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ABSTRACT

Maize is the primary staple crop in Kenya and plays an important role in the
livelihood of the people of Kenya. Its availability and abundance determines the level
of welfare and food security in the country. In Kenya, future increases in maize
production to meet domestic demand will have to rely on improvements in yield per
hectare rather than on the expansion of maize production area. Enhanced maize
productivity can be achieved by increased use of modern production techniques such
as the adoption of hybrid maize varieties, the use of chemicals and fertilizer
application. Small-scale maize prodcution plays a major role in Kenya’s maize
economy and adoption of hybrid technology by small-scale farmers would have the
potential to address sustainability and supply issues. However, such modern
technologies are still rarely used by Kenya’s small-scale farmers, particularly by those
in marginal areas. This study, therefore, tries to review the reasons for the low rate of
adoption of hybrid maize varieties among small-scale farmers with focus on those
smallholders in Kenya’s marginal areas. Lack of awareness of existing or newly
released hybrid varieties, lack of hybrid varieties adapted to marginal areas, lack of
confidence in the quality of some hybrid maize seeds, poor access to stockists, low
profitability due to high seed cost, inadequate access to credit, the need for fertilizer
application and low literacy level have been found to be important factors explaining
the low adoption rates by smallholder maize producers in marginal areas. In addition,
these constraints might also explain the widespread practice of recycling hybrid grain
among small-scale farmers once they have adopted hybrid maize varieties. Therefore,
it is hoped that by overcoming these constraints, the adoption of hybrid maize
varieties among smallholder farmers could be greatly enhanced, which in turn could
lead to a significant positive impact on the country’s food security situation.
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INTRODUCTION

Maize is the main staple food in Kenya [1]. It is estimated to account for more than
20% of total agricultural production, and 25% of agricultural employment [2].
According to FAO statistics (2005-2007), maize contributes about 68% of daily per
capita cereal consumption, 35% of total dietary energy consumption and 32% of total
protein consumption [3]. Thus, Kenya’s national food security is strongly linked to
production of adequate quantities of maize to meet an increasing domestic demand
[4]. Kenya has 1.6 million hectares of maize area and there is limited scope for further
expansion since most of the arable land in Kenya is already under cultivation [5-6].
Therefore, future increase in maize production will rather be achieved by improving
yield per hectare than by expanding production area. The average maize yield is about
1.8 t/ha but a yield potential of over 6 t/ha is possible [5, 7]. This yield potential could
be exploited by focusing on improving maize yields particularly in marginal areas.
This could be achieved through the adoption of productivity improving technologies
such as increased use of hybrid maize and application of fertilizer by small-scale
maize producers who make up 70% of the country’s maize production [2, 8-10].

Since the initiation of a comprehensive maize program in Kenya in the 1960s and
1970s, improved maize hybrids have diffused only slowly and gradually in the low
potential areas as opposed to the high potential areas (highland tropics and moist
transitional zone) where hybrids are adopted by over 90% of the farmers and account
for a large proportion of the maize area planted (Table 1) [9, 11-12]. A large
proportion of small- holder farmers in marginal areas still use local varieties and
prefer improved open-pollinated varieties (OPVs) over hybrids (Table 1). It has,
however, been shown that well-adapted maize hybrids could perform profitably in
terms of yield and yield stability even in marginal production environments under low
input conditions [13-15]. This, therefore implies that well adapted maize hybrids
would offer a significant potential to increase yields even under marginal agro-
climatic conditions. This study sought to explore why maize hybrids are not widely
adopted by small-scale farmers in Kenya, especially in the low-potential areas. This
was achieved through literature review, administration of a simple questionnaire to
document first hand information related to the study and a subsequent SWOT analysis
based on the two sets of data.

Background information and study findings

Development of maize hybrid breeding and maize hybrid seed industry in Kenya
Maize improvement efforts by various researchers and farmers date back to as early
as 1920s. The government of Kenya responded to the demands by large-scale maize
farmers by initiating a systematic germplasm improvement program in 1955 [16].
This led to the development of late maturing varieties. Later, early maturing varieties
were developed for marginal areas. In Table 1, a summary overview of the
recommended varieties for selected sites in each agro-ecological zone is represented.
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The first maize hybrid released in Kenya was H611, in 1964 [16-17]. It was a cross
between Kitale Synthetic Il, an open-pollinated variety (OPV) and an improved
Equadorian landrace (Equador 573). H611 had a 40% vyield advantage over Kitale
Synthetic Il, had lower seed costs than conventional hybrids and had lesser loss of
yield when recycled [17]. This formed the basis of maize hybrid development in
Kenya. It diffused among the large-scale and small-scale farmers in the high potential
areas of Western Kenya at a high rate. Currently, there are many maize hybrid
varieties being relaesed every year for the different agro-climatic zones (Box 1;
Figure 1), though the adoption rate has not kept up with the pace of release.

The first mark of formal seed trade was made by the establishment of the Kenya Seed
Company (KSC) in 1956. The main business of KSC is maize and it covers up to 90%
of the formal marketed maize hybrids in Kenya. Until 1985, KSC relied on the
varieties developed by the National Agricultural Research Program of the Kenyan
Agricultural Research Institute (KARI). However since liberalization, many actors
have come into play in the formal seed sector and KSC has also increased its scope
and has intensified breeding programs for many other crops such as , wheat and
sorghum. Today, the formal seed sector has attracted a number of specialized players,
both public and private ones who are involved either directly or indirectly in areas
such as breeding, seed multiplication, quality control, processing storage, marketing
and seed distribution [18].

MEDIUM

B Percentage B Numbers

Figure 1: The proportion of maize varieties submitted for NPT 2008 — 2009 [19]

The formal seed sector in Kenya is among the strongest and one of the best
functioning seed sectors in sub-Saharan Africa. This is evidenced by the volume and
level of diversity of the seed produced and availed in the market, the existing
legislative and regulatory frameworks and the availability of a functioning
certification system and procedures for testing and approval of new varieties [18].

Published by African Scholarly Science Communications Trust
Josem Trust Place, Bunyala Road, Upper Hill, Nairobi

FO. Box 20086-00625 Tel: +254-20-2351785 Fax: +254-20-4444030, Nairobi, KENYA
Email: oniango@iconnéct.co.ke OR  infofajfand net www.ajfand.net




rsheosy  Arpi= AN ISSN 1684 5374
SCHOLARLY, PEER REVIEWED SCHOLARLY

AFRICAN JOURNAL OF FooD, AcricuLTure,  Yolume 13 No. 2 SCIENCE

COMMUMICATIONS

NUTRITION AND DEVELOPMENT Aprll 2013 TR U ST

According to Kenya Plant Health Inspectorate Services (KEPHIS) Annual report
(2010), there were a total of 111 maize varieties submitted for National Performance
Testing (NPT) during the 2008 — 2009 period [19-20]. The proportion of maize
varieties submitted for NPT 2008 — 2009 is shown in Figure 1.

Agroecological zones and varieties released

Maize crop is grown in all agroecological zones in Kenya by both large-scale and
small-scale farmers. Hybrid varieties are released with respect to different
agroecological zones. The white semi-dent grains have been bred and selected for
suitable climatic conditions and altitudes above sea level [20].

a) Highland maize varieties

These are varieties suitable for medium to high altitude areas (1500-2100 m) with
day temperatures of up to 28 'C during the growing season and with night
temperatures dropping to as low as 8 'C. H627, H626, H625 are some of the varieties
released for the highlands. Precipitation requirements range from 800 to 1500mm.
Similar conditions also prevail in the highlands of Tanzania, Uganda, and Ethopia so
that these varieties are recommended there too [20].

b) Medium altitude agro-ecozone

The zone of medium altitude falls between 1000 to 1700m of altitude. H513, H515,
H516 are some of the varieties recommended for this agro-ecozone. These varieties
are commonly planted in coffee growing belts maturing in four to five months.
Rainfall is favourable when it measures between 750 and 1000mm [20].

¢) Transitional zone

The transitional zone can be found at altitudes of 1000 to 1700m with temperatures of
12°C to 30°C and with rainfall patterns similar to those of high altitudes (1000-
1800mm). For this zone, H624, H623 are typical examples. Their characteristics:
highly prolific, short, green-stemmed, 150 days from planting to maturity. These
varieties produce huge thick cobs and large dent kernels. In Kenya they perform better
in wet, humid, medium to high elevations [20].

d) Lowland agro-ecozone

Pwani Hybrids (PH1 and PH4) were released in 1987. They are fairly short and
resistant to lodging and more tolerant to moisture stress (altitude 0-1250 masl) and
require minimum rainfall of 400mm. They have a good husk cover which reduces
crop loss due to attacks, for example, by birds, weevil. They are suitable for inter-
cropping, highly productive and capable of producing 16 bags of grain per hectare
under good agronomic practices. They are uniform, short and tolerant to most leaf
and ear diseases and mature within three to four months [20].

e) Dryland transitional agro-ecozone

The Katumani Composite (KCB) is a short and fast growing open-pollinated variety
and produces short cobs. This variety is drought escaping and matures within 90-120
days. It performs well in altitudes of 500-1000m above sea level and is especially
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suitable for areas with marginal rainfall. The variety’s rainfall requirements are 250-
500mm and it has performed excellently well in arid zones of Ethopia, Sudan,
Tanzania and Namibia [20].

f) Dryland mid- altitude agro-ecozone

For this zone, recommended varieties are Dryland Compite 1 (DLC1) and Dryland
Hybrid 1 (DHO01). These are open-pollinated varieties, good for semi-arid regions
(altitude 1000-1900m). They are best suited to areas with short rainy seasons
(minimum 350mm) and are good substitutes for Katumani Composite where rainfall
is erratic. The varieties are commonly grown in the Eastern and Coastal regions of
Kenya. They mature within three to four months and can produce 14 bags per acre.
They are short, uniform and tolerant to most ear diseases [20].

Characteristics of smallholder maize farming in Kenya

Smallholder farmers grow maize either as a sole crop or as an intercrop, but
intercropping is more prevalent for the vast majority of small farms in all agro-
ecological zones [8, 13, 21]. So, in Kenya’s smallholder sector, maize is commonly
intercropped with a number of short-term crops such as sunflower, groundnut, millet,
potatoes and above all beans or cowpeas [13, 21]. Intercropping maize with beans is
particularly practiced in Striga endemic areas [22]. Besides being a practical means
for pest management, intercropping is also practiced by Kenya’s smallholders due to
other reasons such as high population density and increasing pressure on land, risk-
spreading through crop diversification, improvement of soil fertility and erosion
protection, and higher yields per unit area compared to pure stands [21, 23]. Major
stress factors and productivity constraints maize farmers in Kenya have to face are,
for example, rainfall variability and drought, low soil fertility and erosion, diseases
and pests [13]. The most common pests, according to farmers, are Striga, stem borer
and weevils [4, 14]. Further constraints to maize production are, inter alia, poor cash
flows and lack of technical know-how [4, 14]. Consequently, it is important to
consider these factors more closely to estimate if and how the adoption rate of maize
hybrids could be improved among small-scale farmers, particularly in low-potential
areas.

The adoption process

Adoption is one important component within the innovation-decision process,
according to Rogers [24]. The innovation-decision process is “the process through
which an individual passes from first knowledge of an innovation to forming an
attitude toward the innovation, to a decision to adopt or reject, to implementation and
use of the new idea, and to confirmation of this decision” [24]. Consequently, the
innovation-decision process is composed of five main steps (Figure 2):

(1) Knowledge is being aware of the existence of an innovation [24].

(2) Persuasion is the process of forming a favorable or unfavourable attitude
towards the innovation [24].
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(3) Decision means making a choice whether to adopt or reject the innovation
[24].

(4) Implementation is the logic consequence of the adoption and means
putting an innovation into use [24].

(5) Confirmation involves the re-enforcement or the reversing of a previous
innovation-decision [24].

Adoption &
\ Implementation
Knowledge Persuasion

-, Confirmation
Decision /
Rejection @

Figure 2: Innovation-decision process [Own depiction]

To sum up, the decision stage in the innovation-decision process leads to adoption.
Adoption is thus “a decision to make full use of an innovation at the best course of
action available” [24]. When it comes to the use of modern varieties (MVs) of maize,
one speaks of adoption when a farmer is changing from planting traditional varieties
to planting modern varieties [25]. The term “modern varieties” includes both
improved-open pollinated varieties (OPVs) and hybrids [25]. The term traditional
varieties refers to local varieties (also known as landraces), which have never been
subject to a formal plant breeding program [25]. Instead of using the term adoption,
the term replacement is often used. Replacement refers to the activity when a farmer
“who is already growing MVs stops planting one and starts planting another” that
means, for example, the shift from improved OPVs to hybrids[25].

Finally, the adoption process of maize hybrids by smallholders to adopt hybrid maize
is influenced by various factors. Those factors which have been frequently identified
as being influential will be discussed in the following section.

Possible factors affecting adoption of maize hybrids among smallholder farmers
In a number of studies, possible causes of low adoption rate of improved maize
varieties such as hybrids among small-holder farmers have been analyzed. The most
cited constraints to adoption are:

(1) Lack of information and awareness

Farmers’ awareness of existing or newly released hybrid varieties strongly depends on
their access to agricultural information. An important source of information is
extension. Adequate access of farmers to extension providers increases the likelihood
of adopting new technologies like hybrid maize (Table 1). Hassan et al. [26] showed
that there might be a possible correlation between access to extension services and
farmers’ awareness of the new technology / farmers’ adoption. The percentage of
farmers indicating lack of awareness about improved seeds was higher in zones with a
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poorer coverage by extension agents than in zones with better supply of extension
services [26]. Also when referring to Tegemeo Institute/MSU TAMPA household
survey data, it is noticeable that proximity to extension services appears to be
correlated with the farmers’ adoption of productivity enhancing technologies such as
hybrid maize seeds [27]. The correlation between the use of maize hybrid seed,
inorganic fertilizer, and distance to nearest extension service as well as yields showed
that farm households which are located closer to an extension service provider, also
use the new technologies [27]. Hassan et al. [26] further showed that access to
extension services might be correlated with the infrastructure of the country, for
example, the availability of paved roads. Besides access to extension, also the quality
of the extension service provided must be adequate which means adjusted to the needs
and circumstances of the target group. In addition to ‘professional’ extension
providers, seed retailers also play an important role in the context of farmer education
and awareness creation because they should inform the farmer sufficiently about the
characteristics of the seeds they sell. However, some of the seed retailers lack
sufficient knowledge to fulfill this necessary task [28].

(2) Supply constraints

a) Lack of adapted maize hybrids

In the past, maize research mainly concentrated on high-potential areas. For these
areas, well-adapted maize hybrids were developed and released. Low-potential areas,
however, received little attention, so that the farmers in these areas were lacking
hybrid varieties that were adapted to their distinct agro-ecological conditions.
Therefore, farmers opt for landraces or improved OPVs because theses varieties are,
due to their wider genetic base, more adapted to prevailing production constraints
such as low soil fertility, weeds such as Striga, drought and diseases [4]. According to
a KARI breeder, the International Maize and Wheat Improvement Centre (CIMMYT)
and Kenya Agricultural Research Institute (KARI) are currently shifting their research
efforts more and more on marginal areas and are focusing on the development of
hybrid cultivars that are better adapted to stress environments [29]. In doing so, it is
important that the interaction and communication between breeders and farmers be
improved and that breeding does not take place only from the perspective of the
breeder but rather allows for participation of farmers [30]. Only then can hybrid
varieties be developed which will carry those attributes and characteristics that
farmers are generally interested in [29-30].

b) Availability of good quality seed

Often it is not the lack of information about existing hybrid varieties, but rather the
lack of confidence in hybrid seed quality that negatively affects adoption. This lack of
confidence originated in the 1990s when farmers in Kenya experienced reduced
quality of maize seed despite the liberalization of the seed industry and the
establishment of the independent seed inspection authority, KEPHIS [31]. The poor
quality of certified maize seeds resulted in poor germination and low yields [31].
Farmers who were willing to adopt these certified seeds were then disappointed and
thus opted again for local varieties or retained seeds [31]. So, good quality seed is
important to win back farmers’ confidence in certified hybrid seeds.
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c) Access to stockists

The existence of efficient input markets is essential for farmers in deciding whether to
adopt agricultural technologies or not. In Kenya, market liberalization facilitated the
emergence of so-called ‘stockists’ [32]. These stockists, also known as *“agro-
dealers” or “small farm retailers” are an important distribution channel for
smallholder farmers in rural areas because they sell agricultural inputs such as
fertilizer, pesticides and improved seeds (“certified seeds of commercially released
varieties”) and can provide knowledge about safe and efficient input use [32-35].
Access to these agro-dealers is therefore an important determinant of the adoption of
hybrid maize varieties [26]. In Kenya, there is an uneven geographical coverage of
such “traders in agricultural inputs” [35]. In marginal, low-potential areas which are
often characterized by a lower density of stockists, smallholder farmers need to travel
longer distances, often on poorly maintained roads or by foot, to purchase inputs such
as improved seeds [33, 35]. This leads to higher transaction cost which in turn
increases the costs of improved maize seeds [26]. Higher seed costs on the other hand
reduce the profitability of new varieties and thus the incentive for farmers to use
them. Consequently, among other factors influencing the adoption of improved maize
seeds, one can observe a negative correlation between the distance (farm household —
stockist) and the adoption rate [26]. In addition, it is important that the hybrid variety
the farmer prefers is actually continuously available in stockists’ stock [36]. As yields
of hybrid varieties are much higher when fertilizer is applied, it is highly
recommended that stockists also offer fertilizer so that the farmer can purchase both
seeds and fertilizer from one single source. Easy access to both fertilizer and
improved seeds increases the likelihood that farmers are willing to adopt hybrid
maize.

(3) Low profitability

Farmers often cite the high cost of hybrid seed as a constraint to adoption [29]. The
high seed price results both from high cost of developing and producing hybrid seeds
and from high transportation costs [26, 37]. In particular, maize hybrid seed is not
economically profitable for resource-poor farmers when the seed-to-grain price ratio
is unfavorable [26].

(4) Lack of access to credit

Access to credit plays an important role in farmers’ decision to adopt new maize
technologies. Credit has the potential to relax farm-level liquidity constraints which
are the reason for smallholders not being able to purchase productivity enhancing
technologies such as improved maize varieties and fertilizer [31, 38]. Furthermore, the
ability to borrow money increases a farm household’s ability to bear risk [39]. So,
with the option to access credit smallholder farmers are more willing to shift from
traditional low-risk, low-return farming practices such as the use of local maize
varieties to riskier and more profitable agricultural technologies such as planting
hybrid maize. Smallholders’ access to financial services from the formal banking
sector such as commercial banks is, however, often limited by the lending policies of
those institutions [40]. These lending policies constrain the supply of credit to
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smallholders by, for example, requiring collateral or setting a minimum credit amount
[40]. Moreover, high risks involved in agricultural activities are frequently a decisive
argument for creditors not lending to this sector [41-42]. In Kenya, the situation is
similar. For Kenyan smallholder farmers, credit from the formal sector, that is
commercial banks, and the government’s Agricultural Finance Cooperation (AFC)
has been a critical issue [43]. So, for example, in 1998, only one percent of AFC
credit was made to medium and small-scale farmers [43]. However, the government
of Kenya has recognized the existing credit problem and is attempting to improve
access to credit for smallholder farmers. Within the current Agricultural Sector
Development Strategy 2010-2030, the government of Kenya plans to promote the
following measure: “appropriate credit packages suitable for small-scale producers
will be made available to enable producers to access key inputs such as fertilizer,
agrochemicals and seed” [42]. The Alliance for a Green Revolution in Africa
(AGRA) is also active with a program in Kenya. Within the Innovative Financing
Initiative to improve smallholders’ access to affordable finance, AGRA in
cooperation with the International Fund for Agricultural Development and the
Kenya’s Equity Bank provide funds for issuing loans to small-scale farmers [44]. In
2009, the program loaned more than 679 million Kenyan shillings (about US$9.8
million) to 20,408 beneficiaries of which 19,931 were small-scale farmers [44].

(5) Need for fertilizer

To exploit the full yield potential of maize hybrids, it is necessary to apply an optimal
level of fertilizer [31]. So, for example, most commercial maize hybrids are
performing poorly on soils with low nitrogen levels because they have been
developed in research stations with soils of optimum nitrogen conditions [45].
Consequently, for achieving optimal grain yields, smallholders should apply fertilizer
and use it efficiently, which means in recommended amounts. However, although
fertilizer has become more available in Kenya in the course of the liberalization of the
agricultural sector, the high cost of these chemicals often resulting from high
transportation costs still constrains the adoption and the use of reasonable quantities
of fertilizer in resource-poor farm households [46-47]. As already mentioned, these
households often lack cash and credit to purchase hybrid seeds and fertilizer. As
productivity gains from hybrid seeds can only be fully realized if fertilizer is applied
and used efficiently, it is assumed that constraints to fertilizer use hamper the demand
for hybrid seeds [47]. Indeed, the adoption study of Ouma et al. [48] shows that
farmers who are using more fertilizer are more likely to adopt improved maize
varieties than those using less fertilizer. Furthermore, the study indicates that the
amount of fertilizer used positively correlates with the intensity of use of improved
maize varieties [48].

(6) Low level of education

The level of education plays an important role in farmers’ decision making and thus in
the adoption of improved maize production technologies. Educated farmers usually
have a better opportunity to access information on new technologies and are generally
better able to assimilate, to process and to use this information. Several adoption
studies demonstrated that education increases the probability of adoption of improved
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maize technology, indicating that better-educated farmers are more likely to grow
improved maize varieties such as hybrid maize [39, 49-50]. The importance of
education on adoption thus emphasizes the relevance of extension and training for
smallholder farmers in the adoption process.

In summary, the constraints discussed under (1) to (6) explain why smallholder
farmers in marginal areas (for example the dry transitional, dry mid-altitude, moist
mid-altitude zones) still plant a high share of maize area using local varieties
(‘unimproved’ OPVs) and improved OPVs. In addition, these constraints are the
reason that even if hybrids have been adopted, farmers use recycled hybrid grain.

Hybrids, OPVs and the practice of recycling

One important question needs further analysis and reflection: Instead of purchasing
new hybrid seeds every year, is recycling of hybrid maize and/or the use of OPVs a
profitable economic option for resource-poor farmers [51]?

A study conducted by Pixley and Béanzinger [51] in Zimbabwe can shed light on this
issue. They reported that the yield potential of good maize hybrids from first
generation (F1) seed is around 18% higher than that of good OPVs. Also, Chiduza et
al. [52] compared at eight different farmers’ fields in Zimbabwe the grain yield of ten
experimental open-pollinated varieties and five released maize hybrids, grown with
and without fertilizer application. They also reported that at all eight environments,
grain yields for the hybrids were consistently higher when compared to those of the
five highest yielding OPVs — by an average of 16% without fertilizer and of 19% with
fertilizer [52]. In addition, Chiduza et al. [52] found out that without fertilizer the
yield difference between OPVs and hybrids was smaller at sites where yield levels
were low (which means mean grain yield below 1.3t/ha). Then, the seed-to-grain price
ratio decides whether hybrids or OPVs are more economically profitable for the
farmer. So, when the price of hybrid seed is high compared to the grain price,
resource-poor farmers should plant OPVs for which costs of seed are lower [51].

When it comes to recycling of seeds, Pixley and Banzinger [51] reported the
following results: if second-generation (‘recycled’) seed of both OPVs and hybrids is
used, then OPVs are higher yielding than hybrids. So, regarding grain yield the
following formula applies: hybrid > OPV > recycled OPV > recycled hybrid [51].
Consequently, in marginal areas where vyield levels are low, then, if the price of
hybrid seed is high compared to the grain price and if fertilizer application is
constrained, it is more profitable for resource-poor farmers to use OPVs or recycled
OPVs than to purchase new hybrid seeds annually [51]. Recycling of hybrid seed is a
non-recommendable economic alternative [51]. This, therefore, highlights the
importance of conserving the local varieties either in-situ or ex-situ despite maize
hybrid production and promotion efforts. This will offer the farmers a safety net in
terms of stability where necessary, and will also serve as a genetic reservoir in
breeding programs for those traits that interest the farmers.
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From Theory to Practice: Adoption of maize production technologies in the
Coastal Lowlands of Kenya

In order to illustrate practical adoption experiences with improved maize varieties in
Kenya, a study conducted by Wekesa et al. [1] in two districts of the Coast Province
provides a useful insight. The following statements and figures are cited from this
study [1]. This adoption study surveyed 200 households in the Kilifi and Kwale
District of the Coast Province, Kenya. In the Coast Province, maize is an important
food crop and mostly grown for subsistence [1]. However, average yields are low
resulting in food deficits [1]. For the coastal lowlands, in which the Coast Province is
situated, three improved maize varieties were developed and released: the open-
pollinated Coast Composite, the hybrids Pwani 1 (PH1) and Pwani 4 (PH4) [1].
Despite the potential of these improved varieties to increase yields however, adoption
has remained low (only 21% of farmers grew Pwani Hybrid 1) and local varieties
continued to be used by 70% of the farmers [1]. The objective of the study conducted
by Wekesa et al. [1] was to analyze factors affecting the adoption of modern varieties
by focusing on the two districts Kilifi and Kwale. An adopter of improved maize
varieties was considered a farm household that used certified seed on at least one acre
of land [1]. Fourty percent of the sample households included improved maize seed in
their variety portfolio [1]. However, the three released and recommended improved
maize varieties for the region were not as popular as the local varieties. So, local
varieties were still grown by 70% of the survey households [1]. Among the improved
varieties, the open-pollinated Coast Composite was the most used, followed by Pwani
Hybrid 1, whereas Pwani Hybrid 4 was only grown by five percent of the sample
farmers [1]. One possible explanation that Pwani Hybrid 1 was preferred over Pwani
Hybrid 4 is that farmers like the attribute of ‘early maturity’. Pwani Hybrid 4 needs
120 days to maturity whereas Pwani Hybrid 1 only requires 105 days to maturity [50].
The factors farmers mostly mentioned as reasons for not adopting improved maize
varieties were the following [1]:

Non-availability of improved maize seed (29% of farmers)

High cost of seed (22.5%)

Lack of awareness and information (13%)

Inappropriate attributes of the varieties, for instance, pest vulnerability (10.5%)

YV VVY

In a logit regression model, the study further analyzed explanatory variables of
adoption and their significance. The output of this regression shows the following
factors which had a significant impact on adoption: Extension contact and listening to
agricultural radio programs, availability of credit, availability of cash - off-farm
income and hiring labor were used as a proxy - and farmers’ participation in training
courses [1].

Furthermore, when the adopters of improved maize are compared to the non-adopters,
further factors can be identified that might positively influence the farmers’ decision
to adopt new maize varieties. However, these factors are not significant in the
regression model but might be decisive: the literacy rate was higher for adopters
(75%) than for non-adopters (61%); the household size among adopters (11 members)
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was larger than among non-adopters (eight members); adopters planted more acres to
maize than non-adopters (3.7 acres for adopters and 2.6 acres for non-adopters); the
total income of adopters was higher than that of non-adopters (43,000 Ksh/yr vs.
30,000 Ksh/yr; Ksh = Kenya shilling) [1].

In summary, there are a lot of factors which need to be considered if a new improved
maize variety shall find acceptance among farmers. Thereby, a close cooperation and
interaction between farmers, researchers, extension agents and policymakers might be
necessary to meet the challenges in the field of adoption.

First hand information from actors in the maize industry

As an additional step to bridge the gap between literature review and the current
situation on the ground, a questionnaire in line with the topic of the study was
designed and sent out to various actors in the maize seed industry in Kenya. These
included breeders from both public and private institutions as well as key experts
from universities, seed companies and certification bodies involved in the research,
production, marketing and production of maize hybrid seeds. The questionnaire
contained 15 questions covering the following topics: physiology of maize hybrids,
practices and production constraints of maize hybrid farming, performance of the
certification process as well as market and adoption related issues. A copy of the
questionnaire is included as supplementary material. Although it was sent out to a
target of 43 people, only five responses were received. The feedback received
unanimously supported the following important arguments which have already been
raised and elaborated in the previous section:

» Smallholders in low potential areas prefer improved OPVs and landraces over
maize hybrid varieties due to their wider genetic base and the possibility to
recycle these seeds. However, recycling of hybrid seeds leads to reduction in
yield;

» The seed certification process is believed to be well functioning;

» The price instability of maize combined with the high cost of hybrid seeds
reduces the attractiveness of maize hybrids varieties to farmers;

» High nutrient requirement of maize hybrids combined high cost of inorganic
fertilizer is a constraint to adoption by resource poor farmers;

» To increase the acceptance of maize hybrids among smallholder farmers in
marginal areas, there is need to develop hybrid varieties that are adapted to
these environmental conditions. Some level of heterogeneity would be
necessary to cope with the environmental shocks;

» Some other factors that might influence adoption as had mentioned include,
inter alia: Seed supply constraints and lack of access to credit and markets.
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SWOT analysis

The SWOT analysis is an analytical tool which is commonly used to identify and
assess the (internal) Strengths and Weaknesses, as well as the (external) Opportunities
and Threats of, for example, projects, institutions, organizations or businesses [53].
This simple tool creates a picture of the current ‘reality’ and thus serves as an
instrument for situation analysis and diagnosis [53]. The process of developing a
SWOT analysis helps identifying problems, constraints and needs as well as
determining strategies and actions for achieving goals and objectives [53].

The SWOT analysis approach in this paper is applied to examine the merits, benefits,
potentials, risks and impacts of the improved hybrid maize technology for smallholder
farmers in Kenya. The SWOT analysis is done based on existing data as well as
information from questionnaire responses received in this study. In detail, the SWOT
analysis consists of analysis of internal and external factors:

1. An analysis of the internal (inherent) factors of the technology in terms of its
strengths and weaknesses. This should take into account both the main ‘assets’ of
the technology that favor its adoption and application as well as the major deficits
that prevent satisfying the needs and demands of potential users;

2. An analysis of the external environment within which the technology used is
embedded. Opportunities are any factors that positively affect the adoption of
hybrid maize in marginal areas whereas threats are any constraints that influence
the use of the technology and that limit the full exploitation of its potentials.

Figure 3 shows the application of a SWOT analysis on the topic of this article.
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External Threats
High cost of inputs
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hybrid maize credit
e Effective certification e Poor extension services
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e Available legislative seed supply
- process e Unstable market maize
Technology specific prices

(internal) factors
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strengths and

Strategies to mitigate
threats to exploit

e Stable performance opportunities strengths
under marginal e Develop varieties for e Improve
conditions (if adapted) marginal areas infrastructure

Sensitization
Participatory research

Improve extension
Price stabilization
Creation of self-help
credit groups

Internal Weaknesses
Need for fertilizer
Narrow genetic base
Reduced yield
advantage if recycled
Complex research and
release process

Strategies to minimize
weaknesses to make use of
opportunities

Avail low cost
fertilizer

Seed accessibility
Develop varieties for
marginal areas

Strategies to minimize
weaknesses and threats
Establish a good
relationship between
farmers and agro-
dealers

Crop insurance
Farmer to farmer
learning

Figure 3: Analysis of Strengths, Weaknesses,
(SWOT analysis)*
*Template modified [54]

Opportunities and Threats

CONCLUSION

Maize is a monoecious, protandrous plant. Protandry and wind pollination makes
maize suitable for maximum cross-pollination. To produce hybrid seed, reception of
pollen must be controlled by mechanical emasculation or genetic methods. Hybrid
seed should, therefore, not be recycled because of segregation and decline in yield of
the progeny of F; generation. In order to realize the full potential of maize hybrids,
farmers need to plant fresh seed in every planting season. Since maize is a key food
crop and an important source of income and employment for the majority of rural
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farm households, Kenya’s food security and the welfare of its farming population is
strongly linked to the increase in the national maize production. Increasing yields
especially in marginal areas is thus vital for enhancing future food security. Given the
limited availability of arable land, there is no doubt that increases in maize yields can
only be achieved by the use of modern technologies, in particular by the use of
improved maize varieties such as maize hybrids and fertilizer. Thus, the potential of
maize hybrids in Kenya actually lies in enhancing productivity and
sustaining/improving food security. Since the majority of maize farmers in the high-
potential areas already grow maize hybrids, the potential of maize hybrids to enhance
yields can only be fully exploited by promoting their use among small-scale farmers
in marginal areas. As already discussed, a complex set of factors influences the
smallholder’s decision to adopt maize hybrids. Among these factors, physical
inaccessibility, financial constraints and the non-availability of hybrid varieties that
are adapted to local growing conditions constitute the major reasons why small-scale
farmers in marginal areas do not adopt hybrids and still prefer growing local varieties
or improved OPVs instead. To encourage the use of maize hybrids among resource-
poor farmers in marginal areas, the key factors influencing the adoption of hybrid
seeds in small-scale maize production must be addressed.

Therefore, maize sector policy interventions should, inter alia, be designated to:

a) Facilitate and broaden smallholders’ access to insurance and financial services
(for example: saving products, agricultural credit, crop insurances). This can be
achieved by offering smallholders financial arrangements that do not require
formal collateral, that are characterized by flexible lending conditions and that
allow the possibility of small amounts of money loaned [55]. Also the promotion
of self-help groups, financial cooperatives and credit unions can help to increase
smallholders’ access to the credit [55];

b) Strengthen extension services especially in areas where lack of awareness /
knowledge is cited as a hindrance to adoption;

¢) Encourage participatory breeding to develop varieties adapted to local conditions
and acceptable to the farmers;

d) Improve infrastructure in order to reduce transaction costs and improve
smallholders” access to markets and stockists.

Furthermore, with a liberalized seed market and an effectively working regulatory
body in place, a vibrant and competitive seed market can be envisaged. Though the
price of improved maize varieties is still high for small scale farmers, the entrance of
many players in the market and increased level of competition will drive the prices
down and thus making hybrid seeds better accessible to resource-poor farmers.

To sum up, the use of maize hybrids in smallholder agriculture offers potential in
terms of economic development and food security, but only if the framework
conditions offer a favorable environment for the adoption of the hybrids. To meet the
challenges of increasing the adoption rates among smallholder farmers in marginal
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areas, combined and concerted efforts from farmers, researchers, extension agents,
policy makers, seed companies, and other stakeholders will be required. This calls for
partnership and cooperation of all stakeholders in the complex process from maize
breeding to production and marketing.
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Table 1: Key facts about maize hybrids in different agro-climatic zones in Kenya

Recommended varieties for selected sites Farmers’ adoption rate of improved maize (%)* ':;(ig?f;;?]g

Percentage of

Agro- . Hybrids . Improved | sites having

climatic ?éﬁivation masl) Variety 3?{3:3 (Maize area Local varieties OPVs extension agents

zone y planted %) based within
survey site

Highland Turbo (1850) H625 180

Tropics Baraton (1960) H625 190 94.(94) 9 0 51

Moist Kitale (1800) H625 160 98%/99°/72° a4 by 1 ajab)1c

Transitional | Kakamega (1530) H625 150 (93%/97°/68Y) 16°712°/41 0731 44

Moist Alupe (1170) H622 160

Midaltitude | Bukiri-Buburi (1220) | H512 150 38 (27) 83 3 25

Dry Katumani (1550) Katumani 100

Transitional | Weruga (1460) Katumani 110 21(16) 7 17 0

Dry Kitui (1140) Makueni 100

Midaltitude | Makueni (1170) Makueni 80 96 72 32 0

Lowland Kichwa Simba (140) Pwani 110

Tropics Msabaha (30) Pwani 110 63 (52) 46 20 20

Source: Own depiction based on the following sources - * [11]; ? [56] Note: *East, "Northeast, “Southeast; Farmer data total to more than 100 percent
because farmers grow combinations of hybrids, improved open-pollinated varieties * [26]
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