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Abstract
Research on rainfed rice production and its Competitiveness on
Smallholder farms of Amukura Division of Busia District was carried
out In February, March and April 1991. The data were collected using
a structured questionnaire which was administered to Tfifty farmers.
The specific objectives of the study were:-

(@) To describe the farming system in which rainfed rice
farming is found and to determine the various farm
resources available to rainfed rice producers.

(i1) To determine the relative profitability of rainfed rice
production vis-a-vis other competing enterprises.

(i1i)To Ffind out if rainfed rice could feature iIn the
optimal farm plans.

The analytical methods used to achieve the above objectives were

Gross Margin Analysis and Linear Programming.

The results of the study showed that rainfed rice was excluded from
the optimal farm plans for the large and aggregated farm models; rice
was included in the optimal plan for the small rice farm model, but
at a relatively low hectarage of about 0.18. Parametric Linear
Programming showed that for rice to be profitably produced and be
included in the optimal farm plans substantial iIncreases iIn producer
prices of paddy rice would have to be effected by the Government. Also
for the farmers to put at least 1 ha under rice, which is being aimed

at by the LBDA and Ministry of Agriculture, price alone 1iIs not

sufficient.
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The sensitivity analysis results showed that when price 1is iIncreased
to Ksh.8 about 0.88 ha will be planted and also when price is at
Ksh_.10 still 0.88 ha will be put under rice. Hence other factors of
production as well as favourable prices will have to be looked into
if rainfed rice productions 1is to be improved.

The results of the analysis of non-rice farm models showed that
cotton grown in the second season, maize grown in the second season
and cassava were the most profitable enterprises in the optimal farm
plan for the small non-rice farm model. On the large and aggregated
non-rice Tarm models, cassava, maize grown 1iIn the first season and
sorghum grown 1in both the Ffirst and second seasons were the most
profitable enterprises.

The study concludes that rainfed rice is unprofitable to produce
at the prevailing economic conditions in the Amukura area. The study
recommends that:

@ the government should increase the producer price of rice.

(i1) ways should be found to ease the operating capital

constraint by offering short term credit to farmers in the
study area.

(iii) the extension staff should develop optimal plans for

the non-net farms of this area. This will enable farmers to
optimize resource use.

(iv) price increases alone are not sufficient to

increase rice output as shown by the results of the
sensitivity analysis. Therefore, farmers should be

educated on modern ways of rice production.



CHAPTER ONE
INTRODUCTION AND BACKGROUND
1.1 Background!

Rice 1is a relatively minor crop iIn Kenya®"s agriculture
especially when compared to maize. The demand for the
commodity has been increasing relatively fast. Rice has
steadily gained importance 1iIn the diet of many Kenyans.
Demand for rice has outstripped supply and this has been
reflected 1iIn frequent shortages of rice. Since domestic
production has not been sufficient, the Government of Kenya
imports rice iIn order to satisfy domestic demand. Table 1.1

gives recent developments in rice iImports into Kenya.

Table 1.1: Rice imports into Kenya from 1980-1988

Year 1980 1981 1982 1983 1984 1985 1986 1987 1988
Quantity

of rice 1239 4573 11880 44768 509 562 61745 39129 10000
(tones)

Value

KE *000 233 1240 2726 10037 52 99 13310 5333 2713
Source:Government of Kenya, Central Bureau of

Statistics.Statistical Abstract. 1989.

The importation of rice has implications for
development. This 1is because the foreign exchange used to

import the rice could be allocated to import other goods and
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services to enhance development, 1i1f the country was self-
sufficient in rice production. Therefore there is need to
intensify rice production locally and hence the necessity to
encourage rainfed rice production.
In Kenya rice is produced under two types of

production systems:

(i) rice production under irrigation, and

(i) rice production under rainfed conditions.
To date, most of the rice produced and consumed in Kenya has
been produced on irrigation schemes. Table 1.2 shows rice
output from the national 1irrigation schemes.

Table 1.2 : Rice schemes and their output from 1981-1989.

Mwea Tabere Bunyala Ahero West Kano Total rice

Year (5780ha) (213ha) (800ha) (450ha) Output

1981 35,148 1,113 4,544 3,768 44,573
1982 32,748 1,399 4,141 3,832 42,120
1983 31,651 1,459 3,558 3,184 39,852
1984 32,236 1,420 3,490 2,561 39,707
1985 30,453 1,223 3,966 2,318 37,960
1986 29,307 1,377 4,597 2,909 38,190
1987 28,638 1,326 3,074 2,577 35,615
1988 27,153 1,290 4,117 2,258 34,818
1989 27,555 1,243 2,983 2,387 34,168

SourcerGovernment of Kenya, National Irrigation Board.

Rice production under irrigation has not been able to supply
the required amount of rice for domestic consumption. This is
because of high demand for rice which has come about as a
result of high population growth in the country as well as
changes in tastes and preferences has played a major role.
Kenya"s objective of self-sufficiency in rice has created

great interest in rainfed rice production on smallholder



3

farms. Rainfed rice production is widespread on smallholder

farms in three provinces of Kenya as shown in Table 1.3.

Table 1.3:Rainfed paddy rice production from 1988-1990

PROVINCE YEAR
1988 1989 1990
Ha Metric Ha Metric Ha Metric

tons tons tons
Western 1340 1898 857 1327 1435 NA
Nyanza 772 726 780 2440 820 NA
Coast 5108 7486 5060 14920 3787 NA
Total 7220 10,110 6697 18,687 6043 NA

NA - output not available
Sources:Government of Kenya, Ministry of Agriculture: Food
Crops Annual Report(1990); National Irrigation Board,

and author®s own calculations.

Rainfed rice has been grown for many years by Tfarmers in
Kenya, in the Coast, Nyanza and Western provinces mainly for
subsistence (Acland, 1971) and the area under rainfed rice is

about 6000 hacters.

Despite the large area of land under rainfed rice
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production in Kenya, total rice output from this land has
remained relatively low. This implies that rainfed rice has
not contributed significantly to food production needs of
this country, probably because it has received little
attention over the years or because it had not been important
hitherto.

Studies done in a number of countries show that
rainfed rice production 1is characterized by relatively Ilow
yields of between 0.5 tons and 1.9 tons per ha as compared to
a yield of 3.5 tons per ha under irrigation ( Fotzo and
Winch 1978; De Datta 1981).The same 1is true for Kenya. For
instance, 1in Busia District , an average yield of 1.8 to 2
tons per hectare has been achieved under rainfed rice
production. On the other hand , a rice yield of 5 tons per ha
has been achieved on the Bunyala Irrigation Scheme which is
located in the same district (Busia District Annual
Reports,1971-1990).

Kenya "s objective of food self--sufficiency and
especially self-suf Ficiency in rice production has
necessitated intensification of rice production locally.The
frequent rice shortages, lack of foreign exchange and the
perceived potential of rainfed has created the need to
increase rainfed rice production. This led to the inception
of the West Kenya Rainfed Rice Development Project.This
project aims to improve rainfed rice production locally.

This project was started under the auspices of the Lake
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Basin Development Authority ( LBDA ) in 1987. The project
areas are Kisumu, Siaya, South Nyanza, Busia, Bungoma and
Kakamega. The project aims to give the farmers a package of
incentives to try to iIncrease rice output from the project
area.According to the LBDA workplan for 1988-1989, the
incentives include provision of seed, tractor hire services
for land preparation, provision of herbicides for Kkilling
weeds iIn rice Tields and provision of short term loans for
weeding and harvesting the rice crop.
1.2 Problem Statement

Rainfed rice in Busia District is grown by small scale
farmers as a cash crop. The district has a rainfed rice
production potential of about 15,000 ha, but only a small
fraction of this area is used for rice production each
year. Rainfed rice production iIn this district has fluctuated
and shown a declining tendency during some years. Table 1.4
shows the amount of land allocated to rainfed rice production

in Busia District from 1971 to 1990.



Table 1.4: Area of land under Rainfed Rice in Busia District

from 1971 to 1990.

Year Area (ha)
1971 1098
1972 1267
1973 894
1974 402
1975 276
1976 165
1977 242
1978 63
1979 20
1980 80
1981 401
1982 1055
1983 1055
1984 990
1985 440
1986 350
1987 540
1988 520
1989 635
1990 960

Source: Ministry of Agriculture, Western Province Annual
Reports, 1971-1990.

The fluctuation in area allocated to rainfed rice gives
an indication of the existence of some constraints to rainfed
rice production in the district. Many factors may have led
to this situation and therefore a fTarm level study was
undertaken to try to find out what has actually contributed

to a situation whereby rainfed rice has continued to remain



a relatively unimportant crop iIn the area of study.
This study addresses the following questions:
(1) What are the main constraints to rainfed rice
production?
(@ What conditions need be fulfilled in order for the rice
farmers to continue producing rice?
(@ What steps should be taken to make farmers shift their
allocation of resources from other competing enterprises

to rainfed rice?

Answers to these questions could be expected to show why the
rainfed rice crop has remained relatively unimportant for
many years 1In Busia District. Hence the need for this study.
1.3 Objectives of the Study:

The broad objectives of this study were to examine
efficiency in resource allocation and the competitiveness of
rainfed rice production, when compared to other competing
enterprises on the farm. Based on the questions stated in the
problem statement, the study had the TfTollowing specific
objectives:

(D To describe the fTarming system in Busia District in
which rainfed rice farming is found and to identify the
various Tfarm resources available to rainfed rice
producers.

(@ To determine the relative competitiveness of rainfed

rice production, 1in terms of profitability of rainfed
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rice vis-a-vis other competing enterprises 1in Busia
District.
@) To find out if a rainfed rice production enterprise
could feature in the optimal farm plans in the study

area, and if not, conditions under which 1t would.

1.4 Justification For the Study:

The potential of rainfed rice to contribute to rice
self-sufficiency in Kenya has recently been perceived.Also
the existing irrigation schemes have failed to supply enough
rice to meet domestic demand.Due to this, the Government of
Kenya is trying to intensify rainfed rice production.On the
other hand, rainfed rice is assailed by many problems such as
low yields.Busia District is one of the West Kenya Rainfed
Rice Development Project areas,but farmers in this region
have been reducing area under rainfed rice.For this reason a
farm level study of resource allocation and the
competitiveness of rainfed rice was undertaken.This was to

find out what role rainfed rice plays in the farming system

of the area.
1.5 The Study Area

Busia District 1is one of the West Kenya Rainfed Rice
Development Project areas and has a high potential for
rainfed rice production.The District covers an area of about
1766km2 and falls within the Lake Victoria basin.

Therefore, the District is generally warm with a temperature



MAP OF BUSIA DISTRICT AND THE STUDY AREA
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LM Lower Midland Zone
1 Study Area

Source: Farm Mgt. Hand of Kenya . Voll 11A 1982.
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range of between 14nc to 22°c.Most of Busia District receives
approximately 1270mm mean annual rainfall_The District falls
within agro-ecological zones | to IV as shown in figure 1.
The climatic conditions are suitable for growing rainfed rice
and other <crops and the District 1is a high potential
agricultural area.

Administratively, Busia District is divided into six:
Amukura, Amagoro, Butula, Nambale, Funyula and Budalangi
divisions.The specific area covered in this study was Amukura
Division.The people who reside in this area are predominantly
the Iteso people. Figure 1 shows the agro-ecological zones of
Busia District and the study area. Out of the 161025 ha of
the total area, 152000 ha 1is available for agricultural
development.At present, not more than 30% of the land has
been put under agricultural use(Busia District Development
Plan, 1989-1993).Most Tfarmers practice small scale mixed
farming with Blow levels of technical inputs. The main crops
presently cultivated are maize, sorghum, fingermillet, rice,
cassava, beans, groundnuts, cotton, sweet potatoes,
sugarcane, tobacco, sunflower, robusta coffee and
horticultural crops.

The area of study was chosen because it has a tradition of
growing rainfed rice ( rainfed rice has been grown 1in this
area for the Ilast 20 years) , hence the suitability of the

area for rainfed rice production studies.
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1.6 Organization of the thesis

The thesis is organized into Five chapters. Chapter One
gives an introduction. Chapter Two deals with the review of
literature on studies which have been done and are relevant
to the present study. Presented in chapter three are the
methodological issues of the study.
Chapter Four presents and discusses the results of the study,
finally Chapter Five gives the summary, conclusions and

recommendations of the study.
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CHAPTER TWO
LITERATURE REVIEW OH EFFICIENCY IN RESOURCE ALLOCATION AND
ENTERPRISES COMBINATION IN KENYA.

2.1 Introduction

The question of whether farmers are allocating their
scarce resources efficiently is of importance to the farmer
and the economy as a whole. In most least developed countries
@LDC"s), farmers are poor and have minimal resources at their
disposal. Hence for improvement of the standard of life,
scarce resources need to be used optimally, especially in
agriculture which is the dominant sector in LDC"s
economies.Peasant farms are small iIn size and iIn Kenya they
comprise about 70% of all the farms. Smallholder farms have
been shown to have potential to contribute to agricultural
production in this country.

The problem of resource use optimization is not obvious.
It will depend on the crops grown,the suitability of the
crops to the area, income effect of the crops on the Tfarm,
and how the crop fits into the existing TfTarming system.Due
to the interrelatedness of most peasant farming systems, the
study of peasant fTarming situations is difficult. Several
authors hold different views on how peasant farmers allocate
thelr resources. Schultz (1964) contends that peasant farmers
allocate their resources efficiently so that there may be no

gains from reallocation of resources. Kange (1980) and
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Kamunge (1989) showed that there 1is potential gain when
farmers reallocate theilr resources and use them more
efficiently. Various authors have undertaken farm level
studies using different methods such as estimation of
production functions and mathematical programming to model
smallholder farming situations.This study uses linear
programming (Lp). The appropriateness of Lp for the study of
peasant farms 1is supported by many authors. Low (1978)
states that the strength of linear programming in the study
of peasant farming systems is its ability to handle the many
interrelated variables that characterize such systems.
Peasant farming systems are characterized by a high degree of
"interdependence between production and consumption,
consumption and investment, investment and resource
availability and social and cultural constraints™. Heyer
(1971) observes that while it is not worthwhile carrying out
linear programming for individual farms, linear programming
analysis can provide important guides to the following issues
if done for a region:
(1) optimal product mixes and optimal production techniques,
(@ the effect of innovations,
(@) problems which require research and solutions,

(@) shadow prices of critical resources.
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2.2 Studies Using Linear Programming Method in Kenya

Many studies have been carried out in Kenya using linear
programming to study efficiency of resource allocation on
small scale farms. Clayton (1963) carried out a pioneering
study on planning small scale farms in Nyeri District using
linear programming as a tool of analysis. The results showed
that labour was a major constraint to 1increasing Tarm
productivity 1in the area. This Tfinding contradicts theories
advanced by development economists that in LDC"s there exists
excess labour with marginal value product of zero. This is
understandable because on smallholder farms labour supply may
be fixed and farm work does not occur evenly month by month
throughout the year. There are periods of peak labour demand
and the availability of Ilabour during the peak months has
become important and actually influences the type of crops
farmers grow on their farms and yields obtained. Rice, being
a labour intensive crop, may have an influence on labour use
and hence may affect the growing of other crops in the
region. This brings about the need to know the performance
of rainfed rice on the farms such that if rice 1is not
profitable or cannot compete favorably with other crops, then
it might be tying up Ilabour which could be used in the
production of other crops on the farms.

Heyer (1966) carried out a study in Masii Location of
Machakos District to find out the constraints to iImproving

small scale farms in a marginal area. Cotton was the only
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major cash crop iIn the area of study. The study found that
the introduction of cotton in the area did not improve the
income of the farmers. This was because the farmers attached
very high risk to the production of this crop, leading to the
favoring of food crop production by the farmers in order to
meet subsistence reguirements. Capital was found to be
relatively unimportant, but land, labour and management all
had a significant influence on the level of production. Heyer
(1966) concluded that it was iImportant to identify
constraints on small scale farms and hence modify them in
order to promote development in the country.

Heyer®s study was carried out about 25 years ago and
the effect of time could render her findings out of date.
Later studies establish that capital, especially operating
capital, 1is one of the most constraining factors to small
farm production (Upton, 1973). Hence capital cannot be
assumed to be unimportant in the production process on most
smallholder farms in Kenya. The present study incorporates
operating capital as one of the constraints to agricultural
production.

Asemenew (1980) used Qlinear programming to study
efficiency of resource allocation on smallholder farms of the
stargrass zone of Embu District. The study explored the
possibility of 1increasing farm incomes by reallocation of
resources in the existing farming system. The results of the

study showed that when family labour alone was the major
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input iIn the production process, land and operating capital
were a constraint to agricultural production on small and
medium farms. On the large farms, labour was found to be the
major constraint because large farmers tended to grow coffee
which was labour intensive. The highest gross margins were
achieved on small farms and medium farms when both TfTamily
labour, hired labour and some borrowed operating capital
were used. The optimal farm plans showed an increase of 27-
31% in income when compared to the existing Tfarm plans,
indicating that a reorganization of the allocation of farm
resources among the most profitable enterprises would result
in Increased farm incomes. The study concluded that there was
room for farmers iIn the study area to increase their fTarm
incomes by more efficient use of resources.

The present study is similar to Asemenew®™s, but iIn this
study the crop of interest is rainfed rice. Also due to the
variability of smallholder farming situations, what I1is
prevailing 1in one region may not be the same as that 1in
another region. Embu District 1is different from Busia
District, 1iIn terms of both the physical environment and the
economic and socio-cultural factors.

Mbai (1980) used linear programming to study the reasons
why pyrethrum production was declining in Kiambu District.
His findings showed that, under the prevailing conditions,
pyrethrum was unprofitable to grow and was totally excluded

from all the optimal farm plans. Variable price programming
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showed that substantial 1increases 1In prices of pyrethrum
flowers of between 67.6% and 180% were required in order to
give fTarmers an incentive to put their land under pyrethrum
production. Otherwise, pyrethrum would be replaced by more
profitable enterprises, such as tea, dairying and
horticultural crops. The study also concluded that there
existed a high potential to increase fTarm incomes through
resource reallocation by farmers iIn the study area

The present study seeks to address similar issues, but
the crop of choice is rainfed rice.Iln Busia area, rainfed
rice 1Is grown as a cash crop. Few cash crops are grown 1in
this area. Hence rainfed rice may have a potential to
increase the fTarmers®™ 1income iIn the area. Rainfed rice has
been grown by farmers in this area for many years but has
remained relatively unimportant. The study sought to find out
reasons why rainfed rice has remained relatively unimportant
over the years.

Kamunge (1989) wused linear programming to examine
efficiency of resource use on a small scale irrigation scheme
in Meru District. He hypothesized that resource use iIn the
scheme was sub-optimal and that there existed a potential for
raising farm incomes by allocating resources optimally. Three
farming systems were studied, these being a cotton system, a
tobacco system and a subsistence farming system. The study
showed that there were increases iIn farm iIncomes as a result

of resource use optimization. There was an increase of total
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farm gross margin of about 51%, 34%, and 21% for the
cotton,tobacco and subsistence farming systems respectively
on the optimal farm plans. These increases were significant
as the study adopted an increase of above 20% to be
significant. This shows that there is potential gain if
farmers use their resources optimally. The shadow prices of
the resources showed that water for irrigation and
unirrigated land were slack throughout the year. This was
because of the small land area which the irrigation scheme
had allocated as the maximum area which the scheme farmers
could irrigate. This implies that when the scheme was being
set up the recommended irrigated land was not arrived at by

using a suitable method of analysis such as linear
programming.

The present study 1is concerned with rice production
under rainfed conditions. Since the West Kenya Rainfed Rice
Development Project is encouraging farmers to allocate more
land to rainfed rice, it 1is important to use mathematical
programming methods to Tfind out 1f rainfed rice would be
included in the optimal farm plans. This would determine the
level of hectarage that is optimal for rice production on the
smallholder farms.

Barasa (1989) wused [Ulinear programming to study the
economics of cotton production in Funyula Division of Busia
District. The study was motivated by the decline in cotton

output from the region. The area covered in the study was a



18

marginal area falling in agro-ecological zone LM4 (marginal
cotton zone) where cotton is the major cash crop. The results
of the study showed that cotton was the Ileast profitable
enterprise on the farms. Parametric linear programming showed
that substantial price increases were required if cotton was
to compete Tfavorably with other farm enterprises. Cotton
grown 1In the second season was Tfavoured by farmers because
cotton, being labour intensive, tended to compete for labour
with food crops and the farmers preferred to grow crops for
food during the first season.

The present study is similar to Barasa®s, but there is
some essential difference iIn that the present study deals
with rainfed rice 1iIn a high potential area of Amukura
Division which [lies 1iIn agro-ecological zone LM2 (marginal
sugarcane zone). The need to use the available arable land
optimally cannot be over-emphasized. Rainfed rice has existed
in Busia District for over 20 years (Republic of Kenya, 1971
to 1988). The potential contribution of rainfed rice to rice
self-sufficiency iIn Kenya has just been realized. The farmers
are now being encouraged to produce more rainfed rice. More
emphasis 1is being put on how to increase rice yields and
total area under the crop. Since irrigation development
requires substantial outlay of capital, the International
Rice Research Institute (1985) points out that future rice
expansion programs will have to focus on rainfed rice areas.

This calls for research to assess the potential of rainfed
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rice 1In regions where it can be grown and also the
constraints to rainfed rice production. Therefore, this study

is a contribution towards this goal.

2.3. Conclusion

The preceding literature review indicates that linear
programming can be used to study smallholder farming
situations. There exists a wide scope of undertaking further
studies to understand variations in Tarm productivity and
incomes on smallholder farms.
By undertaking linear programming studies, resource
constraints on the smallholder farms can be identified. The
identification of constraining factors on smallholder farms
is important as this will help policy makers to find out ways
to modify these constraints and hence improve farm
productivity as well as farm incomes.

This study examines the competitiveness of rainfed
rice on the farms using Hlinear programming as a tool of
analysis. From this analysis the role of rainfed rice
production and the contribution to the farming system can be
identified. Also the constraints to rainfed rice production
and other crops in the area can be 1identified from the
marginal value products. This information can help in the
planning of rainfed rice production and where government

intervention 1is required iIn the rice iImprovement programs.
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CHAPTER THREE
METHODOLOGY
3.1 Sampling and Field Survey

Prior to the actual data collection a reconnaissance
survey was carried out for one week in the study area towards
the end of January, 1991. This survey was meant to enable the
author to familiarize with the area of study and the
enterprises being undertaken by fTarmers. The iInformation
gathered during this period helped in identifying the area
to be sampled. The study chose a representative location for
the rainfed rice research. The Location was chosen because it
had the largest number of farmers growing rainfed rice. The
sampling frame consisted of all small scale farmers in Asinge
and Chakol Sub-Locations of West Teso Location, Amukura
Division, Busia District.

The sample consisted of 50 farmers. Of these 50 farmers,
twenty five were rice farmers and 25 were non-rice Tarmers.
To sample the twenty five non-rice farmers, a list of farmers
was compiled from the Busia District Land Registry. Simple
random sampling using a table of random numbers was done. To
sample the 25 rice farmers, a list of the farmers who grew
rice in 1990 was obtained from the Divisional Agricultural
Office. This list was used to sample 25 rice farmers using a

table of random numbers.
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The study required both secondary and primary data.
Secondary data were obtained from the Ministry of Agriculture
Annual Reports and Farm Management Guidelines for Busia
District. The primary data were generated through a TfTield
survey using a structured questionnaire (Appendix 1) . The
questionnaire was structured so as to generate data on land
availability, land committed to various enterprises, labour
availability and use, operating capital availability and use,
subsistence food requirements and problems facing farmers in
their farming activities. The farm survey was carried out in
the months of February, March and April, 1991. The study
covered the 1990 cropping season.

The questionnaire was pre-tested by administering it to
five Tfarmers from the area, before the farm survey was
carried out. Subsequently enumerators were trained.
Agricultural Technical Assistants assisted in the
identification of the farmers®™ fields. The single visit
method of data collection was used. If a farmer was not on
the farm during the first visit, he or she would be visited
again; this was repeated until all the fifty sampled farmers
were interviewed.

3.3 Model for Data Analysis

Linear Programming (LP) technique was the major tool of
analysis. The use of LP in studying resource use optimization
on smallholder farms has been supported by many authors (Low,

1978;Heyer, 1971). The LP model is suitable for studying
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the farming situation on smallholder farms as it can handle
many interrelated variables which characterize most
smallholder farms.

Linear programming model consists of three
components: the objective function, the activities for
attaining the objective Tfunction and resource constraints
(according to Agrawal and Heady, 1972). The standard linear
programming model 1is given in a matrix notation as follows:

Maximize Z = PX
subject to

AX < B

X >0

where:

Z = PX is the objective function.

P is an n x 1 vector of gross margins per hectare.

X is an n x 1 vector of activities or control variables.
A is an m x n matrix of technical coefficients.

B is an m x 1 vector of resource availabilities or other

restrictions.

The actual model used for data analysis was specified as

follows:

n
Max Z = E
J

subject to:
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subject to:

S X] < Ls:Land constraint (Hectares).

E MXJ < M : labour constraint (Manhours) .

E bjj < B : operating capital constraint (Ksh) .

X > D : subsistence cassava requirement constraint(ha).

XJ > E : subsistence maize requirement constraint (ha).

Ls, Mj, B, D, E > 0 } Non-negativity constraint.

where:

Z = Total gross margins.

b

Number of hectares of the jJ* activity.

-
I

Gross margin per hectare for the jh activity,

n = total number of activities.

Ls = land available for farming iIn the 1st and 2nd
season , s=I for land in the first season and
s=2 for land in the second season.

M = Amount of labour available iIn the 1* month.

= Amount of labour required per hectare in
the iU month for the jJa activity,

Hj = The amount of operating capital per hectare

required for the j* activity,

g = amount of land per hectare for the j* activity.

B = total amount of operating capital available

on the farm in the farming year.

D = total amount of land for growing subsistence

cassava.

E= total amount of land for growing subsistence
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3.3.1 The objective function:

The objective function is difficult to determine 1In
peasant agriculture (Heyer, 1971; Clayton, 1963). This is
because risk tends to dominate the production process. This
is true TfTor the Ip model due to the linearity assumption.
The problem of risk can be overcome by use of modified Ip
models such as quadratic programming. Farmers may also have
numerous objectives, such as attaining enough Tfood for
subsistence, maximization of cash income or even
environmental conservation. Even though the farmers* motive
may not always be profit maximization, this objective can
still be used as a basis for farm planning. Peasant farmers
maximize Tarm 1incomes after attaining self sufficiency In
subsistence food (Mbai, 1984; Range, 1980). Therefore, the
objective function in this study was assumed to be
maximization of total gross margins. Gross margin entails
subtracting variable costs of an enterprise from the total
revenue of that enterprise(Upton, 1973). The gross margins
for all real activities on the farm models were calculated
and used iIn the LP problem as the coefficients B
of the objective function. Gross margin calculations are

given in Appendix 2.

3.3.2 Activities:

In a linear programming problem, the term ™"activity,,
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denotes anything being produced, an enterprise undertaken or
a method of production characterized by a specific portion of
various resources (Agrawal and Heady, 1972). There are three
types of activities: real activities, disposal activities and
artificial activities. Disposal activities are included in LP
to allow non-use of resources. Artificial activities are
included in solving an LP problem for constraints that have
either no disposal activity ( i.e an equal to restriction )
or a disposal activity with a coefficient of -1.

Real activities are those which are produced for sale in
the market or in the case of resources, are purchased from
the market and used on the farm. In this study , real
activities on the farm model 1included rainfed rice, maize,
cotton, Fingermillet, cassava, sorghum and Ffingermillet/
sorghum mixture. Some of the activities were undertaken 1in
both the first and the second seasons, for example maize and
sorghum production, while others were undertaken in only one
season. Cassava can be planted any time within the calendar
year. For the purpose of this study, cassava planted from
January to march 1990 was taken as cassava grown in the
first season. This made it easier to allocate labour to the
cassava enterprise.

3.3.3 Resource Constraints:

The resource constraints specified in the farm models

were Qland, [labour, operating capital and subsistence food

reguirements. Land was treated as a homogeneous resource
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because data on soil type and fertility levels were not
available. The only differentiation made was land available
for crop activities during the first and the second season.
The total land available fTor agricultural production was
calculated by summing up all the land committed to the
various enterprises on the farm. Land under homestead, fallow
land and land unsuitable for cultivation were not considered.

Labour was also treated as a homogeneous resource, but
using a weighting system that discounted Ilabour of older

adults and children and \ or students.

The weighting system used 1is shown in Table 3.1.

Table 3.1: Labour Weighting System:

Labour class Age 1In years Man-equivalents
Young child/student less than 10 years 0.00
Older child/student 10-20 years 0.50
Adults 21-65 years 1.00
Adults Over 65 years 0.50

Source: Adapted from Norman (1973).

The respondents indicated that there was no difference
in wage rate payments between adult male and adult female
labour, hence there was no differentiation made between adult

male labour and adult female labour. The average working day
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in the study area is 5 hours®, hence one man-day was equal to
5 hours.

Labour was standardized by converting the total number
of days worked on the farm per month into man-hours.

The total Ulabour available on the farm was arrived at by
considering the total number of days available for farm work
excluding Sundays and other known public holidays. School
children were assumed to be available for farm work during
the months of April, August and December. The Tarming
calendar (Appendix 3) of the area was used to allocate labour
to the various enterprises on the farms.

The third constraint was operating capital. The
operating capital constraint was calculated by summing up all
the expenditure on farm inputs purchased by the farmer. These
were calculated by taking into account expenditure on seed,
fertilizer, hiring of oxen for land preparation and labour
for carrying out farm operations such as weeding, harvesting,
threshing or shelling and bagging of cereals, processing in
case of cassava and sorting in case of cotton. This approach
is supported by Pandey and Kaushal (1980) and has been used
in the recent past by Mbai (1984), Kamunge (1989) and Barasa
(1989). This 1is justified due to the fact that on small scale
farms, the household is closely related to the farm business

and i1t 1is difficult to separate the various items of

"Due to the climatic influences, the average working day 1is
five hours.
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operating capital from the other expenditures. Therefore, the
total variable cost on the farm is the best indicator of the
total operating capital on the farm during the farming year.

In addition to the three constraints, subsistence food
requirements constraint was incorporated in the farm models.
The small scale farmers TfTulfil their subsistence food
requirements before any output can be marketed. This is also
in line with the Kenya Government®"s policy of food self
sufficiency and food security. The minimum hectarage of the
food crops had to be in the optimal farm plans to ensure that

the farmers®™ subsistence needs are met (Table 4.2).

3.3.4 Technical Coefficients for Each Activity
¢ A" Matrix ).
Crop enterprises were represented on a per hectare

basis, so that each ag coefficient is equal to one.

The total variable cost per enterprise per hectare )
was calculated. This was estimated from the expenditures on

seeds, fertilizers, pesticides, land preparation, weeding and

harvesting.

For each enterprise, the coefficient Mj represents the labour
requirement 1i1n the 10 month for the juU activity for the
various operations such as Jland preparation, planting,
weeding, spraying and dusting (in case of cotton ),

threshing, shelling ( in the <case of cereal crops ),
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harvesting, sorting ( In case of cotton ) and processing (in

case of cassava ).
3.4 Farm Model Specification

The farm models synthetic farms generated by pooling and
averaging all resource constraints and input-output data for
the selected farms. Hence the synthetic farms were average
farms. The average farm approach is supported by Upton (1973)
and has been used by several authors 1iIn the recent past
(Mbai, 1984; Kamunge,1989 and Barasa,1989). The wuse of
average farm is more representative than a specific farm due
to the large number of widely distributed farms involved in
calculating the average fTarm.

Data were collected based on whether a farm grew rice or
not, as earlier specified. This was done 1In order to
facilitate comparisons between the farms. Since resource
endowments, subsistence food requirements and other socio-
economic variables tended to vary considerably among the
farms, the TfTarms were classified into various (groups
according to farm size and whether a farm grew rice or not.
For the purpose of this study, the farm groupings were:

@ small rice farm = 2.4 ha

() largerice farm = 4.0 ha

(© aggregate rice farm = 3.0 ha

(@ small non-rice farm = 1.2ha

(e large non-rice farm = 2.5ha

() aggregate non-rice farm = 1.5 ha
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It should be kept in mind that all the farms in Amukura
Division are small scale, and they do not fall within the
"large'™ farms category as specified by official publications
of the Government of Kenya. According to the Central Bureau
of Statistics (1981-1982), small farms vary between 0.52 to
10 ha and most large farms have an average area of 700 ha,
even though one may find smaller units within this group.
Therefore, this classification is valid for the study area
only.
3.5 Data Analysis

The data obtained from the farm survey were analyzed in
several ways, as discussed hereafter. Gross margin analysis
was done in order to estimate returns to each enterprise and

hence the relative profitability of each enterprise. Linear
programming was carried out to assess the position of rice in
the optimal farm plans for the rice farm models and to come
up with optimal farm plans for the rice and non-rice Tfarm
models.

Identification of resource constraints iIn different farm
models was an important part of the analysis. The marginal
value products2 (shadow prices) of land (in the first and the
second seasons), labour and capital were obtained. These were
examined to find out which resources were a constraint to the
production of rice and other crops in the study area.

Parametric programming or sensitivity analysis was
done to find out what effect the changing prices would have
on the output of rice and in which direction resources would

2 Marginal value product measures by how much revenue will be
increased when one more unit of a resource 1is used 1iIn the
production process.
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be mobilized by the farmers. According to Agrawal and Heady
(1972), sensitivity analysis (variable price or resource
programming ) can be used to determine the normative supply
functions* and also allows the analyst to determine the
effect of changes in technical coefficients and price or
resource constraints on optimal solutions.

Simulated rice prices of Ksh. 5.00, Ksh. 6.00, Ksh.
8.00 and Ksh. 10.00 were used to calculate the resulting
gross margin per hectare, other things remaining the same.
Optimal solutions for each farm model were obtained under
these new values and were used to show response of farmers to
changed prices. The levels of these prices were arrived at
after considering the producer price received by farmers in
1991, which was Ksh 3.20 per kilogram, and the consumer price
for " sindano " rice, which was Ksh 15.00 per kilogram.
3.6 Linear Programming Assumptions:

The final solution of the linear programming problem is
based on the following assumptions, which are adopted from
Agrawal and Heady (1972):

() Additivity: the sum of resources used by

different activities must equal the total quantity

of resources used by each activity for all the

resources, individually and collectively. This

implies absence of any iInteraction among the

activities and the resources.

(i1) Linearity: the objective function is assumed

to be linear, and that there is a linear

relationship between activities and resources.

(iii) Divisibility: it 1is assumed that resources

can be used 1iIn quantities which are fractional

units and that resources and products are

~Normative supply function 1is derived by an optimizing
procedure such as linear programming. The supply function so
obtained 1is normative in that i1t is based on the assumption of a
single goal of profit maximization for all fTarmers.
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considered to be continuous and to be infinitely
divisible. For example, fertilizer applied to the
various enterprises (such as maize, rice, sorghum
) may be applied in fractional units to produce a
given level of output.

(iv) Finiteness: It 1is assumed that there 1is a
limit to the number of alternatives and the
resource constraints which limit the combination of
activities which are feasible. For example, land
available for growing crops is limited, hence crops
can only be grown on a limited area. Also labour
required for the various activities or enterprises
is limited. Therefore, the farmer may only allocate
a given amount of labour to each enterprise.

(V) Single valued expectations: Linear programming
assumes that resource supplies, input-output
coefficients and prices are known with certainty.
As a result, enterprises are treated as though they
were without risks. For example, the prices of
crops such as rice and maize are known with
certainty. For other enterprises( such as sorghum,
millet and cassava), the prices existing in the
local markets tend to vary from season to season
and average prices were computed.

Some of the above assumptions tend to limit the applicability

of

linear prog