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EXECUTIVE SUMMARY

Horticulture production in Kenya continues to face many productivity constraints along the value chain. To address these constraints, a number of technologies have been developed by both local and international organizations. The goal of developing these technologies is to address specific and targeted horticultural productivity constraints and ultimately enhance farmers’ income and livelihoods. While there is evidence that most of these technologies can have positive impacts in increasing agricultural productivity, it is not clear why the levels of their adoption by farmers remain low and scattered in a few sites. Furthermore, there is a dearth of literature as to why these adoption rates are low hence the motivation for this study- to collect and provide information on promising technologies that address productivity constraints in horticulture value chains and thereafter design and strengthen interventions to upscale adoption of successful horticultural technologies in Kenya. The study was in a form of adaptive research that focused on edible horticultural products. The objectives of the study were: to identify and document technologies for addressing key productivity constraints in the horticultural value chain in Kenya, to generate information for formulation of key policy and programmatic actions for enhanced action of successful technologies, and to generate information key to programming and designing of interventions for increased horticultural productivity in Kenya. 
A multi faceted approach involving desktop, case study, focus group and key informant discussions were used to collect the required information for addressing the study objectives. The study began with a literature review of the existing horticultural technologies. Interviews with staff from key institutions (KARI, Amiran, KEPHIS, FPEAK, HCDA, Phfams, FINTRAC Africa, Ministry of Agriculture, CBOs, agro-dealers) were carried out to complement the review. In addition, case studies were conducted in lower Eastern, Nyanza and in Western Kenya using focused group discussions and key informant interviews.
The horticultural technologies, that have been developed and disseminated based on literature, (along the value chain with a focus on production and post harvest handling) at the input level were: improved varieties; integrated soil fertility enhancing technologies - use of manures, fertilizers; pest and disease control - fungicides, insecticides, nematicides; water - water harvesting (water pans), bucket drip irrigation system for the production of tomatoes, drum drip irrigation kit for vegetables production. This is in addition to technologies for crop husbandry; integrated pest management – mainly for vegetable crops – cabbages, tomatoes and green house production – mainly for tomato production. Whereas at the post harvest handling level, the technologies include: ripening chamber – mainly for banana ripening; solar drier – for vegetables and fruits; value addition technologies for bananas, tomatoes, mangoes and passion fruits; charcoal cooler for French beans and other fresh produce, improved packaging materials for avocado; and use of cold storage facilities for vegetables.
The horticultural technologies across the case study sites included: improved varieties of fruits and vegetables; greenhouse production of tomatoes; water harvesting (water pans); drip irrigation; charcoal coolers for postharvest handling of French beans and processing of mangoes for the lower Eastern region. In Nyanza, the technologies that have been introduced include improved varieties of fruits and vegetables; tissue culture bananas; value addition of banana and indigenous vegetables; and greenhouses for tomato production. In western Kenya, the technologies reported were tissue culture banana and passion fruit grafting. 
The key institutions involved in horticultural technologies promotion and/or dissemination were: KARI, KHDP-Fintrac, universities, Ministry of Agriculture, Amiran, Homegrown and HCDA. The main donor agencies supporting and partnering with these institutions include USAID, IFAD, GIZ and World Bank.
The successful technologies (as gauged by scale of use in terms of numbers or locations, commercialization of technology and/or addressing productivity constraint) were: tissue culture banana; improved varieties of mangoes; banana ripening chambers; and water harvesting techniques (water pans). Building farmer capacity and creating ownership of technology at community level as well as commercialization – where applicable - of the technology, is critical for successful adoption of introduced technologies. Bringing all the actors together- technology, efficient distribution, effective lending mechanisms and a proven system for learning new skills and attitudes further make technology uptake and adoption possible.

The key messages and lessons learnt regarding technology adoption are the need for: continuous technical and scientific support for farmers to take up a new technology; capacity building on technology for farmers and extension staff; close collaboration and linkages between researchers, farmers, extension staff and industry. This is in addition to generation of policy frameworks for horticultural production, distribution and marketing, acquisition of credits for horticultural production and marketing. 
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CHAPTER ONE
INTRODUCTION
1.1. The horticulture sector in Kenya
The agricultural sector is the mainstay of the Kenyan economy. Annually, the sector contributes 24% directly and 27% indirectly to the Gross Domestic Product (GDP) (GoK, 2010). The agriculture sector constitutes of six subsectors; industrial crops, food crops, livestock, fisheries, forestry and horticulture. Horticulture, the largest subsector, has recorded a remarkable export-driven growth in the past decade and, contributes 33 per cent of the GDP and 38 per cent of export earnings (GoK, 2010). Kenya’s success in expanding horticultural exports (fruits, vegetables and cut flowers) is well known. Horticulture ranks second to tea in agriculture export earnings and it accounts for approximately 16 percent of domestic agricultural exports. Kenya’s horticultural sector has received a great deal of attention (Vision 2030, GoK, 2010) over the past decade due to the rapid and sustained growth of its exports to Europe (Muendo and Tschirley, 2004). This impressive growth has undoubtedly contributed to increased rural incomes and reduced rural poverty in Kenya. 

The horticultural sub-sector employs approximately 4.5 million people countrywide directly in production, processing, and marketing, while another 3.5 million people benefit indirectly through trade and other activities (GoK, 2010; KDLC, 2010). Horticulture is a major source of livelihood to farmers generating in excess of $1.0 billion in foreign earnings annually (HCDA, 2010). Horticulture production therefore offers the best alternative for increased food self-sufficiency, improved nutrition and ensuring the generation of increased incomes and employment (Ganry, 2007; 2009). 

The main horticultural crops grown in Kenya can be broadly grouped into fruits, vegetables and flowers. The major fruits grown include, avocadoes, bananas, citrus, pineapples, mangoes and papaya, while the vegetables include cabbages, spinach, tomatoes, onions, chilies, pepper, carrots, french beans and Asian vegetables (karella, dhudi, brinjals). The area under production for the different horticultural crops (here only fruits and vegetable) occupy about 100,000 hectares (fruits) and approximately 50,000 hectares (vegetables) annually (Figure 1a and 2a) 
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	Figure 1a : Area under production for major fruits in Kenya (1997-2010)
	Figure 1b: Yield of the major fruits in Kenya (1997-2010)


Source: FAO countrystat, Kenya
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	Figure 2a: Area under production for selected vegetables (1997-2010)
	Figure 2b: Yield (t/ha) for selected vegetables (1997-2010)


Source: FAO CountryStat, Kenya

The production of these crops is for both local and export market. However, a large percentage of the crops are consumed locally. A total of 2.75 million tons of horticultural products are consumed in the domestic market (HCDA, 2010). Smallholder growers account for 80 percent of all growers and produce 60 percent of horticultural exports (Kenyaweb, 2006). Horticultural crops are high value crops generating higher profits than staple food crops per unit of land and the income thus generated can be used for different purposes in terms of eradicating hunger through meeting the food requirements and other necessities. For instance in 2009 the gross production value of banana was USD 317 million compared to USD 199 million in 1997. That of mangoes was USD  60 million in 2009 up from USD 8 million in 1997 (FAOSTAT, 2012).
Notwithstanding however, horticulture faces a number of production constraints that must be addressed and managed for increased productivity. Against this backdrop, initiatives that will maximize horticultural production, at national level, are necessary. These include but are not limited to: implementing favourable national policies, fostering the development of holistic crop value chains, improving access to markets and reducing postharvest losses, providing subsidies for farmers to access inputs (machinery, hybrid seed and fertilizer), promoting and facilitating public-private-partnership, increasing investment in research and technology including irrigation, reducing the cost of agricultural equipment and postharvest technologies, improving agricultural extension, developing new crop/varieties for the diverse ecological-zones and meeting the challenges of climate change, documenting, characterizing and conserving indigenous varieties: fruits, vegetable, cereals, root crops, herbs and spices (Wasilwa, 2008).
1.2 Institutions involved in the horticulture sector

The horticulture industry is governed by various public and private institutions with legal and institutional mandates. Public institutions established under various statutes have a national mandate on various aspects of horticulture with a view to improving productivity and service delivery. These institutions include: HCDA, KARI, KEPHIS, FPEAK, Universities, MoA and KIRDI.

Horticultural Crop Development Authority (HCDA): Recognizing the importance of the horticultural sub-sector, the government established the Horticultural Crop Development Authority (HCDA) in 1967 to develop the sector. The HCDA has been able to help farmers in an advisory and regulatory capacity over the years. 

The Kenya Agricultural Research Institute (KARI): KARI is a premier national institution bringing together research programmes in food crops, horticultural and industrial crops, livestock and range management, land and water management, and socio-economics. KARI promotes sound agricultural research, technology generation and dissemination to ensure food security through improved productivity and environmental conservation. KARI (Thika centre) is mandated to undertake research in production, crop management, pre-and-postharvest and value addition of horticultural crops. The outputs from research activities implemented are to support the national horticultural industry. 

Kenya Industrial Research and Development Institute (KIRDI): This is a parastatal established under the Science and Technology Act (Cap 250). It is mandated to undertake research and development in industrial and allied technologies. KIRDI collaborates with Ministry of Agriculture and other stakeholders in technology development and transfer in processing of horticultural produce. 

Universities: Among the universities, Nairobi, Jomo Kenyatta, Moi and  Egerton provide courses at degree and diploma levels related to agriculture, horticulture and environment and are also involved in horticulture research.
Fresh Produce Exporters Association of Kenya (FPEAK): FPEAK was established in 1975 as an association for horticultural produce exporters. Its functions include: representation and liaison with relevant public and private sector, local and international organizations, and trade associations; promoting exports through overseas exhibitions, trade missions and buyers’ missions to Kenya; providing market information on export products and their destinations; training members and their out-growers on production, post harvest handling, packaging and export marketing techniques; and ensuring high quality, environmentally sound and safe products through adherence to an established Code of Practice. 

Kenya Plant Health Inspectorate Services (KEPHIS): KEPHIS is a state corporation that provides regulatory oversight for the government, business sector, scientists and farmers on matters of plant health and quality control of agricultural inputs and produce. Further, it is tasked with the responsibility of establishing linkages with various local and international government and non-government organizations so as to execute its mandate more professionally. In partnership with private institutions it inspects Kenya’s horticultural exports to the EU hence ensuring that they conform to the export market requirements. 

Ministry of Agriculture (MoA): The Ministry of Agriculture coordinates the implementation of agricultural, cooperative and rural development policies. The specific functions which will be pursued by the Ministry include: rural development policy; agricultural policy; crop production and marketing; land use policy; pests and disease control; agricultural research; phytosanitary services; information management for the agricultural sector; cooperatives and regional development authorities among others.
1.3 Policy that guides the horticulture sector in Kenya

Currently in Kenya, there is no horticultural policy that guides the horticultural sector. However, various pieces of legislation are in place and guide different aspects of the horticultural production. The Agricultural Act, Cap 318 governs the agricultural sector and includes conditions under which fruits and vegetables are grown. The Agricultural Produce (Export) Act Cap 319 provides for the grading and inspection of agricultural produce to be exported and generally for the better regulation of the preparation and manufacturing of agricultural produce for export. The regulations of this Act include Agricultural Produce (Export) (Horticultural Produce Inspection) and the Agricultural Produce (Grading of fruits and vegetables for export). Inspection and standards: - Regulations and standards for fresh horticultural produce are done at the port of exit by KEPHIS (www.globalfoodnetwork.org).

This status is no longer feasible due to serious emerging challenges both locally and internationally and a National Horticulture Policy is being developed to provide sustainability and further spur growth in the industry. The broad objective of this policy is to accelerate and sustain growth and development of the horticultural industry in order to enhance its contribution towards food security, poverty reduction, and employment and wealth creation. The specific policy objectives for the realization of the broad objective are to: 

i) Facilitate increased production of high-quality horticultural produce. 

ii) Enhance provision of the subsector’s support services. 

iii) Promote value addition and increase domestic and external trade. 

iv) Establish and develop infrastructure to support the horticulture industry. 

v) Establish and strengthen institutional, legal and regulatory framework in the horticultural industry. 

vi) Promote mechanisms for environmental sustainability and other cross-cutting issues. 

1.4 Horticultural technologies

Various technologies
 have been developed by both local and international organizations to address horticultural productivity constraints along the horticultural value chain. The goal of developing these technologies is to enhance increased horticultural productivity and ultimately improve the producer’s welfare and that of other citizens. While there is evidence that most of these technologies can have positive impacts in increasing agricultural productivity, it is not clear why the levels of their adoption by farmers remain low and scattered in a few sites (Kan’gethe, 2004). Furthermore, there is a dearth of literature as to why these adoption rates are low hence the motivation for this study. The analysis of the technologies along the horticulture value chain
 would be an important input in the decision on development objectives and the up-scaling strategy for successful ones.
The purpose of this study was therefore to collect and provide information on promising technologies that address productivity constraints along the horticulture value chains with a focus on production and postharvest links. The information generated will ultimately inform stakeholders involved in the design and strengthening of interventions to upscale adoption of successful horticultural technologies in Kenya.

Specifically, the objectives of this study were to (i) identify and document technologies addressing key productivity constraints in the horticultural (fruits and vegetables) value chain in Kenya, (ii) generate information for formulation of key policy and programmatic actions for enhanced action of successful technologies and (iii) generate information key to programming and designing of interventions for increased horticultural (fruits and vegetables) productivity in Kenya. In order to achieve the objectives, the study was guided by the following research questions:

i) Which technologies have been developed by the research institutions such as KARI, CGIAR centres, ASARECA and others in support of production of edible horticultural crops in the Western Kenya and Nyanza, and the low potential area of lower Eastern province?

ii) Which of the promoted technologies are at the uptake stage?  Which ones are in the pipeline (almost ready, just about to be released)?

iii) Can we document the successful technologies for edible horticultural crop production in the Western Kenya Nyanza, and the low potential area of lower Eastern?

iv) How well are the farmers up-taking these technologies?

v) For ii and iii above, what kind of support/ push would be required to stimulate the uptake of these technologies by farmers? 

vi) Who is involved in technology dissemination, including public and private sector actors? 

vii) From the demand side point of view, what technologies are mostly needed? Establish this from the demand side (farmers, farmers’ organization, private sector, etc).

CHAPTER TWO
METHODOLOGY  

2.1 Description of study site

Lower eastern: The climate is semi-arid with very erratic and unreliable rainfall. Most parts of the region are hot and dry throughout the year resulting in very high evaporation rates. Rainfall is distributed within two seasons (March – May and October – February) yearly. The average annual rainfall is between 600 - 750 mm with about 40% reliability. Due to limited rainfall received in the district, water resources are scarce and comprise of seasonal rivers that form during rainy seasons and immediately dry up after the rains. The dominant soils are pellic Vertisols. Mixed farming, mainly for subsistence, is practiced and various crops such as maize, beans, sorghum, pigeon peas, millet and cassava are cultivated. Conversely, crops such as cotton, tobacco, mangoes, bananas, citrus fruits, sweet potatoes and various horticultural vegetables (such as karalla, brinjals, okra, tulia and spinach) are produced for sale. An average smallholder has about 5 acres of land. Low agricultural productivity and erratic rains have resulted in perennial food shortages in the region (Republic of Kenya (2002a).
Nyanza province: The climate is tropical humid. Economically, Nyanza is diverse, vibrant and endowed with human and natural resources. The rich soils of the Kisii high-lands support agriculture and livestock rearing. The region produces maize, tomatoes, onions, cabbages, citrus fruits, beans, bananas, sugarcane and sweet potatoes (Farm management handbook, 2007).

Western province: The climate is mainly tropical, with variations due to altitude. The region experiences very heavy rainfall all year round, with the long rains in the earlier months of the year. For western province bungoma district, the main leading crops have been banana, tomato, onions and avocado for the past 5 years. Most of these crops are mainly produced under small scale with average land holding falling between 0.25 and 2 acres (MoA, 2010).

2.2 Data collection methods

Fieldwork on the available horticultural technologies took place between 15th October and 14th November 2011. Data were collected from both secondary and primary sources. For secondary sources, data were collected through literature review while for primary sources data were collected from case study sites. 

Various institutional libraries (KARI, ICIPE, UoN and ILRI), were visited. A check list (Appendix 1) was used to identify: institutions researching, developing and/or promoting horticultural technologies for fruits and vegetables production, technologies being researched on, developed and/or promoted and the products (fruits and vegetables) being targeted, whether the technologies were end user driven or otherwise, stages (uptake, pipeline and adopted) of technologies, areas where technologies are being implemented and the entry point in the horticultural value chain, target group in the value chain, methodology used in technology development, execution and dissemination, actors (both public and private) involved in technology dissemination, success stories documented by the institutions involved in technology development and/ or promotion and where documented (websites, brochures, pamphlets, newsletter, reports, publications), source of funding for the technology development and donor objectives, duration of project and exit strategy. 

Multistage sampling approach was used to collect primary data. This involved an initial purposive sampling for identification of regions (Nyanza, Western and Lower Eastern), while random sampling was used in selection of one district per region (Kisii Central, Bungoma North and Yatta, respectively). Within each district, several stakeholders were interviewed: 

Farmers: Farmer groups identified on the relative importance of the horticultural crops grown provided data and information on the horticultural crops grown, technologies introduced/adopted, perceived constraints/success factors of technology uptake and promoters of technology. In Kisii Central, two  farmer groups were interviewed while four and three farmer groups were interviewed in Bungoma North and Yatta districts respectively. Data collection was done by use of a check list (photo 1).
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	Photo 1: Focus groups in Western province – Bungoma North district


Key informants: These included district agricultural officers and community leaders who provided general trends on horticulture production, productivity constraints and farmer perceptions on introduced technologies (photo 2). Data were collected through use of check lists. 
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	Photo 2: Key informants –Ministry of Agriculture staff; Bungoma North and Kisii Central


Besides, key institutions involved in the development and dissemination of horticultural technologies i.e. (KARI, ICIPE, Amiran, FINTRAC, Universities, HCDA, FPEAK, Phfam, Ministry of Agriculture and KEPHIS) also provided data and information and mainly through the use of semi structured questionnaires.
2.3 Conceptual frame work for the study 

The conceptual framework (Figure 3) shows how the various components of the study are linked together to address the study objectives. The methods used in data collection, the information generated after interpretation and its ultimate use in terms of horticultural technology promotion and adoption. The conceptual framework envisages increased income and food with successful adoption of technologies. This will in the long run translate to improved livelihoods and food security.
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Figure 3: Conceptual framework of the study (source – author)
CHAPTER THREE
 STUDY FINDINGS
3.1 Overview of horticultural production in Kenya 

The horticultural sector has continued to attract a lot of interest from a wide range of stakeholders including the Government of Kenya, private sector entrepreneurs, donors and NGOs among others (Harris et al., 2001; Minot and Ngigi, 2002; HCDA, 2008). It is also an important source of government revenue, foreign exchange earnings and employment, all of which contribute to the national goal of poverty reduction and food security (HCDA, 2008).
The horticultural sector offers opportunities for economic growth both in the medium and high potential as well as the Arid and Semi Arid Lands (ASALs). Over the last two decades, however, Kenya’s horticultural sub sector has substantially grown in terms of area under production (Table 1), commodity and quantities produced (Tables 2 and 3). The national production of all horticultural crops in 2007 was estimated to be 7.1 million tonnes with a wholesale value of at least Ksh120 billion ($1.85 billion) (KHDP updates, 2008).
Table 1: Area under production (ha) of selected horticultural crops
	Crop
	2001
	2009
	2010
	Change 2001 -2010 (%)

	Onions 
	5093
	6934
	7093
	36.1

	Carrots 
	2737
	3165
	4844
	77.0

	Cabbages 
	15946
	14783
	18614
	16.7

	Tomatoes 
	16246
	17182
	18477
	13.7

	Peas, green 
	6238
	11025
	23439
	275.7

	Spinach 
	1447
	2595
	4047
	179.7

	Watermelons 
	309
	2033
	2325
	652.4

	Pineapples 
	13971
	7908
	8302
	-40.6

	Avocados 
	4464
	4221
	6125
	37.2

	Mangoes 
	16542
	32706
	34629
	109.3


Source: Ministry of Agriculture-CountrySTAT Kenya, 2011 

The area under pineapple production has been decreasing since 2001 whereas that of mangoes has steadily increased (Table 1. The decrease in the area under production for pineapples could be due to the increased influx of imported pineapples from regional markets mainly Uganda (Oberthur, et al, 2009). The rapid increase in area allocated for mangoes could be attributed to increased availability of improved varieties of mangoes that attract better prices and product diversification (e.g. juices and dried mangoes).  For the vegetables, tomatoes have shown a steady increase in the area allocated and the increase can perhaps be explained by the increased green house tomato production (http://www.freshplaza.com/news_detail.asp?id=8859 ).

Horticultural production in terms of the quantities produced show mixed trends for various crops (Tables 2 and 3). Some crops, particularly onions, chillies and pineapples have shown a decline in production while some like french beans, mangoes and bananas show a general increasing trend after 2001. There has been a marked increase for both cabbage and tomatoes (Table 2) this could be explained by the reduced field losses caused by pests and diseases as a result of more farmers adopting green house production (the case of tomatoes) as well as the use of improved cabbage varieties such as Gloria F1 and Fortuna F1 (which are high yielding and tolerant to black rot disease) (www.kari.org/achievements/2001).
Table 2: Quantities (t/ha) of vegetable Crops produced between 2001-2010

	 
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	Onions
	57 090
	60 536
	65 761
	64 322
	95 925
	106 500
	123 810
	123 268
	88 923
	88923

	Carrots
	54 508
	37 281
	44 324
	35 519
	38 318
	49 490
	62 790
	89 134
	82 252
	90 133

	Cabbages
	248 523
	260 774
	337 076
	348 176
	521 693
	518 376
	609 292
	461 129
	627 828
	583 072

	Tomatoes
	271 151
	284 859
	337 076
	328 510
	542 940
	503 730
	567 780
	402 070
	526 922
	539 151

	Peas, green
	28 047
	26 013
	25 174
	23 327
	34 620
	40 375
	59 045
	45 472
	75 404
	149 939

	Beans, Green
	27 567
	28 818
	31 379
	48 470
	70 040
	61 540
	67 330
	92 095
	46 496
	36 639

	Chillies, 
	3 001
	3 152
	5 599
	5 214
	12 860
	10 520
	10 850
	10850.
	5 283
	1 552

	Spinach
	16 124
	8 296
	24 791
	26 738
	28 639
	48 919
	47 684
	76 219
	50 539
	72 429

	SOURCE: Ministry of Agriculture countrystat Kenya, 2011


	Table 3: Quantities (t/ha) of fruit crops produced between 2001-2010 

	 
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	Watermelons
	3 797
	5 871
	6 187
	12 679
	29 320
	32 840
	32 240
	31 380
	36 025
	52 585.20

	Bananas
	1 084 312
	1 073 001
	1 019 377
	1 036 138
	1 255 995
	1 237 770
	1 186 740
	1 686 930
	1 686 930
	1 583 143

	Pineapples
	612 248
	619 860
	399 103
	536 948
	498 469
	499 409
	514 490
	339 850
	257 623
	272 230

	Avocados
	54 396
	62 431
	70 948
	80 316
	84 955
	91 026
	93 639
	103 523
	70 806
	113 206

	Mangoes
	179 638
	176 504
	183 486
	183 440
	254 413
	248 531
	384 461
	448 631
	474 608
	553 710

	Fruit tropical freshness
	114 323
	110 929
	115 484
	118 215
	278 816
	291 030
	289 443
	203 254
	138 477
	162 976

	Apples
	1 038
	1 178
	1 442
	1 379
	4 302
	4 464
	3 654
	3 066
	1 492
	1 195

	SOURCE: Ministry of Agriculture - Countrystat kenya, 2011 


The mixed trends in horticultural production could be attributed to a number of factors that include area expansion or contraction (Table 1), climatic, technological and price changes. While it is in fact true that climatic factors such as drought are important in explaining the horticultural performance, the major culprits are policy related (Kang’ethe, 2004). Although some commodities like bananas show a general increasing trend in production, this increase is actually in hectarage rather than an increase in productivity or yields (Kang’ethe, 2004).

Kenya’s horticultural exports mainly fruit and vegetables grew by 9% per year in the first decade after independence, then 17% per year from 1974-1983 (Minot and Ngigi 2002). The quantities of horticultural produce exported between 2001 and 2007 show mixed trends, in terms of export volumes, with pronounced periodical fluctuations (Tables 4 and 5) and this also mirrors the area under production and quantities produced (Tables 3 and 4). 

Table 4: Export quantities (t/ha) of selected fruits between 2001 - 2007

	 
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Bananas
	21
	18
	17
	17
	17
	6
	16

	Pineapples
	318
	336
	486
	598
	1 388
	155
	75

	Avocados
	15 372
	12 889
	19 020
	15 960
	15 243
	12 960
	13 184

	Mangoes
	3 166
	7 081
	2 226
	2 009
	1 002
	1 182
	963


SOURCE: Ministry of Agriculture – countrystat Kenya 2011
Table 5: Export quantities (tonnes) of selected vegetables between 2001 – 2007

	Crop
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Onions
	551
	724
	518
	421
	463
	58
	84

	Carrots
	28
	23
	58
	53
	113
	64
	25

	Cabbages
	14
	83
	5
	9
	11
	13
	7

	Tomatoes
	14
	33
	6
	7
	4
	1
	3

	French Beans
	15 407
	19 056
	25 174
	32 741
	43 402
	35 649
	52 179

	Spinach
	4
	3
	1
	0
	10
	30
	7

	Watermelons
	41
	19
	13
	7
	5
	5
	2


SOURCE: Ministry of Agriculture – countrystat, 2011
While over 90% of smallholder farmers in all but the arid regions of Kenya produce horticultural products, fewer than 2% do so directly for export (Bawden et al, 2002). The limited horticultural produce for export has been attributable to the stringent sanitary and phytosanitary (SPS) requirements that developing countries have to meet before penetrating the export markets (Wasilwa, 2008; Nyangito and Nzuma, 2003). 

3.2 Sanitary and Phytosanitary Requirements

In recent years, sanitary and phytosanitary (SPS) measures have become an increasingly prominent issue for global trade in agricultural and food products (Jaffee and Henson, 2004; Josling et al., 2004). These concerns are typically greatest for low-income countries that tend to have weak SPS management capacities that can thwart efforts towards export-led horticultural diversification and rural development (Henson, 2008).

The arbitrary imposition of SPS measures especially for horticulture and fisheries products is a ploy developed countries have been able to use in the guise of environmental concerns to further protect their agriculture by restricting imports from developing countries especially in Africa (Nyangito and Nzuma, 2003).

The European Union (EU) requirement for example on the levels of Maximum Residue Level (MRL) allowed on horticultural export is a major challenge to Kenyan producers (KDLC, 2010). Implementation of the zero analytical level means that farmers have to reduce the levels of pesticides used or use those pesticides, which have very low residual levels. Other SPS measures imposed include Pest Risk Analysis and Environmental Protection Requirement by export market. Small-scale farmers in particular find it difficult to meet these standards (Nyangito and Nzuma, 2003). There is therefore need for the government and all concerned to provide technical support on the benefits of SPS adhering to the regulations and local markets.

In general, the level of awareness of the role that SPS management capacity plays is limited among small holder horticultural farmers and hence there is need for concerted information campaigns and training at all levels of government extension staff, CBOs and within the small holder farmers. In contrast, within key export sectors, most notably flowers and fish and fishery products, awareness is well-established at most levels of the supply chain (WTO, 2006a). For high value horticultural products, international regulations and standards related to food safety and quality will determine trade opportunities but must also safeguard health of the populations.  Therefore, corresponding national regulations should be developed and enforced for commodities both for local and/or regional consumption as well as for the exports that constitute 1-5% of the total horticultural production (Wasilwa, 2008). 
Ironically, the success of the Kenyan fresh vegetable and flower sectors has occurred not because of a strong national base of SPS management capacity, but in spite of the generally weak capacity. To the extent possible, these firms take active measures to by-pass limitations in public oversight and SPS management, either on an individual or a collective basis. Thus, much of the oversight of food safety controls in the horticultural supply chain comes through private systems of certification, for example the British Retail Consortium (BRC) Global Standard and EUREPGAP analyses (http://www.kenyaag.org/hdc.asp). There are other facilities equipped for microbiological and chemical analysis, although in many cases these are in need of upgrading and have not been internationally accredited. KEPHIS has one laboratory with international accreditation to undertake tests for the full range of pesticide residues. This laboratory is currently used to undertake analyses on horticultural products and fish (KDLC, 2010). 

3.3 Horticultural crops grown in lower eastern, Nyanza and western regions of Kenya 

The horticultural crops grown by the smallholder farmers across the study sites were diverse (Figure 4). However, some fruits and vegetables were common in the three case study sites with French beans and Asian vegetables being unique to lower eastern province while avocadoes, indigenous vegetables (African nightshade, amaranthus, spider plant, jute), cabbages and pineapples were exclusive to Nyanza and western regions (Figure 4). Organizations such as ICRAF, KARI, KHDP-Fintrac and the Ministry of Agriculture have played a major role in the promotion of horticultural crop production in these regions.
	



	Figure 4: Horticultural crops grown by the farmer groups interviewed across the case study sites. 

Source: Source: ReSAKSS study, 2011/2012 




In Eastern province, the relatively higher temperature is a further advantage for the production of the various horticultural crops especially mangoes and passion fruits.  The horticultural crops reported across the case study sites nonetheless played a pivotal role as a source of food and income. It was also observed that the proportion of fruit trees ranged from a few stands to several on the smallholder farms. 
3.4 Constraints and challenges to horticultural production in Kenya

Smallholder farmers in Kenya are faced with a number of challenges in their horticultural production activities. These include but are not limited to: misallocation and under investment in agriculture, disengagement of government from support to agriculture, poor infrastructure, high cost of inputs, limited access to extension services, unreliable weather, and low produce prices (Kang’ethe, 2004). The impact of high cost of inputs has been aggravated by declining soil fertility. There is also a limited access to extension services in most parts of the country with the national extension staff: farmer ratio standing at 1:1,500. The low/uneconomic prices are mostly attributed to weak farmer bargaining power and market cartels. The sector is also subject to lags in policy and legal framework, which are not in line with a liberalized economy (Kang’ethe, 2004). This situation has hindered most farmers from keeping pace with changing technological advances (Wasilwa, 2008). According to the horticultural development authority (HCDA, 2009) the constraints of horticultural production, among others have been categorized into:

a) Inadequate legal and policy frameworks: Lack of horticultural policy and inadequate legal and institutional framework to facilitate continued growth, development and sustainability of the horticultural industry has been a major challenge to the sector.

b) Low effectiveness of extension services: The level and effectiveness of extension services has been inadequate due to inappropriateness of the extension approaches, collapse of extension institutions and low budgetary allocations.

c) Low application of modern technology: Use of modern science and technology in production is limited. Limited farmer institutions/centres for specific training and information channeling related to horticulture hence minimal capacity building particularly in production.

d) Inadequate quality control systems: The export of horticultural products has faced restrictions due to poor packaging, damage during transportation, poor handling and inadequate quality control. In addition, there is limited compliance to regulatory standards i.e. good agricultural practices or trade standards. While some progress has been achieved over the last five years, there still remains much to be done in this area.

e) Multiplicity of taxes: Horticulturalists have been subjected to a multiple number of taxes at both national and local level in the form of cess without correspondingly providing the requisite services. This has contributed to a reduction of the net farm incomes and created distortions in marketing structures without necessarily improving the revenue for local authorities.

f) Low availability of capital and limited access to affordable credit: The main cause of low productivity in horticulture is inadequate credit to finance purchase of inputs and capital investment. High interest rates make it impossible for horticultural farmers to access the credit. 

g) Inadequate market and marketing infrastructure: Horticultural marketing information and infrastructure is poorly organized. The domestic market lacks an effective marketing information system and infrastructure. The dependence on external market outlets makes horticultural exports very vulnerable to changes in the demand of horticultural products and unexpected non-trade barriers by foreign markets.

h) High cost, adulteration and low application of key inputs: The cost of fertilizer and agro-chemicals has escalated over the last two years making them unaffordable by many horticultural farmers and increasing the unit cost of production. This has resulted in low application of key inputs, hence declining soil fertility and subsequently reduced productivity.

i) Pests and diseases: Waste due to pre-harvest and post-harvest losses occasioned by pests and diseases and lack of proper handling and storage facilities continue to be extremely high.

j) Frequent droughts and floods: The frequency of droughts and floods has increased, resulting in horticultural crop failures.

k) Lack of storage and processing facilities: Inadequate storage facilities constrain marketability of horticultural products. Lack of horticultural processing facilities close to the sources of produce has also limited the extent of exploitation of the sector-potential.

l) Poor infrastructure: Underdeveloped rural roads and other key physical infrastructure have led to high costs for transporting horticultural products to the markets and farm inputs. This has continued to reduce competitiveness of the Kenyan horticultural produce. In addition, electricity in rural areas is expensive and often not available, reducing investment in cold storage facilities, irrigation, and agro-processing.

m) Increasing incidence of HIV/AIDS, malaria and waterborne diseases: The rapid spread of these diseases and the corresponding deaths have resulted in the loss of productive manpower and diversion of investible resources to the treatment of the diseases. 

Additionally, lack of know-how in value addition, drought, and low prices, have been cited as constraints and challenges in horticultural production (Kenyaweb, 2006). 

The production nationally to a large extent mirrors the major constraints that farmers across the case study sites face. These are pests and diseases, poor infrastructure and market access, inadequate extension services, costly inputs, lack of credit facilities, lack of capacity building in horticultural technologies and postharvest losses (Table 6).

Table 6: Horticultural production constraints and envisaged interventions across the case study sites

	Point along the horticultural value chain
	Constraint 
	Envisaged intervention



	Input
	· costly inputs, 

· lack of credit facilities
	- There is need to develop rural credit schemes which would include giving tax incentives to the banks and non-banking institutions that provide credit to smallholder farmers. 

- The incentive could be in the form of revolving fund schemes, taxes and insurance schemes.

	Production
	· Poor crop production husbandry

· 
	· training on fruit tree production 

· training on pest and diseases and their control  - active involvement of all stakeholders

	Postharvest handling/processing

	· lack of know-how

·  poor preservation methods and packaging materials

· lack of proper processing equipment

· lack of standards for the processed products.
	· training of farmers on value addition and processing,

·  acquisition of processing and preservation equipment, 

· training of technical officers, 

· setting up of cottage industries and undertaking some exchange visits for the farmers to learn from their colleagues in other areas where there are success stories

	Transportation/marketing
	· unorganized markets

· poor state of infrastructures including rural access roads
	· linking farmers to markets

· formation of cooperative societies for group marketing

· Use of appropriate packaging material (e.g. woven baskets for mango during transportation).

	Consumption
	-Farmers not aware on the sanitary and phytosanitary requirements 
	· Sensitization of farmers on internationally acceptable chemical residue levels

· Capacity building on the sanitary and phytosanitary requirements for both export and local marketsand ultimately food safety standards 


Source: Field Survey
Farmers in their own ingenious ways are addressing some of the constraints and/or challenges. Notable was the farmer to farmer extension in Nyanza (Kisii central) in the production of tissue culture banana. In lower eastern (Yatta), the community elders were responsible for supervising the construction of earth dams (water pans) in each of the households. In western province (Bungoma north) the farmers were engaged in horticultural crop diversification.  

In a bid to address the constraints cited above, the Kenya government  in collaboration with development agencies such as the World Bank, IFAD, USAID and World Vision continues formulating horticultural projects and programs with a view of addressing specific objectives; four such projects are the Njaa Marufuku, Smallholder Horticulture Marketing Project (SHoMAP), and the Smallholder Horticulture Development Project (SHDP). SHoMAP programme covers 14 horticulture producing districts in four provinces, namely: Nyanza (Kisii and Gucha), Western(Bungoma North, Bungoma South, and Bungoma West); Eastern (Embu, Imenti North, South and Central); and Central Province (Nyandarua North and South). SHoMAP is facilitating smallholders in addressing marketing and market infrastructure challenges. This program is earmarked to benefit 12,000 smallholder farmers. The SHDP is on the other hand focused on establishing irrigation schemes for horticultural farming with a view of mitigating the negative effect of climate change. The program has established 9 irrigation schemes with a total area of 2886 Ha and is directly benefiting 5900 smallholder farmers (KDLC, 2010).  

In order to resolve farming challenges that are multi-sector in nature, the Ministry of Agriculture jointly with other sector Ministries, relevant government sub-sector regulating agencies, and the industry have formed a National Horticulture Task Force (NHTF). This is an ad hoc forum that addresses all forms of multi sectoral challenges affecting growth and sustainability of the horticulture sub-sector in Kenya. In addition, the Government has mandated the Horticultural Crops Development Authority (HCDA) with the responsibility of developing, promoting, facilitating, and regulating the industry (KDLC, 2010).

The Government in collaboration with the International Fund for Agriculture Development (IFAD), Alliance for Green Revolution in Africa (AGRA), and the Equity Bank (K) has also set up a loan scheme known as “Kilimo Biashara” to facilitate credit access to smallholder farmers. This initiative also involves a cover known as the “Weather Index Crop Insurance” that insures crop failure due to erratic weather. In addition to the Government funded projects, there is a large number of Non-Governmental Organizations with different initiatives towards supporting horticulture in many parts of the country. Most of these projects are funded through international cooperation agencies such as the USAID, JICA, GTZ, among others. 

A number of organizations and farmers associations are also involved in capacity building of smallholder farmers. The leading organizations are the Fresh Produce Exporters Association of Kenya (FPEAK), KEPHIS, HCDAand the Kenya National Federation of Agricultural Producers (KENFAP). The FPEAK like HCDA is involved in building smallholder farmers capacity in market requirements and linking them to markets. HCDA has facilitated 350 smallholder farmer groups certification to KenyaGAP and linking of the groups to the premium supermarket chains namely Nakumatt and Turskys. KENFAP is an umbrella federation of farmers comprising of over 1.4 million farm families. The federation empowers Kenyan farmers with a strong voice hence better bargaining power in business transactions. 

Fresh Produce Exporters Association of Kenya (FPEAK) in an attempt to address the stringent SPS requirements and penetrate the export market has started to implement the KENYAGAP local market protocol developed in collaboration with USAID-KHDP. The Kenya National Bureau of Standards (KEBS) accepted KENYAGAP certification as equivalent to its own approval for the local market. The two stamps are applied alongside each other. FPEAK and USAID-KHDP have trained more than 600 growers to comply with the code (KHDP, 2009). As a result of the standardization KENYAGAP-certified farmers are now being contracted by the major supermarket chains (KHDP, 2009).

The Kenya Plant Health Inspectorate Services (KEPHIS) recently launched the Centre of Phytosanitary Excellency (COPE). COPE has been established through a collaborative initiative between: National Plant Protection Organizations of Kenya (KEPHIS), Zambia, Tanzania and Uganda; Experts from 10 countries in East and Southern Africa; the Inter-African Phytosanitary Council of the African Union (IAPSC); Secretariat of the International Plant Protection Convention (IPPC); CABI Africa; FAO Regional Office for Africa; National Plant Protection Service of Netherlands (NPPS); and University of Nairobi (COPE secretariat) (KDLC, 2010).
3.5 Developed horticultural technologies for addressing production constraints and challenges

Various technologies have been developed, promoted and/or disseminated for addressing the horticultural production constraint and consequently increased horticultural productivity. These technologies cover different aspects of the horticultural value chain right from inputs (e.g. varieties/seed, chemicals) to postharvest handling and processing. Table 7 shows the different improved varieties for key fruits while Table 8 shows improved varieties for selected vegetables that have been developed in Kenya and their main characteristics. 

Table 7:  Improved varieties for key fruit crops grown in Kenya and their characteristics

	Crop
	Variety
	Characteristics

	Avocados
	Fuerte, Puebla ,Haas, Nabal
	

	Banana
	T.C. banana (Chinese Cavendish, Goldfinger, Valery, Grand nain, Paz,  Williams, Nusu Ng’ombe, Uganda Green, Lacatan, Dwarf Cavendish) 
	Tissue culture bananas are preferred because of the following characteristics: 1) Disease free. 2) Insect pest free. 3) Rapid multiplication of planting material

	Citrus fruits
	Washington, Valencia, Tangerines, Lemons, Lime and Miniola
	

	Mangoes
	Apple
	highly demanded because they are fibreless

	
	Kent
	fibreless, good tasting; High and consistent yields; Large fruits (500-700g).

	
	Keit, Kensington ,Ngowe, Sebine, Sensation ,Van Dyke,  Haden
	

	
	Tommy Atkins
	Large fruits (450-700g); Long shelf life.

	Passion fruit
	KPF 4, KPF 11 and KPF 12
	Drought tolerant, more suited to the fresh market and processing.

	
	yellow passion fruit
	

	
	Purple passion fruit
	

	Pawpaw
	Solo sunrise
	Hermaphroditic; Good quality fruit; Long shelf life, high yielding

	Pawpaw
	Honey Dew
	medium height, produces oval juicy medium size fruit

	 
	Kiru
	Produces large fruits. It is a high yielder

	
	Mountain
	grown at high altitudes with very small fruits only suitable for jam and preserves,  good fresh consumption qualities such as firm sweet tasting

	
	Solo
	produces small round very sweet fruits with uniform size and shape. It is hermaphroditic

	
	Sunset
	produces small round very sweet fruits with uniform size and shape. It is hermaphroditic

	
	Waimanalo
	high quality-thick, sweet and firm.

	
	kapoho Mountain
	-

	Pineapples
	Smooth Cayenne 
	

	Water Melon


	Crimson sweet, 
	high yielding (up to 70 t/ha); High sugar content, highly adopted, grown in irrigation schemes

	
	Charleston Gray
	matures in 55-60 days, tolerant to Fusarium wilt and anthracnose, excellent for shipping, 

	
	Congo
	matures in 90 days, round melons reach 16 kg, sweet red flesh 

	
	Crimson Sweet
	 matures in 90-120 days, high yielder and good shipping qualities, resistant to extreme heat

	
	Moon and Stars
	matures in 95 days, , melons weigh 9-18 kg, 

	
	Orangeglo
	matures in 90 days, very sweet and crisp, weigh 9-14 kg, 

	
	Sugar Baby
	matures in 60-75 days,  suitable for shipping and long transport

	
	Sunday Special
	seedless variety, fruit weight 6-10 kg


Source: ReSAKSS study, 2011/2012 

Table 8:  Improved varieties for selected vegetable crops grown in Kenya and their characteristics

	Crop
	Variety
	Characteristics

	Cabbages
	Fortuna F1
	high-yielding and tolerant to black rot

	
	Gloria F1
	best for fresh market processing industry. High yielding has strong rooting and tolerates black rot diseases. Resistance to heat and bolting. Has good resistance to splitting and keeps well after harvesting

	
	Copenhagen market
	Large round heads, A very productive strain; Matures early and should be harvested immediately as it is prone to cracking if left for too long.

	
	sugar loaf
	One of the finest cabbages for African conditions. Crisp and sweet. High market demand. Plants are large and grow well under high rainfall conditions, otherwise they require liberal watering. Early maturing 

	
	pruktor f1 hybrid
	stands for a long time without splitting. Extremely good internal quality. Sweet flavour.

	
	chihili
	One of the most important chinese cabbage varieties. 
widely adapted will produce abundance of leaves even where other cabbage varieties will not grow. Slightly pungent in flavour. Easy to grow but prone to bolting below 15 degrees celsius.

	
	Globe Master F1 Hybrid
	high yielding with wide adaptability. It is highly tolerant to black rot and Fusarium yellows. 

	
	Blue Dynasty F1
	Widely adapted. It is heat tolerant. Yield potential is about is 45-68 t/acre. It is resistant to black rot, ring rot and diamondback moth. It has a good transport quality.

	
	Victoria F1
	It is widely accepted in various markets. It’s very fast growing maturity period about 70-75 days from transplanting. It transports well.

	
	Oxylus F1
	It is adapted to a wide range of agro ecological zones. Yield potential ranges from 45 to 56 T/acre. It is heat resistant and also resistant to alkalinity. It transports well.

	
	Green Coronet F1 Hybrid
	grows well in medium hot to cold areas, will last long in the field before bursting

	
	Riana F1 Hybrid
	is heat and cold tolerant. It does well both in temperate, subtropical and tropical zones. It is tolerant against black rot and tip burn.

	
	Super Master F1
	Widely adaptable, can stand in the field for long without bursting. It is resistant to Fusarium yellows, Alternaria, medium to high resistance to black rot and diamondback moth.

	
	Santar F1
	It has good resistance especially to black rot and diamondback moth. It has good transportation ability.

	Carrot
	Chantenay
	Suitable for fresh market and canning

	
	Nantes
	Suitable for fresh market

	
	Amsterdam forcing
	Fresh market variety

	
	Little finger
	Suitable for canning

	
	Nebula F1
	Suitable for fresh market

	
	Touchon
	Suitable for fresh market

	
	
	

	Onions
	_BGS 95
	High yields (up to 17t/ha); High proportion of grade 1 bulbs

	
	BGS 71(orient)
	High yields (up to 15t/ha); High proportion of grade 1 bulbs

	
	Flare F1
	High yields (up to 19t/ha); High proportion of grade 1 bulbs

	
	Red Passion, Tropicana, Red Pinoy,
	Mature in 120 days after transplanting and following from 45 days in a nursery. Far more disease tolerant than conventional onion varieties.

	
	Red Creole,
	This is a popular standard variety in high demand because of its good keeping quality. It produces mainly single onions from transplants, red, flat-round and with a pungent taste

	
	Red Tropicana F1 Hybrid,
	Produces large, red, thick flat onions with firm pungent flesh. It is highly productive and therefore demands high levels of management. It keeps well in dry aerated store.

	
	Bombay Red,
	It is a variety for dry and warmer conditions. It is small to medium sized, globe shaped, purplish red and pungent.

	
	Yellow Granex FI Hybrid,
	This is an early maturing high yielding attractive, thick flat onion with thin yellow scales. The flesh is medium firm, crisp and mild in flavor. The shape and size is uniform leading to higher market prices, and the storage quality is good

	
	Texas early Grano, 
	This is a fresh market, early maturing variety (100 - 120 days) with a rather short shelf life. It is yellowish, mild and not very pungent. It is a heavy yielder for high altitude regions. 

	Tomato
	Anna F1, 
	Fast-growing, vigorous and suitable for Greenhouse production

	
	RRP Arusha, Kentom
	High yielding, Yields: 25-30 tons/ha, Early maturing 75-80 days, Tolerant to bacterial wilt and Verticillium

	
	Tengeru 97, Tanya,
	High yielding and with multiple disease resistance and good keeping qualities

	
	Moneymaker, marglobe, Beauty, Kentom1, Capitan, Tropic
	-

	Spinach
	Early Hybrid No. 7
	It is early maturing and highly productive. It is tolerant to downy mildew and has very good regeneration ability.

	
	Blooms dale Long Standing
	 It is vigorous and an exceptionally long standing variety.

	
	Giant Noble
	 fast growing but produces moderate yields. 

	
	King of Denmark
	very prolific and vigorous. 

	
	Monstrous Viroflay
	Transplant to harvest in 40 days. It has a rapid growth 

	
	New Zealand Spinach
	It is a hardy, low spreading, branching plant. It does well in hot, dry climates. It produces large amounts of greens over a long period hence best suited for kitchen gardens

	French beans
	bush beans 
	no need for canes or other support, take about sixty days to mature pods

	
	Kutuless
	Stringless

	
	Prince
	long slim pods, crops well and reliably and over a long period if the beans are picked regularly and it is good for freezing

	
	Sprite
	round pods, completely stringless

	
	Tender green
	Round and a good cropper, early to mature, and good for freezing. 

	
	Masterpiece
	Early maturing variety, with long flat pods and a good cropper.

	
	Safari
	 Kenyan type, carrying slender, round bean pods

	
	Delinel
	good cropper, also a filet type of good flavour

	
	Opera
	early maturing type of filet or Kenyan bean

	
	Amy, Paulista, Samantha

and Julia
	-

	Eggplant


	Black Beauty
	takes about 100 days from transplanting to harvest, It is unsuitable in cold wet areas

	
	Florida High Bush
	From transplanting to harvest is about 100 days. It is unsuitable for cold wet areas

	
	Ravaya
	It is an early maturing (about 80 days), high yielding variety. This variety is popular for fresh export market

	
	Long Purple
	It is ready for harvest about 70-80 days after transplanting. It is unsuitable for cold wet areas

	
	Early Long Purple 
	From transplanting to harvest is 90 days. It is unsuitable to cold wet areas

	Okra
	Pusa sawani
	High yielding variety tolerant to vein mosaic. Mainly for export

	
	Clemson spineless
	Pods are about 15 cm long, green and moderately ridged

	
	Green Emerald2
	Pods are 18 to 20 cm long slightly ridged (rounded) and green.

	
	White velvet
	A medium tall variety of 1.5 to 1.8 m high. Pods are 15 to 18 cm long, 

	
	Dwarf Green Long Pod
	It has several side branches. The pods are angular and green and about 18 to 20 cm long

	Squash
	Butternut 401
	It has resistance to powdery mildew

	
	Bugle
	It has resistance to powdery mildew

	
	Early Butternut F1
	It has resistance to powdery mildew

	
	Ultra F1
	It has resistance to Fusarium wilt and powdery mildew

	
	Waltham
	It has resistance to powdery mildew.

	Cucumber
	Berlin RZ, Bologna RZ, Cumlande RZ, Myrthos RZ, Pluto RZ, Virginia RZ
	Long cucumbers fruit length over 30 cm.

	
	Media RZ
	Medium size fruits fruit length between 18 -24 cm

	
	Khassib RZ, Gianco RZ
	Mini cucumbers fruit length between 15 -19 cm

	
	Rania RZ
	Less than 15 cm

	
	Ashley
	It has some resistance to downy mildew

	
	Danora F1 Hybrid 
	It has good resistance to powdery mildew and leaf spot.

	
	Palomar
	It has good tolerance to leaf diseases. It is good for pickling

	
	Poinsett
	very high yield potential, good disease and heat resistance

	
	Sarig 
	high quality. It has a long shelf life. It is resistant to powdery mildew. suitable for green house production

	
	Super Marketer
	It grows well in hot climatic conditions. It’s very high yielding about 16-32 t/ha. It is very popular in the local market

	
	Tempo (HA 78). 
	It has a good shelf life of up to 2 weeks. It is resistant to powdery mildew.

	
	Toaz
	It has a very vigorous growth. has a good shelf life, It is suitable for green house production


Source: ReSAKSS study, 2011/2012

To enhance the productivity of the developed varieties, complementary technologies have also been developed and these are outlined in Table 8.

Table 8: Complementary technologies for key fruits and selected vegetables across the value chain
 

	Stage in the value chain
	

	Production 
	Inputs

· Integrated Soil fertility enhancing technologies : use of  manures, fertilizers,

· Pest and Disease control: fungicides, insecticides, nematicides
· Water: water harvesting (water pans), Bucket drip irrigation system for the production of tomatoes, Drum drip Irrigation kit for vegetables production

	
	Technologies for crop husbandry

1. IPM- Integrated Pest management – Mainly for vegetables crops – cabbages, tomatoes

2. Green house production –mainly for tomato production

	Post Harvest handling and value addition
	i) Ripening chamber – mainly for banana ripening

ii) Solar drier – for vegetables and dried fruits

iii) Value addition- making of: banana (biscuits, crisps, flour), tomatoes (juice, ketchup, paste), mangoes (juice, drying), passion fruit (juice)

iv) Charcoal cooler for french beans and other fresh produce

v) Improved packaging materials – for avocado

vi)  Use of cold storage facilities for vegetables


Source: KARI technologies 2001, Muendo and Tschirley, 2004, Anyango, et al, 2010
Most of these technologies have been widely promoted and/or disseminated in various parts of the country. For example the tissue culture banana has been widely adopted in Nyanza (Kisii central), Western (Bungoma North) and lower Eastern (Kitui) (ReSAKSS, 2011/12). Grafted mangoes for the improved varieties (e.g. Apple, Kent, Van Dyke) have been adopted in lower eastern (Yatta) where 4 out of 5 farmers interviewed indicated the use of the technology. New dwarfing rootstock varieties for mangoes (Peach and Sabre) just developed by KARI are being promoted in lower eastern (www.kari.org/technologies) while grafted passion fruits are being promoted in Nyanza (Kisii Central and Migori) and Western Kenya (Bungoma North) (KHDP, 2009 update)

For the selected vegetables, i.e. red Creole (onion) and Gloria F1 (cabbages) had been mainly adopted in lower eastern and Nyanza respectively. The two varieties of vegetables were indicated by the interviewed farmers to have desirable characteristics such as long keeping quality and resistance to pests and diseases. Tomato varieties Anna F1 that is fast growing and suitable for green house production as well as RRP Arusha and Kentom both of which are early maturing, high yielding and tolerant to bacterial wilt and verticillium are being promoted in Nyanza and Western to augment domestic supply to meet the market demand (Personal communication with KARI researchers).

3.6 Case studies of successful horticultural technologies in the study and synthesis of factors for success

Cases of successful horticultural technologies (as gauged by scale of use in terms of numbers of farmers practicing or locations/spread, commercialization of technology and/or adequacy in addressing productivity constraint) were found to be scantly reported. However, a few captivating successful technologies have been reported mainly in the form of published articles and/or documentaries as outlined here below.

Tissue Culture Banana: Following this technology breakthrough in bananas and adoption of clean planting materials by farmers, there was an observed upward swing in the quantities produced from 1995 and an increase in the area under bananas from 1996 (Kahangi, 1996). 

Approximately 13,500 farmers were trained between 2001-2007 in tissue culture (TC) banana production and postharvest operations (Anyango, 2010). TC banana production increased to 40–60 t/ha as compared to 15–20 t/ha in 2001. Communities preferred TC banana cultivars because of bigger bunches (30–45 kg) compared to 10–15 kg of non TC bananas as reported by farmers in Nyanza and Western provinces. According to the growers, the introduced cultivars matured earlier (12–16 months compared to 2–3 years) and harbored fewer pests and diseases compared to conventional planting material as corroborated in Box 1. 

	Box 1: Tissue culture banana 

Both Kenyuni women group (Kisii) and the Tongaren farmers’ group (Bungoma) said that the tissue culture banana has been extremely successful. In their opinion the factors that led to the success were: the farmers’ ability to make own choice, prominent farmers/farmer groups in the project willingly sharing knowledge obtained with other farmers, knowledge gained in project replicated in farmers' fields/farms,  processing and packaging of produce hence reduced postharvest losses and diversity of products developed, Presence of a good leadership structure with clear roles with successful farmers providing extension services to fellow farmers. Strong support by the Ministry of Agriculture extension staff and KARI researchers. They also said that the introduction of TC banana has significantly changed their livelihoods and has allowed women’s participation in income generating activities. 

Source: Kenyuni women project (Nyanza-Kisii central and Tongaren farmers’ groups (Western-Bungoma north), 


Ripening chamber: Initially, farmers incurred heavy losses during ripening of bananas due to bruising and prolonged ripening period. To address these problems, KARI developed an appropriate ripening technology that has been well received by the banana farmers. This is corroborated in Box 2

Greenhouse tomato production: Before the introduction of the green house tomato production, farmers in Western and Nyanza incurred heavy field losses of tomatoes due to hailstones and incidences of pests and diseases. With the introduction of the green house technology, the losses have been considerably reduced by more than 90% (personal communication). As corroborated by Enyanya Youth Group (Box 3)

	Box 2: Banana ripening champers: According to the leader of the Kinyuni women group, the banana ripening chamber model, developed by KARI, was user friendly and fitted into the social-economic status of the group members. She further said that the fruits ripen in two days and improves the quality since there is less bruising during ripening. It also helps in conserving the environment since no leaves or twigs from the much needed shrubs for traditional ripening are required. It also provides the possibilities of ripening the bananas as a group and in large quantities to target long distant markets such as Nairobi. 
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Photo 4: Kinyuni women group demonstrating how the Ripening chamber works
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Poster showing activities of Kinyuni women group

Source: Kinyuni women group


	Box 3: Green house technology

Mr. Ombongi of Enyanya Youth Group said: I had been trying to grow tomatoes each rain season, but in 4 out of 5 seasons I have lost all my crop due to hailstones. Even in the one successful season, my tomatoes are often infested by pests and diseases lowering the quality and therefore I fetch low prices therefore realizing low profits for my work. I could not even afford a kilo of sugar for my family. After the group purchased the green house, we have been able to produce and sell three crops in a year. We can now afford the basic needs of our families including paying school fees.


Water harvesting techniques (water pans): The water pan technology was popular in the lower eastern province. One of the groups interviewed; St. David farmers’ group who are involved in the production of horticultural crops, principally Asian vegetables and tomatoes, said that their crops continued to perform well despite the insufficient rainfall received. The water collected in the pans was also used for domestic and livestock use. 
	Box 4: Water harvesting techniques (water pans)
Mr. Mutinda of St. David farmer’s group: Year after year, our areas had been receiving food aid (“mwolyo”) from the government/donor agencies due to prolonged droughts that lead to complete crop failure and livestock deaths. With the adoption of water pan technology by our group, we can grow tomatoes, Asian vegetables both for home consumption and for sale. The money earned is used to buy food (maize) most of the year round and can educate our children. We are now not dependent on food aid. 
. 
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Photo 5: Water pan with some water
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Water pan without water but has been used for the last six months

Source: St. David farmers’ group, (lower Eastern-Yatta) 


Another success story that has been documented and offers a number of lessons to borrow from is the Mbari Ya Mboce Self-Help Group involved in commercial passion fruit production (Box 5). 

Box 5: Passion fruit production by Mbari Ya Mboce Self-Help Group

Mbari ya Mboce is a self-help group that is located in Kariua sub-location in Kandara Division of Maragua District. The group learnt of KARI’s new approach of disseminating agricultural technologies through the Agricultural Technologies and Information Response Initiative (ATIRI) in the year 2001 (Gitonga et al, 2005). The project was selected on the basis of being demand-driven, meeting pre-set ATIRI guidelines and addressing one or more of ATIRI objectives namely poverty reduction, food security and sustainable management of natural resources (Kamau et al., 2000b). Members of Mbari ya Mboce developed and submitted a competitive proposal for ATIRI grant on growing and marketing of export quality passion fruit which would play a big role in poverty alleviation through income generation, employment creation and health improvement. The group chose on passion fruit due to its high value and readily available market. After project approval, the group was assigned to one scientist to co-ordinate all backstopping activities in accessing the passion fruit production technology.

The strategy used:

The group was trained on all aspects of passion fruit production in three major areas namely: nursery establishment and production, field establishment and crop management, harvesting, post harvest, and value addition. Members were trained on nursery facility establishment emphasizing on site selection and use of appropriate but affordable materials. 
A field demonstration was established using grafted seedlings from the nursery and members were trained on spacing and planting and all aspects of crop protection using environmentally friendly options.  This is in addition to recommended harvesting and post harvest procedures, including maturity indices, harvesting methods, sorting, grading and packaging. Training and demonstration on preparation of juices and concentrates was done.

A nursery facility with a capacity of at least 20,000 seedlings was established and members established their own orchards with the seedlings they produced from the nursery and to-date a total of 8,000 grafted seedlings have been planted by members each having between 100 to 400 seedlings depending on the size of the farm. To maintain quality of produce from all farms, members designed a spraying program, which they followed strictly. The group continued to derive its finances from merry go-rounds where every member contributed money every day of the group meeting. The money was redistributed to members to meet their day-to-day needs. The group also initiated ‘Table-Banking’ a revolving fund whereby members contribute money at the end of every month and the money loaned to members who payback at the end of the next month at an interest rate of 10%. 

In addition to training on passion fruit growing, members were trained on record keeping, group dynamics and ATIRI financial procedures, micro-financing, gender, customer care, HIV/AIDS. As a result of the capacity built, the group has been able to attract further assistance from the Kenya Horticultural Development Programme (KHDP). Through the programme, the group has been trained on EUREP-GAP and has been assisted in upgrading their nursery. The KHDP programme has also helped the group in creating market linkages. The group has also been trained on agribusiness through the Ministry of Agriculture.

Technology Up-Scaling

Throughout the training sessions, farmers other than the group members were invited to benefit from the training. At the end of the project, a field day was held and all aspects of passion fruit production and other group activities were demonstrated by the group members. The group has trained 6 other CBOs on the passion fruit technology and it has sold seedlings to farmers in Thika, Nairobi, Kirinyaga, Nanyuki, Meru, Kericho and Eldoret. It is estimated that at least 10,000 farmers in Central, Eastern and Western Kenya have been reached by this technology through Mbari ya Mboce SHG.

Source: Gitonga et al., 2005

The lessons that can be borrowed from Mbari Ya Mboce Self-Help Group successful adoption of technology are the need for active farmer involvement during technology initiation and implementation, capacity building on all aspects of the technology and involvement of community based organizations.

The exit strategies for the successfully adopted technologies hinged on capacity building of the farmers, use of farmer field schools, farmer groups and community based organization. These approaches were found to work well for the success and subsequent adoption of the technologies being promoted. According to Ewbank et al (2007), working with local government departments to bring support for new technologies within the scope of regular extension and advisory services and encouraging the development of farmer’s groups are some of the successful exit strategies (http://www.maendeleo-atf.org/Project-Profiles/profs_africanow5.html). 

Failed technologies: Not all the developed technologies have been taken up by farmers despite their known advantages. 

In lower eastern horticultural technologies that were reported to have failed were: Mushroom production - Introduced by World Vision through Ministry of Agriculture extension staff in 2010. Reason for failure were indicated by the farmers to be taboos – adults not supposed to eat mushrooms, the production method was cumbersome and the farmers were not involved in technology development. Castor oil and sunflower production - Introduced by East Africa Industries in 1988. The farmers were trained on production and oil extraction, and were provided with equipment for the oil extraction. However, there was no follow up and the farmers abandoned the technology although they still think the oil was very good for home use and may be sold to generate income. 

Mr. Daniel Kisuili of St. David farmers’ group says: the Ministry of Agriculture staff introduced the mushroom production, he laughs....and says, as a grown man, I cannot eat mushrooms. This is a taboo according to our traditions. The production process is too cumbersome-composting, wetting, mixing. Too many steps and takes a lot of time and energy. He asks, who told them that we wanted to grow mushrooms?  

Another farmer, Mr. Simon Mutua also of St. David farmer’s groups says: The castor oil and sunflower production was introduced to us by East Africa Industries. They trained us on production of the crops and on oil extraction. They also provided us with the equipment for extracting the oil. We planted the crops, harvested the seed and extracted the oil but no one followed up to see what we were doing. Finally we used the oil in our homes. We heard that the people from East Africa Industries said that the oil was bad, but we used it and liked it very much. We could not continue growing the crops because they were not of much help to us in terms of income generation. 

In Western Province only one technology was reported to have failed and this was the french bean production. French beans were introduced in 2005 by the area Member of Parliament. About 5 farmers took up the growing of the french beans, however they did not understand the production requirements of the crop as they were not trained on the production requirements and the different qualities of french beans for the market. In addition, the Ministry of Agriculture extension staff too did not understand the required qualities and knowledge on french bean production.  After the first crop, the farmers abandoned the production of french beans.
3.5 Adoption of horticultural technologies in Kenya: Status and determinants of adoption

The technologies that have been developed and promoted have only been partially adopted. The main reasons contributing to this scenario broadly include non-affordability of the technology, lack of technology awareness and technical know how, availability of the technologies and accompanying support services. For instance in Western province (Bungoma North), the adoption of tissue culture banana has been limited due to inadequate availability of plantlets. Lack of awareness on the improved varieties of tomato both for green house production and disease tolerance (Anna F1, RRP Arusha and Kentom) has led to non-use in Western and Nyanza as indicated by the interviewed farmer groups while they have been widely adopted in the Rift Valley (KHDP updates, 2009). Despite the awareness of the advantages of the green house technology by majority (at least 90%) of the farmers in all the study sites, few of the farmers have taken up the technology due to the high cost involved – One greenhouse costs approximately KES.150,000: an amount beyond the reach of most smallholder farmers.

Rogers (1995) demonstrates that successful adoption of technologies depended on their characteristics: compatibility with the existing values and norms, complexity, observability, trialability, and relative advantage. Nzomoi et al, (2007) on the other hand explains the determinants of technology adoption in the production of horticultural export produce in Kenya as: education, local technology, professional membership, financial constraints, government role, land type/land tenure system and land size/farm size. 

On education they reported that highly educated farmers and marketers are better adopters of improved technologies than less educated ones. This was also consistent with findings of other earlier researchers (Williams, 1958; Salasya et al., 1996) as observed when reviewing literature. Educated producers and marketers have exposure to new technologies and innovations, are more receptive to new ideas and are more willing to adopt, hence the positive correlation between education and technology adoption. 

Regarding the local technology, they reported that technology adoption was dependent on whether the technology was locally developed or imported. Technologies that are developed with the participation of the intended beneficiaries do not pose difficulties when being adopted. This finding confirms the need for participatory technology development between the innovators and the farmers as recommended by Reijntejees et al. (1992) and Laurens (1997). In this regard, technology itself need not necessarily be developed in the adopting country as long as the two parties can work together to ensure suitability, relevance and appropriateness of the technology. 

Pertaining to professional membership, producers who are members of professional organizations such as the Kenya Flower Council and the Fresh Produce Exporters Association of Kenya among others are better placed to adopt new technologies than those who did not belong to any organization. Membership to such organizations enables farmers to acquire information on any new product in the market as well as attend seminars and workshops at which stakeholders would meet and exchange ideas.  

For the financial constraints, the authors reported that some innovations may be too costly for the adopter to access and make use of them. This, in essence, meant that firms facing financial constraints are less likely to adopt new technologies than firms with sufficient funding. These observations are supported by similar findings by earlier researchers (Heady, 1952; Salam, 1985; Salasya et al., 1998; Nandwa et al., 1997) who also identified costs as key determinants of adoption of improved technologies or improved varieties of seeds, fertilizers, soil conservation methods and irrigation methods among others. 

It was also pointed out that successful adoption of some technologies might require government facilitation. This showed that government plays a significant role that enables firms to enhance their production and marketing strategies. For technologies to be utilized there is need for government involvement in making it possible for the users to conveniently benefit from the availability of the new technology. It may also be said that failure to utilize technologies by the various intended beneficiaries can be blamed on the government’s inability or reluctance to facilitate the same. Intervention measures to enhance technology adoption should therefore be designed to include appropriate government role. This government role should be the very bare minimum since excessive government meddling can actually curtail productivity.

The variable on land ownership policy and land size/farm size are also key determinants in technology adoption, for example farmers who are squatters may avoid adopting technologies that are expensive and are of long-term nature while those who own land may have the motivation to adopt new technologies even when such technologies are expensive. For a firm to grow and acquire a large tract of land on which to operate it might also be in a position to utilize new technology compared to smaller firms, perhaps on account of large-scale production. It was expected that the advantages of large-scale production would positively influence technology adoption and vice versa so that smaller firms would find it difficult to adopt a technology than large ones. It is clear that a large firm in terms of establishment and output levels is definitely better placed to acquire and adopt new technologies than a smaller firm. 

The adoption of technologies is dependent on demonstration and training on user friendly advanced technologies (http://www.floriculturetoday.in/International-Horticulture-Innovation-and-Training-Centre-Technology-Route-to-Create-Strong-Market-Intelligence.html). Rogers (1995) demonstrates that successful adoption of technologies depends on their characteristics: compatibility with the existing values and norms, complexity, observability, trialability, and relative advantage. 

Nzomoi et al, 2007 further outlined and explained the determinants of technology adoption in the production of horticultural export produce in Kenya as: education, local technology, professional membership, financial constraints, government role, land type/land tenure system and land size/farm size. 
For successful technology adoption therefore, farmer characteristics, technology attributes and contextual factors have to be considered as a whole.
3.6 Stakeholders involved in technology promotion in Kenya and approaches used in horticultural technology dissemination

There are a number of institutions/organizations both private and public including international agencies that are involved in horticultural technology development, promotion and/or dissemination (here after referred to as technology promotion) (Table 9). Among the institutions and drivers of the technologies, KARI and KHDP lead the pack. The reasons for KARI taking the lead in horticultural technology development and dissemination is due to the fact that it has a fully fledged centre with a mandate to specifically address horticultural crops production (all aspects of production, management of horticultural crops) in Kenya as well as its country wide presence. This is also in addition to the high caliber of scientists attached to this institution. In view of the complex nature of the horticultural productivity constraints e.g. diseases and low yields, the expertise of researchers comes in handy in working out the best solutions to address the same and hence their dominance in the technology development.
The universities have also not been left behind in horticultural technology development due to their mandate in research and training. However, the research mandate of the universities is not comparable to that of KARI due to the short term nature of the research projects and high dependency on government funding and limited donor funding. The Kenya Horticultural Development Program (KHDP) ― a USAID-funded project managed by Fintrac aims at: increasing incomes through smallholder production and employment in the horticulture industry. USAID-KHDP’s main agribusiness partners include grower associations, input suppliers, processors, exporters (FPEAK), research institutions (KARI) and trade associations. 

Amiran Kenya and Phfams are among the private companies that have played a significant role in horticultural technology development (irrigation, greenhouses, charcoal coolers) and dissemination. Their motivation for technology development is however commercially driven.

Table 9: Institutions promoting horticultural technologies 

	Name and nature of institution
	Technology promoted
	Horticultural crop/product targeted

	Kenya Agricultural Research Institute (KARI) (Parastatal) 
	Breeding for Disease resistance 
	French beans, cabbage, tomato

	
	Tissue Culture bananas
	Banana

	
	Banana ripening chamber
	Banana

	
	Production practices/improved varieties
	Citrus, Tomato, mango, passion fruits, cabbages

	
	Grafting
	Passion fruit

	
	Value addition
	Oranges, Mangoes

	
	Low-cost irrigation KIT
	Tomatoes, Cabbages, and Kale

	
	Increasing shelf life
	Avocado

	
	Eco-friendly nets
	Vegetable crops

	
	Concentrated solar drier
	Mango, tomato

	Amiran Kenya Limited 

(Private company)
	Amiran Farmer’s kit
	Tomatoes

	
	Charcoal coolers
	French beans, other vegetables

	Azuri health 

(Private company)
	Solar drying
	Mangoes, vegetables

	PHFAMS AFRICA 

(Private company)
	Wooden Greenhouse kit
	Tomato

	
	vegetable green house tunnels kit
	Vegetable crops

	
	Locally assembled drip system
	Vegetable production

	
	Grafting
	Tomato, mangoes, passion fruit, oranges and avocadoes

	ISAAA 

(Research organization)
	Tissue culture
	Banana

	JKUAT/IBR 

(Parastatals)
	Tissue culture
	Banana

	The University of Nairobi (UoN)and Thika Horticultural Research Centre (Parastatals)
	Tissue culture
	Citrus fruits


Kenya Arid and Semi Arid

	Lands and Arid Lands Resource Management Project (ALRMP) 

(Parastatals)
	water pans
	Tomatoes, amaranthus, okra and spinach

	USAID-KHDP 

(International organization)
	Greenhouse, grafted seedling production, 

Charcoal cooler, Vegetable drying, IPM.
	Onions, tomatoes, kale, African leafy vegetables, passion fruit, chili and sweet potatoes.

	Kitui Development Centre (KDC) 

(NGO)
	Tissue culture banana
	Banana


(KARI technologies, 2001; KHDP updates, 2004-2009; Kenyaweb, 2006)

In the dissemination of the said technologies, it was noted that more than one actor was involved and this is laudable in terms of coverage - many farmers/stakeholders will be reached. The dissemination of the technologies through farmer groups, field days and commercialization of the technology are key ingredients in technology uptake and sustainability. Most of the institutions (e.g. KARI, Amiran, Fintrac, Ministry of Agriculture) reported in literature were also found to be interfacing with farmers in the study sites in technology promotion (Appendix 2)

It was also noted that different institutions (e.g. KARI, Amiran Kenya and universities) promoted similar technologies such as tissue culture (TC) banana and greenhouse technologies that targeted similar crops. The crops mostly targeted were: banana, mangoes (grafting) and tomatoes (green house production). The reasons for targeting these crops were mainly due to their high vulnerability to pests and diseases and high market value.

3.7 Stage of horticultural technology implementation across the study site sites

The horticultural technologies were either at the uptake and/or adoption stage across the study sites (Table 11). It was, however, observed that the technologies at the adoption stage were at specific sites and in tandem with those at the uptake stage (Table 10). Most of the reported technologies when critically analyzed were found to be concentrated at the production point of the value chain (Table 11). 

Table 10: Horticultural technology promotion and entry point along the horticultural value chain 

	Technology
	Crop
	Stage of technology 
	Location where technology is being implemented
	Entry point in the HVC

	Tissue culture 
	banana
	Adoption
	Nyanza (Kisii central). Western (Bungoma north) 
	production

	Water pan
	Assorted horticultural crops
	Adoption
	Eastern 
	production

	Grafting
	Mangoes, passion fruits
	uptake/

adoption
	Western (Bungoma north) lower Eastern (Yatta district) and Nyanza (Kisii central) 
	production

	Improved varieties
	Assorted fruits and vegetables
	Uptake/

adoption
	Western (Bungoma north) lower Eastern (Yatta district) and Nyanza (Kisii central) 
	Production

	ripening chambers
	Banana
	Uptake
	Nyanza (Kisii Central)
	Postharvest/ marketing

	Charcoal cooler
	French beans
	Adoption
	Lower Eastern (Yatta district)
	Postharvest/ marketing


According to Nzomoi (2007) some technologies are product-specific or site-specific and the adopters may need to be provided with information on their usage. On the other hand, it was found out that for the adopted technologies, concerted efforts by the Kenya horticultural development project-Fintrac, the Ministry of Agriculture extension staff, KARI and HCDA had played a key role in their promotion and subsequent adoption. The farmers had also seen the benefits of the technologies by way of addressing production constraints and subsequent increase in crop yields and income. 

Technologies such as grafting, ripening chamber, tissue culture and green house tomato production were at the uptake stage in Western and Nyanza, because they had initially been introduced among a small number of farmers who had received the requisite training as well the high cost of the green house (costing approximately of USD. 1600). The technologies however are demanded by the majority of farmers in these regions but lack of capacity building in the said technologies and financial constraints have hindered their widespread adoption. 

3.8 Demand for horticultural technologies: Technologies mostly required by the users

The technologies that were demanded by farmers are presented in Table 11. These technologies were found to be in high demand because they have successfully addressed most of the horticultural production constraints along the value chain. At the production point of the value chain, tissue culture banana for instance addressed the problem of diseases and lack of clean planting materials.  According to the growers, the introduced cultivars matured earlier (12–16 months compared to 2–3 years before the project) and the preferred TC banana cultivars harbored fewer pests and diseases compared to conventional planting material. Other benefits of the introduced technology include increased employment opportunities, improved living standards and health and increased food availability (Anyango et al, 2010; Kahangi, 1996).

Table 11: Technologies mostly required by users
	Technology demanded
	Region
	Constraints to be addressed
	Foreseen benefits

	Water harvesting techniques (water pans)
	Lower Eastern
	· Water scarcity due to erratic rainfall 
	· assured production during periods of water scarcity

· water availability for domestic and livestock use

	Tissue culture banana

	Western and Nyanza
	· Vulnerability to diseases

· Low yields

· Short shelf life

· Prolonged maturity period
	· Reduce vulnerability to diseases

· longer shelf life

· high yields

	Greenhouse tomato production 
	Nyanza, Western and lower eastern
	· The hailstone menace in Western and Nyanza

·  Pest and disease problems

· Seasonality of production
	· High quality fruits

· year round production

· Reduced pest and disease incidences

· protection against hailstone damage

	Charcoal coolers and Solar driers
	Nyanza and lower eastern
	· High postharvest losses of vegetables

· Short shelf life
	· longer storage periods

· accessing distant markets

· reduced postharvest losses 

· increased income

	Improved varieties (grafting) of mango, passion fruits and avocado
	Western and Nyanza
	· Poor quality fruits

· Pest and disease problems

· Long maturity periods

· Low yields


	· Increased yields

· Reduced pest and disease problems

· Short maturity period

· Improved quality of fruits hence increased income

	Improved varieties of tomatoes
	Nyanza
	· disease problems

· lack of varieties suited for green house production
	· Reduced disease incidence

· Increased yields

· Increase incomes

	Value addition/processing
	Western, Nyanza and lower eastern
	· high postharvest losses

· limited  market avenues

· poor pricing for the fresh produce
	· for product diversification

· Increased marketability

· Increased incomes

· Increased employment opportunities

	Contract farming (Complementary technology)
	Lower eastern and Western
	· Poor accessibility to inputs, extension services and markets

· -poor crop husbandry
	· Assured markets

· Increased yields and income

· Improved crop husbandry practices

· Assured quality of produce


It has been estimated that 30-40% of fruits and vegetables in Kenya are lost through wastage in farms and markets and hence technologies that minimize postharvest losses are required. One of the readily available production technologies that can extend the shelf-life of fruit and vegetables and that was found to be in high demand by the farmers was the drying technology (solar drier), and the charcoal cooler (Photo 3). 
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Photo 3: Charcoal cooler promoted by Home Grown in Yatta

The solar drier extends the shelf-life by at least 12 months and gives the farmers the versatility for creation of a diversity of products.  The charcoal cooler on the other hand helps to reduce moisture loss from fresh produce thereby maintaining quality and minimizing postharvest losses of fresh produce (KARI technologies, 2001).

CHAPTER FOUR
SYNTHESIS OF KEY MESSAGES BASED ON THE STUDY

4.1 Support required to up-scale and out-scale horticultural technologies at uptake stage

About 80% of horticultural production in Kenya is undertaken by smallholder farmers who are faced with a myriad of challenges (Wasilwa personal communication). To boost their horticultural productivity, the farmers require support to address the various production constraints faced. These constraints include among others costly inputs, use of unimproved varieties, pest and disease problems and lack of capacity in horticultural production husbandry. This is in addition to poor infrastructure and accessibility to credit facilities. The government in partnership with other agencies such as IFAD, World Bank, USAID, AGRA, has initiated projects to address some of these constraints. Notwithstanding, the horticultural sector is growing rapidly and the initiatives being developed are not matching the pace of this growth. Concomitantly, additional and targeted initiatives are imperative. 

Based on the synthesis of available information and findings of the study we summarize below areas that require interventions in the short, medium to long term (see also (Appendix 7.3).  
Capacity building: This was found to be a major constraint in technology adoption and consequently realizing the horticultural potential among the small holder farmers in Nyanza, Western and lower Eastern. Capacity building in horticultural technologies such as grafting of mangoes and passion fruit, and tissue culture banana with respect to establishment of hardening nurseries, for both farmers and extension staff is critical. The support required includes but is not limited to: training on the grafting technology, establishment of nurseries for grafted mangoes, training on postharvest handling and value addition of banana, mangoes and passion fruits, establishment of community based hardening nurseries and training on field management of the plantlets. 

In addition to capacity building, additional support required includes: facilitating farmer tours for farmers to learn from and share with other farmers, facilitating the development of quality standards for the processed horticultural products and linking farmers to credit facilities and markets.

Among the institutions that are better placed, in view of the activities they are already undertaking, are KARI, HCDA and Ministry of Agriculture. Credit and non-credit institutions to create a revolving fund for the farmers, through government and/or donor support.

Apart from the local institutions mentioned above, donor agencies such as USAID, IFAD, AGRA, GIZ, World Bank among others can partner with local institutions to facilitate capacity building of the farmers on the horticultural technologies and creation of awareness on improved fruit and vegetable varieties. The donor agencies can also avail funds to credit and non-credit institutions to create a revolving fund from which farmers can borrow. 

It also strongly emerged, and as a basis for building a case for the possible support required for up-scaling and out-scaling from the case studies that:

· Where technologies require investment, such as green house tomato production, credit is essential if small scale farmers are to benefit and adopt the same.

· Whereas improved crop varieties (e.g. Gloria F1, Anna FI, grafted mangoes and passion fruits) are known to address productivity constraints and hence increased yields, training in all aspects of crop husbandry, sensitization and availing the technologies is required if farmers are to benefit from these varieties. 

· Efforts should be made to encourage the farmers to use improved varieties of fruits and vegetables e.g Anna F1 for green house production and RRP Arusha cabbage variety that is high yielding and tolerant to bacterial wilt. 

· The farmers need to be empowered with marketing skills and techniques so as to enable them carry out market identification, price negotiation and contract signing e.g. French bean production in the lower eastern region. 

· In order for the farmers to have a high bargaining power, they should be encouraged to strengthen the already existing groups so as to sell their produce collectively
, 

· Farmers need to be empowered on proper post-harvest skills so as to reduce post-harvest losses incurred in fruits e.g mangoes in lower eastern and banana in Nyanza and western regions.

Besides, institutions involved in technology promotion need to be adequately funded in order to have enough resources to address emerging post technology challenges. A case in point is the tissue culture citrus technology. The University of Nairobi has taken the lead in finding ways of introducing Integrated Pest Management (IPM) to bring the vector that spreads the citrus greening disease under control. The vector has several endemic parasites that can be used to control it. Nevertheless, funding for this initiative has been the main bottleneck. As a result, most nurseries and orchards in the high and midlands where the Trioza erytrae is rampant continue to be diseased.
It is envisaged that donors could play a pivotal role in providing support and/or push for the successful uptake and adoption of the technologies. This can be in the form of: strengthening crop production activities by improving the availability of input supplies (e.g., seeds, fertilizer and tools). This can be done through the promotion of farmer groups, short and medium-term credit to provide for seeds, fertilizer and other inputs, help strengthen research and extension support services in order to ensure that appropriate technological packages are delivered to smallholders to achieve crop improvements and help strengthen credit institutions in rural areas where the poor reside to enable farmers to gain access to inputs. This may involve linking farmers to lending institutions such as banks through creation of revolving funds. For example, village development funds and savings mobilization schemes to be promoted in crop development projects. This is in addition to improving food access through linking communities to markets. Donors can get involved in strengthening market integration. To link communities to markets (to address the poor infrastructure) this can be done by the responsible government ministries through the construction, rehabilitation or improvement of feeder roads and rural tracks, facilitating the sale of produce and purchase of inputs and consumer goods. 
4.2 Lessons learned and key messages 

Several key lessons were learned during the study and key messages drawn (Table 12). The key lessons and messages provide information that is pivotal for successful technology adoption and particularly for those technologies at the uptake stage.

Table 12: Technologies developed, Lessons learned and Key messages

	Technology 
	Lessons and Key messages 

	Grafting of mangoes
	Lesson: Farmer involvement at all stages of technology development and continuous training by extension staff/technology developers on the importance of use of the grafted seedlings has led to increased adoption of the technology

Key message: Farmer involvement and capacity building is necessary for large scale adoption of  a new technology.

	Water pans (for assorted horticultural crops)
	Lesson: “Seeing is believing”: Water pans were started mainly for domestic and animal use –the farmers started own pans for crop production after realizing that they could harvest rain water in the pans. 

Key message: Possible to cascade a technology practiced at- communal level to farm level by letting farmers see its importance. 

	Charcoal cooler for French bean postharvest handling
	Lesson: There is need for strong collaboration/linkages between the farmer, extension services, financial support and the market for a new technology to be adopted by small holder farmers. In addition, a technology that has financial gain to the farmer is easily taken up.

Key message: Collaboration/linkages and credit/market access is necessary for technology adoption and increase productivity of horticultural crops.

	Improved varieties
	Lesson: However good/ superior a technology is unless it is disseminated to reach the farmer then it is of no use being developed. In addition, if not affordable/accessible to the farmers then the levels of its adoption will be low. 

Key message: An effort should always be made to ensure that new technologies reach the farmers and when they do, should build the farmers’ capacity on production and postharvest handling practices as well as linkage to markets. They should also be affordable. 

	Tissue culture (TC) banana 
	Lesson: There is need for capacity building of both the extension staff and the farmers on a new technology and involvement of other actors in technology promotion and dissemination such as local CBOs and NGOs. Thereafter continuous support by the extension staff. In addition other complementary technologies are necessary if the parent technology is to lead to increased productivity.  

Key message: Capacity building for both extension staff and farmers on new technology for wide dissemination of the technology. Each parent technology should be supported by complementary technologies for its successful adoption.

	French bean production in Western Kenya  
	Lessons: Lack of farmer consultation/involvement as well as lack of training for both farmers and extension staff can make a good technology to fail.

Key message: There is need for farmer involvement and capacity building for both extension staff and farmers for a new technology to be adopted 


It was further learnt that:

1.
Linking small farmers to high-value urban and export markets is an important strategy for raising rural incomes, reducing poverty and potentially maintaining export competitiveness as well.

2.
Developing new institutional arrangements that would facilitate the enforcement of contracts between buyers and growers would contribute significantly to more widespread use of contract farming and would expand the participation of small farmers in high-value horticulture production and export.

3.
Investment in irrigation has important spill-over effects in enhancing horticultural productivity.
4. For technology uptake and adoption: 
a. Stakeholder involvement, decentralization of technology, provision of credit facilities and capacity building is vital.
b. Farmers are interested in new technologies where they can see clear advantages over their current practices. 

c. Where technologies require substantial investment, credit is essential if small scale farmers are going to benefit from the technology. 

5.  For technology dissemination 

a. Exchange visits are necessary to let farmers learn from the experiences of those who have already successfully taken up the technology.

b. Farmer field schools through use of individuals who are keen to share what they have learned with others in their community.

c. Use of farmer groups for technology transfer are a cost-effective way of enabling farmers to learn new technologies and accelerate dissemination and uptake.
6.  For provision of credit 
a. Farmers are usually scared of giving their title deeds as collateral and hence need for alternative collateral or an insurance system against crop and/or technology failure.

b. Issuance of credit to or through farmer groups substantially helps minimize farmer credit skeptics. 

7.
For collaboration between farmers, researchers and extension 

a. Continuous technical and scientific support is needed when farmers take up a new technology.
b. Farmer involvement in technology initiation and implementation is key for sustainability.
c. Capacity building on technology for both farmers and extension staff is necessary for uptake and adoption.

8.
For technology continuity after program/project exit 

a. Building farmer capacity and  creating ownership of technology at community level ensures sustainability after the project period

b. Commercializing of the technology through farmer based organizations ensures sustainability

c. Involvement of local institutions and government ministries in technology dissemination.

CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The horticultural sector in Kenya plays and continues to play a prominent role in enhancing food and nutritional security. This is besides the improved income and livelihoods of the small holder farmers. In recognition of the contribution of horticulture to the Kenyan economy, the government has put in place various measures to address the myriad of production constraints facing the horticultural farmers. Besides, there is a fully fledged government parastatal-KARI (with a country wide spread) who, among its many mandates, addresses all aspects of the horticultural crop production. Not to be left behind are various institutions (KEPHIS, HCDA etc.) and international organization (USAID, IFAD, FAO) who are working either separately or in collaboration to address the horticultural productivity constraints and/or promoting horticultural production. HCDA is more about advisory and marketing services provision. KEPHIS is more on regulation and standards. As it is put, the statement might be interpreted to mean that the focus of all these institutions is on promoting production/productivity.

Several horticultural productivity constraints have hitherto been reported and concomitantly a number of technologies to address the same have been documented. Various institutions/organizations (private, public and international) are credited with the development, promotion and/or dissemination of the said technologies. Among the institutions, KARI and Fintrac lead the pack with Amiran Kenya and PHFAMS being among the private companies playing a critical role in technology development. Of the technologies that have been developed, tissue culture banana, grafting of mangoes and passion fruits and green house production of tomatoes were the dominant technologies frequently reported either through the desk top study or the case study findings.

In the promotion of these technologies a number of agencies (international or otherwise) have substantially supported the institutions involved. Of these agencies, USAID has invested heavily in supporting horticultural technologies development, promotion and dissemination to small holder farmers. Technology promotion and dissemination was found to be done by the institutions involved in its development in collaboration with the Ministry of Agriculture, and occasionally with CBOs and farmer groups with financial support from international organizations. Such projects include, the KHDP, SHoMAP and Njaa Marufuku.  

Whereas a lot of effort has been made by KARI, FINTRAC, HCDA and Ministry of Agriculture in technology promotion and dissemination, most of the technologies have not been widely adopted. This is due to lack of farmer participation in technology development, capacity building of both farmer and extension staff on technology and credit availability for some technologies that require substantial financial investment are critical factors for the successful adoption of a new technology. For up- and out-scaling of the successful technologies, the support required mainly center around farmer/end user capacity building in technology, continuous provision of extension services during technology implementation and linking farmers to markets. This is in addition to credit provision through linking farmers to credit institutions.

Thus a plausible horticultural technology model should largely take cognizant of the factors: farmer characteristics, technology attributes and contextual factors.

5.2 Recommendations
a) Farmer capacity building in postharvest handling and processing technologies is required in order to minimize postharvest losses that characterize horticultural product.

b) Farmers need to be linked to rural credit schemes and/or banks with tax incentives to banks and non-banking institutions that provide credit. The incentive could also be in the form of revolving fund schemes, taxes and insurance schemes. 

c) There is need to sensitize and train farmers on compliance to the sanitary and phytosanitary requirements  to penetrate the international markets and for food safety reasons 

d) There is need for continuous technical and scientific support to stakeholders for adoption of new technologies.

e) Linking farmers to markets through strengthening farmer marketing groups is central to increased farmer incomes and improved livelihoods.
f) Donor/Government agencies to strengthen extension support services to ensure appropriate technologies are delivered to farmers for crop improvements through capacity building of both agricultural extension staff and the farmers on the developed technologies
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APPENDICES
Appendix 1: Check list for data collection 
1. General information on institutions involved in horticultural (vegetables and Fruits) technologies
	Name and address of institution
	Nature of institution

	Technology
 promoted / researched/ developed
	Horticultural crop/product targeted

	Driver(s) of the technology

	Remarks


2. Stage of and target for horticultural technology development, and entry point in the horticultural value chain
	Technology
	Stage of technology development/research/promotion

	Location where technology is being implemented
	Entry point in the horticultural value chain
	Target group(s)



3. Approaches/methods, execution and dissemination of horticultural technologies
	Technology
	Approaches/methodology used in development
	Execution/implemented
	Dissemination
	Actors in technology dissemination


4. Successful technologies and where reported
	Institution
	Success stories on technology/aspects of technology
	Source of the information



5. Funding sources, objectives of technology and exit strategy
	Technology
	Source of funding
	Donor objectives 
	Duration of project
	Exit strategy

	
	
	
	
	


Appendix 2: Institutions interfacing with farmers  in horticultural technology promotion

	Name and address of institution
	Nature of institution
	Technology promoted/
	Horticultural crop
	Driver(s) of the technology
	Case study site

	Kenya Agricultural Research Institute (KARI)
	Parastatal
	
	
	
	

	
	
	Tissue Culture bananas
	Banana
	KARI
	Nyanza, Western

	
	
	Banana ripening chamber
	Banana
	KARI, HCDA
	Nyanza

	
	
	Production practices/improved varieties
	Citrus, Tomato, mango, passion fruits, cabbages
	KARI
	Nyanza, Western, Lower Eastern

	
	
	Grafting
	Passion fruit, mangoes
	KARI
	Nyanza, Western and Lower Eastern

	
	
	Value addition
	Bananas,  Mangoes
	KARI, KIRDI
	Nyanza, lower eastern

	AMIRAN
	Private
	Amiran Farmer’s kit
	Tomatoes
	AMIRAN
	Nyanza, Lower eastern

	
	
	
	
	
	

	Ministry of Agriculture
	Government
	water pans
	Tomatoes, amaranthus, okra and spinach
	Ministry of agriculture, farmers
	Lower eastern 

	Fintrac-KHDP
	International orgs/Parastal
	· grafted seedling production, 

· improved varieties
	passion fruit, Mangoes
	Fintrac, Seminis Seeds 
	Western

	Homegrown 
	Private 
	Charcoal cooler 
	French beans

	Homegrwon 
	Lower eastern


Source: KARI reports (1996-2004)

Appendix 3: Support required to up-scale and out-scale the horticultural technologies in the uptake stage

	Technology
	Constraint 
	Support/push required
	Responsible
	By When

	Greenhouse
	· Too costly for the farmer,

· Material used is not durable,

· Pest and disease problems for the tomatoes produced in the green house
	· Availing credit facilities

· Need for durable construction materials (polythene)

· More green houses to be provided to groups 
	· Credit institutions – developing of a revolving fund to be given to the farmers as credit 

· Amiran Kenya/institutions involved -to improve on the quality of material used for greenhouse construction – current ones hardly last for three years

· Donors to facilitate capacity building of farmers in developing business plans to attract funds for purchase of the green houses

· Government to lower the costs of these materials
	Should be treated as a matter of priority in view of the changing climatic conditions and vulnerability of crops particularly tomato to pests and diseases.

	Grafting
	· Farmers lack capacity to graft. Only 2 out of every 10 farmers in Yatta (lower eastern) is trained on how to graft the seedlings while in western (Bungoma north) the farmers have no hands-on training on grafting -only demonstrations have been used. 
	· Training on the grafting technology

· Establishment of nurseries for grafted mangoes

· Linkages to markets

· Training on postharvest handling and Value addition

· Farmer tours to successful mango growing farmers/areas

· Availing credit facilities
	· KARI/Ministry of agriculture – to provide training on the grafting technology and nursery management

· Credit institutions – developing of a revolving fund to be given to the farmers as credit

· Ministry of Agriculture in collaboration with researcher to conduct farmer tours 
	This can be done in the short to medium term 

	Tissue culture banana
	· -The hardening nurseries are located in Nairobi, which is very far from the communities producing tissue culture banana. Hence makes the plantlets inaccessible to most of the  farmers

· Problem of diseases-ciger end rot

· Cost of plantlets too high
	· Establishment of community based  hardening nurseries 

· Training on field management of the plantlets

· Provision of quality standards of the processed products of banana

· Linkages to markets 

· Availing credit facilities
	· KARI/JKUAT/Ministry of Agriculture to establish community hardening nurseries and train farmers on their management

· Kenya Bureau of Standards to develop standards and train the farmers on quality control

· Ministry of agriculture, HCDA and Kenya commodity exchange program to link the farmers to markets

Credit institutions – developing of a revolving fund to be given to the farmers as credit
	This can be done in the short to medium term 

	Technology
	Constraint
	Support/push required
	Responsible
	By When

	Improved varieties of tomato (Anna F1, RRP-Arusha and Kentom ), Cabbage (Fortuna F1, Gloria F1) French bean 

(Kutuless)

and mangoes (New dwarfing rootstock varieties- Peach and Sabre)
	· -Farmers are not aware of the improved varieties,

· -Seed of the improved varieties not available to the farmers
	· Sensitization of /dissemination to the farmers on the value and benefits of the improved varieties – promotion of the technologies

· Creation of demonstration sites at the community level for show casing the benefits

· Training on crop husbandry of the improved varieties

· Involvement of seed companies for  mass production

·  Linkage to markets

· Capacity building on value addition
	· KARI/Ministry of Agriculture to sensitize, conduct demonstrations and train farmers on the improved varieties

· Seed companies to be involved in producing large quantities of seed at affordable prices

· Ministry of Agriculture, HCDA  and Kenya commodity exchange program to link the farmers to markets

· Credit institutions – donors can give credit institutions money (revolving fund) to be given to the farmers as credit

· KARI, KIRDI, KEBS  and Ministry of Agriculture to train farmers on value addition and product diversification 

· Donor to provide funds for farmer training/capacity building
	Should be treated as a matter of priority in view of the changing climatic conditions and vulnerability of crops particularly tomato to pests and diseases.

	Solar drier/value addition
	· -Not many people are able to utilize the dried products

· -There is lack of standards and quality control of the processed products  to be able to access major supermarket outlets
	· Farmers need to be trained to use the dried/processed products in their communities in order to increase their marketing outlets. 

· Products like dried sweet potatoes, mushrooms, bananas, tomatoes, green vegetables, pumpkins, carrots, onions and cassava can be used to produce a variety of fortified foods in combination with other products like maize, sorghum, millet and amaranthus.
	· Private companies

· Farmer organizations

· Facilitate production of large scale solar driers

· Ministry of agriculture

· KARI, KIRDI, KEBS  and Ministry of Agriculture to train farmers on value addition and product diversification 


	Should be continuous 


�





Horticultural Technology Data collection Approach/Methodology











Lower Eastern (Yatta)


French beans, Asian vegetables





Passion fruits, guavas, Bulb, onion, tomatoes, Kales, cowpeas





Nyanza 


(Kisii Central)


Avocado, pineapples, bananas, indigenous vegetables (gynandra, Basella )alba)?), cabbages





Western Province (Bungoma North)


Mangoes, pawpaws, water melons, white supporter, cucumber





Avocadoes, , indigenous 


Vegetables, cabbages, pineapples





Mangoes, pawpaw, water melon, cucumber, white supporter














� Technology: It’s defined as an output of a research process which is beneficial to the target clientele (mainly farmers in our case), can be commercialized and can be patented under intellectual property rights (IPR) arrangements. This consisted of research outputs such as crop varieties, new equipment, models, etc.





Complementary Technology: This is defined as any accompanying information on practice(s) that is considered necessary for a technology to achieve its optimum output. These include, for instance, different agronomic practices (seeding rates, fertilizer application rates, spatial arrangements, planting period, land preparation, watering regimes, etc), value addition, protection methods, post-harvest handling, They are therefore important information which is generated through research to accompany the parent technology before it is finally released to users and the technology would be incomplete without this information.





�The value chain describes the full range of activities which are required to bring a product or service from conception, through the different phases of production (involving a combination of physical transformation and the input of various producer services), delivery to final consumers, and final disposal after use (Kaplinsky and Morris, 2002) 


� Only a few of the farmers interviewed (8.3%) had been sensitized on value addition and processing of mangoes, citrus and banana. The farmers had been trained on juice processing of mango and citrus by the Agricultural Home- Economics (HOMEC) officers in Yatta (Eastern province) region and that of banana in Kisii central (Nyanza province).


� The study focuses on the lower end of the horticultural value chain mainly production and post harvest handling


� Although the tissue culture banana has been received well by the farmers,  the challenge in wide spread adoption, as per the farmers, is the accessibility of the plants that are located far away from the farmers hence the need for establishment of local hardening nurseries.


� Furthermore, the solution to overcoming the challenges and unlocking the potential of the horticultural sector in Kenya is to form strong producer groups, producer – marketing alliances and producer – researcher working groups who also interact with policymakers. There is need for substantive investments in irrigation, postharvest technologies, pest and disease management and food safety to sustain horticultural productivity. 





� Public, private, parastatal 


� Green house, Drip irrigation, Water pans, Banana bagging, Citrus degreening, Low bark grafting of mangoes and avocadoes, Early flower, induction of mangoes, Top working of mangoes, avocadoes, citrus etc


� Fruits, vegetables, juices, canned products etc


� end user driven or researcher/donor/developer driven


� uptake, pipeline and adopted


� Industry , Marketing Local, Marketing Export, Transporters, Consumers, Producers and Farmers


� websites, brochures, pamphlets, newsletter, reports, publications
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