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Executive Summary

Kenya is projected to remain a net importer of wheat to the end of this century. To
reduce the growing dependence on imports, the government has proposed measures to
stimulate domestic production and curb wheat consumption. In addition to providing
price incentives to wheat producers and expanding wheat areas into marginal lands,
the government has encouraged the intensification of wheat research. However,
research must take into account the fact that the wheat supply sector in Kenya has
changed greatly since Independence. Wheat production is no longer confined to large
farms in the medium- and high-potential zones. The subdivision and redistribution of
much former wheat land has led to the emergence of small-scale wheat farming as an
important element in the wheat supply sector. Scarcity of arable land and stiff
competition from higher value enterprises such as maize and dairying in the high
potential areas have encouraged wheat production to expand into the marginal zones
of Narok/Trans Mara and Samburu.

Research to generate production technologies appropriate for small-scale farmers'
circumstances and marginal areas has just been initiated and remains insufficient. Most
of the available technologies were developed for and adapted by large-scale producers
in the high-potential zone. Farmers in different agroecological zones, both large- and
small-scale producers, face different constraints and need different technology and
policy interventions if they are to produce wheat more efficiently. Unfortunately, little
up-to-date information is available on the practices and problems of small-scale wheat
farmers and wheat production in marginal areas. To streamline and accelerate wheat
production in Kenya, information on priority problems and their possible solutions is
essential. This study is an initial effort to diagnose the important wheat production
problems in Kenya.

Aside from focusing mostly on the high-potential wheat production areas, research
recommendations for wheat farmers in Kenya generally have been based on trial
results. Little on-farm research contributed to the design and generation of wheat
technologies. Financial limitations and the lack of research orientation towards
understanding and solving farmers' problems prevented the National Plant Breeding
Research Centre (NPBRC) from verifying and testing wheat technologies under
farmers' conditions. Insufficient information about farmers' practices and the
performance of research recommendations in farmers' fields has made it difficult to
understand the reasons for the large differential between yields obtained by researchers
and most farmers. Production constraints are not well understood and cannot be
alleviated, because ways for research tQ make an impact cannot be identified. The main
motivation for this study was to bridge this information gap.

More specific objectives of the study included: 1) to survey and analyze wheat
production practices followed by farmers across agroecological zones and farm sizes;
2) to survey the enterprises competing with wheat for the country's agricultural
resources and the technologies employed; (3) to analyze farmers' assessment and
application of wheat technologies recommended by researchers, examine the sources of
inefficiency in wheat production and constraints to increasing productivity, and define
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the potential impacts of wheat research for various groups of farmers and production
regions; (4) to specify and measure technology parameters and evaluate the
profitability of wheat under the different production systems identified; and (5) to use
these findings to identify technological and policy interventions for improving wheat
production.

Data were collected from a sample of wheat farmers in Naro~Nakuru, and Uasin
Gishu Districts, where more than 80% of Kenya's wheat is produced. A multistage
stratified random sample of 97 farmers was selected from the three districts. Sample
farmers were interviewed twice using a structured questionnaire during the 1990
agricultural season. The first visit followed land preparation and planting; the second
was made after harvesting.

Results
Although similar yields are achieved by farmers in the high- and low-potential zones,
in low-potential areas the average yield is 30% higher under large-scale compared to
small-scale production. The competition wheat faces from alternative crop and
livestock (dairy) enterprises varies across agroecological zones. Wheat occupies over
90% of the land in low-potential (marginal) areas, whereas in the high-potential areas,
63% of the land is devoted to other uses, including maize production and dairying.
While maize yields less than wheat (1.82 t/ha) in low-potential areas, it has a large
yield advantage over wheat in high-potential areas (3.42 t/ha compared to 1.76 t/ha).
The greatest competition for wheat in the high-potential zone, however, comes from
dairying, which uses 53% of the land resources compared to only 2% in the low
potential zone. These results indicate that there is great potential for wheat production
in the marginal areas of Kenya, especially on large-scale farms, rather than in the high
potential areas where high wheat yields are required to compete with dairying and
maize. Results of a regression analysis to explain the pattern of land use among wheat
farmers indicate that, the larger the yield advantage of wheat over maize, the lower the
productivity of dairying, and the larger the size of the farm, the more land is used for
wheat. Also, wheat gets a greater share of the farm area in low-potential zones than in
high-potential zones.

The proportion of land sown to wheat under lease arrangements is much higher in
marginal areas. Almost all large wheat farms of the low-potential areas are leased. Title
to land in high-potential areas has long been established, and most of the cultivated
land is owner-operated. Most farmers in the various farm-size groups and regions
(65%) follow a continuous wheat rotation. However, the percentage of farmers growing
wheat continuously is higher in low-potential areas. '

Only 24% of the farmers prepare land at the recommended time, two months after
harvesting. The ability to perform crop operations on time varies in direct proportion to
the size of the farm. None of the small-scale farmers could prepare land at the
recommended time, but the proportion of farmers preparing land on time increases
with farm size in both zones, indicating that large-scale farmers have better access to
machinery services. While almost all small-scale farmers hire machinery services, most
large-scale farmers use their own machinery to prepare land and harvest wheat. These
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results suggest that limited access to machinery services and absence of alternative
technologies for smallholders prevent crop operations from being done at the
recommended time and may explain the lower yields obtained by small-scale farmers
in both regions. Results of the regression analysis indicate that, on average, farmers
plant wheat during the third week of April, Le., 9.7 weeks after mid-February which
was the earliest planting date reported for the sample. In high-potential areas, wheat is
planted 3.4 weeks later than the average date (mid-June), whereas in low-potential
areas it is planted 3.4 weeks earlier than average. Farmers who sow mechanically, own
planters, or supply their own seed plant earlier than the average date. Farmers who
had less than two years' experience with wheat farming tend to plant late, a factor
which is also influenced by the late onset of the major rains. Machinery ownership and
experience are powerful in explaining variability in time of harvesting; farmers who
own combine harvesters or have more experience in wheat cultivation tend to harvest
earlier than others and thus enjoy a shorter growing season.

Although plowing is recommended only for "virgin" land that has not been farmed,
the sample farmers, who all grow wheat on stubble land, plow 1.7 times on average.
None of the sample farmers use herbicide and all practice mechanical tillage. This
contrasts with the recommendation for stubble land, which calls for two to three
harrowings or zero tillage with herbicide (glyphosate) applied at 2.51/ha to control
perennial weeds. On average, farmers plow more (1.7 times) and perform fewer
harrowings (1.4) than recommended. Wheat farmers in low-potential areas plow more
(mainly using chisel plows) and perform fewer harrowings than those in high-potential
zones. In both high- and low-potential areas, large-scale farmers carry out more tillage
operations than small-scale farmers.

All farmers use improved wheat varieties. However, farmers' sources of wheat seed,
seeding rate, and sowing method vary greatly. Fifty percent of the farmers use their
own seed, and only 15% of those who bought seed for cash (5% of all farmers) acquired
it directly from the Kenya Seed Company. The rest purchased seed from merchants and
other farmers. The proportion of farmers buying seed through credit or cash is higher
among large-scale producers in both zones. The sample farmers use eight varieties; the
most common were K Fahari, K Nyangumi, K Tembo, K Popo, K. Nungu ("K" refers
to Kenya), and Mbuni (a CIMMYT line).

Varieties were ranked for three economic characteristics: yield, seed price, and seed
availability. They were also ranked for a second set of characteristics that included
genetic and agronomic qualities such as disease resistance. The first ranking was
consistent with farmers' ranking of the same varieties~ measured as the percentage
wheat area sown to each. The ranking for the second set of characteristics deviated
from farmers' actual varietal preferences, indicating that, in deciding which varieties to
adopt, farmers assign higher weight to factors such as yield, price, and availability of
seeds than to breeding characteristics such as disease resistance.

On average, farmers' seeding rate is about 200 kg/ha; the recommended rate is
100 kg/ha. Large-scale farmers use a lower seeding rate than small-scale farmers.
Results of the regression analysis show that farmers planting mechanically use less seed
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on average, and those with little experience in wheat farming use about 9 kg/ha more
seed than average. Less seed is used in regions where farmers think it is difficult to
obtain seed and in high-potential zones.

Most of the sample farmers apply nitrogen and phosphorous in the form of
diammonium phosphate (DAP). Very few farmers apply phosphorus and nitrogen
separately. Although on average farmers use the recommended dose of nitrogen and
phosphorus, phosphorus applications exceed the recommended dose in high-potential
areas and are below the recommended level in low-potential areas. Small farmers in the
high-potential zone apply adequate quantities of phosphorus and nitrogen, but in the
low-potential zone they use about half the recommended level. Moreover, about 30% of
the large-scale farmers acquire fertilizer through credit, compared to only 9% of the
small-scale farmers. The results of the regression analysis show that lower levels of
fertilizer use are associated with smaller farms, low-potential areas, less experience
with wheat farming, manual fertilizer application, and higher fertilizer prices.

The proportion of farmers who use manual or zero weeding is higher the smaller the
size of the farm. The opposite is true for the percentage of farmers using herbicides.
Similarly, the proportion of farmers who use chemicals to control insects and diseases
increases with farm size in both zones. Only large-scale farmers in low-potential zone
acquired pesticide through credit (22%).

All farmers use combine harvesters and virtually all of the harvested wheat (99%) is
sold. The proportion of farmers delivering wheat to the National Cereals and Produce
Board (NCPB) increases with farm size. Most large-scale farmers sold wheat to the
NCPB at a price much higher than that offered by private traders. In most cases the
price difference was higher than the cost of transporting the wheat crop to the nearest
NCPBdepot.

Sample farmers ranked machinery rental costs as the most serious wheat production
problem, followed by fertilizer cost, weeds, and difficulty obtaining credit. The high
cost of machinery services was cited as the most serious problem in both zones,
although it was less serious for large-scale farmers compared to smallholders,
particularly in the low-potential zone. Weed infestation ranked second in high
potential areas but was a less serious problem in low-potential areas. Fertilizer cost was
the second most serious problem for low-potential areas and third in the high-potential
zones. Unavailability of credit was less of a problem the larger the farm size.

Regression analysis of yield response showed that higher yields are obtained with
mechanical planting, application of herbicides, and chemical control of insects and
diseases. After controlling for the important crop management factors, it was found
that yields in the high potential zone are higher than in low-potential areas. Signs on
sowing date coefficients indicate that sowing earlier (closer to mid-February) increases
yields at a decreasing rate. Longer-duration wheat varieties appear to yield better than
short-season varieties. The negative interaction between mechanical sowing and
seeding rate indicates that higher seeding rates are productive under manual
broadcasting, whereas less seed is needed for mechanical sowing. On the other hand,
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the negative interaction between nitrogen and phosphorus, which indicates
substitutability, is not consistent with the expected biological response and agronomic
practice. This result may have been caused by excluding variety and agroecological
interactions with plant nutrients from the specification of the yield response function
used here.

Profitability analysis showed that the highest net returns are obtained under the
average recommended technology, which was about three times the net revenue for the
average farmer. Production methods employed by large-scale farmers in the low
potential zone are the most efficient in terms of profitability. Large-scale wheat
production on average is more profitable than small-scale production. Wheat also costs
more in high-potential areas, yields about the same as in low-potential areas, and hence
earns lower net profits than in the low-potential zones.

Implications for Research and Policy
Three major findings emerge from this study. First, the study confirms the importance
of considering agroclimatic variability in evaluating the potential for increased wheat
production in Kenya and developing research and policy strategies for meeting that
potential. Agroclimatic conditions in low-potential areas are relatively unfavorable for
the major enterprises competing with wheat, such as maize and dairying, and hence
wheat faces relatively low competition in these areas. The opposite is true in high
potential areas. Wheat farmers in the low-potential zone, particularly large-scale
producers, earned higher net profits than wheat farmers in high-potential zones. These
results indicate the high potential for wheat production in Kenya's marginal areas,
especially for large-scale farmers who are more specialized and efficient wheat
producers. Accordingly, wheat research, which has for some time focused on high
potential areas, needs to place more emphasis on generating technologies suitable for
the marginal conditions in the newly opened, nontraditional wheat lands. Appropriate
tillage and rotational practices for moisture and soil conservation are needed if wheat
production on the fragile soils of these marginal areas is to be sustainable. Whereas
disease resistance and yield stability continue to be priorities in wheat breeding
research for high-potential areas, breeding for tolerance to moisture stress and early
maturity are the major challenges for research in the low-potential zones. In both zones,
adaptive research is essential for testing and evaluating wheat varieties adequately
with respect to yield response to fertilizer and resistance to diseases. Moreover, the
short-term leasing arrangements in low-potential zones provide little incentive for
longer-term investments in land development and soil conservation by the leasing
farmer. Accordingly, policy makers need to review the tenure issue carefully and make
policy adjustments to lessen the conflict between expanding wheat area and the grazing
needs of Maasai livestock as well as wildlife.

The second finding was the wide differential between wheat yields obtained by
researchers and in farmers' fields. The average yield obtained using the recommended
practices was three times the average yield obtained by farmers. However, farmers
deviate significantly from the recommended methods, which may be one reason for the
yield gap. Farmers may not follow recommendations because they are unaware of
them; the extension linkage between research and farmers may be ineffective. The
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recommendations may not be optimal for all farmers at all locations, since these
recommendations are derived mainly from experiment station trials. For the wheat
research system to determine the potential for wheat production with greater accuracy
and to enable farmers to obtain better wheat yields, priority should be given to on-farm
research to develop recommendations that are relevant and acceptable to farmers. More
efficient extension systems are also needed to disseminate research recommendations
effectively.

The third finding from this study is that small-scale farmers obtain the lowest yields,
compared to other groups of farmers and to researchers, and hence have the most
potential to improve wheat production. However, their use of the modem inputs
needed to close the yield gap is low because their access to cash and credit is limited. A
very small proportion of small-scale farmers have access to credit, and thus they use
less chemical fertilizer, quality seed, herbicide, and p~sticide compared to large-scale
farmers. Almost all small-scale farmers hire machine services, but none could hire
machinery at the recommended time to prepare their land for wheat. In contrast, most
of the large-scale producers use their own machines to plow, plant, and harvest wheat.
Regression analysis shows that farmers who use their own machinery tend to plant and
harvest earlier. These results may explain the relatively lower yields obtained by small
scale farmers in both zones. Policy reforms and innovative institutional arrangements
for supplying inputs and credit are needed to improve the availability of modem
inputs to small-scale wheat farmers. Research should also address the need to develop
wheat varieties and crop management technologies that suit small-scale farmers'
circumstances.

The farmers' ranking of wheat production problems is consistent with the findings of
this study. Farmers confirmed that small- and large-scale wheat production in the low
and high-potential zones face different problems and hence may require distinct
technological and policy interventions to exploit the potential for increasing wheat
production. The most important factors guiding farmers' selection of wheat varieties
are economic: yield, seed price, and seed availability. To increase the adoption of
improved seed, breeding and crop management research are needed to contribute to
higher and more stable yields, and appropriate institutional changes are required to
improve farmers' access to reasonably priced seed.
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Wheat Supply in Kenya: Production Technologies, Sources of
Inefficienc~and Potential forProductivity Growth

Rashid M. Hassan, Wilfred Mwangi, and Daniel Karanja

Introduction

The Kenya Agricultural Research Institute (KARl) has ranked wheat second after maize
in its cereal crop research priorities (KARl 1991). Wheat is increasingly becoming an
important source of food in Kenya, especially for urban dwellers (Government of Kenya
1981, 1986, 1988). About 125,000 ha were sown to wheat in 1990, contributing about 3%
of the total value of marketed agricultural production (Government of Kenya 1991).

Kenya, however, is a net importer of wheat. Domestic demand, growing at the rate of
7% per year, continues to exceed domestic production. Currently local production meets
only 50% of total wheat consumption (Government of Kenya 1991). Until 1974, Kenya
was a net exporter of wheat to neighboring countries and to Saudi Arabia, but since
then the country has had to import wheat each year to meet a high and rising local
demand. The level of wheat imports rose from about 33,000 t in 1977 to approximately
218,000 t in 1987, an increase of over 500% in a decade. Imports were 76,000 tin 1988,
124,000 tin 1989, and an estimated 267,000 t in 1990 (Government of Kenya 1991;
Sunday Nation 1991).

Increased wheat demand in Kenya is driven by a rapidly growing population (4% per
year), increased urbanization (7% per year) and rising incomes, and a change in food
preferences away from traditional cereals and towards wheat and wheat products
(World Bank 1989). Revised government projections indicate that the country will
continue to rely on imports into the year 2000 to bridge the gap between wheat
production and consumption (Government of Kenya 1988, World Bank 1989). However,
to reduce an import bill projected to reach US$ 545 million over 1992-2000, the
government has proposed measures to stimulate domestic production and constrain
wheat consumption. The measures include: 1) price and market incentives for wheat
production; 2) expansion of wheat area to marginal lands; 3) an emphasis on crops that
could substitute for wheat, such as sorghum and millet; and 4) intensified wheat
research (Government of Kenya 1991).

As this study will show, the potential for increased \,Vheat production certainly exists in
Kenya. However, the capacity to achieve increased production will depend on research
and policy interventions and their influence on the productivity of large- and small
scale wheat farmers. Such measures need to be targeted at easing specific constraints to
production in various wheat production systems and regions. Farmers operating under
different agroclimatic and socioeconomic circumstances face different constraints
specific to those circumstances. The problems causing these constraints need to be
diagnosed, and solutions need to be sought to alleviate them. This study is an initial
attempt to specify the problems affecting wheat production in Kenya and the
implications for future directions in wheat research and policy. Before the specific
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objectives of this study are described, some background information on the evolution of
wheat production and research in Kenya is provided to show the context in which this
study was undertaken.

Changing Structure and Problems of Domestic Wheat Production in Kenya

Wheat farming began in Kenya in the early 1900s when European settlers, mainly in the
highlands of the Rift Valley, began producing wheat on large farms, using highly
mechanized production methods. As a result of the government's land settlement
policies in the 1960s and 1970s, wheat production is no longer confined to large farms
in these medium- and high-potential zones. Today there exists a dual wheat supply
structure comprising both small- and large-scale producers. In 1960, only 7% of the
total wheat area was under smallholder production, but this had increased to 20% by
the 19705. The proportion of wheat area under smallholder cultivation was expected to
level off at around 25% as land subdivision declined (World Bank 1989). Unfortunately,
little up-to-date information is available on the distribution of wheat farms by size and
region, their contribution to total wheat production, and numbers of smallholder and
large-scale wheat farmers. The World Bank (1982) reported that in 1971 wheat
production on farms under 20 ha was just slightly more than 20,000 t, or about 10% of
total production. From a sample taken in Nakuru District, one of Kenya's major wheat
growing districts, Mulamula (1983) estimated that smallholder farms « 2Oha) occupied
no more than 15% of the total wheat area but represented over 70% of the total number
of wheat farmers.

The subdivision and redistribution of large-scale wheat farms led not only to
mushrooming numbers of smallholder wheat farms but also to changes in the structure
of wheat production. The fact that maize and livestock products rather than wheat were
the basic food preferred by the new owners of the land, coupled with their inexperience
in wheat farming, led to a relative decline in the total area under wheat and a
deterioration of yield levels. Maize production and dairying consequently have
replaced wheat on most smallholdings. At the same time, wheat area in the marginal
zones of Narok/Trans Mara and Samburu has expanded considerably. For example, it
is estimated that between 200,000 and 330,000 ha of potential wheat area exists in
Narok/Trans Mara (Government of Kenya 1983, World Bank 1989). However, in these
areas wheat competes for land with wildlife and communal grazing. Serious conflicts
have arisen over land tenure and over the relative social and economic significance of
the patterns of land use.

Figures 1 and 2 present trends in wheat area, yield, and production between 1921 and
1990. Gradual increases in area and production were followed after the mid-1960s by a
period of erratic trends (Figure 1). Wheat production rose from the average of about
11,300 t between 1921-30 to an average of 115,700 tin 1951-60 and 220,500 t in 1981-90.
The average area under wheat increased from nearly 18,000 ha in 1921-30 to 114,300 ha
between 1951-60 and 125,000 ha in 1981-90, while average yields improved nearly
threefold from 0.63 t/ha in 1921-30 to 1.76 t/ha in 1981-90. The long-run rising trend in
yields reflects technological progress that is due at least in part to genetic improvement
and crop management research on wheat.
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The large increases in wheat area in 1950-54 and 1965-69 were probably the result of
liberalized agricultural production in the 1950s and the allocation of new land to the
landless in the 1960s. Wheat yield and area grew by more than 3% per year from 1961

to 1970, but then declined during the 1970s
(Table 1). However, in the 1980s, although

Table 1. Growth rates for wheat area, yield fell by 1.6%, the area under wheat
yield, and production in Kenya (1961-91) increased by 3.6%, resulting in a net growth in

production of about 2% per year. The decline
1961-70 1971-80 1981-91 in wheat area and production in the 1970s

could be due to the subdivision of former
wheat land, the inexperience of smallholder
wheat farmers, and the subsequent
substitution of other crop and livestock

Source: Authors' calculations and CIMMYT enterprises for wheat. Increases in area in the
(1991). 1980s may be attributed to the expansion of

wheat production in marginal areas.

The Evolving Wheat Research Agenda

Traditionally, wheat research concentrated on technologies suitable for large-scale
production in the highlands. As disease and weed infestation were the most serious
problems facing wheat farmers in the highlands, research emphasized breeding for
disease resistance and developing recommendations for weed control. Stem rust was
such a constraint to wheat production that Lord Delamere (a prominent wheat
producer) hired a plant breeder, G.W. Evans, in 1906 to develop wheat varieties
resistant to the disease. A full-time breeder, G.I.L. Burton, was employed by the
colonial government in 1920 and operated from Nairobi until the plant breeding
research station was established at Njoro in 1927 (NPBRC 1974). The new station 
now referred to as the National Plant Breeding Research Centre (NPBRC) - was
assigned the task of developing improved wheat varieties with characteristics such as
disease resistance, high yield potential, and good baking quality (Makau 1984, Gichuhi
and Dunn 1984).

Aside from its breeding work. an important responsibility of the NPBRC is to generate
and promote improved production methods to enhance wheat productivity. The
majority of the wheat varieties presently in use were developed and tested in the
highlands (i.e., >1,800 m) (NPBRC 1990). However, the scarcity of arable land and the
competition from higher value enterprises faced by wheat in the highlands have
recently directed attention towards wheat production In marginal areas. Kenya's wheat
research has accordingly placed more emphasis on generating technologies suitable for
marginal conditions and for the smallholder wheat sector in general. Breeding and
agronomy trials currently are conducted to provide technologies (including varieties)
appropriate for the warmer and drier marginal wheat zoneSl A program to develop
production technologies for marginal areas has been approved for Narok and Kajiado
Districts for the 1992 season in collaboration with the CIMMYf Wheat Program
(NPBRC 1991).
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Another barrier to increased productivity among the rapidly growing small-scale
wheat sector in Kenya has been the lack of mechanized technology appropriate for
small-scale wheat producers' circumstances (NPBRC 1984, Tanner and Ransom 1985,
Longmire and Lugogo 1989). For instance, small-scale farmers were found to incur
heavy yield losses because their poor access to machinery services delayed planting
and harvesting (NPBRC 1984, Longmire and Lugogo 1989). Researchers at the NPBRC
in Njoro are currently looking at ways to alleviate planting and harvesting bottlenecks,
considered the two most important constraints to smallholder wheat production
(NPBRC 1987). An on-farm research trial comparing a range of harvesting technologies
suitable for small-scale wheat farmers started in 1989 but was discontinued after
collaboration with the Agricultural Machinery Testing Unit of the Ministry of
Agriculture was disrupted (NPBRC 1990).

Motivation and Objectives of Present Research

Research recommendations defining improved production technologies for wheat
farmers in Kenya generally have been based on the results of trials conducted on
experiment stations. The NPBRC has placed little emphasis on verifying and testing
improved wheat technologies under farmers' conditions, partly because financial
resources were limited and partly because research was not oriented strongly to
understanding and solving farmers' problems. The lack of information about the
performance of research recommendations in farmers' fields and the practices adopted
by farmers has made it difficult to understand the reasons for the large difference in
yields obtained by researchers and by the majority of farmers.1 Productivity constraints
were not well understood and could not be alleviated; the potential impact of more
relevant and effective research could not be identified.

Aside from seeking to understand the constraints to wheat production, this study
attempts to fill in some of the gaps left by an earlier study by Longmire and Lugogo
(1989), which analyzed the comparative advantage of small-scale wheat production in
Kenya. Their wor~ part of a wider effort by CIMMYT to define conditions for efficient
wheat production in the warmer subtropics, was important because of the large
smallholder wheat production sector that had emerged in Kenya. However, the
Longmire and Lugogo study was limited by the scarcity of data on farmers' practices.
Although a reasonable number of farmers were surveyed for the study, the survey was
confined to Nakuru District, making it impossible to analyze how wheat yield potential
and production technology were influenced or constrained by agroecological variation.
The issue of agroclimatic variability has gained importance as more land is sown to
wheat in nontraditional wheat areas by large-scale (armers, particularly in Narokl
Trans Mara. In addition, Longmire and Lugogo focused on the timeliness of four major
operations (plowing, harrowing, planting, and harvesting of wheat), since lack of
timeliness and poor access to machine services were identified as the key constraints to
improving productivity among small farmers. Their study used data and technical
coefficients from studies in other countries, or from educated guesses, for production

1 In some cases, large-scale farmers' yields are greater than researchers' yields because of superior management.
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practices and other aspects of small-scale wheat farming, as no extensive farm survey
had been conducted in Kenya. Furthermore, important enterprises competing with
wheat, such as dairying, were not surveyed to generate the data and technology
parameters required for assessing the production efficiency of wheat.

The present study therefore had several specific objectives:

• Survey and analyze production practices followed by wheat farmers across
agroecological zones and farm sizes.

• Survey alternative production enterprises competing with wheat for Kenya's
agricultural resources and determine the technologies employed in those
enterprises.

• Analyze farmers' assessment and application of wheat technologies recommended
by researchers and examine the sources of inefficiency and productivity gaps in
wheat production by various groups of farmers compared to researchers.

• Identify constraints to higher wheat productivity and define the potential impact of
wheat research among various groups of farmers and production regions.

• Specify and measure technology parameters and evaluate the profitability of wheat
under the different production systems identified.

• Use the findings of this research to identify technological and policy interventions
necessary to improve wheat production.

Accordingly, a comprehensive survey of wheat farmers was done for the first time. The
survey covered practices of large- and small-scale wheat farmers in various
agroecological zones of Kenya. The methods used to collect the data are explained in
the next section of this paper. The remainder of the paper describes wheat production
technologies and constraints faced by farmers, estimates technological and economic
coefficients, and calculates the profitability of wheat production under various
combinations of technologies and agroecological regions. The last section of the paper
summarizes conclusions and discusses implications for wheat research and policy.

. Methods of Data Collection

Survey Design and Sampling Procedures

Information compiled from secondary sources and obtained through informal pilot
surveys was used to design a multistage stratified random sample of wheat farmers in
Kenya's major wheat-producing areas (Table 2). The districts to be covered were
selected first. According to Table 2 and secondary sources, more than 80% of Kenya's
wheat is produced in Narok, Nakuru, and Uasin-Gishu Districts (KARl 1989). Given
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the resources and time available for this research, the survey was confined to these
three districts (Figure 3). Pilot surveys were then conducted to construct sampling
frames for stages of the selection process.

For the second-stage selection, a list of all divisions in the three districts was compiled.
These divisions were stratified by agroclimatic conditions into high- and low-potential
zones. High-potential zones receive an average annual rainfall of more than 900 mm at
altitudes between 2,000 and 2,400 m. Low-potential zones, on the other hand, include
areas where annual rainfall does not exceed 800 mm and elevations range between
1,600 and 2,000 m. High- and low-potential zones were further subdivided by the scale
of the production operation into large (Le., >16 ha) and small farmit:lg enterprises.
Divisions were then selected purposively to represent small- and large-scale farmers as
well as high- and low-potential zones in each of the selected districts. According to
Table 2, all four agrodimatic and farm size groups were represented in Nakuru by
randomly selecting one division from each category.

Table 2. Multistage sampling of farmers, Kenya wheat survey, 1990

Multistage sampling
Sampling Sampling
stage frame Description Selected units

Districts

St.1ge I Nakuru Narok Uasin Gishu

Selection of List of all Percent of national
districts districts wheat area 17.5 32.5 35

Number of wheat
farmers 2,200 480 3,400

St.1ge II Divisions

Selection of List of all divisions High-potential:
divisions in selected districts Large-scale Bahati EastMau Moiben/Soy

Small-scale Rongai Kessesl Ainapkoi
Low-potential:

OsupukoLarge-scale Rongaia
Small-scale Naivasha

St.1ge III Locations

Selection of List of all locations Largescale Bahati/Rongai E. MaulOsupuko Moiben/Soy
locations in selected divisions Small scale Rongail Spawa Kesses/Tulwet

Mai-mahiu Olare
Longonot Cheptiret

St.1ge IV Fumen

Selection of List of all farmers in Total 34 15 51
farmers selected divisions Largescale 11 15 17

Small scale 23 34

Source: Pilot survey, Kenya, 1989.
a Some parts of Rongai are considered to be low-potential areas.
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As Uasin-Gishu is considered a high-potential region,2 two divisions were randomly
selected for each scale group (Table 2). Because large-scale wheat farming
predominates in Narok (small-scale farmers cultivate less than 10% of the total wheat
area), small-scale farming was not represented. One large-scale division was selected
from each of the high- and low-potential zones, mainly because of the greater
homogeneity of large-scale farming and the time and resources required to cover more
than two divisions, given the greater 'distances between farms.3
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Figure 3. Major wheat production zones in Kenya and locations of surveyed farmers.

2 In a recent KARl proposal for Dutch support, Uasin-Gishu is defin~ as a marginal environment because of its
acidic soils, which lower yield potential. However, this study found that on average wheat yields in Uasin
Gishu (1.67 t/ha) were similar to yields in Nakuru (1.61 t/ha) and less than those in Narok (2.49 t/ha) (for
large-scale farmers only).

3 Travelling time between two farms was estimated to be more than one hour on average for Narok.
The yields reported by the NPBRC from trial sites a~e higher than yields reported by surveyed farmers in 1990.
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A complete list of locations in each of the selected divisions was prepared in stage
three, from which a random sample of locations was drawn. Once more, because of the
relative homogeneity of large-scale farming and the distance factor, only one location
was selected from every large-scale division in the sample, compared to two locations
from each small-scale division. Accordingly, eight locations were selected to represent
large-scale farming groups (Table 2).

Sample Size and Fractions

Careful stratification and purposive representation of distinct farming circumstances
were employed to exploit the trade-off between large sample size and efficient design
in reducing sampling errors. The size of the sample for this study was determined on
the basis of time and financial resources required to complete one questionnaire in a
frequent visit survey with this design. A sample of 100 farmers was selected.

No good data on any reasonable attribute of wheat farming (yields, areas, number of
farmers) by agrodimatic and scale groups were available for variable sampling
fractions to be used to allocate the sample farmers among these groups. Therefore, a
uniform sampling fraction was used to allocate the sample of 100 farmers among the 14
locations selected; approximately seven farmers (100/14) were allocated to each
location. Fifteen farmers were selected from the two large-scale locations in Narok.
Variations in the number of wheat farmers and area between Nakuru and Uasin-Gishu
were taken into consideration in allocating the remaining 85 farmers between the two
districts.

The pilot survey estimates of total number of wheat farmers in the two districts (Table
2) were used to derive variable sampling fractions of .4 and .6 (34 and 51 farmers) for
Nakuru and Uasin-Gishu, respectively. These shares were then allocated uniformly
among the selected locations within each district (Table 2). Next, farmers were selected
(stage four) randomly from each of the 14 locations according to the sampling fractions
shown in Table 2.

Organization of the Fieldwork

Visits to the survey area were arranged well ahead of the production seasons to
identify the important enterprises competing with wheat, develop the content and
focus of the formal survey questionnaire, and familiarize researchers with the different
systems of wheat farming in the country. The questionnaires developed for the formal
survey were then tested for a random sample of wheat farmers in Njoro Division. In
addition to testing the questionnaires, this exercise helped establish common measures,
decide on the best time for interviewing, estimate the time and financial costs of the
survey, learn about possible types of nonresponse, and provide training for
enumerators. This information was then used to determine the sample size.

Farmers were visited frequently to minimize memory bias. Sample farmers were
interviewed twice during the 1990 agricultural season. The first visit followed land
preparation and planting, whereas the second visit was made after harvesting.
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Aside from ensuring that adequate organizational arrangements were made for the
fieldwork, the survey team used recalls and substitution from a reserve list to reduce
nonresponse. The selected farmers were approached through area extension officers,
who were provided with names and time schedules for the planned field visits in each
location ahead of time.

Production Technologies, Productivity Differentials,
and Sources of Inefficiency

Table 3 shows post-survey distribution of the sampled farmers by agroecological zone
and size group. The total size of the sample dropped to 97 due to three irrecoverable
nonresponse cases. The sample is split between small « 16 ha) and large (> 16 ha)
farm-size groups. About two-thirds (60%) of the sampled farmers fall in the high
potential zone. Holdings of small-scale farmers in high-potential zones average 11 ha,
about twice the average size (6 ha) of smaIIholdings in the low-potential region. The
opposite is true for large-scale farmers, indicating that inequality in land distribution
among wheat farmers is sharper in marginal areas than in high-potential zones. On
average, farms are larger in marginal than in high-potential areas. This data set is used
in the following sections to characterize wheat production technologies employed by
small- and large-scale farmers in the various agroecological zones. The study also
attempts to identify obstacles to higher productivity in these wheat farming systems.

Table 3. Distribution of sampled wheat farmers by agroec:ologic:al zone and farm size, Kenya

High potential
Number of farmers
Percent of row total
Percent of column total
Average farm size (ha)

Low potential
N umber of farmers
Percent of row total
Percent of column total
Average farm size (ha)

Small
(<16 hal

29
49%
59%
11

20
53%
41%
. 6

Large
(>16 hal Total

30 59
51% 100%
63% 61%

204 109

18 38
47% 100%
37% 39%

530 254

Total
Number of farmers
Percent of row total
Percent of column total
Average farm size (ha)

Source: Survey data, Kenya, 1990.

49
51%

100%
9

10

48
49%

100%
326

97
100%
100%
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Patterns of Land Use and Competition for Farm Resources

The competition wheat faces from alternative crop and livestock (dairy) enterprises
varies across agroecological zones (Table 4). Yields of wheat on large and small farms
are similar in the high-potential zone, whereas the average yield is 30% (0.47 t/ha)
higher under large-scale production in marginal lands. Contrary to expectations,
however, average yields are equivalent in low-potential areas (and higher by a small
margin of 3%) to those in high-potential areas. But as observed elsewhere, repeated
cultivation of wheat on large farms has led to soil deterioration, increased crop disease,
and lower yields (World Bank 1989). Wheat occupies over 90% of the land in marginal
areas, whereas 63% of the land in the high-potential zone is devoted to other uses, such
as maize and dairying. (Competition in high-potential areas between wheat and other
enterprises, as well as their substitutability, has been described by Maitha, 1974, and
Kere et al., 1986.) In low-potential regions wheat faces less competition for land, and
farmers are relatively more specialized in wheat production.

Maize yields in high-potential zones (3.42 t/ha) are twice as much as in low-potential
zones (1.73 t/ ha) (Table 4). Although yields of maize are lower than yields of wheat
(1.82 t/ ha) in low-potential areas, maize has a large yield advantage over wheat in
high-potential areas (3.42 t/ ha compared to 1.76 t/ ha). This might be because maize is
less tolerant than wheat to moisture stress in low-potential zones, whereas in high
potential districts such as Uasin Gishu, maize may suffer less than wheat from acid soil
conditions. The greatest competition for wheat in high-potential areas, however, comes
from dairying, which uses 53% of the land resources compared to only 2% in the low
potential zone. These results indicate the high potential for wheat production in
Kenya's marginal areas (especially large-scale wheat production), compared to high
potential areas, where high wheat yields are required to compete with dairying and

Table 4. Wheat and maize yields and pattems of land use by agroecological
zone and farm size, Kenya

Land Land Land Land under Farmers
under under under maize and raising Maize Wheat

Zone and wheat maize dairy dairy livestock yield yield
farm size (%) (%) (%) (%) (%) (t/ha) (t/ha)

High potential
Small 22 14 40 54 81 3.72 1.73
Large 27 10 53 63 96 3.09 1.80
Mean 27 10 53 63 88 3.42 1.76

Low potential
Small 68 18 12 30 38 1.83 1.59
Large 93 1 2 3 20 1.44 2.06
Mean 92 1 2 3 29 1.73 1.82

Overall mean 66 5 22 27 65 2.92 1.78

Source: Survey data, Kenya, 1990.
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maize. It is interesting to note that in both agroecological zones maize yields are higher
under small-scale farming than under large-scale farming (Table 4), perhaps because
small-scale farmers give greater priority to maize, which plays a major role in
household food security.

Regression analysis was used to explain patterns of land use by wheat farmers. The
ratios of wheat to maize yield and milk production per day per hectare of grazing land
were used to explain the proportion of land under wheat. A location dummy was also
used in the regression to control for the effect of agrodimatic variability. Farm size was
also included to examine the influence of the scale factor.

Table 5 shows the significance of geographic variability (location) and farm size in
determining wheat's share in total area. While productivity of the dairy enterprise
(milk yield) was important, the yield differential (wheat/maize) was not significant in
explaining the share of wheat area. This could be attributed to multicollinearity in the
data, as agroclimatic variability and farm size determine the suitability of different
crops and thus influence yields.

Table .5. Least squares estimates of the
land use equation

Dependent vwble =%of lmd under whut

Regression
Independent variables coefficient

Constant
Fann size (ha)
Location (low potential)
Milk yield (l/day)
Yield ratio (wheat/maize)

35.50 ...
0.02 ..

16.10 ...
-0.01 .....
1.51

All parameters have the expected signs, which
suggests the following direction for the
estimated relationships: the more land is used
for wheat, the larger the yield advantage of
wheat over maize, the lower the productivity
of dairying, and the larger the size of the farm.
The location coefficient indicates that wheat
gets a larger share of the farm area in marginal
areas than in high-potential areas (16% above
the overall mean).

Wheat Production Practices

R2. = .49
n = 72

Source: Survey data, Kenya, 1990.
Note: ...... indicates significance at the

1% level.

Survey data provide a description of the
production technologies employed by large
and small-scale wheat farmers, which enables
these technologies to be compared to research
recommendations for the two agroclimatic
zones. Causes of the production efficiency gap
between large- and small-scale farmers, and
between potential yields and farmers' current

yields, are identified in the sections that follow, and opportunities for research to
increase the efficiency of wheat production are identified as well.

Land tenure and cropping patterns
The land rental market is more active in low-potential zones (Table 6). The proportion
of wheat land under lease arrangements is much higher in marginal than in high
potential areas. Almost all the large wheat farms of the low-potential areas operate on
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leased land, because most of the marginal lands remain unadjudicated, especially in
Narok/Trans Mara where the potential for expanding wheat area is greatest. On the
other hand, title to land in high-potential areas has long been established, and most of
the cultivated land is owner-operated. The average term of a lease in Narok/Trans
Mara is three years, offering little incentive for long-term investments in wheat land
(World Bank 1989). Serious social conflicts and land disputes in Narok/Trans Mara
also exist between wheat farming, communal grazing requirements of the Maasai, and
game reselVes (wildlife is an important sector of Kenya's economy). The uncertain
future of wheat in the lowlands, coupled with insecure tenure, provide little motivation
for soil conselVation or long-term development of the land. Rather, wheat farmers in
this low-potential zone are greatly concerned about maximizing short-run profits.

The last four columns of Table 6 present information on the cropping sequence
followed by various farm-size groups and regions. Most farmers (65%) follow a
continuous wheat rotation. While more small-scale farmers than large-scale farmers in
the high-potential zone grow wheat continuously, the opposite is true in the low
potential zone. However, it is clear that farmers (especially large-scale farmers) in low
potential areas are more specialized in wheat farming (71%follow a continuous wheat
rotation on 92% of the land) than farmers in high-potential zones (61% follow
continuous wheat on 27% of the land - Tables 4 and 6).

The predominance of continuous wheat cropping and the virtual absence of fallowing
(1 %) indicate possible depletion of soil fertility, particularly under large-scale wheat
farming and especially in marginal areas. Accordingly, research on practices that
conserve soil and water is needed for marginal areas to develop wheat production
systems that are more sustainable than the present highly exhaustive farming systems.
Achieving this objective may also depend on implementing policies that would provide

Table 6. Tenure arrangements and crop rotation on wheat land by agroecological
zone and farm size, Kenya

Crop rotation (% of farmers)
Average Wheat

area under area Farmers Wheat Wheat
Zone and wheat rented renting Continuous after after Fallow
farm size (ha) (%) (%) wheat maize grazing phase

High potential
Small 2.3 4 6 71 21 7 1
Large 55.1 2 8 54 38 6 2
Mean 29 3 7 61 32 6 1

Low potential
Small 3.9 29 42 56 34 9 2
Large 448.7 99 71 85 14 0 0
Mean 223.6 98 58 71 24 4 1
Overall mean 109.3 83 27 65 29 5 1

Source: Survey data, Kenya,1990.
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stronger incentives for longer-term interests in managing the land and preserving soil
resources. The impact of policies such as issuing titles to land owners, demarcating
grazing and game land, developing high quality pasture, and enforcing crop rotations
needs to be studied.

Land preparation and tillage practices
Plowing is recommended only for "virgin" land (that is, land previously under bush or
grass hay) (NPBRC 1989). However, the surveyed farmers, who all grow wheat on
nonvirgin stubble land, plow 1.7 times on average (Table 7). The NBPRC recommends
two to three harrowings or zero tillage with the herbicide glyphosate applied at
2.51/ha to control perennial weeds on stubble land (NPBRC 1989). None of the
surveyed farmers use glyphosate and all practice mechanical tillage (Table 7). On
average, farmers plow more (1.7) and perform fewer harrowings (1.4) than
recommended. Wheat farmers in low-potential areas plow more frequently (mainly
using chisel plows) and perform fewer harrowings than farmers in high-potential
zones, a finding which is consistent with the fact that low-potential land is considered
relatively virgin compared to high-potential land. Large-scale farmers perform more
tillage operations than small-scale farmers on average in both high- and low-potential
areas (Table 7). This confirms once more the impact of farm size on access to
machinery, observed earlier.

Growing season and timing ofoperations
Recommendations released by the NPBRC at Njoro suggest that to control weeds and
conserve soil moisture, land should be prepared within two months after harvesting
(NPBRC 1990). This recommendation applies to previously cultivated land in both
high- and low-potential zones, though the growing season varies and wheat is
harvested at different times in the two zones. However, only 24% of the farmers begin
land preparation at the recommended time (Table 8), which may be one reason for the

T~ble 7. Average number of till~ge oper~tionson wheat by agroecological
zone and farm size, Kenya

Zone and
farm size

High potential
Small
Large
Mean

Low potential
Small
Large
Mean

Overall mean

Mean number
of pIowings

1.40
1.72
1.55

1.93
1.67
1.80

1.70

Mean numbers
of harrowings

1.35
f.56
1.45

0.97
1.67
1.32

1.37

Mean number of
plowing and

harrowing operations

2.75
3.28
3.00

2.90
3.34
3.12

3.07

Source: Survey data, Kenya, 1990.
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gap between yields obtained by researchers and farmers.4 The ability to perform timely
operations varies in direct proportion to the size of the farm. While none of the small
scale farmers could prepare land at the recommended date, the proportion of farmers
performing timely land preparation increases with farm size in both zones (Table 8),
indicating that large-scale farmers have better access to machinery services. While
almost all small-scale farmers hire machinery services, most of the large-scale
producers use their own machinery to prepare the land and harvest wheat (Table 8).

Moreover, the rental market for machinery discriminates against small farmers.
Machine owners tend to exploit economies of scale or to prepare their own land before
meeting smallholders' demands (Longmire and Lugogo 1989, KARl 1991). These
results suggest that limited access to machinery services and absence of alternative
smallholder technologies are reasons for failure to perform cultural practices at the
recommended time, and may explain the lower yields of small-scale farmers in both
agroecological zones.

Multiple regression was used to analyze the effect of farm size, agroclimatic conditions,
and crop management practices on sowing and harvesting dates. "Sowing date" was
defined as the number of weeks from the earliest planting date reported for the sample,
which was mid-February. "Date of harvest" measured the length of the growing season
in months between planting and harvesting. Farm size, sowing method, machinery

Table 8. The wheat crop calendar and growing season by agroecological
zone and farm size, Kenya

Land preparation

Percent Percent Percent Average
using Date within Date Date using growing

Zone and own preparation recommended sowing harvesting own seasons
farm size machine begin" date begins· end" harvester (days)

High potential
Small 8 March (3) 0 June (3) November (3) 4 150
Large 62 February (3) 35 May (4) November (2) 71 165
Mean 39 February (3) 20 June (1) November (2) 38 159

Low potential
Small 6 February (3) 0 March'(4) September (2) 8 153
Large 72 December (4) 56 April (2) September (1) 67 147
Mean 41 January (4) ·30 April"(I) September (1) 42 148

Overall mean 41 February (2) 24 May (2) October (3) 39 156

Source: Survey data, Kenya, 1990.
a Mean date per group. The figure in parentheses refers to the week in which the operation was done.

4 The yields reported by the NPBRC from trial sites are higher than yields reported by surveyed farmers in 1990.
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ownership, seed source, and an agroecological index were used to explain variations in
the timing of wheat planting and harvesting. Zero-one dummies were used to control
for the effect of three other important variables on sowing and harvesting time. Farmers
were classified into two groups according to the length of time they had grown wheat:
those with less and those with more than two years of experience in wheat farming
("experience" dummy, Table 9). Moreover, farmers' responses as to whether they
consider the late start and early finishing of major rains to be a serious problem facing
wheat production in their region were used to define two other dummies in Table 9.

Results of the regression analysis indicate that, on average, farmers plant wheat during
the third week of April, i.e., 9.7 weeks after mid-February (Table 9). Parameter
estimates presented in Table 9 measure deviations of the mean effect of the discrete
variables included in the equation from the overall mean effect (the constant term). In
high-potential zones, wheat is planted 3.4 weeks later than the average sowing date, in
mid-June, whereas farmers in low-potential areas plant 3.4 weeks earlier than average,
during the first week of April (Table 9). The large farms tend to be planted earlier than
small ones (Figure 4). Farmers who sow mechanically, own planters, or supply their
own seed are able to plant earlier (negative coefficients) than the average. Farmers who
began growing wheat less than two years ago (experience) tend to plant late. Late
planting is also caused by the late onset of major rains (Table 9).

While the agroecological conditions and crop management practices listed in Table 8
explain about 80% of the total variability in choosing the date to plant, they are not
significant in the decision of when to harvest (harvesting date column, Table 9). The
poor performance of the date of harvest equation can be attributed to the small range of
variation in the length of the growing season (Table 8). However, important

Table 9. Regression analysis of the variation in wheat planting and harvesting dates due to
agroecological and crop management factors

Dependent variables (eq1Utions)

Independent variables

1. Constant
2. Zone (high-potential)
3. Farm size (large)
4. Sowing method (mechanicai)
5. Ownership of machine (own)
6. Seed source (own)
7. Experience (less than 2 years)
8. Late start of major rains (serious)
9. Early finish of major rains (serious)

R2
n

Sowing date Harvesting date
(weeks) (months)

9.72 4.90
3.41.... 0.08

-0.32 -0.18
-2.04......
-1.88.... · -0.21"
-0.83....
0.10 0.26"
1.23"

-0.40 0.01

.79 .18
83 83

Source: Survey data, Kenya, 1990.
Note: .., ...., - indicate significance at the 10%,5%, and 1%levels, respectively.
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Time of planting wheat: cumulative
distribution of farmers by agroclimatic zone

Percent farmers

_ High potential

100 _ Low potential

80

60

40

20

1 3 5 7 9 11 13 15 17
Weeks after mid-February

19 21 23

Percent farmers

Time of planting wheat: cumulative
distribution by size of holding

20

2

_ Small

IIIIIIII Large

4 6 8 10 12 14 16
Weeks after mid-February

18 20 22

Figure 4. Time of wheat planting: cumulative distribution of farmers by agroclimatic
zone and size of holding.
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determinants of the harvest date may have been omitted from the equations in Table 9.
Nevertheless, machinery ownership and experience are powerful in explaining the
variability in time of harvesting. Farmers who own combine harvesters or have more
experience in wheat cultivation tend to harvest earlier than others and thus enjoy a
shorter growing season (Table 9). These results confirm the earlier finding (Table 8)
that farmers with better access to machinery services are the first to plow, plant, and
harvest wheat.

In marginal areas the growing season is shorter by 11 days on average, and planting
starts two months earlier than in high-potential areas (Table 8, Figure 5) because of
rainfall and temperature patterns in the two zones. Farmers plant earlier in marginal
areas, for instance, to cope with the shorter rainy season and the relatively warmer
temperatures during the heat-sensitive stages of the wheat growth cycle (Table 9).

According to the NPBRC (1990), in the lowlands wheat matures earlier (by 15 days on
average for every 300 m difference in elevation). This is approximately the difference
observed in the growing season (11 days) between the high- and low-potential areas
(Table 8). However, farmers in both regions use medium-maturing varieties: K Fahari,
K. Tembo, Mbuni, and K. Nungu - "K" refers to Kenya (Table 12). The average time to
maturity for the most commonly used varieties is 130 days in the highlands, e.g., Njoro
(NPBRC 1991); farmers in the high-potential zone harvest wheat at 159 days, about a
month after maturity (Table 7).

Improved seed and sowing technology
All farmers use improved wheat varieties. However, significant variation exists among
farmers with regard to the source of their seed, seeding rate, and method. Although
50% of the farmers produce their own seed (Table 10), only 15% of those who bought
seed for cash (6% of total) acquired it directly from the Kenya Seed Company (KSC).
Usually there is a time lag before seed of new varieties is available from the KSC. The
rest of the farmers sUlVeyed bought seed from merchants and other farmers. Thus only
18% of the farmers used the recommended, clean, and certified seed (12% purchased
with credit and 6% with cash). No one is certain about the quality of seed produced by
farmers themselves and retained from year to year, or the quality of seed provided by
merchants and other farmers. Seed of self-pollinating crops such as wheat can
deteriorate through intermixture with seed of other varieties or species, or by loss of
germination potential during storage (Heisey and Brennan 1991). Thus poor seed
quality may be another reason for the gap between potential yields and yields obtained
by farmers. Farmers' limited access to good quality, improved seed from commercial
outlets may also account for the yield differential between small- and large-scale
farmers. In both zones, more large-scale farmers purchase seed through cash or credit
(significant at 5% level; Table 10).

Research recommendations on seeding rate vary by variety and viability of the seed.
An average rate of 100 kg/ha is recommended (NPBRC 1990), but farmers use twice as
much seed (Table 10), perhaps because they are unaware of research recommendations
or do not find them optimal. It is therefore important that seed rate recommendations
be based on results from on-farm trials conducted in farmers' fields.
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Months to harvesting wheat: cumulative distribution of
Carolers by agroclimatic zone
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Figure 5. Months to wheat maturity: cumulative distribution of farmers by agrodimatic
zone and size of holding.
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Seeding rates differ significantly among individual farmers, as indicated by the wide
range of applications (321 kg/ha) and the large coefficient of variation of 32% (Table
10). However, on average, farmers' seeding rate is about 200 kg/ha; farmers
broadcasting seed have used 200-250 kg/ha (Chilot Yirga et aI., 1989). The high seeding
rates observed during the survey could be the result of problems with seed quality
(viability), associated with the source of the seed. Moreover, irrespective of the negative
effects of high competition on grain quality, farmers are concerned about the quantity
of produce from higher plant populations. Some farmers feel that seed treatment
(Baytan) can reduce germination.

Table 10. Source of seed, mean yield, seeding rale, and method of planting, by
agroecological zone and farm size, Kenya

Seed lOurce (") and Percent
method of acquiring Mean Mean use

Zone and yield seed rate mechanical
farm size Own Cash Credi~ (t/ha) (kg/ha) sowing

High potential
Small 51 49 0 1.73 221 92
Large 40 39 21 1.80 197 100
Mean 44 46 10 1.75 202 95

Low potential
Small 66 28 6 1.58 216 22
Large 45 30 25 2.06 218 90
Mean 58 26 16 1.83 216 53

Overall mean SO 38 12 1.78 202 78
Minimum value 110
Maximum value 432
Standard deviation 65
Coefficient of variation 32%

Source: Survey data, Kenya, 1990.
• A chi-square test on the correlation between access to credit and farm size was performed and found

statistically significant at the 5% level.

Regression analysis was used to examine the effects of farm size, agroecological
conditions, method of planting, the farmer's experience with wheat, and seed
availability on variability in seeding rate. Results of the analysis show that farmers
planting mechanically use less seed on average, and those with little experience in
wheat farming use about 9 kg/ha more seed than average (Table 11). Less seed is used
in high-potential zones and in areas where farmers say they face a serious problem
with obtaining seed. Large-scale farmers also use lower seeding rates than small-scale
farmers (Table 11).

Common WlmtUs
The sampled farmers use eight varieties. The most common varieties, in order of
percentage wheat area covered, are K. Fahari, K. Nyangumi, K. Tembo, K. Papa,
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K. Nungu, and Mbuni (a CIMMYT
line) (Table 12). The other two
varieties used (K. Kongoni and K.
Paka) occupy less than 1%of the total
wheat area. Seventeen percent of the
farmers cannot identify the variety
they grow or cannot specify the area
allocated to the varieties grown in
combination (Table 12).

217.4.........
-13.78'"
-12.34'"

-25.43.........
8.86
-4.47

0.19
95

Dependent variable = seed rate in kg/ha

Regressors Regression coefficient

n

Table 11. Regression analysis of the variation in
seeding rate due to farm size and crop
management practices

1. Constant
2. Zone (high-potential)
3. Farm size (large-scale)
4. Sowing method (mechanical)
5. Experience (less than 2 years)
6. Seed availability (serious problem)
Rl

Source: Survey data, Kenya, 1990.
Note:"', ......... indicate significance at the 10% and 1%

levels, respectively.

For a long time, the NPBRC in Njoro
has given top priority to breeding for
disease resistance (mainly to stem,
stripe, and leaf rusts), tolerance to
lodging, and weed competition. Stem
rust resistance has been achieved, but
resistance to stripe rust (which is
mainly a problem at high elevations)
breaks down over time in most wheat

varieties released in Kenya. When this occurs, varieties that are still valued for qualities
other than stripe rust resistance are grown under heavy applications of chemicals
and/ or moved to warmer, drier areas where the potential for stripe rust infection is
lower (NPBRC 1990). Other things being equal, the area under newly released varieties
is expected to rise during the first few years and then decline gradually as these lines
are sown mostly in the lowlands. While not every variety experiences this shift in use,
this is a general pattern (Table 12). Older varieties tend to disappear over time

Table 12. Percentage of wheat area sown to different wheat varieties by agroecological
zone and farm size, Kenya

Zone and K. K. K. K. K. K. K. Do not
farm size Fahari Nyangumi Tembo Popo Nungu Mbuni Kongoni Pan know

High potential
a 19Small 39 3 25 1 a 6 7

Large 13 18 29 2 a 8 a a 30
Mean 14 17 29 2 a 8 a a 30

Low potential
Small 36 23 0 0 16 0 0 a 25
Large 44 13 9 12 6 2 a a 14
Mean 44 13 9- 12 6 2 a a 14

Overall mean
Percent of wheat 39 14 12 10 5 3 a a 17

area in 1983b 19 15 17 1 16 0 5 14
Year of releasec 1975 1979 1975 1982 1975 1987 1981 1975

Source: Survey data, Kenya, 1990.
a Less than 1%.
b Dalrymple (1986).
C NPBRC (1990).
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(K Paka, K. Nungu, K Tembo, and K Kongoni), and newer ones come to occupy
greater shares of the land (K. Popo and Mbuni).5 This was not the case with K Fahari,
whose share in overall wheat area has continued to increase over time. This variety's
share of the wheat area in high-potential zones - where disease incidence is higher 
dropped to 14% from its 1983 level of 19%, but area sown to K Fahari in low-potential
areas has expanded, perhaps because of qualities other than disease tolerance, such as
seed availability. While the disease resistance of more recently released varieties is
relatively higher than the resistance of older ones, their limited use may be caused by
the lack of access to seed. Just after a variety is certified, the amount of seed of that
variety avaifable from both official certified seed suppliers and private traders is
usually inadequate. This may also mean that the price of seed of the new variety is
higher because its availability is limited (assuming that farmers are aware of the better
resistance of the new variety - i.e., that there is effective demand for the seed).
However, usually under public research and seed multiplication arrangements,
certified seed is sold at subsidized prices.

The percentage of seed purchased by sampled farmers through cash or credit (rather
than retained from previous years or obtained through other means) was used to
indicate the commercial availability of a variety. This factor was computed by dividing
the quantity of seed purchased for each variety by the total amount of seed acquired
from the market by all farmers (Table 13). Researchers' assessments of the most
important agronomic and genetic qualities of the most common varieties are also given
in Table 13.

Two sets of criteria were used to understand the varietal adoption patterns presented in
Table 12 and to explain farmers' selection of wheat varieties (Table 14). Criterion I
includes economic variables; criterion II encompasses various genetic and agronomic
characteristics of the plant, such as disease resistance. Under criterion I, varieties were
ranked according to scores on yield and cost (price) advantages, as well as seed
availability. Varieties yielding more than 3 t/ha were given a value of 3, while those
with average yields of 2.5-3.0 t/ ha scored 2, and those with yield levels less than
2.5 t/ha scored 1 (Table 14). Varieties costing less than 8 KSh/kg (cheapest) were given
a value of 3, and those costing 8-10 KSh/kg ranked 2. Seed bought for more than 10
KSh/kg was given a value of 1 (most expensive). Three ranks were also used to classify
varieties according to seed availability. For purchased seed, a value of 3 (most
available) was assigned to varieties constituting more than 25% of the total seed
acquired through the market; a value of 2 corresponded to varieties accounting for 10
25% of purchased seed; 1 was assigned to varieties that made up less than 10% of
purchased seed. An aggregate index representing the 'average ranking of varieties
under criterion I was derived by summing the rankings across the three economic

5 Among varieties released but no longer recommended for use because of high susceptibility to rust are
K. Kiboko, K. Kifaru, and K. Nyoka. Three other varieties were released in 1989 by the NPBRC but none was
found in fanners' fields dUring the survey. Those new varieties are Pasa (though its resistance is now breaking
down), K. Chiriku, and K. Mlembe, all short-strawed materials possessing resistance to all the rust diseases
(NPBRC 1991).
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factors, with each given equal weight. Farmers' actual rankings of wheat varieties,
measured as the percentage of wheat area sown to each, seem consistent with the
ranking obtained using criterion I (Table 14).

In ranking varieties for the genetic and agronomic characteristics listed under criterion
II, it was assumed that farmers are aware of and value these characteristics the same
way that researchers do. Therefore, varieties were ranked according to breeders'
assessments of the performance of these varieties. Values of 3,2, and 1 were used to
represent scores of "good," "fair," and "poor," respectively. An aggregate index was
derived by adding the rankings. The variety Mbuni received the best score (Table 14).
While this result may be expected, given that Mbuni is the most recently released
variety, it does not agree with farmers' rankings in terms of the percentage area sown
to Mbuni, which ranks sixth among the eight varieties. (One possibility for this
discrepancy may be that seed of such a recently released variety is not yet widely
available to farmers.)

When an overall index of total scores combining rankings for criteria I and II was
derived, Mbuni shared the highest rank with K Fahari and K Nyangumi (Table 14).
The fact that the ranking under criterion I gave the best approximation to farmers'
actual choices indicates the relative importance of the economic factors (yield, price,
and availability) to farmers, who are therefore considered to assign greater weight to
these factors than to breeding characteristics. Baking quality was not included in the
ranking because wheat is a cash crop sold to urban consumers and not consumed on
the farm; baking quality is not important in guiding farmers' varietal selection. In
addition, grain quality (grade) is reflected in the wheat seed price.

Table 13. Characteristics of common wheat varieties, Kenya

K. K. K. K. K. K. K.
Characteristic Fahari Nyangumi Tembo Popo Nungu Mbuni Kongoni Pab

Mean area (%)b 39 14 12 10 5 3 a

Year of release 1975 1979 1975 1982 1975 1987 1981 1975
Mean yield (t/ha)b 1.7 1.6 1.7 2.3 1.1 2.2 2.2 1.6
Mean yield for past 5

years (t/ha)C 2.3 2.2 2.4 2.7 2.1 3.2 2.5 2.1
Mean price (KSh/kg)b 7.3 8.8 8.9 8.2 7.2 12.5 10.6 7.1
Days to maturity at Njoro

(2,130 m)C 131 128 130 139 130 130 131 124
Tolerance to lodgingc Good Poor Good Good Good Pair Good Good
Tolerance to stem rustc Poor Good Pair Pcair Fair Good Poor Poor
Tolerance to stripe rustc Poor Poor .. Poor Poor Poor Good Fair Poor
Tolerance to leaf rustc Pair Good Fair Fair Fair Good Fair Poor
Tolerance to sproutingc Good Good Fair Good Fair Poor Good Fair
Baking characteristics 3 2 2 2 3 3 1 3
Percent of total seed acquired

through cash or credit!' 42 16 10 6 a 2

Source: Survey data, Kenya, 1990.
a Less than 1%.
b Survey data.
c NPBRC (1990).
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Plant nutrients
Based on soil analysis and fertilizer trial results, the NPBRC has established standard
fertilizer recommendations for Kenya (Table 15). These recommendations were derived
for four categories of land, classified by the number of years under cultivation. This
classification is important because the amount of phosphorus and nitrogen required by
plants varies with cropping intensity; for example, more nitrogen and less phosphorus
are required when land is under production for a longer time (NPBRC 1990).

The recommendations were based on the following factors:

• Extreme weathering has made most Kenyan soils acidic (pH < 7). Their phosphorus
is fixed in a form unavailable to plants, and phosphorus deficiency is therefore
considered to be characteristic of most Kenyan soils (NPBRC 1990).

• The soils of Kenya are considered relatively less deficient in (hence less responsive to)
nitrogen. Some nitrogen deficiency is caused by leaching, however, and is the basis
for the phosphorus-nitrogen compound fertilizer recommendations (NPBRC 1990).

Most of the surveyed farmers use nitrogen and phosphorus in the form of diammonium
phosphate (DAP). Very few farmers apply phosphorus and nitrogen separately (Table
16). On average, farmers apply the recommended fertilizer dose. Given that land in the
low-potential zones has been cultivated for a shorter time than high-potential land, the
higher nitrogen application in high-potential zones is consistent with research
recommendations. It is also consistent with the general agronomic finding that a greater
response to nitrogen is expected when moisture levels are higher. On the other hand, the
variation in phosphorus levels between the high- and low-potential regions does not
correspond to research recommendations. According to the recommendations
summarized in Table 15, more phosphorus is required in low-potential areas where
wheat cultivation is relatively recent. On average, the application of phosphorus exceeds
the recommended dose in high-potential areas, whereas it is below the recommended
level in low-potential zones (Table 16).

Table 15. Nitrogen and phosphorus recommendations for wheat and triticale, Kenya

Plant nutrient

Recommendation N P205
Land category Type of fertilize~ (kg/ha) (kg/ha) (kg/ha)

Newly broken from grass or bush MAP (11:52:0) 130 14 70
Under cereal for second time DAP (18:46:0) 130 23 60
Under cereal for 3 consecutive years DAP (18:46:0) 109 19 50
Continuously sown to cereals for

4 or more years DAP (18:46:0) 87 16 40
or

23:23:0 200 46 46
20:20:0 200 40 40

Source: NPBRC (1990).
• MAP =monammonium phosphate; DAP =diammonium phosphate.
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While small-scale farmers apply adequate quantities of phosphorus and nitrogen in the
high-potential region, they use about half the recommended dose in low-potential
areas. This could be a result of the lower efficiency of nitrogen in marginal compared to
high-potential areas, ~s well as lack of awareness, high cost, or poor availability of the
appropriate phosphorus compound. Moreover, about 30% of the large-scale farmers
acquire fertilizer through credit, compared to only 9% of the small-scale farmers
(corresponding to only 15% of small-scale farmers in the low-potential zone), indicating
the relatively poor access of small-scale farmers to credit for fertilizer.

Soils in Narok District and many parts of Nakuru District are deficient in copper
(NPBRC 1990). Seed dressing with copper oxychloride at the rate of 1 kg per 100 kg of
seed, followed by an application of 1 kg/ha as a foliar spray, is recommended for
wheat, barley, and triticale in these areas. None of the sampled farmers apply copper
on wheat; it should be noted, however, that most purchased seed is already treated
with copper.

An analysis of the· functional relationship between levels of nitrogen and phosphorus
and the important determinants of fertilizer use indicated that lower levels of fertilizer
are associated with smaller farms, low-potential areas, less experience with wheat
farming, manual fertilizer application, and higher fertilizer prices (Table 17).

Weeding and crop protection
The proportion of farmers who use manual or zero weeding versus chemical weed
control is higher the smaller the size of the farm (Table 18). Similarly, in both zones the
proportion of farmers who use chemicals to control crop pests and diseases increases
with farm size. Only the large-scale farmers in the low-potential zone could acquire
pesticide through credit (22%). These results confirm the finding that limited access to
modem means of wheat production is an important factor hindering productivity
growth among small-scale farmers. The use of pesticides is higher in marginal areas,

Table 16. Types, levels, and methods of fertilizer application by agroecological
zone and farm size, Kenya :

I

i
Percent farmers use Percent Percent Level (kg/M) •

,1
Zone and obtain through apply Ifarm size DAPI SSIJI Urea credit mechanically N P20 5

l

High potential
65 ISmall 93 3 0 0 100 25

Large 93 7 0 20 97 30 87
Average 93 5 0 10 98 27 72

ILow potential
9 22Small 45 0 0 15 55

Large 94 17 6 33 94 21 53
Average 68 8 3 24 74 14 37

Mean 84 6 1 15 89 22 58

Source: Survey data, Kenya, 1990.
a DAP =diammonium phosphate; SSP =single superphosphate.
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because aphid infestation is higher. A larger proportion of farmers use fungicide to
control rust in the high-potential areas where incidence of this disease is greater.

Post-haroest technologies and marketing ofwheat
All farmers use combine harvesters and 99% of the crop is sold, indicating that wheat is
not an important subsistence food in rural Kenya (Table 19). The proportion of farmers
delivering wheat to the National Cereals and Produce Board (NCPB) increases with
farm size. Most large-scale farmers sell wheat to the NCPB at a price much higher than
that offered by private traders. In most cases the price difference is higher than the cost

Table 17. Regression analysis of the variation in levels of fertilizer application to wheat due
to agroecological and crop management fadors

Dependent variables

Independent variables
LevelofN Level of PZ0 5

(kgIM) (kgIM)

1. Constant
2. Fann size (large)
3. Potential (high)
4. Experience (less than 2 years)
5. Method of application (mechanical)
6. Fertilizer cost (high)

RZ
n

20.35"
3.55
6.1'7"'''
·O.3~

-0.29"
-0.76....

.33
97

53.04"
9.36

16.74....
-0.99....
-0.79"
-2.3~

.40
97

Note: .., .... indicate significance at the 10% and 5% levels, respectively.
Source: Survey data, Kenya, 1990.

Table 18. Weed, disease, and insect control practices of wheat farmers by agroecological
zone and farm size, Kenya



of transporting the wheat crop to the nearest NCPB depot, which is estimated at KSh 20
per SO-kg bag on average, compared to a price differential of about KSh 80 per bag
between the NCPB and private traders in the low-potential zones, and KSh 40 in the
high-potential zones. Most farmers who sell to private traders maintain that NCPB
procedures cause their wheat to be rejected for various reasons, such as the moisture
content requirement. This is where small farmers think private traders derive
substantial marketing margins between the farmer and NCPB.

Institutional innovations and appropriate post-harvest processing technologies that
would improve quality and enhance marketing opportunities for small-scale wheat
producers are needed to improve incentives for wheat production, particularly for
smallholders in marginal areas, who receive about 80% of the selling price received by
larger farmers (Table 19). Also, the proportion of farmers using improved methods for
storing wheat (barns, silos, chemical treatment) is larger, the larger the size of the farm.

Almost all small-scale farmers sell their wheat immediately after harvest. While this
lowers storage costs, it weakens small-scale farmers' marketing leverage (hence they
receive low prices). Wheat straw is not generally used, although some farmers allow
their animals to graze on it.

Wheat production problems
Sampled farmers were asked to rank wheat production problems from most serious (1)
to least serious (6). Table 20 shows that machine rental costs, followed by fertilizer cost,
weeds, and credit availability, are the most serious problems faced by wheat farmers in
Kenya. However, the seriousness of some problems varies by region and farm size
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group. The high cost of machinery services ranked highest in both regions, although
this problem is less serious for large-scale farmers compared to small-scale producers,
particularly in the low-potential region. As expected the problem of weed infestation
ranked second in high-potential areas, whereas it is less serious in low-potential areas.
Fertilizer cost is the second most serious problem for low-potential areas and ranked
third in the high-potential zone. Obtaining credit is less problematic, the larger the
farm. Surprisingly, farmers in both regions think that poor availability of seed is not a
serious problem, probably because they are unaware of the advantages of using high
quality, certified seed.

Yield Response and Profitability Analysis

For each of the wheat production systems examined above, the determinants of wheat
productivity were analyzed and the profitability of each system was evaluated.
Continuous response analysis was used to measure the mean yield function and assess
the marginal effects of various production technologies and inputs employed. Discrete
methods were then used to derive average technology parameters and investigate the
profitability of each wheat production system.

Response Analysis and Determinants of Wheat Yield

Analysis of the survey results identified several factors and practices as important
determinants of wheat yield. Based on those findings, a regression model was
constructed to analyze the functional relationship between yield levels and various
crop management and agroecological factors. The mean yield response function was

Table 20. Wheat production problems ranked in order of serioumess by farmers in both
agroecological zones and farm-size groups, Kenya

Seed Machine Credit
Zone and not rental not Fertilizer
farm size Weeds Pests Diseases available cost available cost Rains

High potential
Small 2 6 5 6 1 3 4 6
Large 2 6 5 6 2 6 3 4
Mean 2 6 4 6 1 5 3 6

Low potential
Small 4 6 6 5 1 2 3 6
Large 3 1 2 6 6 6 5 4
Mean 4 4 5 6 1 3 2 6

Overall mean 3 5 5 6 1 4 2 6

Source: Survey data, Kenya, 1990.
Note: A scale that assigns the value of "'1" to "'most serious" and the value of 6 to "'least serious" was

used, based on the percentage of farmers in each response category.
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estimated and marginal effects of the important yield influencing factors were
measured. The following factors were considered important for wheat productivity and
yield variability:

• Agroecological conditions, reflecting significant variation in the physical and
biological environments in which wheat is produced in Kenya.

• Crop management practices and production technologies adopted by wheat farmers.

The quadratic form given in Equation 1 was used to fit a wheat yield response function
to the data.

Y =a + 1: b,x. + 1: .b..x,x. + 1: . b. XD
1 1 1 I) If -,) IS IS I S

(1)

Parameters bi and bS measure the direct effect of continuous factors Xi and discrete
variables Ds' respectively, on wheat yield (Y). Interactions between continuous
variables are measured by bij and interactions between continuous and discrete factors
by bis. Zero-one dummies were constructed to provide for the effect of variation in
agroclimatic conditions (high- versus low-potential), methods of planting and weeding
(manual versus mechanical or chemical), and whether farmers have or have not used
chemical pest control (fungicides or insecticides).

For reasons related to degrees of freedom, the empirical model could not control for the
effects of plant variety. Twenty dummies were needed to model all observed varieties
(8) and their combinations (12). For many varieties and combinations there were only
very few data points; other variables were measured as shown in Table 22. Several
functional forms and model specifications were attempted to fit the data to Equation l.
The only two significant interactions were between mechanical sowing and seeding
rate and between levels of nitrogen and phosphorus fertilizer (Table 21). Interactions
between agroclimatic factors (potential) and fertilizer response were not significant and
led to inadmissible signs on the nitrogen and phosphorus parameters. They were
dropped, despite their important implications for crop management research.
However, fertilizer response was considered more important if interaction with
nutrients and the direct effect of plant variety were controlled.

The negative interaction between mechanical sowing and seeding rate indicates that
higher seeding rates are productive under manual broadcasting, whereas less seed will
be optimal under mechanical sowing (Table 21). While this is consistent with
agronomic knowledge, the negative interaction between nitrogen and phosphorus is
not, as it implies substitutability of these nutrients. This may be a result of excluding
variety and agroecological interactions with plant nutrients from the current
specification. The rest of the regression analysis results, however, were consistent with
expectations that higher yields are obtained with mechanical planting, application of
herbicides, and chemical control of pests and diseases. After the important crop
management factors were controlled for, the high-potential zone showed higher
productivity over low-potential areas in terms of wheat yields (Table 21). Signs on
sowing date coefficients indicate that yield declines at an increasing rate with late
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sowing, which means that sowing earlier (at dates closer to mid-February) increases
yield at a decreasing rate. On the other hand, the harvesting date coefficients imply that
yields increase with longer seasons at a decreasing rate.

Technology Parameters and Profitability Analysis

The technology and economic coefficients of wheat production in Kenya are presented
in Table 22. The average input-output parameters as well as average prices and costs of
inputs and services are given. Average technology levels employed by sampled wheat
farmers were computed in terms of units of labor and machine time and material
inputs by operation. Average costs and prices paid by farmers per unit input in 1991
are also reported (NPBRC 1991). In addition to all sample averages, improved
production technologies recommended by researchers at NPBRC are summarized. The
NPBRC on average recommends more harrowing, a lower fertilizer dose, higher use of
pesticide, mechanical planting, and less plowing than practiced.

Profitability analysis was performed on wheat technologies using data summarized in
Table 22. Average practices followed by each farming group were used to calculate

Table 21. Parameter estimates of the wheat yield response function

Dependent variable =yield in kg/ha

Regression coefficient

A. Constant

B. Continuous variables (bi and bii)

1. Nitrogen (kg/ha)
2. Square nitrogen
3. Phosphorus (kg /ha)
4. Square phosphorus
5. Sowing date (weeks after mid-February)
6. Square sowing date
7. Seeding rate (kg/ha)
8. Square seeding rate
9. Harvesting date (months between sowing and planting)

10. Square harvesting date

C. Discrete variables (b,)
1. Zone (high-potential)
2. Sowing method (mechanical)
3. Chemical control (fungicide) used
4. Herbicides used

D. Interactions (b .. and bJ
1. Mechanica~ sowing and seeding rate
2. Nitrogen and phosphorus levels

1,854.9

12.6
-2.~

1.08
-3.6·

-197"'t
5.4·
2.7

-1.8
466.2·
-45.9

242.1·
361.8·
241.2·
57.6

-2.~

-11.~

0.33
89

Source: Survey data, Kenya, 1990.
Note: • and .... indicate statistical significance at the 10% and 1% levels, respectively.

31



partial farm budgets for wheat production. The highest net earnings were obtained
under the average recommended technology, which is about three times the net revenue
for the average sample (Table 23). Production methods employed by large-scale farmers
in the low-potential zone were the most efficient for wheat farming in terms of
profitability. Large-scale wheat farming generates higher total revenue but costs more
(the total variable cost is higher) than small-scale production systems (Table 23);
nevertheless, net returns are still higher (by KSh 418/ha) for large-scale wheat growers.
In high-potential areas the cost of growing wheat is higher. Since relatively higher levels
of nitrogen, phosphorus, and herbicide are used and wheat yields are similar to those in
low-potential zones, net profits are lower. The response of wheat varieties to fertilization
and their disease resistance also vary between the high- and low-potential zones.

Although blanket fertilizer recommendations are not expected to be efficient for all
conditions, the levels of phosphorus and nitrogen applied by farmers in the high
potential areas may not be optimal as they deviate widely from research
recommendations. The availability of varieties with improved levels of rust resistance
and weed tolerance is also. very important for high-potential areas, where weed
infestation and disease incidence are higher. However, seed of older wheat varieties
with diminishing resistance is more widely available, and these varieties perform better

Table 22. Technological and economic parameters of wheat production, Kenya

Machine Level/frequency Price/cost
Unskilled Skilled time (Ksh/unit)

labor labor (machine Recouunended 1991
(days/ha) (days/ha) h/ha) Meana byNPBRc" prices

Disc plow .30 .70 1.70 .3Jc 815/ha
Disc harrow .14 .50 1.37 2.00 655/ha
Plant (mechanical) .22 .60 0.78 1.00 432/ha
Plant (manual) 11.2 0.22 0.00 340/ha
Apply fertilizer (mechanical) .13 .60 0.89 1.00 237/ha
Apply fertilizer (manual) 8.4 0.11 0.00 250/ha
Apply fungicide (contract) 0.16 1.00 223/ha
Apply herbicide (contract) 0.59 1.00 278/ha
Weeding (manual) 7.4 0.11 0.00 22O/ha
Harvest (combine) .12 .86 1.00 1.00 988/ha
Thresh/pack (bag) .08 .02 .14 20 11.78 6.4/bag
Storage / treatment (bag) 20 11.18 8.4/bag
Fertilizer (phosphorus) (kg /ha) 58 50 IS.8/kg
Fertilizer (nitrogen) (kg/ha) 22 19 IS.8/kg
Seed (kg /ha) 202 100 8.4/kg
Transport product (bag) .06 20 29 22/bag
Transport fertilizer (bag) 2.2 2.6 2S/bag

Yield (kg /ha) 1,788 2,544 6.3/kg

Source: Survey data, Kenya, 1990.
a Mean levels per hectare or frequency reported or percentage of sampled farmers using the input.
b NPBRC =National Plant Breeding Centre.
C One disc plow is recommended for virgin land only (NPBRC) and the .33 frequency assumes that

only 33% of the land is plowed or each plot is plowed once every three years.
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under marginal conditions. This may be the reason for the yield advantage in low
potential zones. Reasons for the yield advantage of large-scale wheat farming in
marginal areas were discussed earlier: better access to modem inputs, timeliness of crop
operations, and specialization.

The average recommended technology may not enable farmers to realize the full
potential for wheat in marginal areas, as most of the recommended practices were
developed for the traditional wheat areas in the highlands. To be efficient, wheat
technologies for marginal areas should compensate for the exhaustive nature and
protect the sustainability of continuous large-scale wheat production systems. A
substantial gap of more than KSh 5,SOO/ha between the recommended technology for
wheat and the sample average remains to be exploited. However, the average yields
used in the analysis may not reflect the real average potential wheat yields in Kenya, as
they represent experimental and not on-farm research results. The fact that on average
both large- and small-scale farmers use double the recommended seed rate calls into
question the relevance and optimality to farmers of research recommendations
on seed rates.

Table 23. Profitability of wheat under various levels of technology, Kenya

Mean Mean
Mean Mean high- low-

Mean Mean large- sINH- potential potential
Operation/input recommended sample scale scale zone zone

Disc plow .33 1.70 1.7 1.62 1.55 1.8
Disc harrow 2 1.37 1.60 1.20 1.45 1.32
Plant (mechanical) I .78 .96 .51 .95 .53
Plant (manual) 0 .22 .04 .49 .05 .47
Apply fertilizer (mechanical) 1 .89 .95 .82 .98 .74
Apply fertilizer (manual) 0 .11 .05 .18 .02 .26
Apply fungicide (contract) 1 .16 .27 .06 .17 .16
Apply herbicide (contract) 1 .59 .77 .43 .66 .59
Weeding (manual) 0 .11 .04 .19 .08 .11
Harvest (combine) 1 1 1 1 1 1
Fertilizer (nitrogen) (kg lha) 19 22 27 19 27 14
Fertilizer (phosphorus) (kg/ha) 50 58 74 48 72 37
Seed (kg lha) 100 202 205 219 202 216
ThreshI pack (bag) 29 19.8 21 18.6 19.5 20.5
Storage I treat (bag) 29 19.8 21 18.6 19.5 20.5
Transport product (bag) 29 19.8 21 18.6 19.5 20.5
Transport fertilizer (bag) 2.2 2.6 3.3 2.1 3.2 1.6
Mean skilled person-days/ha 1.43 1.51 1.61 1.37 1.51 1.47
Mean unskilled person-days/ha 4.06 6.98 4.11 11.01 4.05 11.13
Mean machine hours I ha 7.35 6.51 6.94 6.00 6.56 6.41
Total variable cost (l<sh/ha) 6,789 7,899 8,543 7,531 7,958 7,793
Yield (kg lha) 2,544 1,788 1,897 1,670 1,750 1,830

Total revenue (l<sh/ha) 16,027 11,265 11,951 10,521 11,025 11,529
Net revenue (l<sh/ha) 9,238 3,366 3,408 2,990 3,067 3,736

Survey data, Kenya, 1990.
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Conclusions and Implications for Research and Policy

This study has confirmed the importance of agroclimatic variability in evaluating the
potential for increased wheat production in Kenya. While similar wheat yields were
achieved, on average, in both high- and low-potential zones, wheat occupied over 90%
of the land in the low-potential zone but only 27% in the high-potential zone, mainly
because wheat faces more competition for land in high-potential areas. For example,
maize yields are lower than wheat yields in the low-potential areas, whereas maize has
a large yield advantage over wheat in high-potential areas. The greatest competition for
wheat in the high-potential zone, however, comes from dairying, which uses 53% of the
land resources compared to only 2% in the low-potential zone. These results indicate
high potential for wheat production in the marginal areas of Kenya, especially on large
scale farms, which are more specialized and efficient wheat producers. This contrasts
with the need for wheat to be highly productive if it is to compete with dairying and
maize in the high-potential zone.

Accordingly, Kenyan wheat research, which has long focused on high-potential areas,
needs to place more emphasis on generating technologies suitable for the marginal
conditions in nontraditional wheat areas. Appropriate tillage and rotational practices
for moisture and soil conservation are particularly important if wheat production on
the fragile soils in marginal areas is to remain sustainable. At the same time, the current
tenure arrangements in the low-potential zone provide little or no incentive for farmers
leasing land to make long-term investments in land development and soil conservation.
Presently, these farmers are motivated to maximize returns only to investments for the
period of the lease. The tenure issue is related closely to the potential conflict between
the expanding wheat area and the grazing needs of Maasai livestock and wildlife.
Policy makers need to evaluate the trade-offs carefully and make the necessary policy
adjustments.

In general, infrastructure is noticeably underdeveloped in low-potential areas. H wheat
production is to be increased in low-potential areas, the infrastructure must be
improved to permit better access to farm inputs and markets.

Another conclusion emerging from this study is that the different agroecological zones
under which wheat is produced in Kenya may require distinct production technologies,
which must be tested and verified adequately under a wide range of farmer and
environmental conditions. For the high- and low-potential zones of Kenya, adaptive
research is necessary for a proper evaluation of the performance of wheat varieties used
with respect to fertilizer response and disease resistance. Whereas disease resistance
continues to be the priority of breeding research for high-potential areas, breeding for
tolerance to moisture stress and early maturity is a challenge in the low-potential zone.

This study also revealed the wide disparity between researchers' and famen' wheat
yields. A gap of about 0.75 t/ha (equivalent to more than KSh 5,OOO/ha) between the
recommended technology and the sample average remains to be exploited. In some
instances, farmers' practices and recommended practices deviate considerably. The
differences may be attributed to a lack of awareness of the recommendations, resulting
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from the absence of an effective research-extension-farmer linkage. More important,
however, is the fact that research recommendations are derived mainly from experiment
station trials and hence may not be optimal for all farmers at all locations. For the wheat
research system to establish the true potential of wheat and close the productivity gap,
priority should be given to on-farm research to make recommended methods relevant
and acceptable to farmers operating under a wide range of conditions. More efficient
extension systems are also needed to disseminate research findings effectively.

The gap between experimental and farmers' wheat yields is largest for small-scale
farmers, and hence the potential for improving the productivity of small-scale wheat
farming is greatest. However, small-scale farmers have only limited access to cash or
credit for obtaining the modem inputs necessary to close the yield gap. None of the
small-scale farmers prepare their land for wheat at the recommended date. While almost
all small-scale farmers hire machine services, most large-scale producers use their own
machinery for plowing, planting, and harvesting. Regression analysis showed that
growers who use their own machines tend to plant and harvest earlier. These results may
explain the relatively lower yields of small-scale farmers in both zones. Both policy
reforms and innovative institutional arrangements for obtaining inputs and credit would
improve the availability of modem inputs to small-scale wheat farmers. Research should
seek to develop varieties and crop management practices that fit small farmers'
circumstances.

When asked to rank the problems they faced in producing wheat, farmers in different
agroclimatic zones and scale groups responded differently. The high cost of machinery
ranked as the most serious problem in both zones, though it was less serious for large
scale farmers. As expected, weed infestation ranked second in seriousness in the high
potential areas but was not so serious in low-potential zones. Lack of credit for
purchasing inputs becomes a less serious problem the larger the farm size. Farmers'
ranking of wheat production problems is consistent with the analysis of farmers'
practices and productivity constraints in showing that small- and large-scale wheat
farmers in the two zones require distinct technological and policy interventions to
enhance productivity.

Economic variables were used to rank varieties according to scores on yield as well as
seed price and availability. Farmers' ranking of wheat varieties (measured by the
percentage of wheat area sown to each variety) is consistent with the ranking obtained
using economic factors (yield, seed price, seed availability). Researchers also ranked
agronomic/genetic characteristics of wheat varieties, such as disease resistance, but these
rankings deviated from farmers' varietal preferences. Thus in choosing varieties farmers
assign higher weight to economic factors than to such characteristics as disease
resistance. Therefore research that would stabilize high yields (partly through
maintaining disease resistance) and institutional efforts to improve access to reasonably
priced certified seed are needed for increased adoption of improved seed technology.
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