, DK 8031, KDV1, KDV4 and DH02)

Beans (KAT X 56 and KAT B1)

Green grams (N26 and KS20)

The study conducted by (Shiferaw et al., 2008) on the same target areas has established demand for sorghum and millet varieties. Compared to other sorghum varieties in the region, the demand of Gadam is medium. Kari Mtama 1 is a high demand variety which has been under promotion for over ten years. Millet variety, Kat PM1 is a medium demand variety which has been under promotion for the last 2 to 4 years in the region when the study was conducted.  Another millet variety, Kat PM2, has been also under promotion for the last 2-3 years.
6.4. Implications of demand and adoption of technologies 

Kelly et al. (2003) emphasized that an effective demand can be developed among poor farmers if the knowledge, skill, availability, and affordability constraints are addressed. The demand for new technology partly depends on the level of awareness and knowledge of farmers concerning this new technology and the accompanying potential benefits from adoption. Farmers’ consideration in terms of technology choice decisions range from economic profitability to risk management and quality preferences. Farmers may have different preferences based on their production environment, needs for home consumption, markets and ability to manage risks from climactic variability and change.

Drought tolerant traits alone may not, for example, necessarily enhance profitability over the long term but reduce the production risks faced by farmers and the flexibility they provide in managing such risks becomes an important driver for adoption. This is an important technological improvement in a risky environment where farmers perceive frequent drought or similar risk factors that affect grain yield.  In some cases, technologies may not be adopted simply because farmers consider them to be less attractive compared to their current practices. 

The study recognised a range of constraints that also attributed to the limited adoption of available technologies. The major constraint is farmers’ lack of financial capability where most of the existing crop technologies could not be easily afforded. The findings from farmers also substantially support the absence of formal credit access and that farmers normally rely on the formal loan systems to address household needs. There is a shortage of improved variety for some of the crops during the planting seasons.

Farmers who are willing to adopt any given crop technology would constantly opt for consistency in its performance  over the seasons / years thus could easily abort the practice which seemed to do well at initial stages and fail to maintain the level of success. 

In aggregate, limited demand for specific seed technology could simply influence commercial seed companies to shift their interest away from such technologies to those which have demand and are well taken up.  As a consequence, seed companies would adjust their priorities accordingly. Most activities requiring technology development are demand driven where the collaboration of research institutes and seed companies is needed.  

The presence of free seed supply in these areas also distorted input markets thereby affecting the demand for new technologies as well as supply. On the other hand, demand for improved varieties is relatively low for seeds that could be recycled. In practice, farmers replace fresh stock of seed less frequently also creating uncertainty for seed companies to establish dependable estimates on demand on which to base seed production planning. Farmers opting for commercial seeds are likely to be market oriented, better endowed with financial capital and production factors. The seed replacement rate, the time it takes for replacing old seed by fresh seed supplies, will accordingly depend on the degree of market orientation and profitability of buying and planting new seeds. 

The output market also should be sorted out and strengthened to trigger demand for crop technologies as this allows farmers to opt for technologies that could potentially enhance crop productivity leading to marketed surplus. Provision of credits to access fertilizer could also help address part of the issues of crop productivity.

6.5. Key players in the study areas 
Farmers were asked to provide information on crops grown, adoption level for each variety of improved seed; sources of information on crop technologies; achieved yield for each variety; and suitability of such technologies. Other issues discussed were production and marketing constraints, access to credit services, risk management options, extension services, and fertilizer use.

Table 12 presents improved seed technologies used and the accompanying adoption levels by the groups. Not all the technologies available were adopted indicating differing preference among farmers. Different level of adoption are also due to a range of challenges which include the performance of the technology itself. For instance, sorghum varieties, which farmers prefer are often attack by birds. Our findings also show that farmers sometimes encounter difficulty accessing the technology that they prefer, which is indicative of shortages.
Lack of proper storage systems is also a challenge where aflatoxin and grain pests remain a major threat encountering post-harvest handling of maize and other grains. Many of these groups have limited financial capital to invest in improved storage technologies and the majority rely on the traditional ones. Some of the groups are trained in processing and value additions but such techniques are only used for home consumption and markets are not developed to sell such products.  Inorganic fertilizer use is also very low attributing to very high prices in the markets and large quantities in big bags is also discouraging farmers who would like to purchase the quantities they desire. As a result, farmers in the groups opted for organic fertilizer such as manure, green manures and others to mitigate loss of soil nutrients. 
All the groups, except one of the target groups, have no access to credit, and the majority is less keen in accessing loans and rely on the informal systems and own groups to tend to their needs. High interest rates remain a major impediment. There are no formal insurance and risk management options, which should be available to the farmers under frequent crop failures. The only means of information that the groups get regarding insurance is through media outlets. Lack of financial capability made them unable to harness water harvesting technologies that are available to them. The majority don’t use improved technologies to harvest water however traditional systems such as bench terraces for soil conservation and furrowing which traps water are often used.

Most of the groups acknowledged access to relevant information on various crop managements and technologies through extension agencies. Since the ratio of farmer to extension agent in Mwala and  are 1:1800 and 1: 1434, respectively, frequent access could indicate more attention is given to farmers or groups who resided at close proximity to source of services and are active participants. 

The majority of target groups are represented by women. We found the participation of women to be strong compared to that of men in any partnership with research stations, NGOs and development agencies requiring technical trainings field day, demonstrations and other related activities in the study areas. This is due to the absence of men as they often migrate to towns in search of secure off-farm jobs to respond to potential crop failures as a result of recurrent droughts.

In this study we have developed a check-list to probe gender issues in addressing equity and equality. In responding to our question regarding access land entitlement, they responded by saying that women in this region have no access to land unless the husband is deceased. When it comes to farm activities, responsibilities are not evenly distributed even if the farm household is headed by male. The majority of women contribute up to 70% of farm activities including sorting out seasonal harvests for sale and household consumption.  Accessing crop technologies are left to the women in these groups as most men are not actively participating in farming.  

Public extension services are extremely limited in both counties where the ratio of an extension agent to farm household in Machakos and Makueni are 1:1800 and 1: 1434, respectively. Strategies for information dissemination include, field days, on-farm demonstration, farm visits to those who demand services, group approach, media outlets in local languages and barazas
. In Makueni extension services, in addressing seasonal seed needs often organize community seed fares during planting seasons involving different stakeholders and seed companies. The same services are also extended during harvesting season to deal with challenges of post-harvest managements.

The proportion of women compared to men is generally considered to be high in all facilities provided by the ministry. Extension officers often work in collaboration with farmers in identifying problems and use the approach of Common Action Plan (CAP) whereby the extension officers have a discussion with farmers on key issues. There are also stakeholder forums in the divisions and district and existing challenges would be brought on board to be addressed in these forums. Such issues include water shortage, which has been addressed by using water pans; marketing, whereby other players have been brought on board to link farmers to markets; low yields, whereby farmers are being taught how to plant the recommended varieties. Aflatoxin is a major problem, in this situation some farmers were provided with the kit to test moisture content and are also being trained on proper storage system.

Processing and value addition is treated using value chain approach which involves handling of activities channelled through production to marketing. However, proper processing and milling facilities as well as markets for such products are not well developed in the target areas. 

According to extension officers, farmers’ attitude towards some technologies is also a big impediment as it is usually hard to convince them to change their traditional ways of doing things. For instance sorghum and dolichos lablab in this region are not widely used for consumption. Therefore it becomes challenging to promote technologies that farmers are not keen on adopting.

Technologies and services available for farmers are:  crop agronomy; crop husbandry; spacing; weeding; pest and disease control; post-harvest technologies; communal storage in the pipeline; continuation of training on value addition utilization; soil fertility, awareness and training on fertilizers suitable for given zones; building terraces and water pans in homesteads and at community levels, certified orphan crops, horticultural crops for irrigation (bucket), bucket-drip irrigation; roof catchment water harvesting; road runoff water harvesting which is diverted from roads into ponds.

Agro-dealers in both districts reflected on the inconsistency in seed supplies in the districts. Farmers are aware of the improved seeds for various crops and demand for seed such as Duma 43, green grams and kale normally goes up especially during the planting season. Agro-dealers are often giving advice to farmers on how to plant and achieve maximum yields. There are times that shops fail to meet the growing demand for improved varieties during peak seasons.

Shortage of seed often generates high prices which consequently could discourage farmers from purchasing such inputs. This sort of variation created a challenge for shop owners to clearly establish demand. Availability of improved seed of target crops around the year depends on the season which also relies on the weather patterns as drought could create potential seed shortages coming from the formal sector. In most cases, seed might be available but farmers in general have limited financial capital. Agro-dealers often retail seed varieties of cowpeas, green gram (Kenya seed), sweet potato, maize, kale, spinach, onion (nduki agent).

The main challenge that agro dealers are facing is limited supply of seed from the seed sector especially at planting time. Other challenges include high transaction costs involving transporting stocks which may require traveling long distances. The other constraint is lack of business capital and existing high interests for credits which limited their capacities to expand their businesses. Agro dealers in the study areas have also benefited from occasional trainings on new crop technologies they provide.

Prices of other input such as storage chemicals (actellic, skana super, sumi combi, spinda dust, actellic spray) have also gone up and farmers are not able to afford especially fertilizer, which affected the overall utilization of this input.
Five NGOs
 and faith-based organizations were interviewed for this study and information was gathered on their role in supporting community based organizations. Most of the activities undertaken by these organizations involve community based developments spanning health, education, agriculture, soil and water managements, rural financing, innovative farming systems, production and marketing of agricultural products, gender, and emergency food and seed relief programs. They work in partnership directly with CBOs/farmer groups to carry out seed related activities. All the organizations deal with at least some of the crops that are locally grown. Their role is to promote use of improved seed technologies and creating access. 

Some of the NGOs like Inades Formation International focus on capacity building training and strengthening CBOs in the study area for them to be self-sufficient in addressing seed issues. Further, this organization is involved in handing out a certain quantity of seed to be multiplied and farmers are required to return back double the amount of what’s originally given to be again handed out to others. Here, the aim is to reach out to as many farm households as possible.  

All NGOs which we communicated with have acknowledged frequent shortages of varieties emanating from KARI Katumani due to recurrent droughts. Shortages of green gram and cowpeas were often exhibited. Low technology uptake was also attributed to poor distribution networks. Big packages also contributed to limited adoptions. Commercial seed companies lack interest in bulking dry land crops also played part in shortages of technologies for such crops.  Accessibility of seed technologies for highly remote areas also posed a challenge due to lack of market infrastructure in these areas.

6.6. Market infrastructure 

In this section, the existing input and output markets for agricultural products are presented. Availability of credit and risk management options as well as demand and level of adoption are also presented.
6.6.1. Input and output markets 

The findings with regards to input and output markets is such that input market for fertilizer andagro chemicals suffer from insufficient demand from farmers as a result of high prices of fertilizers. On the other hand there is often inconsistent supply of improved seed technologies for orphan crops. This is partly due to failure of the seed sector to establish proper inventory on demands for such crops. The presence of free seed supplies of crops that are locally grown (which includes orphan crops) in the region also created distortions on the already inefficient input markets.

Lack of proper output markets have also created a major challenge in the target areas where farmers face a lot of difficulties in identifying potential buyers for their produce in excess seasons. Absence of output markets forced many farmers in the study groups to sell produce at lower prices. Lack of proper storage systems also exacerbated the existing problems leading to frequent grain losses due to aflatoxin and other storage related challenges which also affect unsold marketed surpluses. This situation negatively impacted farmers’ long term visions which are critical for them to overcome poverty and lead food secured sustainable life. As a result, farmers’ decision to invest in potential crop technologies has been affected. Such failures have become stumbling blocks for any collective effort to lift the lives of many subsistence farmers out of poverty and ensure food security and sustainable livelihoods. 

6.6.2. Credit services and risk management options

Credit and insurance services can assist especially resource poor farmers in taking more chances in production and prevent shocks from depleting their assets (World Bank 2008). However, in many drought prone areas access to credit is very limited while insurance is unavailable for the majority of smallholder farmers (Von Braun et al. 1998; Reardon 1997; Woldemariam 1999). The compounded inefficiency of markets, policies and institutions at multiple levels in Kenya, limited risk management options which could be made available to resource poor farmers resided in drought prone areas. 
Almost all farmers in the study groups have no access to credit or insurance. Farmers usually source loans from informal systems which in most cases involve fellow farmers or relatives.  Small amount to credit made available through microfinance are either exorbitantly expensive or largely unsuitable for investment in productive inputs such as seed and fertilizers. The majority in the groups have also expressed uneasiness towards formal credit services, for the lack of transparency involving terms and conditions; therefore, reluctant to subject themselves for any loss of asset as a result of swift actions in case of potential default. They revealed an incident which took place where a neighbour lost a roof of his house for failing to comply with the agreement of loan repayment.

The crop systems in drought prone Eastern Kenya are highly susceptible to risks originating from both production (reoccurring droughts, and pest/disease) and market side. This situation deterred major credit and insurance service providers, from embarking on their businesses in the most vulnerable areas where apart from existing risks, communication networks and market infrastructure are poor. Lack of access to risk reducing instruments also made resource poor subsistence farmers in the target area, particularly more vulnerable than they already are.

6.7. Institutional capacities

Technology transfer cannot be of significant impact without strong institutional foundations (Moussa 2002). Efficient extension service programs are central when addressing agricultural productivity. Under normal circumstance, the programmes are strategically designed to link both public research institutes and farmers while providing farmers with essential information on new crop technologies, crop management, and marketing skills. However, in reality extension services especially in areas that are inaccessible and marginal have not been used in their entirety attributed to budgetary constraints. Such inadequacy created a potential barrier in transferring the much needed technologies and the accompanying technical know-how to the farmers.

Extension programmes in Kenya have suffered from poor supervision where frontline extension staff is often unable to cover the required number of households due to lack of transport and impassable roads during the rainy season. The declining effectiveness of the public extension services has been identified as one of the factors deterring agricultural growth in Kenya (Muyanga and Jayne 2006). Often extension programmes are placed in areas which are likely to be more responsive to the dissemination of innovation and training provided by extension agencies (Romani 2003).

In drought prone areas resource poor farmers who are frequently facing chronic food and seed shortages have developed a tendency to depend on non-governmental organizations and emergency seed provision programs to deal with their seed needs. Depending on the severity of the problem, in some cases, farmers are compelled to consume whatever is left from the previous harvest to mitigate complete crop failures to address household food shortages. Such a situation often compromises the option of using own seed for the following planting season.

7. Way forward

7.1. Emerging role of public, private, and local sectors

Shortage of foundation seed remains to be the major challenge in Kenya seed systems. The availability of foundation seed for commercial seed production is the key to ensure farmers’ access to improved seed. This task has been mainly catered by KARI while other large scale national (e.g. KSC, Western Seed Company) and multinational seed companies (Pioneer, SeedCo) have their own line of production from varietal development to seed production and marketing. Variety maintenance and the production of foundation seed is a specialized task and would be inefficient if it is handled solely by the public research institutes that are largely dedicated to research and varietal development; or seed enterprises whose strategic interests are profit driven and focus mainly on the production and distribution of commercial seed especially of those high value crops. 

A vital missing link is a foundation seed enterprise (FSE) which can play an important link between the line of public plant breeding and commercial seed sector as a means to ensure access to foundation seed and enhance the overall efficiency of the seed value chain. The FSE can play an important role for public sector varieties, especially for orphan crops that may not fall under commercial priorities of the private seed sector, and other varieties that now suffer from insufficient production of foundation seed. This concept includes not only the provision of germplasm (i.e., new varieties) but also variety maintenance, and the establishment of contract processing facilities that may be accessed by seed enterprises during the slack season (MacRobert 2008).
 

There are challenges facing the public sector in expanding the capacity of extension service programs. Such expansion requires additional funding which may entail, among other things, revision of budgetary plans. Agricultural extension in Kenya is centralized where its structure and budgetary flow of funds follow established hierarchies and bureaucratic procedure. The centralized system in most cases fails to address issues that are affecting the local level while the emphasis and focus have been on national issues that concern the country as a whole. Reform is needed to enhance effectiveness of the extension system where it fails to deliver competitive services. A more effective extension and advisory service requires not only information to increase farm productivity, but also complementary services on a diverse range of rural development constraints including water harvesting, collective action, markets, value addition, and diversified income opportunities (e.g. crop-livestock integration and off-farm enterprises). Therefore, decentralizing the extension system and rethinking about the essential skills sets in the training of extension professionals might offer efficiency in transfer of technologies and complementary crop production services. This also could be advantageous in reaching out to many more farmers. 

NGOs have been assisting farming communities that were overlooked by public and private sectors through the provision of seed to those affected as a result of emergency situation, and promoting the development of the informal seed system. Their contributions include, in collaboration with public research centres and donor agencies, the provision of new varieties to smallholders, facilitating training on multiplication and distribution of seed, technical advice and supervision. Such support to certain degree is critical to increase farmers’ access to improved varieties where seed supply services are shrinking. 

However, seed projects supported by NGOs often engage in emergency situations to overcome seed shortages after droughts, suggesting the need for more viable options that foster long term recovery and development in drought affected areas. A more viable intervention would be to work with agrodealers using redeemable vouchers so that affected communities can access seed using mechanisms that build and strengthen local markets and supply chains. In order to ensure access to high quality seed by NGOs and other agencies to help farmers in times of emergencies, strategic seed reserves may need to be established for selected food security crops and varieties well adapted in drought prone regions. In the absence of good quality seed, relief seed often tends to be poor quality grain which will not germinate under stressed environments. This undermines the recovery effort and perpetuates the humanitarian crisis as affected communities fail to fully utilize the rains to produce locally adapted crops. Interventions should also help fill the potential vacuum with more resilient development and extension systems that could be linked with smallholder organizations to ensure sustainable farmer-based seed systems.  

There are benefits in involving local communities in seed production and supply activities and enhance their awareness of evolving seed systems. This may take many different forms including seed production and distribution through farmer-to-farmer seed exchange networks, trained seed entrepreneurs producing seed for the local markets, and as trained contract seed growers and informed agents/seed traders linked with other private and public seed companies. This is achieved through strengthening institutional capacities where community based organizations are empowered to replicate some of the major activities conducted by NGOs and faith-based organizations. 

The public sector should set up efficient supply networks involving agro-dealers and retailers that are well trained and capable of promoting crop technologies to the rural consumers. Agro-dealers and the private sector already play an important role in the delivery of seed and other inputs to farmers in high potential areas. Public-private partnerships that link farmer groups, agro-dealers and seed companies with public sector research and extension may help improve the delivery of improved seed and services in outlying and semi-arid areas.  Therefore, establishing strong collaboration with relevant service providers such as extension agencies agro-dealers/agro-vets is critical to create well-organized technology systems. 

Farmer organizations are emerging as a nascent player in the seed system. Both the public and private seed sectors in the formal seed system could harness the potential of FOs in down streaming seed activities. Any potential government strategy in extending access of improved seed varieties for wider geographical areas should not overlook the relevance of FOs and the need to strengthen their capacity as a major link to smallholders. The public research centres could create access to seed of public variety and support the development of more resilient seed systems at the local level through the promotion of small-scale seed enterprises targeting smallholders within FOs. This could be achieved through the collaboration of public research centres and donor agencies. This approach could involve: 

· Strengthening the organizational and institutional capacity of FOs to engage actively with external agencies.

· Selecting farmers within FOs that are competent and proactive. 

· Provision of short term formal training of trainers in seed business: production, inspection, certification, storage, processing and marketing. 

· The formally trained farmers then impart similar skills and knowledge to other members. 

· Creating a link between public research and extension systems and FOs to transfer the much needed seed technology and to maintain free flow of information on freshly released varieties that are locally needed. 

This approach would create the much needed link between formal and informal seed sector and might be considered as a relatively effective way of transferring technical knowledge and improved seed varieties to the majority of farming communities in isolated and marginal areas.

7.2. Policy implications       

Efficient supply links of crop technologies are achieved based on sound and coherent policies and regulatory frameworks, which harness the potential of all key players in the crop technology systems. Existing policies and institutional settings thus affect crop productivity directly or indirectly. Markets and institutional failures that commonly exist in the rural agricultural sector mainly arise from poor strategies, and to some extent due to gross negligence of non-commercial crop systems. There is a need to revise the existing strategies in an effort to identify bottlenecks and introduce the ones that could potentially ensure quality, grades and standards while maintaining consistent flow of improved seed supply. These policy issues fall within the realms of different successive stages (refer figure 1) and also suggest greater collaboration between government, policy makers, actors and stakeholders. 

In Kenya where agriculture contributes significantly to the overall economy, significant public and private investments in agricultural R&D is absolutely crucial in order for agriculture to benefit from effective technologies. Such investment should also take into account the need to strengthen human and institutional capacity to enable them to tackle the broadening agricultural research agenda. This should include the development of more effective public agricultural research systems, financing mechanisms, and increased investments in agricultural education. Currently, the country’s agricultural R&D, to large extent, depends on the public sector where the contribution of the private sector is limited. Increasing private sector involvement in agricultural R&D could call for addressing issues of intellectual property rights (IPRs) while making sure that in doing so, access of poor farmers to new technologies is not compromised. Appropriate regulatory systems that are adapted to the country’s needs and effectively enforce IPRs will be essential to stimulate private sector investments. The potential contribution of private sector in terms of investment in R&D will critically depend, among other things, on suitable policy.

Strategically phrased, smart policies could also play a critical role to achieve a specific goal which could support subsistence farmers to access vital inputs. This includes making available improved seeds and fertilizers that are subsidized by governments through the private sector specifically to resource poor farmers. This has an advantage in terms of replacing free input distribution which created a long standing dependency with the more feasible strategy that allows farmers to access inputs at subsidized prices. Such support may be crucial in drought prone areas to enable farmers grow food, enough to sustain their households.
The development of commercial seed markets requires, at a minimum, the presence of commercial grain markets (Tripp 2000). There is a need to formulate multiple strategies that ensure gains from new technologies. It is imperative that such strategies should not only focus on strengthening the supply side of input technologies but also need to recognize the importance of output value chains of target crops to fully capture their maximum potential. Such policies require establishing viable output markets that are prepared to absorb surplus grains at competitive prices. It is also important to pay attention to the demand side factors in order to identify the kind of crop technologies that are mostly preferred by the farmers to stimulate wide adoption. Demand for improved crop technologies is often stimulated by opportunities to sell these crops, and by markets that reward grain quality and type.
Improving the distribution of improved seed may also require the provision of low-interest loans available to key agro-dealers, fertilizer wholesalers, and seed companies—and to make financing available for warehouse receipt systems, farmer groups, and agro-processing facilities. Limited availability of formal credits has been seen as one of the major stumbling blocks which to a certain degree prohibited the desired level of investment in the vital technologies.  Conducive strategies are needed to tackle pervasive rural credit market failures and establish sound formal credit systems. Such strategies should account for potential risks encountering the parties which could be involved and find the most innovative ways to minimize those risks. This should work in conjunction with other complementary policies that have been presented in this section to simultaneously address multidimensional constraints. 
The role of informal sector is absolutely critical in areas where there are limited crop technology supplies and markets are generally underdeveloped. Deregulation of specific segments in the regulatory procedures might be useful to allow the informal sector, as an important low- cost source of quality seed to take a lead in addressing the local seed needs. This could also involve developing a legal framework that permits marketing of certified and uncertified seed of acceptable genetic purity and germination quality. NGOs that are focusing on capacity building, in this case, could contribute to this by organizing access to foundation seed to selected farmer groups that are interested in multiplying seeds that are locally demanded. Major responsibilities could range from facilitating extension advice on seed production, processing, treatment, and storage systems.

Soil and water conservation techniques are long-term measures with some requiring considerable investment in technologies and labour for application and maintenance. Knowledge and awareness are indispensable commodities that increase the probability of adoption of such technologies.  Policy makers should put emphasis on overcoming challenges of diffusion of technologies and the accompanying know-how via strategies that strengthen the capacity of public extension services. 

Kenya, with a relatively vibrant seed sector, should be at forefront in creating a platform to promote the entry of new and improved varieties in the region and ease the mobility of quality seed.  This would include importation of seed technologies from partnering countries where seed testing are not made mandatory for varieties already released that share the same agro-ecological zones. Seed Trade Association of Kenya (STAK) is playing a key role in harmonizing seed regulations within the East African region. It started out as Kenya, Uganda and Tanzania but now it comprises of 10 African countries and there are technical agreements put in place and members are working towards implementation. The primary objective of harmonization of seed regulations is to address major problems that hamper efficient mobility of seed consignments as well as seed trades between countries originating from variation in national standards for seed certification and quality control and in quarantine and phytosanitary measures for seed.

Generally, policy makers should reiterate past experiences such as failures and achievements of the past policies to draw lessons while moulding the new ones. They ought to bring to the table relevant empirical information from all the domains in the crop technology systems to draw custom made policies and strategies that fit specific challenges. 

7.3. Suggestions for scaling-up successful technologies

Many past efforts for transforming agriculture and increasing productivity in Asia and in Africa started in the high potential ‘green revolution’ areas where rainfall is not limiting or access to irrigation allows farmers to reduce the risk of crop failures and intensify production to increase yields. The improved functioning of markets and extension services in these areas helped to improve farmer access to new seeds, fertilizer and other inputs to increase production and market the surplus produce at attractive prices that encourage farmers to consider agriculture as a viable livelihood strategy.  While the increased investment in the high potential areas in Kenya is important and has improved staple food production at the national level, this has not produced sufficient surplus to lower food prices in food-deficit and drought prone semi-arid areas. While crop-based agriculture may not offer a viable means of livelihood in very marginal and arid lands, several new opportunities exist for improving productivity in the semi-arid areas where dry land crops can be profitably grown.  This would however require integrated approaches that leverage adapted germplasm and crop varieties tolerant to drought and environmental stress with good agronomic practices, conservation agriculture, water harvesting, improved fertilizer use and institutional innovations to enhance access to markets and services. These are briefly summarized below:

· Drought tolerant crops and varieties – Research has produced several drought tolerant varieties of maize, sorghum, cassava, peal millet, finger millet, pigeoanpea, cowpea and other crops adapted to the dry lands. The seed supply systems in the dry lands need to be improved to enhance the production and diffusion of these crop technologies to the poor. 

· Conservation agriculture (CA) – crop varieties alone will not always improve productivity unless complemented by proper agronomic systems that enhance soil conditions and enable the crop varieties to attain their genetic potential. Cropping practices based on reduced soil disturbance, increased integration of legumes and retention of crop residues on the soil can help reduce soil degradation and facilitate build-up of soil organic matter that will enhance yields and increase resilience. This can be particularly useful in areas where farmers lack animal drawn ploughs or mechanized systems. 

· Conservation and harvesting of surface water – water is a critical constraint to productivity growth in the dry land areas. Water conservation and harvesting systems widely used in the Sahel region of West Africa, India, and Southern Africa (e.g. tie ridges, zai systems, half moons, basin planting, etc) need to be widely promoted in the dry land areas.  When farmers can establish micro dams or ponds, puddle pumps (like those promoted by Kick Start) can be used for complementary irrigation. 

· Groundwater harvesting through integrated watershed management – In drier areas where rainfall is limited such as Eastern Kenya region, surface water may be extremely limiting and systems need to be developed to transfer water from other areas or utilize the groundwater aquifers in a sustainable way. One proven strategy for sustainable harvesting of groundwater is a system based on integrated catchments or watershed management. A system of water capturing and infiltration systems using check-dams and ponds help channel water into groundwater aquifers that can be tapped using tube/bore wells. This often requires improved technical knowledge and community level collective action and governance systems for building infrastructure, improving vegetation cover, sharing of costs, and establishing equitable use of groundwater.  Given the multiple positive externalities in terms of sustainability and improved ecosystem health, donor and government support to communities for catchment management can be justified. 

· Microdosing of fertilizer – fertilizer use is extremely limited in dry land cropping systems mainly due to the risk of crop failure. Soil fertility is often depleted through soil erosion and nutrient mining as traditional systems of fallowing; legume rotations and manure use disappear with population pressure. Increasing productivity in such systems requires external nutrient inputs in a manner that will improve efficiency and reduce risks to farmers.  Precision applications around the plant based on ‘micro-dosing’ to reduce costs and risks to farmers have been developed by ICRISAT and other partners and is now used in semi-arid lands of southern and west Africa. Fertilizer is applied with Coca-Cola cups to micro-dose but with precise applications to enhance utilization and nutrient uptake around the plant. 
· Improving access to markets and services – the key challenge for improving access to inputs in dry land areas to support a ‘green revolution’ has been lack of well-functioning markets to enhance use of inputs and financial services for farmers. Supply of quality seed of improved varieties, fertilizer and saving and credit services do not exist or suffer from high imperfections in many outlying areas. While infrastructure needs to be improved, the short to medium term strategy may start with building local social capital and institutional arrangements to make markets work for the poor. Producer organizations and farmer marketing groups can be vital instruments for increasing economies of scale and reducing transaction costs in the supply of inputs and marketing surplus produce. Group lending schemes with loan guarantees (e.g. Equity Bank with AGRA) can be viable mechanisms for enhancing financial services for the poor which will otherwise have no access as individual farmers.  

· Leveraging development in ICT – The dramatic improvements in information and communication technologies (ICT) has opened unprecedented opportunities to reach many small farmers in remote and inaccessible dry lands. The mobile phone penetration in Kenya is one of the highest in sub-Saharan Africa and many households in the target areas have now access to mobile phones. These create a great opportunity for farmers to access available services and many market options. Such technology can be leveraged to provide more precise and timely extension, agro climatic and market information as well as financial and insurance services to dry land farmers. With improvements in availability of seasonal weather forecasts the extension message to farmers can be more actionable and informative in making decisions on choice of crops and varieties depending on how the rains are expected to behave in a given season. Information hubs and call centres can be established for a two-way flow of information so that farmers can ask specific questions and get solutions to their problems. This can be supported by creative programming and use of the farm radio service. 
7.4. Future directions

Apart from policy issues, which demand government’s full intervention to amend existing market failures and inefficiency of major crop technology sectors, there are great opportunities that could be explored to bring about the much needed change in resource poor farmers. Some of the existing opportunities are presented on what follows as a guide for future similar ventures to further encourage technology use by the majority of subsistence farmers in the ASALs of Kenya. 
In partnering with local sorghum farmers in Eastern Kenya, East African Breweries Ltd (EABL) has started substituting barely for sorghum in an effort to reduce its heavy reliance on the more expensive crop, barley. If the value chains for such a venture are properly established, this collaboration would create great opportunities for subsistence farmers which allow them to sell their produce at competitive prices using reliable markets. However, this has to be complemented by equally reliable input supply systems to ensure access to improved seeds, fertilizer and agro-chemicals, while credit services would help farmers to have financial support to invest in inputs and improved agronomic practices. 
In addressing farmers’ financial needs, East African Breweries Ltd (EABL) and Equity Bank, the country’s fastest growing bank, have joined hands to help farmers in arid and semi-arid regions grow sorghum for commercial purposes. Under this partnership, the bank will provide credit to farmers, while EABL will guarantee a market for the crop, which it will use to make non-malted beer.  This and similar ventures and partnerships play a great role in changing the lives of many vulnerable farmers in Eastern Kenya region and ensure food security and sustainable livelihood. This synergy is needed to stimulate demand for crop technologies and could be replicated for the remaining target crops by establishing similar links with efficient input and output value chains and proper credit systems and guarantors to minimize risks.
Harnessing Opportunities for Productivity Enhancement (HOPE),  a Bill and Melinda Gates Foundation (BMGF) funded project, led by ICRISAT is now working with Unga Mill to establish value chain linkages for finger millets produced in Kenya. Unga Group of companies is based in Nairobi Kenya where the current demand for raw material (finger millet grain) is at 600m t/month and 80% of this requirement is imported from Tanzania into Kenya. This implies that the domestic demand is growing and exists if farmers can produce and provide a consistent supply of good quality finger millet. Unga is also willing to collaborate with HOPE in addressing the productivity and marketing challenges of finger millet and sorghum by linking with farmer groups that will be in the HOPE project as pilot programs working with several issues such as quality determination; awareness creation to farmers on market needs for finger millet and sorghum especially on grain quality and cleanliness. Such collaboration would also create a profound change in the lives of finger millet and sorghum producing farmers. 
Recommendations in this section may indicate areas to focus on in order to harness the existing resources that are within the realms of vulnerable farmers. Food security is a basic human right. Ensuring it requires the attention of every stakeholder involved, spanning international donors, IARIs, NARIs, government, regulatory agencies, seed industry, NGOs, CBOs and service providers, towards the common goal which is establishing sustainable and efficient technology, market, and service systems to boost productivity, thereby food security. Maintaining such systems, in the long run, ensures sustainable livelihoods which will be the ultimate goal.
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Annexes

Annex 1: Inventory of existing cereal, pulses, and root and tuber technologies suitable for ASALs in Kenya

Table 1. Inventory of maize varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes
	Who and where disseminated

	Maize
	KATEH 2007-3
	CIMMYT, KARI 2008-2010
	Stem borer resistant varieties
	CIMMYT, KARI -dry mid-altitude

	
	KDV4
	Dryland Seed Company, KARI
	Drought-tolerant
	Dryland Seed Company, KARMachakos * 

	
	KDV1, KDV4, KH500-21A
	CIMMYT, KARI,2010
	Drought tolerant maize
	CIMMYT, KARI,-Machakos*

	
	Katumani Composite B, DLC1
	Kenya seed company
	Open pollinated variety, drought
	Kenya seed company ASA.*

	
	DTMA
	CIMMYT, IITA.2010
	Tolerance to drought, striga resistant
	CIMMYT,  **, ***

	
	PAN 67
	Pannar Seed

Company (S.A),2001
	Resistant to maize streak virus. tolerant to low soil nitrogen
	Pannar Seed

Company, ASA *

	
	H516
	Kenya Seed Co., 2001
	Resistant to blight, rust and

Lodging.
	Kenya Seed Co.

ASA *

	
	DH04
	Kenya Seed Co.,2001
	Short stature
	Kenya Seed Co.

ASA *

	
	DH05
	Kenya Seed Co.,2001
	High yielding and early

Maturing
	Kenya Seed Co.

ASA *

	
	WH 403
	Western Seed,2003

Company
	Tolerant to leaf diseases,

green stems at harvest, suitable for animal fodder
	Western Seed,2003

Company 

ASA *

	
	WS 102
	Western Seed,2003

Company
	Tolerant to maize streak virus, drought and low soil nitrogen
	Western Seed,2003

Company 

ASA *

	
	S 103
	Western Seed,2003

Company
	Tolerant to maize streak virus, grey leaf spot, northern blight, drought and low soil nitrogen
	Western Seed,2003

Company 

ASA *

	
	DH 8
	Kenya Seed

Company,2003
	Good performance in low

yielding environments

Resistant to stalk lodging, root lodging and ear rots, semi dent
	Kenya Seed

Company,2003

ASA *

	
	Lagrotech

Early
	Lagrotech Seed

Company,2003
	Good ear cover , early maturing, striga tolerant drought escaping
	Lagrotech Seed

Company

ASA *

	
	DH 10
	Kenya Seed

Company,2004
	Resistant to rust, ear rot and

lodging, good husk cover, short stature
	Kenya Seed

Company,

ASA *

	
	DH 09
	Kenya Seed

Company,2004
	Resistant to root and stalk

lodging; good husk cover,

high yielding
	Kenya Seed

Company,

ASA *

	
	WS 202
	Western Seed

Company,2004
	Resistant to MSV, drought,

Low soil nitrogen
	Western Seed

Company

ASA *

	
	KH 631Q
	KARI, 2004
	Quality protein maize, good

husk cover, resistant to GLS, ear rot, rust, blight
	KARI,

ASA *

	
	EMB 204
	KARI,2004
	Quality protein maize, good

husk cover, resistant to GLS, ear rot, rust, blight
	KARI,

ASA *

	
	PAN 4M-21
	Pannar Seed (PTY)

Ltd, 2005
	Drought tolerant, flint grain,

good husk cover, double cobber
	Pannar Seed (PTY)

Ltd

ASA *

	
	DH 06
	Kenya Seed Co.,2007
	Good standability, good husk Cover
	Kenya Seed Co.

ASA *

	
	DH 12
	Kenya Seed Co.,2007
	Tolerant to blight and rust,

resistant to stalk lodge
	Kenya Seed Co.

ASA *

	
	Ua Kayongo 2 
	KARI,2007
	Tolerant to herbicide for striga control, GLS and MSV, drought tolerant, good ear placement
	KARI

ASA *

	
	Ua Kayongo 3
	KARI,2007
	Tolerant to herbicide for striga control, GLS and MSV, root and stalk lodging
	KARI

ASA *

	
	PH 5
	Kenya Seed Co.,2007
	Resistant to lodging, Ear rot
	Kenya Seed Co.

ASA *

	
	PAN 4M-19
	Pannar Seed (PTY)

Ltd,2008
	Flint, Drought tolerant,

prolific, Early maturing, Fast dry down, Good standability
	Pannar Seed (PTY)

Ltd,

ASA *

	
	PAN 4M-17
	Pannar Seed (PTY)

Ltd,2008
	Flint, Drought tolerant, Early maturing,
	Pannar Seed (PTY)

Ltd,

ASA *

	
	KDH4 SBR, KDH5 SBR, KDH6 SBR, KDH414-01 SBR, KDH414-02 SBR, 

KDH414-03 SBR
	KARI,2008
	Resistant to stem borers,

Tolerant to drought & low N,
	KARI

ASA *

	
	WS204
	Western Seed Co,2009
	Tolerant to cold

And drought
	Western Seed Co

ASA *

	
	SC Duma 43
	AgriSeedCo Ltd 2004
	Resistant to ear rot, rust, MSV, drought. Early maturity

	AgriSeedCo Ltd
ASA *

	
	DH02 1995
	Kenya Seed Co.
	Early, stays green
	Kenya Seed Co.

ASA *


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released

Table 2. Inventory of finger and pear millet varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Finger millet
	KAT FM-1
	KARI, 2000
	Drought tolerant
	KARI,

ASA

	
	Nakuru/FMI
	KARI – Lanet

BRC,1996
	Tolerant to cold

and drought
	KARI – Lanet

Dry mid altitude

	
	U-15, Gulu and Okahale-1
	KARI,2011
	High yielding, tolerance to drought, Striga weed and blast disease, good malting qualities, higher nutritional value


	KARI

ASA ***

	Pearl millet
	KAT PM-1,
	KARI,2000
	Drought tolerant, tolerant to bird

Damage
	KARI

ASA

	
	P224
	Kenya seed company
	Early maturing, tolerant to blast and  lodging,widely adapted


	Kenya seed company,

warm environments experiencing 900mm rainfall annually*

	
	KAT PM-2
	KARI,2000
	Grain used at dough stage
	KARI

ASA

	
	KAT PM-3 (ICMV221).
	KARI,2001
	Bold grains
	KARI

ASA

	
	
	
	
	


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 3. Inventory of sorghum varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Sorghum
	GADAM
	KARI,1995
	drought tolerant,early maturing, Specially adapted to coastal and semi-arid lowlands
	KARI

ASA

	
	KARI Mtama-1, KARI Mtama-3, IS76#23, Serena and Seredo
	KARI/KEPHIS 
	Early maturing, drought tolerant
	KARI

ASA *

	
	Serena"
	KARI/KEPHIS 1970s
	Wide adaptability
	KARI
Moist-mid-altitude*

	
	KARI/Mtama2
	KARI/KEPHIS
	Tolerant to stem borers.
	KARI

Machachos, Kitui, , Mwingi, Lower Embu and Tharaka Nithi*

	
	8609 and PAN 8816
	Pannar seed company
	Wide adapatability
	Pannar seed company

Major sorghum growing areas*

	
	Stiga resistant sorghum
	ASARECA
	Early maturing,, resistant to striga
	**

	
	IS 8193
	KARI,1996
	Resistant to bird damage
	KARI

ASA **

	
	Kat/PRO I


	KARI/KSC
	
	KARI

ASA **

	
	KARI 16.

Mtama 2
	KARI,2008
	Resistant to birds
	KARI

ASA **

	
	Kaburu
	KARI,2008
	High yield
	KARI

ASA **

	
	Legio
	KARI,2008
	High yield
	KARI

ASA **

	
	KARIA-SH2
	KARI,2008
	Dual purpose, tolerant to rust and cold
	KARI

ASA **


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 4. Inventory of pigeonpea varieties
	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Pigeonpea
	Mbaazi – 1
	KARI,1998
	Short duration

(single season)
	KARI

ASA

	
	Katumani 60/8
	KARI,1998
	Short duration

Ratoons well
	KARI

ASA

	
	Kat/Mbaazi 3
	KARI
	Extra early

Short duration
	KARI

ASA

	
	ICEA P00068
	KARI, 1995
	Medium maturity
	KARI

ASA

	
	Kat 777
	KARI, 1981

	Tolerant to fusarium wilt
	KARI

ASA

	
	ICEAP 00850
	2009
	
	

	
	ICEAP 00932
	2009
	
	

	
	
	
	
	


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 5. Inventory of cowpea varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Cowpea
	MTW 63
	IITA, 1998
	Pest tolerant
	KARI / IITA

ASA

	
	MTW 610
	IITA, 1998
	Large seeds
	KARI/IITA

ASA

	
	Machakos 66

(M66)
	KARI, 1998
	Dual purpose, deep green mid ribs
	KARI

ASA

	
	K 80
	KARI, 2000
	Dual purpose, tolerant to thrips

Silvery mid ribs
	KARI

ASA

	
	KVU – 419 (Kunde

419)
	KARI, 2000
	Drought tolerant

Extra early
	KARI

ASA

	
	KCP 022
	KARI, 2000
	Super early
	KARI

ASA

	
	KVU 27-1
	KARI, 1989
	Dual purpose
	KARI, ASA

	
	HB 48/10E
	KARI, 1987
	Tolerant to viral diseases
	KARI Katumani


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 6. Inventory of bean varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Beans
	Kat X56
	KARI,1995
	High yielding
	KARI

ASA

	
	Kat X 69
	KARI,1995
	High yielding
	KARI

ASA

	
	Kat/Bean 1

(Katheka)
	KARI,1997
	Early maturity
	KARI

ASA

	
	Kat-Bean 9
	KARI,1998
	Tolerant to heat
	KARI

ASA

	
	Wairimu Dwarf
	Kenya Seed

Co,2008
	Early, Heat tolerant, Good

for maize intercropping,

excellent cooking qualities
	Kenya Seed

Co 

ASA


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released

Table 7. Inventory of green gram varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Green gram
	N26
	KARI,1998
	Green bold seeds No stoniness.
	KARI*

ASA


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 8. Inventory of cassava varieties

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Who and where disseminated

	Cassava
	9varieties
	KARI, Farm Concern, AGRA
	High yielding, fast maturing, drought and cassava mosaic virus resistant and with low cyanide levels.


	KARI

Mbeere,  and Busia***

	
	5543/156"
	KARI/KEPHIS 1969
	Tolerant to ACMD; bitter
	KARI
Coastal and Eastern Kenya

	
	Guzo"
	“ 1969
	Resistant to (ACMD); sweet
	Coastal and Eastern Kenya

	
	Kaleso" ("46106/27")
	“ 1969
	Tolerant to ACMD and cassava brown streak disease (CBSD); sweet
	KARI
Coastal and Eastern Kenya

	
	Karembo" ("KME-08-05")
	“ 
	Tolerant to ACMD and CBSD; sweet; short with open structure
	KARI
Coastal and Eastern Kenya

	
	Karibuni" ("KME-08-01")
	“2008
	Tolerant to ACMD and CBSD; sweet; high branching; good for intercropping
	KARI
Coastal and Eastern Kenya

	
	KME 1", KME 2", KME 3", KME 4",
	“ 2000
	Tolerant to ACMD; sweet
	KARI

Eastern

	
	Nzalauka" ("KME-08-06"), Shibe" ("KME-08-04"), Tajirika" ("KME-08-02")
	KARI, 2008
	Tolerant to ACMD and CBSD; sweet; straight stems ideal for intercropping
	KARI
Coastal and Eastern Kenya

	
	Bio cassava plus
	KARI
	Better nutritional properties interms of carotene, iron and protein
	KARI

Throughout the country focussing mainly in cassava growing areas**

	
	KME 61
	KARI, 2000
	Low cyanide, early matutity
	KARI

Eastern*

	
	MUCERICERI
	KARI, 2000
	Low cyanide, early matutity
	KARI

Eastern*


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 9. Inventory of sweet potatoes varieties 

	Crop
	Varieties
	Who developed and year released
	Special attributes

	Who and where disseminated

	Sweetpotatoes
	Mtwapa 8
	KARI, 1998
	Low fibre, high beta carotene
	KARI 

ASA **

	
	Jayalo
	KARI, 1998
	Good for piece meal harvesting
	KARI

ASA

	
	22/77
	KARI, 1998
	Good for piece meal harvesting
	KARI

ASA

	
	KSP 20

(Wanjugu)
	KARI, 2000
	High carotene levels Red

skinned
	KARI

ASA


Sources: KEPHIS, 

Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released
Table 10. ICRISAT’s line of germplasms 

	Crop
	ICRISAT Name
	Release Name
	Year 
	Special Traits

	Sorghum
	IS 21055
	Legio
	2008
	High yield

	
	Serena
	Serena
	1970s
	Wide adaptability

	
	GADAM
	El Gadam, 
	1994
	Drought tolerant, early maturing, specially adapted to coastal and semi-arid lowlands

	
	E1291
	E1291
	2000
	Dual purpose. Good beverage quality

	
	Seredo
	Seredo
	1970s
	Early maturing, drought tolerant

	
	KAT 83/369
	KARI MTAMA I
	2000
	Tolerant to stem borer.

	
	IS 8193
	KARI MTAMA 2
	2001
	Resistant to bird damage

	Pearl Millet 
	ICMV 221
	Kat/PM 3
	2001
	Bold grains

	Pigeonpea 
	KAT 60/8
	KAT 60/8
	2000
	Short duration, ratoons well

	
	KAT 777
	KAT 777
	1981
	Tolerant to fusarium wilt

	
	KAT 81/3/3
	KAT 81/3/3
	1981
	Tolerant to fusarium wilt

	
	ICPL 87091
	ICPL 87091
	1997
	

	
	ICEAP 00040
	ICEAP 00040
	2004
	

	
	KAT 60/8
	KAT 60/8
	2000
	

	
	ICEAP 00850
	
	2009
	

	
	ICEAP 00932
	
	2009
	

	


Source: ICRISAT interview and data

Table 11.  CIMMYT line of germplasms 

	Crop
	Varieties
	Who developed and year released
	Special attributes 
	Where disseminated

	Maize
	KATEH 2007-3
	CIMMYT, KARI 2008-2010
	Stem borer resistant varieties
	CIMMYT, KARI –dry mid-altitude

	
	KDV4
	Dryland Seed Company, KARI
	Drought-tolerant
	Dryland Seed Company, KARMachakos * 

	
	KDV1, KDV4, KH500-21A
	CIMMYT, KARI,2010
	Drought tolerant maize
	CIMMYT, KARI,-Machakos*

	
	Katumani Composite B, DLC1
	Kenya seed company
	Open pollinated variety, drought
	Kenya seed company ASA.*

	
	DTMA
	CIMMYT, IITA.2010
	Tolerance to drought, striga resistant
	CIMMYT,  **, ***

	Adoption indication: * at the uptake stages, ** early stage of uptake ***Just released



Source: CIIMYT interview and data

Table 12. A adoption of improved varieties for each crop by the target groups in Machakos and Makueni
	Crop 


	Machakos and  farmer groups

	
	Variety
	Group 1
 (Level of adoption)

& Years known in village, respectively.
	Group 2
 (Level of adoption)

& Years known in village, respectively.
	Group 3

(Level of adoption)

& Years known in village, respectively.
	Group 4
 (Level of adoption)

& Years known in village, respectively.
	Group 5
 (Level of adoption)

& Years known in village, respectively.
	Group 6
 (Level of adoption)

& Years known in village, respectively.

	Maize
	Duma 43
	83.3%, 8yrs
	
	
	
	
	100%, 3yrs

	
	KDV1
	17%,
	-
	-
	
	
	80%, 3yrs

	
	KDV6
	-
	-
	-
	
	
	

	
	DH02
	
	
	
	90%, 2-3yrs
	
	

	
	DKH31
	
	
	
	
	
	70%, 3yrs

	Sorghum
	Serena
	
	
	
	21.3%, 6-7yrs
	60%, 8yrs
	40%, many years

	
	Mtama-1
	
	
	
	32%, 6-7yrs 
	
	

	
	Seredo
	
	
	
	
	30%, 2 yrs
	40%, many years

	
	Gadam
	
	
	
	
	60%, 8yrs
	20%, 4 years

	Millet
	Improved variety (N.A
)
	-
	3%, 3yrs
	-
	32%, 5yrs
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Pigeonpea
	Mbaazi-1
	-
	100%, 3yrs
	40%, 3yrs
	
	
	50%, many years

	
	Mbazi-2
	
	
	100%, 4yrs
	
	
	100%, many years

	
	
	
	
	
	
	
	

	Cowpea
	KVU 27-1
	17%, 1yr
	100%, 3yrs
	-
	
	
	

	
	M66
	83.3%, 15yrs
	
	100%, 3-4yrs
	
	
	

	
	K80
	
	
	100%, 3-4yrs
	
	
	

	Green gram
	N26
	100%, 2-3yrs
	100%, 3yrs
	100%, 4-5yrs
	
	
	

	
	KS20
	50%, 1yr
	
	
	
	
	

	
	
	
	
	
	
	
	

	Beans
	Kat X 56
	83.3%, 1 season
	-
	55.6%, 4yrs
	
	
	

	
	Kat B1
	33.3%, 15yrs
	
	
	
	
	

	
	Nyayo
	
	
	
	N-A
	
	

	Cassava
	Mucericeri
	83.3%, many yrs
	-
	
	
	100%, many years
	

	
	KME 61
	17%, 1yr
	
	
	
	100%, 3yrs
	

	
	KME1
	
	
	
	
	100%, many years
	

	Sweetpotato
	KARI (N.I
)
	In demo-plot
	-
	
	
	
	

	
	
	
	
	
	
	
	


Sources: From interview with farmers
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� Community gathering where the chief is present


� Source: Joe W. Mbalu, Kenya Red Cross


� Crop technology in this study refers to improved seed varieties, improved soil and water management options, agronomic practices (timing of planting, fertilizer rate and application, weeding, pest and disease managements), improved post-harvest management options (storage, processing and value additions)  


� Orphan (or minor) crops are those crops which are typically not traded internationally but which can play an important role in regional or local food security. They may be neglected or underutilized crops.





� Farmer groups, women’s groups, extension agencies, agro-dealers, agro-vets, input distributors, NGOs, Faith-based organizations, model farmers, seed companies, KARI Katumani.





� A total 16 extension  officers are allocated  about 28, 800 farm households. Source: Discussion with extension officers, MoA, Mwala district.


  


� A total of 12 extension officers, of which 3 were assigned to Kee, and 4 officers were allocated to Kaiti while Wote received 5 officers to cover around 17,208 farm households.





� The formal sector is made up of public and private sectors with specialized role in a chain of activities stretching across development of new crop technologies, multiplication, marketing and extension services.





� The informal sector refers to crop activities where farmers heavily rely on own saved seed, and occasionally selling their own to purchase other varieties from the market or exchange seed with other farmers.


� The IARIs that are actively involved in variety development of crops that are crucial to ASALs Kenya  and provision of technical backstopping include are ICRISAT on sorghum, millets, pigeonpea; IITA on cassava, CIMMYT on Maize


� Drought tolerant; pest and disease resistant; early maturing; 


� Large seed companies such as Kenya Seed Companies have complete facilities capable of developing their own line of seed technologies. International and national research institute often play a part in providing pedigree for these companies to modify a given technology according to companies need and register the cultivar.








� Makueni farmers’ group, Wote, Mbumbuni sub-location, Makueni 


�1)  Ngenda women group, Ndiuni, Mwala, 2) Machakos muuo self-help group (KARI Katumai)


3) Machakos women group-Maka widows 4) Ekawiyike cassava processing group, Yatta. 5) Gindwana farmers’ group, Kenyata, Yatta


 


� Mwala and Yatta are administrative divisions in Machakos county.


� The use of technologies both in terms of adoption rate and the intensity of use.  


� Quality is measured in terms of distinctness, uniformity, and stability (DUS)


� Sources: KEPHIS, KARI, CIMMYT, ICRISAT


� The main uptake pathways are on-farm trials and field demonstrations.


� Maize Streak Virus


� Food and fodder


� Sources: This information mainly derived from interviews with key informants from KARI and (Mati, 2005).


� Source: Interview with informants from KARI


� Source: Interview conducted with KARI


� is derived from plant and animal materials such as animal manure, crop remains, municipal garbage,        kitchen waste, hedge trimmings and non-seeding weeds


� Sources: Interviews with CIMMYT, KARI, and (Bett, et al., 2011)


� Source: Interview with key informants from KARI


� Maize producing areas or zones


� Source: Interview and personal communication with CIMMYT and KARI


� Source: � HYPERLINK "http://www.cgiar.org/impact/index.html" ��http://www.cgiar.org/impact/index.html�





�  Most of these companies have the capability and facility to conduct own line of research and development leading to variety release. 


� ICRISAT’s mandate crops are Sorghum, Millet (Pearl and finger), Pigeonpea, Chick pea, and ground nut.


� Source: Through an interview with the TLII coordinator , ICRISAT, Nairobi


� Source: � HYPERLINK "http://cipotato.org/research/potato-in-highlands/seed-systems" ��http://cipotato.org/research/potato-in-highlands/seed-systems�





� The seed industry in Kenya constitutes small to large scale seed companies where Kenya Seed Company KSC, which is parastatal, plays a major role in terms of production, processing and marketing.  There are about 85 seed companies in Kenya that are involved in seed activities spanning bulking, processing and marketing certified seed (This figure was acquired based on the interview with STAK).





� Other source: Interview with informants from ICRISAT


� Community gathering where the chief is present.


� NGOs and faith-based organizations interviewed were Redeemed Gospel Church Machakos HIV aids Community Program, Catholic Diocese of Machakos, Inades Formation International, World Vision Machakos, Red Cross Machakos.


� This does not imply that the private sector will not produce foundation seed. It can do so for its own private sector varieties or when licensed by the FSE to produce socially optimal levels of foundation seed for public sector varieties adapted to the drought-prone areas. This will ease the severe shortage of pre-basic and basic seed now stifling the seed systems for semi-arid areas.


� Makueni  Farmers’ Group. Wote


� Ngenda Women Group, Mwala, Machakos,


� Machakos Muuo Self help Group, Machakos


� Machakos Women Group- Maka Widuws, Machakos.


� Gikombe farmer group, Yatta,


� Gindawa farmer group


� Not available


� Variety code could not be identified by the farmers
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		crop		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		prod2				ha		prod		prod2				Area(ha)		production		prod2				Area(ha)		production		prod2				Area(ha)		production		prod2				Area(ha)		Production(90kgbag		prod2		productivity

		Maize		143100		64806		0.4528721174		163880		78041		0.4762082011		149700		115632		0.7724248497		145000		59850		0.4127586207		160500		42340		0.2638006231		17500		100400		9036				37140		232000		20880		0.5621970921		29690		125150		11263.5		0.3793701583		29690		125150		11263.5		0.3793701583		29690		269900		24291		0.8181542607		32375		235575		21201.75		0.6548803089

		Beans		64650		29163		0.4510904872		80300		50652		0.6307845579		69800		34992		0.5013180516		63800		14076		0.2206269592		15000		27765		1.851		8000		27880		2509				14000		60000		5400		0.3857142857		13800		53350		4801.5		0.3479347826		14400		5810		522.9		0.0363125		14500		50775		4569.75		0.3151551724		19785		238600		21474		1.0853677028

		Pigeon peas		72020		24952		0.3464593169		65200		29340		0.45		-		-		0		69200		36144		0.5223121387		74100		13680		0.1846153846		4000		25000		2250				4000		28000		2520		0.63		8740		65900		5931		0.678604119		4360		43440		3909.6		0.8966972477		4725		7700		693		0.1466666667		8060		45000		4050		0.5024813896

		Cowpeas		19800		5761		0.290959596		22800		9720		0.4263157895		20700		8839		0.4270048309		19040		11340		0.5955882353		21800		2484		0.1139449541		4000		4000		360				4000		40000		3600		0.9		6100		21430		1928.7		0.3161803279		1870		18630		1676.7		0.896631016		4060		9880		889.2		0.2190147783		7185		64812		5833.08		0.8118413361

		Sorghum		5250		239		0.0455238095		6715		2470		0.3678332092		-		-		-6700		5800		2916		0.5027586207		6700		2007		0.2995522388		200		400		36				200		2700		243		1.215		93		1380		124.2		1.335483871		1300		1300		117		0.09		339		2952		265.68		0.7837168142		235		1975		177.75		0.7563829787

		Millet		2400		898		0.3741666667		2618		834		0.3185637892		1280		398		0.3109375		1750		299		0.1708571429		1400		630		0.45		30		60		5				30		250		22.5		0.75		270		1270		114.3		0.4233333333		30		125		11.25		0.375		29		89		8.01		0.2762068966		56		426		38.34		0.6846428571

		Green grams		3900		5761		1.4771794872		7800		2790		0.3576923077		-		-		0		-		-		0		6200		864		0.1393548387		250		600		54		0		250		1250		112.5		0.45		128		900		81		0.6328125		90		880		79.2		0.88		262		1094		98.46		0.3758015267		430		3140		282.6		0.6572093023

		Cassava		5250		21750		4.1428571429		3775		28000		7.417218543		-		-		0		4000		25900		6.475		4195		9775		2.3301549464		200		2000		2000				200		4000		4000		20		210		3450		3450		16.4285714286		200		3800		3800		19		200		4200		4200		21		230		5100		5100		22.1739130435

		Sweet potatoes		3700		16500		4.4594594595		3970		22640		5.7027707809		-		-		0		5300		18400		3.4716981132		5895		8685		1.4732824427		115		1150		104				115		1150		103.5		0.9		160		1740		156.6		0.97875		136		1360		122.4		0.9		115		1170		105.3		0.9156521739		-		-		0		0





machakos productivity

		crop		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010

		Maize		0.452872117		0.476208201		0.77242485		0.412758621		0.263800623		0.5163		0.562197092		0.3793701583		0.379370158		0.818154261		0.654880309

		Beans		0.451090487		0.630784558		0.501318052		0.220626959		1.851		0.3136		0.385714286		0.3479347826		0.0363125		0.315155172		1.085367703

		Pigeon peas		0.346459317		0.45		0		0.522312139		0.184615385		0.5625		0.63		0.678604119		0.896697248		0.146666667		0.50248139

		Cowpeas		0.290959596		0.426315789		0.427004831		0.595588235		0.113944954		0.09		0.9		0.3161803279		0.896631016		0.219014778		0.811841336

		Sorghum		0.04552381		0.367833209		-6700		0.502758621		0.299552239		0.18		1.215		1.335483871		0.09		0.783716814		0.756382979

		Millet		0.374166667		0.318563789		0.3109375		0.170857143		0.45		0.1666		0.75		0.4233333333		0.375		0.276206897		0.684642857

		Green grams		1.477179487		0.357692308						0.139354839		0.216		0.45		0.6328125		0.88		0.375801527		0.657209302

		Cassava		4.142857143		7.417218543				6.475		2.330154946		10		20		16.4285714286		19		21		22.17391304

		Sweet potatoes		4.459459459		5.702770781				3.471698113		1.473282443		0.9043		0.9		0.97875		0.9		0.915652174





makueni

				2000						2001						2002						2003						2004						2005						2006						2008						2009						2010						2011

		crop		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity		ha		prod		productivity

		Maize		85000		54455		0.6406470588		93800		51305		0.5469616205		91500		47655		0.5208196721		88000		24462		0.2779772727		100000		39604		0.39604		87000		11251		0.1293218391		85487		26552		0.3105969329		18,780		11386		0.6062832801		20,535		40134		1.9544192841		27,700		25524		0.9214440433		27,750		148802		5.3622342342

		Beans																																												8,640		4372		0.5060185185		6,008		7383		1.228861518		6,875		5693.85		0.8281963636		7200		2628		0.365

		Pigeon peas		42500		29298		0.6893647059		15300		108750		7.1078431373		-		-				44000		27450		0.6238636364		43000		15480		0.36		29100		16202		0.5567697595		50711		35540		0.7008341385

		Cowpeas		15800		11719		0.7417088608		20500		140700		6.8634146341		18800		8846		0.4705319149		14745		5791		0.3927433028		1800		432		0.24		2300		1097		0.4769565217		84796		20126		0.2373461012		5,780		2515		0.4351211073		4,408		7671		1.7402450091		5,615		7972.2		1.4198040962		5175		3508		0.6778743961

		Sorghum		7950		3865		0.486163522		9500		60600		6.3789473684		-		-				7075		3886		0.5492579505		2500		945		0.378		850		383		0.4505882353		12764		2654		0.207928549

		Millet		7050		3539		0.5019858156		7000		44400		6.3428571429		-		-				5250		2961		0.564		1700		162		0.0952941176		1400		630		0.45		6170		2263		0.3667747164

		Green grams		8100		4104		0.5066666667		-		-		0		-		-				-		-		0		2500		360		0.144		3050		1215		0.3983606557		17807		8914		0.5005896558		2577		564		0.2188591385		2,269		1,507		0.6641692375		4,000		5383.8		1.34595		6,360		4,210		0.6619496855

		Cassava		425		3610		8.4941176471		0		0				-		-				-		-		0		700		1400		2		165		680		4.1212121212		-		-		0		226		1,938		8.5752212389		75		300		4		85		1370		16.1176470588		71		900		12.676056338

		Sweet potatoes		415		3730		8.9879518072		-		-		0		-		-				362		2286		6.3149171271		600		2400		4		125		365		2.92		1326		26028		19.628959276		116		816		7.0344827586		58		320		5.5172413793		78		1608		20.6153846154		78		1,690		21.6666666667





makueni productivity

				2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011

		Maize		0.640647059		0.54696162		0.520819672		0.277977273		0.39604		0.129321839		0.310596933				0.60628328		1.954419284		0.921444043		5.362234234

		Beans				0.423		0.873		0.126		0.117		0.333		0.036		0.018		0.506018519		1.228861518		0.828196364		0.365

		Pigeon peas		0.689364706		7.107843137		0.234		0.623863636		0.36		0.556769759		0.700834139		0.36		0.225		0.189		0.9

		Cowpeas		0.741708861		6.863414634		0.470531915		0.392743303		0.24		0.476956522		0.237346101				0.435121107		1.740245009		1.419804096		0.677874396

		Sorghum		0.486163522		6.378947368		0.549		0.549257951		0.378		0.450588235		0.207928549		0.117		0.036		0.09		1.26

		Millet		0.501985816		6.342857143		0.549		0.564		0.095294118		0.45		0.366774716		0.117		0.072		0.153		0.873

		Green grams		0.506666667		0.639		0.4725		0.378		0.144		0.398360656		0.500589656		0.027		0.218859139		0.664169238		1.34595		0.661949686

		Cassava		8.494117647				9.4		4.8		2		4.121212121		2.3		4.1		8.575221239		4		16.11764706		12.67605634

		Sweet potatoes		8.987951807				9.4		6.314917127		4		2.92		19.62895928		0.8		7.034482759		5.517241379		20.61538462		21.66666667

				2000		2001		2002		2003		2004		2005		2006				2008		2009		2010		2011

		Maize		0.640647059		0.54696162		0.520819672		0.277977273		0.39604		0.129321839		0.310596933				0.60628328		1.954419284		0.921444043		5.362234234

		Pigeon peas		0.689364706		7.107843137				0.623863636		0.36		0.556769759		0.700834139

		Cowpeas		0.741708861		6.863414634		0.470531915		0.392743303		0.24		0.476956522		0.237346101				0.435121107		1.740245009		1.419804096		0.677874396

		Sorghum		0.486163522		6.378947368				0.549257951		0.378		0.450588235		0.207928549

		Millet		0.501985816		6.342857143				0.564		0.095294118		0.45		0.366774716

		Green grams		0.506666667								0.144		0.398360656		0.500589656				0.218859139		0.664169238		1.34595		0.661949686
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