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vili
ABSTRACT:

The main objective of the study was to develop optimal
farm plans for 1irrigation farmers along the Yatta canal who
are permitted to irrigate a maximum area of 0.5 hectare per
growing season. Other objectives of the study were:

1) to describe the existing farming system in the study area
2) to identify the main constraints faced by the irrigation
farmers along the Yatta canal.

A random sample of 60 farmers was used 1In this study.
Optimal farm plans were developed using linear programming
farm planning technique and are meant to guide the farmers in
their TfTarming activities to ensure maximization of Tarm
income. This would mean that maximum benefits are gained from
the irrigation water.

The study tested the hypothesis that the present Ilevel
of resource use 1is sub-optimal and hence higher farm iIncome
could be realized by reorganizing the existing crop
enterprises. Total gross margin comparisons of the developed
optimal farm plans and the existing farming system are used
to test the hypothesis. When the comparisons considered the
existing Tfarming system which 1is based on an average farm,
net increments in total gross margin resulting from the
optimal farm plans were found to range between 27.6 percent
and 120.6 percent. Similar comparisons made under the
assumption that the available 1irrigable Jland 1is fully

utilized iIn the existing farming system had net iIncrements
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ranging between 7.5 percent and 30.8 percent. Based on this

findings the hypothesis was accepted.

Working capital was found to be a limiting resource in

all the fTarm models considered. Results of the study showed
that the marginal value product for capital ranged between

Kshs. 1.483 and Kshs. 12.70. Such Tfindings imply that the

increments to every additional Kenya Shilling of working
capital 1invested iIn the optimal fTarm plans are higher than

the current lending vrate of 14% charged by lending

institutions for agricultural loans. Assuming other factors

constant, i1t 1is therefore economically feasible to obtain

credit from the lending iInstitutions.

Both 1irrigated and unirrigated land were found to be

limiting resources in most of the farm plans. Comparatively

irrigated land had higher shadow prices than the unirrigated

land in most of the cases. In most of the developed farm

models the irrigated land shadow price values are more than

Kshs. 25,000, with the highest observed value being Kshs.
32,606. For the unirrigated land, only two of the developed
farm models have shadow price values above Kshs. 5,000, with

the highest observed value being Kshs. 5652. These findings

mean irrigated land could be iIncreased at the expense of

unirrigated land if conditions allowed.
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CHAPTFR 1
INTRODUCTION
1.1 Background Information
Alleviation of poverty 1is one issue that has been of
great concern to the Kenya Government. This is evident in
various Kenya®"s Development Plans. The current 1989 - 1993
Development Plan under the theme "Participation for progress
cites poverty and unemployment among the worst results of
inadequate development. The Plan notes that Kenyans must, be
actively 1involved in productive work in order to improve
their own welfare and ensure that basic needs are met. In the
1984 - 1988 development plan, 1t was noted that poverty
alleviation must claim the highest priority in the allocation
of public sector resources. The 1979 - 1983 Development Plan
had its primary objective as the "alleviation of poverty:"
and priority being given to rural development. The plan noted
that rural development will iIn a large measure be achieved
through higher 1incomes, more rural employment and iImproved
diets. While rural development includes non-agricultural
production, provision of welfare services and improved
infrastructure, it is agricultural production which provides
the core to rural development (Republic of Kenya, 1979).
Some of the strategies outlined for handling the
poverty problem are: devoting resources to inexpensive and
easily repairable tr-~hnologies which will promote small scale

farm productivity; credit and extension to be directed more
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vigorously to small scale farmers; improvement of rural
access roads to enhance the flow of farm iInputs to fTarmers
and expand the amount of farm produce that reach the markets
(Republic of Kenya 1779, op cit.). This further shows that
the agricultural sector and especially the small scale
holdings are the most relevant in as far as handling the
poverty problem 1is concerned. The agricultural sector
qualifies for the challenge since i1t employs 70 percent of
the total Kenyan population with small scale holdings
accounting for 85 percent of the total agricultural
employment (World Bank Report, 1990). A small scale farm is
a farm with i1ts hectarage ranging between 0.2 and 12 hectares
(Republic of Kenya, 1985) . Most small scale farms rely on
family members for labour requirements and management; and
produce staple fTood crops primarily for subsistence needs
with the surplus for sale.

Small scale farmers have b”en identified among the five
target groups fTorming the nation®s poor 1 . These are fTarm
families who work on small plots of land. They must be
assisted to improve their basic iIncomes. Improvement in crop
yields and better selection of crops is one way the basic
income of such Tfarmers can be improved (Republic of Kenya,
1983). The other target groups forming the nation®s poor are

the Pastoralists, the landless rural workers, the urban poor

1 Nation"n poor refers to the people or groups of people
with very eltm or without Income earning opportunities.
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and the handicapped (Republic of Kenya, 1983, op. cit).

The poverty problem 1is worse in the medium and low

potential areas which receive inadequate rainfall.

International Labour Office (1972) stated that majority of

farm families in the medium and low potential areas here in

Kenya have Tarm 1incomes of Iless than 60 Kenya Pounds per

annum. Muriithi (1979) noted that marginal areas of eastern

Kenya experience Tamine regularly owing to the hostile

environmental conditions especially the inadequate rainfall.

Ghair et E’ (1983) stated that nearly 50 percent of the 2.1

million household iIn Kenya receive average household income

of 100 Kenya Pounds per annum or less. They further noted

that 44 percent of the small holder farmers in Kenya receive

average income of less than 100 Kenya Pounds per annum. With
such a low Hlevel of 1i1ncome, it 1is 1inevitable that these
families exist In extreme poverty conditions.

Improving land productivity in the semi-arid and arid
areas has been iIn the focus of Kenya government. Kenya®s 1989
-1993 development plan focuses attention on self-sustaining
innovations and production activities in the small

scale

dryland farming and 1irrigated agriculture. Kenya has an

estimated 1irrigation potential of 500,000 hectares. The
current irrigation coverage totals to 36,000 hectares. Thus

only 7.2 percent of the irrigation potential has been

utilized (Republic of Kenya, 1983). Out of the 36,000

hectares under 1irrigation, 12,600 hectares are under public
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management and 23,400 hectares are under private management.
Those under public management are managed by the National
Irrigation Board (NTB) and are mainly the large scale
irrigation schemes. Most small scale irrigation schemes are
included 1in the 23,400 hectares and are under private
management.

Irrigation farming 1in marginal areas could be an
important source of income, employment, food security and
improved diet especially for young children (Heyer jt aV,
1976). It"s successful operations would reduce dependency on
famine relief donations especially during drought years.
Optimal farm plans can greatly assist small scale fTarmers
improve their farm incomes through better selection of crop
enterprises. This can 17ad to improvements 1in the farmers”
standards of living since thY> higher farm incomes can be used

to meet the Tfarmers®™ wants.

1.2 The Study Area:

The study specifically focuses on small holder farmers
practising irrigation along the Yatta canal. Yatta canal
starts from Thika river and passes through Ndalani and Matuu
Location in Yatta division of Machakos district before
draining to Mwita Syano river in the Machakos - KiMii border.
Th*> canal has a total length of 60 Kilometres (see figures 1,

2 and 3).
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1:2:1 Rainfall:

Yatta division 1is a marginal area and receives mean

annual rainfall of 730 mm per annum (Republic of Kenya 1978).

The rainfall distribution is bimodal iIn nature, with the long

rains occurring in March, April, May and June while the short
rains occur in October, November and December.

1:2:2 Temperature:

In general, Yatta has a mean minimum temperature of

12° C occvirring in July and a mean maximum of 27 C 1in

February. For the other months temperature averages between

15° C and 25° C (Republic of Kenya 1978).
1:2:3 Soils:
Soils iIn the study area are dominantly well drained,

moderately deep to very deep, dark yellowish brown , friable

to firm sandy clay to clay, with top soil of loamy sand to
sandy loam. However, there are pockets of imperfectly drained
to poor drained, deep to very deep, dark red to black,
friable to firm cracking clay (Jaetzold et al, 1983) .

1:2:4 Land Tenure:

Interviews with farmers during the Tfield survey

indicat-cd that permanent settlement in Yatta occurred between

mid 1960s and early 1970s. The Post-colonial Kenya Government

settled some of the people who were landless within Machakos
district and the neighbouring Kiambu and Murang®a districts

in this area. Each family was allocated plots of 2 to 3.3

hectares (5-8 acres).



1:2:5 Yatta Canal:

Yatta canal was constructed in 1953 by Mau Mau detainee

arrested for their involvement in the struggle for Kenya“s

independence. The objectives of constructing the canal by
then were: a political objective of rehabilitating the Mau
Mau detainees and an economic objective of supplying water
for domestic and livestock wuse. The <canal®s irrigation

potential was then not considered. The canal was iInaugurated

in 1959 and water has been flowing since then. At present the

Ministry of Water Development 1is responsible for the

maintenance of the main canal and water distribution

operations. It can literally be said that Yatta canal 1is
owned by the Ministry of Water development.

Although irrigation was not a priority during the
construction of the Yatta canal, its development has of late

taken up very fast and is evident from Table 1.1.

Table 1:1 Tr~nd In Hoctarage Under Irrigation

Year Hoctaraae Under Irrigation
1978 200 hectares

1985 685

1990 863

Source: Republic of Kenya, 1978; 1990a.

Mau Mau wan an underground group of freedom fighters who
struggled with the colonial government with the aim of liberating
Kenya from the British rule.
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Permits to use the canals water for 1irrigation are
obtainable from the Ministry of Water Development on
application. A fee of Kenya shillings (Kshs) 300 per hectare
payable on two half yearly instalments of Kshs. 150 is paid
by every irrigation water user.

There is a great potential for irrigation farming along
Yatta canal. Kalders (1984) indicated that the total area
within the supply limit of Yatta Canal is 10300 hectares. The
supply limit mentioned here refers to some distance from the
canal which vary mainly with the topography while considering

gravity water conveyance system.

1.3 Problem Statement

As it was noted earlier, Yatta canal 1iIs managed by the
Ministry of Water development. All the irrigation water users
have to be permitted by the Ministry. The maximum hectarage
each farmer 1is allowed to irrigate per growing season is 0.5
hectares (Kalders, 1984). Most of the crops grown under
irrigation are annuals and farmers can irrigate a maximum of
one hectare in a year. It 1is upon each farmer to choose the
crop(s) or crop mixtures to grow as well as arrange for
acquisition of 1inputs and also the marketing of output. A
wide range of crops are grown which include: French beans
(Phaseolns vulgaris); Asian vegetables with the main ones
being Karelia (emontica charanta), Duthi (Cucurbita spp),

Thin Chillies (Capsicum spp), Bullet chillies Capsicum spp),
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Long chillies (Capsicum spp), Valore ( Dolicos Lab - Lab),

Brinjals (Aubergine or Solanum melongena), Okra (Hibiscus

esculentus), Tulia (Cucurbit.a spp). Turwel (NPP-670 ~ pigeon

peas sold when green, Cailanns cajan), chola (cowpeas sold

when green; Vigna unguiculata); local vegetables and fruits

such as onions, cabbages, tomatoes, bananas, citrus and

passion Tfruits are all grown in the irrigated plots. There

are no proposed farm plans to guide farmers on what to grow

especially 1iIn the irrigated plots. Given that the maximum

area allowed for irrigation 1is restricted, it is iImportant

to propose fTarm plans for the farmers to ensure maximum

benefits are gained from the irrigation water. This study Iis

an effort to meet this challenge.

1.4 Justification OF The Study

The current Development plan (Republic of Kenya, 1989)

indicates that the area under irrigation will be expanded

from the 1989 level of 36000 hectares to 45000 hectares

during the five year plan period, with emphasis being made on

small irrigation projects. Experience has shown that the

large 1irrigation schemes are expensive to implement and

operate especially if requiring pumped water (lIreri, 1986).

To realize such an ambitious expansion rate, irrigation

NPP - 670 is a name of an early maturing variety of
pigeon peas and NPP means National Pigeon peas

Programme. It is this early maturing variety which 1is
grown iIn the irrigated plots.
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farming has to be made more attractive especially where
farmers are doing it on their own iInitiative as iIs the case
in Yatta canal. Proposing optimal farm plans to such farmers
with the aim of 1increasing their fTarm income 1is therefore
quite desirable.

The study was beilng carried 1In a marginal area
experiencing inadeguate rainfall. With irrigation, this major
climatic constraint 1is overcome. The irrigated land should
then be put iInto the best use to generate the maximum
possible income. Some questions this study will focus on are:
What are the possibilities of generating more farm income
just by reorganizing the existing resources and enterprises
through obtaining optimal farm plans? How superior in terms
of income generated are the optimal plans over the existing
farming systems? What policy recommendation can be made to
improve crop farming in the study area?

Finally, the study focuses on small holder farmers and
aims at improving the farmers® living standard. Small Tarm
survival is dependent upon maximising cash income while
keeping production cost low. The aim of the study is
therefore quite iIn agreement with the country®s development

policies and aspirations.
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1.5 Objectives Qf The Study;
The specific objectives of this study are:
©O) To describe the existing Tarming systems in the

small holder farms along the Yatta canal citing the

enterprises undertaken, the present level of resources and

their utilization and the estimated level of farm 1i1ncome

attained.

(an) To develop optimal farm plans for the small holder

farms along Yatta canal using gross margin maximization

criterion. This will show the crop enterprises to be grown

and the maximum total gross margin attainable.

(i) To make comparison of the existing farming system

and the optimal farm plans with a view to measure the gap In

income between the two systems. This would help to show the
potential of the optimal farm plans in increasing TfTarm
income.

av) To identify the main constraints to higher incomes

for small holder farmers along the Yatta canal.

1.6 Hypothesis To Be Tested:

The study will test the hypothesis that the current

Ipvel of resource use 1is sub-optimal and hence higher farm

income can be realized by reorganizing the crop enterprise

combinations. This hypothesis iImplies that Tfarm iIncome is

below what can be achieved with optimal allocation of the

present resource levels. Total gross margins comparisons for
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the optimal farm plans developed and the existing Tarming

system are used to test the hypothesis.

1.7 Farm Plan:

A fTarm plan is a programme of the total farm activities
of a farmer drawn up in advance. A farm plan should show the
crops to be grown, the practices to be followed iIn their
production; the combinations of other enterprises; the use of
labour; the investments made in farm inputs, equipment and
buildings and similar other details ((Johl et al» 1973) .

A common assumption made 1in farm planning 1is that a
farmer is primarily interested In maximizing his farm income.
This 1is probably valid to most farmers since a higher farm
income provides the means for satisfying many of the farmer-®s
wants. Because of this assumption, Tfarm plans are evaluated
on the basis of the income derived from them. In this study,
gross margins are used as the measure for farm income .
Optimum Plan: An optimum or maximum TFfeasible plan 1is one
which 1is consistent with resource supplies or restrictions
and for which no improvement can be made on the objective.
That is profit or production cannot be 1iIncreased or costs

cannot be decreased (Heady et. al, 1958) .
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1.8 Plan Of The Thesis:

This thesis 1is composed of five chapters. Chapter 1 is
the introductory chapter. It highlights some background
information, the study aroa, research problem, justification
of the study, objectives and hypothesis. Chapter 2 presents
the literature review. Chapter 3 discusses the various Tarm
planning methods/techniques, data requirements and sources,
and the specific linear programming models used Tfor the
study. Chapter 4 presents the results of the study which
include the description of the existing farming system and
the linear programming results. Chapter 5 presents a summary

of the whole thesis, conclusion and recommendations.
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CHAPTER 2
LITERATURE REVIEW

The present study was done in an area where Tarmers
practise irrigation . Therefore irrigation farming in Kenya
as evident from the performance of Kenya"s irrigation schemes
is reviewed in this chapter. The current irrigation policy Iis
cited. Some criticisms against irrigation schemes as well
Kenya®s experience with regard to such criticisms are also
noted 1in this chapter. Studies related to small holder
agriculture farm planning which used Ulinear programming
technique are critically reviewed in this chapter.

Policies that will optimize the allocation of resources
to their most productive use must be given prime importance
(Republic of Kenya, 1986) . In view of this, the current
irrigation policy 1is in favour of small scale irrigation
schemes as 1is evident in Kenya®s 1989 - 1993 Development
Plan. The shift in policy to fTavour small scale irrigation
schemes is due to the fact that the large irrigation schemes
Lave proved unsuccessful. Kamunge (1988) noted that:

"_..Example of unsuccessful rural projects are

Konya®"s Jlarge scale 1irrigation schemes. All the

spvpn government run irrigation schemes except Mwea

have annual expenditures being in excess of annual

revenues. This iIndicates that they are not
financially feasible ...."
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The government run 1irrigation schemes under question here
above are: Mwea, Hola, Perkerra, Ahero, West Kano, Runyala
and Rura. Ireri (1986) attributed the success of MW/ea to it"s
gravitational water conveyance system and also the support
farmers get from their Jlocal cooperative society which
provides supplementary Tfinancing. Through the same
cooperative, fTarmers own equity shares in some of the schemes
operations. Ireri (1986) also noted that monoculture
situation contributes to the success of M/ea. In a
monoculture situation, It is easier to plan for the various
farm operations such as planting, weeding, spraying and
harvesting as well as engage machinery to undertake such
operations. Added to this, it is possible that the attitude
of the farmers towards rice farming is also a contributory
factor towards the success of Mwea.

Some of the criticisms against 1irrigation schemes are:
huge costs of establishment, delays 1iIn construction, low
yields, poor financial performance and environmental damage
(Carruf-hers, 1985) . Delays 1iIn construction may be due to
bureaucracy especially 1i1n Tfinancing and implementation
stages. On Kenyan experience, these criticisms hold for the
large irrigation schemes which have proven to be too
expensive to implement and operate thus representing a

serious drain on the economy (Republic of Kenya, 1988) .
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Despite these criticisms, irrigation remains the principal
means by which rainfall 1nadequacy climate constraint can be
overcome. The current shift in policy to favour small
irrigation schemes is quite in order since small irrigation
schemes can be of great use iIn improving the standards of
living of the farmers who own the land at the time such
irrigation development occurs. wWith small irrigation
schemes, there 1is minimum disruption of settlement patterns
(Palufikof, 1981 and Small, 1982). Along the Yatta canal
where the present study is based, farmers practise
irrigation on their own farms. Irrigation development there
has not interrupted the settlement pattern in the area.

Farm planning studies done so far 1iIn some of the
country®"s large and small scale 1irrigationschemes have
identified resource misallocation through use of sub-optimal
farm plans as the reason Tfor poorperformance of such
irrigation schemes. Irea (1979) used linear programming to
investigate the optimality of resource use 1iIn Perkerra
irrigation scheme. Irea"s findings showed that optimal
resource use in Perkerra would raise the tenants income by
300 p~rc™nt. With such a raisp> In the tenants farm income, it
is clear that the financial performance of the scheme would

greatly be improved.
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Mukumbu (1987) similarly used |linear programming to
investigate whether farm plans in West Kano Pilot irrigation
scheme are optimal. Like Perkerra, West Kano is a large
irrigation scheme which was characterised by poor financial
performance. The finding of the study showed that with
adoption of optimal farm plans the tenants income would rise
from Kshs. 30,996 to Kshs. 63,439 per annum. This shows the
income would more than double.

lrea (1979) and Mukumbu (1987) worked on 1irrigation
schemes managed by the National Irrigation Boards (NIB). In
these schemes, the board 1is engaged in all aspects of
irrigation 1including water management, organization of
farmers production operations, marketing, and financing all
operations. Therefore the farmers operate under a programmed
kind of system. The present study will carry out similar
investigations as both Ilrea (1979) and Mukumbu (1987) did,
but In a case where there is no iInstitution engaged 1in the
various production and marketing operations.

Makanda (1984) wundertook a study to determine the
significance of irrigation water on Tfarm income. The study
was done at Kibirigwi, a small 1irrigation scheme. Linear
programming technique was used to obtain optimal farm plans.
Results of the study showed that adoption of optimal farm

plans would more than double the farmers® 1income. Just Ilike
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Ilrea"s (1979) and Mukumbu®s (1987) findings, Makanda®s (1984)
results revealed use of sub-optimal fTarm plans in small
irrigation schemes. In his conclusion, Makanda ((1984) called
for more research 1in other small 1irrigation schemes using
linear programming models to allow for generalization of all
small 1irrigation schemes. The present study heeds Makanda“®s
(1984) call but unlike Makanda who used the individual farm
approach, average farm approach will be used in the present
study. Individual farm approach may not be a good
representative of the farms in an area since only one farm is
considered. The average approach is a better representative
of an area®s fTarming situation since an average of several
individual fTarms is taken and used in the analysis.

Kamunge (1989) used linear programming to study the role
of optimal resource utilization in iImproving farm income. A
case study of Mitunguu Irrigation Project 1iIn Meru was
considered. Four farm models categorised on the basis of the
crops grown were considered. In all the farms models, the
existing fTarming systems were found to be sub-optimal. This
study agreed with other previous fTarm planning studies in
irrigation schemes where optimal farm plans were shown to
have a great potential of increasing farms income.

Several studies iIn Kenya®s rainfed farming systems have

also shown that reorganization of the existing farming system



21

to come up with optimal farming systems would greatly
increase Tarm incomes (Kange, 1980; Asamenew, 1980; and
Mukhebi, 1981). Such Ffindings, which also agree with the
previously discussed findings from irrigated farming studies,
show that use of sub-optimal farm plans is a serious problem
in Kenya"s agricultural sector. All the above referred
studies done on rainfed farming use Ilinear programming
technique. Kange®s study mainly aimed at developing optimal
farm plans for farmers 1in Kaloleni Location of Kilifi
District, Coast Province. The study used primary data
representative of small, medium and large farm size groups.
In each of the farm size categories, the study examined the
potential of increasing farm income through reorganization of
enterprise and Tarm resources under existing and improved
technology. In all the models the increment iIn farm income
ranges Tfrom 46 percent on small size holding with food
requirement constraint to 187 percent on the large size
holdings without food requirement constraint. Kange®s study
did not consider capital constraint though capital 1is quite
an important input in agricultural production.

Asamanew™s (1980) study aimed at determining enterprise
combinations which maximize farm income and also identify the
factors which constraint agricultural production on small

scale farms in the star grass zone iIn Embu district. The
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results of the study showed that farm 1income can be
increased by 28 percent, 31 percent and 27 percent for
small, medium and large farm sizes respectively if optimal
farm plans are used. Although the present study aims at
coming up with optimal farm plans, it differs from Asamanew®s
(1980) study on the grounds that Asamanew®s (1980) study was
on a medium potential area and a totally different
geographical Ilocation while the present study is being done
in a marginal area and in a case where 1irrigation 1Is being
practised.

Mukhebi®s (1981) study was meant to investigate the
feasibility of generating higher incomes and employment in
Kenya®s small scale agriculture. The study used primary data.
With a multi- objective model of maximizing both income and
employment, the study results indicated a 45% and 60%
increase in income and employment respectively with adoption
of optimal farm plans.

Some short-comings of the study which even Mukhebi
(1981) pointed out 1include the observation that the study
area was not a representative of the majority of Kenyan small
scale agriculture for it fTalls iIn a semi arid zone while
majority of Kenyan small scale fTarmers are located in the
higher and medium potential agricultural zones. Also the

sample size of 38 fTarmers used iIn the study was extremely
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small compared to the then estimated 1.5 million small scale
farmers in Kenya hence the results of the study may have
little validity to the entire small scale agricultural
sub-sector. Further to this the farm sample was limited to
only farmers who had received the Integrated Agricultural
Development Programme Loans and had membership in the local
farmers®™ co-operative society. Such farmers are likely to
be more progressive than the rest in the location and hence
the sample not being a good representative of the small scale
farmers in the location and more so for the country as a
whole. In view of these shortcomings, the present study will
be restricted to the problem of farm planning in a particular
area. Sampling procedures used in this study will ensure that
a good representative sample, of all the small scale farmers
practising irrigation in the study area, 1is obtained. By
having the study problem restricted in a particular area and
by having a good representative sample, the validity and
applicability of the results of the study to the study area
would greatly be improved.

In conclusion, the studies reviewed have provided a more
comprehensive view of the dimensions of farm planning problem
in Kenya®"s small holder agriculture. The studies have also
cited some potential difficulties in the field of

investigation. The studies reviewed have also helped in the
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clarification of the unique context and potential
contribution of the present study. Finally, the studies
reviewed have shown that farm 1income could greatly be

improved if optimal farm plans are adopted by farmers.
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CHAPTER 3
METHODOLOGY
3.1 Introduction:
In this chapter a variety of farm planning

techniques are discussed and their strengths and weaknesses
are cited. Detailed account of the theory behind linear
programming technique is also given in the chapter. This
involves discussing the quantitative components in a linear
programming problem, the general linear programming model
formulation and the assumptions and conditions for the
model. There is also a discussion on data requirements and
sources. Details on the specific linear programming models
used for the study are also covered iIn this chapter. Such
details include the objective function, activities, resource
constraints and technical coefficients. Finally there is a

discussion on how the analysis 1is done.

3.2 Farm Planning Methods/Techniques:

This 1is basically a farm planning study involving
choice of crop enterprises where there are numerous possible
alternatives and some resource constraints. There are
several quite popular farm planning techniques such as
budgeting methods which include partial budgeting, complete

budgeting and programme planning. However, this study uses
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linear programming as the analytical tool. Although Ilinear
programming has it"s own weaknesses as it will he mentioned
later, the choice of the m®@t-hod as the study®s analytical
tool is based on some of It"s outright advantages namely: the
ability of Ulinear programming to allow for as many
alternatives as possible; the fact that linear programming
has less burden of clerical operations as compared to other
farm planning technigues such as budgeting; the fact that
linear programming provides a mechanism for a careful
analysis of constraints; and the fact that linear
programming problem matrix can be designed to relate to
selection of activities which may include not only real
production but activities of subsistence, marketing
activities as well as resource hiring activities (Agrawal et
al, 1972 and Low, 1978)

Gpnprally, budgeting method provides the means to choose
betv/een alternatives through examination of returns to
important resources such as land or labour or capital. At
the end budgeting gives expense and income accounts which
show whore the highest returns are possible. Specifically,
partial budgeting method refers to estimating the outcome or
returns for part of the business. That is, returns to one or
a fTew activities. Complete farm budgeting considers all

farm enterprises and estimates costs and returns fTor the
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whole farm. Allocation of resources 1is based on the
profitability of an enterprise and the plan is acceptable as
long as 1t 1is within the main constraints and the
profitability is satisfactorily based on the planners view
@ohl et. al, 1973). Programme Planning identifies the most
limiting resources and returns are maximized to those
resources. Marginal adjustments are then made with respect
to other 1limiting resources afterwards. This 1is quite
satisfactory where the number of limiting resources is
small. But 1in practice, the number of limiting resources
tends to be quite large in farm production problems. Hence
maximization of returns to only one or two of the resources
is likely to lead to substantially sub-optimal results (Johl
et al, op. cit). While the simplicity of budgeting methods
aid the communication of results to farmers, their
arithmetic calculations burden narrows their scope and
potential of application is solving farm planning problems.
Further, budgeting methods do not allow many alternatives to
be considered nor do they ensure that an optimal solution is
obtained (Agrawal et d, 1972; Steward, 1961). Such
shortcomings make budgeting methods inadequate
representation of intra-farm relationships.
Another alternative 1is the production function analysis

which 1involves fTitting a production Tfunction either for a
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single enterprise or for the whole farm. The contributions
made by the different resources to production as observed
in the field are then measured. A big problem with this
approach 1is that it is difficult to include all variables
since problems of econometric estimations can easily arise.
Also the form of production Tfunction 1is not known. The
approach therefore is not followed here.
Other technigues which could be wused for solving
farming planning problems are;
©O) Non Linear programming: used where the Linear
assumptions need to be relaxed
(n) Dynamic programming: Useful where the results of one
time period significantly influence the decision of the next
time period (Agrawal et E!J 1972; Johl .et aX, 1973). However
both techniques are too sophisticated and quite advanced,

therefore they are not followed for this study.

3.3 Linear Programming: Heady et. al. (1958) referred to
Linear Programming as a systematic and accurate method of
determining mathematically the optimum combination of
enterprises or inputs so as to maximize iIncome or minimize
costs within the limits of the available resources. Linear
Programming serves as an important farm management and

research tool. Problems to which linear programming can be



29
applied have three quantitative components namely:

(1) Objective function: Which has to be precisely defined and
expressed in quantitative terms. For example, a farmer may be
interested in maximizing total TfTarm 1income or minimizing
costs and any of these can form the farmer~s objective
function.

(i) Alternative methods or processes of attaining the
objective: These may be different enterprises, different
methods or techniques of production by which the objective
can be obtained.

ain) Resources restrictions: These may be Tixed
quantities of certaln resources. For example, given amounts
of land, labour, machinery, working capital and so forth.
There also can be subjective, iInstitutional and other types
of restrictions. For example, hectarage limitation for
certain crops, limitation on the quantities marketed and the
like.

General Model Formulation

Maximise Z = C,X, + C.,2+ __._+ C,Xn (objective function) .
Subject to
a,, X, + a-X + ....+ alXn < b, (resource constraint).
azlX, + aZzxX2 +....+ aaxXn ™ b2 ( " )’

aMXl + a,-X2 +....+ &, < bm ( " ) -
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XJ > 0 (non negativity of activity requirement).

Using the summation sign the above equations are rewritten

as:
Maximise
" = = (Linear Objective
o Function)
Ji
Subject to:
" (Linear Resource
D Xl Constraints)
Ji
2) X, > 0 ——————- (Non Negativity of Activity)
where;
C. is net value of output per hectare of activity j
and j = 1, 2, _._... . n.
X. is number of hectares of activity jJ.

a,, represents the number of units of resource 1 which
are used by one hectare of activity j
and 1 =1 , 2,__._... ,M

b; is the unit of 1 th resource available.
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In matrix notation, the model takes the form:

Maximise

7.C'X (Objective function)

Subject to

/*ifs(Resource Constraints)

(Non Negativity of
Activity)
where A is am x n matrix of technical coefficients
C is a n x 1 vector of prices or other weights

for the objective function

X iSs a n x 1 vector of activities

o)

is am X 1 vector of resource or other

constraints.

Assumptions And Conditions For The Model:
The basic assumptions of a conventional Linear
programming problem are:
D Additivity of Resources And Activities: Activities
must be additive 1in the sense that when two or more

iti0S are considered their total product must he the sum
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of the individual products. Similarly the sum of resources
used by different activities must equal the total quantity of
resources used by each activity for all resources
individually or collectively. This implies absence of any
interaction among the activities for the resources. However,
in actual farm production, interaction of activities for
resources do occur. This can be noted where there are crop
mixtures. Crop mixtures were quite common in the study area.
To overcome the effect of interactions of activities In crop
mixtures, the study treated each of the crop mixtures as one
activity rather than separate activities.

2) Linearity: The objective function 1is linear and the
the resource constraints are linear. By having a linear
objectuve fuction, it means that there iIs no iInterdependence
in the valuation of output of different activities. Going by
the objective Tunction of the study as given iIn the above
general model formulation, this assumption implies that the
net value of output of any activity does not depend on the
level of output for the activity. In other words the selling
price of any product does not depend on the quantity produced
and sold.

K)) Proportionality of Activity Level to Resources. This
assumption implies constant resource productivity and

constant returns to scale. This means that i1f output 1is to
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be doubled, then just double the resources. Proportionality
assumption implies there 1is linear relationship between
activities and resources.

) Mon Negativity OF The Decision Variables: Activities
and decision variables have positive values. A farmer can not
grow a negative hectarage of an activity or apply a minus
amount of an input such as fertilizer or chemical.

5 Divisibility of Activities And Resources: This
assumption implies continuity of resources and output.
That 1s resources and products are considered to be
infinitely divisible. This means use of resources in
fractional quantities and also production of output in
fractions 1iIs acceptable. Relating this assumption to the
present study, it should be noted that crop activities
produce products in fractional amounts such as a fraction of
a given weight measure. Also most farm inputs such as
fertilizer, chemicals, and even land can be used in
fractional amounts. So this assumption is not a serious
limitation.

6) Finiteness OF Activities And Resource Restrictions:
This means the Linear programming problem must have a finite
number of activities and resource constraints. If fTarmers
had unlimited number of alternatives , the alternative

activities can not be programmed since the farmers could
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never Tfinish describing additional ones.

1)) Single-Value Expectations: This means resource
supplies, input- output coefficients, prices of resources
and output, levels of output of the activities are known

with certainty.

Some shortcomings of linear programming technique , a
number of which arise from it"s assumptions and conditions
are :1) Linear programming only deals with a single linear
objective Tunction and a set of linear constraints. In the
present study the objective function is maximization of farm
gross margin. However this might conflict with the objective
of some Tarmers for whom the profit motive does not greatly
influence their farming decisions.

2) The assumption of single value expectation iImparts to the
linear programming model the property of being deterministic.
As an example, this assumption implies 1input - output
coefficients and also prices are known with certainty.
Changing input- output coefficients in the model represent
change in technology. |In such a case different Ilinear
programming model with different coefficients have to be
used. But still the static assumptions hold. Although prices
are assumed to be constant, where they (prices) are likely to
change or are particularly uncertain, parametric programming

is done to investigate the sensitivity of the programmed



solution to price changes.

3) Linear programming technique does not explicitly consider
natural and economic risks and uncertainties of the various
alternatives faced by farmers. Further more, the [linear
programming model is time static in that resources can not
be transferred from one time period to the other.

Linear programming s mainly a procedure for
providing normative solutions to problems. The simplex
procedure is used to arrive to the optimum plan. Details on
this procedure are not covered here since they are available
in standard text books such as Heady et E!__(1958) and

Agrawal et al (1972).

3.4 Data Requirements And Sources:
The Linear programming problem definition for this
study requires quantitative data which include:
©O) Supplies of fixed resources or other restrictive
requirements which will limit the plan.
D) Input - output coefficients which define the
per unit requirements of enterprises or

activities for resources.

)
-
-
-

o/

Net value of output per unit activity. This
requires data on prices of the products and

variable resources used.
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These quantitative data were obtained from primary and
secondary sources. Primary data were directly collected from
the farmers using a structured questionnaire (See appendix
1). Prior to the actual data collection, the questionnaire
was pretested on a sample of five farmers in the same area
but a different sublocation from where the actual data were
collected. The actual data were collected by trained
enumerators under the author®s supervision.

Secondary data used iIn this study were obtained from
reports published by Government Ministries especially the
Ministry of Agriculture, Ministry of Water Development,
Government Development Plans and TARDA (Tana and Athi Rivers

Development Authority) .

Sampling: In the study area, there are irrigation groups
where each group is made up of the farmers sharing a common

offtake furrow from the main canal. A list of all the groups

was available with the Ministry of Water Development.
Up-to-date lists of all the fTarmers in the groups were
available with the respective group chairmen. Using these

lists, a two stage stratified random sample was selected.
This involved randomly selecting 6 irrigation groups from a
total of 14 groups and then randomly selecting a sample of

60 farmers from a total of 322 farmers iIn the 6 selected
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groups. From each group, a proportional number of farmers
was randomly selected depending on the group size. This was
done to ensure that the group with more members also had
greater representation. Further details are in table 3.1.
Table 3.1: Groups sampled and the number of Tfarmers

sampled from each group:

Group Loc. Sub-Loc. No.Farms. No .Sampled
Mamba Ndalani Mamba 26 5
Simba N " 53 10
Ki thendu Matuu Matuu 46 8
Kaluluini H " 52 10
Scheme A " Kithimani 88 16
Muthesya ' " 57 11
Total 322 60

The study used 57 sample farms since 2 questionnaires
were spoiled and 1 farmer had not irrigated his farm hence a

total of 3 farms were discarded.
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3.5 Snecific Linear Programming Model Used For The Study:

Maximise

(Objective function)

2153\/_i

Subject to:

" =(lrrigated Land
i?ai[)ﬁ_l constraint).
1

" == == (Unirrigated Land
tl Constraint)
~ (working capital
ZZZ constraint)
)-1
W (Human labour
2 constraint).

J-i

E Minimum area constraint for subsistence
maize and Beans (Ha.)
F  Minimum area constraint for some priority

crops (Ha).
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»w, M, Hk, E, F > 0 (Non-negative constraint).

where:

Z = Total gross margin in Kenya shillings (Kshs).

C, = Gross margin per hectare of the jth crop.
(kshs/Ha) . J =1, 2, ..... ,N

X, = Number of hectares under the jth crop

L; =

Total irrigated land available in season i; where

i =1 or 2 for short rains and long rains

respectively.

Dj = Total unirrigated land available in season i; where
i = 1or 2 for short rains and long rains respectively.

o)
&
I

Irrigated Land required for one unit of jth crop

activity 1iIn season i ; it has a value of one in the

problem matrix.

=}
-
I

Unirrigated land required for one unit of jth crop

activity In season i ; it has a value of one in the

problem matrix.

>
[
I

Human Hlabour requirement in kth month for one hectare

of jth crop activity (Man hours per hectare).

Hk = Total labour available in man hours iIn the kth month

m. = Working Capital requirement per hectare of jth crop

activity iIn Kshs.

M = Total working capital available per year in Kshs.
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E = Subsistence maize and Beans area.

T
I

Priority crop area.

The Objective Function; In this study the objective
function 1is the maximization of total gross margins subject
to some constraints; namely; land, labour, working capital,
subsistence needs and other crop constraints based on
farmers priorities. Gross margin for any activity 1is the
total value of output at market prices less variable costs.
The sum of the gross margins of all the activities in a farm

plan gives the total gross margin.

Activities: Agrawal et. al (1972) defined the term activity

as used iIn Linear programming to denote what 1is being

produced, an enterprise undertaken, or a method of
production wused and is characterised by a specific
proportion of various resources. Real activities are those

which are either produced for sale in the market or iIn the
case of resources, they are purchased in the market and used
on the farm. Intermediate activities are those produced in
the farm but become a resource for another real activity.
Disposal activities are included 1in solving the linear
programming problem to allow for non-use of resources. Real

activities considered iIn this study are:
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) Irrigated crop enterprises such as Karelia @ emontica
charanta). Duthi (Cucurbita spp), Thin chillies (Capsicum
spp) - T-ong chillies (Capsicum spp) - Bullet chillies (Capsicum
spp), Valore (Dolicos Lab-Lab), Brinjals (Aubergine),
Okra (Hibiscus esculentus), Tulia (Cucurbita spp), Turwel
(Pigeon Peas), French beans (Phaseolus vulgaris), Chola
(cowpeas or Vigna unguiculata), Onions Allium cepa),
Cabbages (@rassica spp), Kale (@Brassica spp), and Tomatoes
(Lecopersicon esculentum).

(i1) Unirrigated crop enterprises: These 1include maize,
beans, pigeon peas, maize beans and pigeon peas intercrop,
maize and beans iIntercrop, maize and pigeon peas intercrop.

There are other irrigated crop enterprises which were
considered as minor activities and hence have been excluded
since Tarmers could not identify the hectarage occupied by
such crops, the 1inputs used by such crops and the yields
obtained from such crops. These include, bananas, citrus,
passion fruits, arrow roots and sugar canes. Similar
unirrigated crop enterprises are cassava, cow peas and
bananas.

The study considered two crop growing seasons In a year
as that is the practice in the study area. First growing
season 1is marked by the short rains and is between the months

of October and February. The second growing season is marked
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by the 1long rains and is between the months of March and
September. For every growing season, a portion of the
available arable land is set aside for irrigated enterprises.

Twelve labour hiring activities are also incorporated
in the model with each of them representing labour hiring
during each of the twelve months of a year. This 1is
necessitated by the fact that casual labour hiring iIs quite
common in the study area due to the high labour demand of the

horticultural crops grown iIn the irrigated plots.

Resource constraints: The main resource constraints
specified for the Linear Programming models are land, labour

and operating capital.

Land: Four land constraints were defined namely, arable land
available for rainfed cultivation during the Tfirst season
(October - december) rains; arable land available for rainfed
cultivation during the second season (march - june) rains;
arable land available for irrigated farming during the Tirst
season; arable land available for irrigation farming during
the second season. As 1t was noted earlier, field
observations by the author revealed that only a portion of
the farmed land is set aside fTor 1irrigation during each

cropping season. This necessitated the iIncorporation of two



irrigated land constraints.

High quality land 1is scarce but land 1is treated as
homogenous in this study. Assessing quality of land involves
considerations on soils; topography, fertility measures and
so fTorth. Owing to the difficulties i1n data collection for
the evaluation of the various quality factors coupled with
the problems of Qlimited time and Tfinances, this study

ignored the issue of land quality.

Labour: Farm Jlabour 1is scarce 1iIn the sense that iIt"s
shortage at certain times of the year prevents increase in
production from taking place. Thus the role of Ilabour in
determining farm production patterns and the way iIn which
labour at particular times of the year limit production are
examined. Twelve monthly [labour constraints are considered
in this study. It is assumed that it is immaterial at which
time during the month a labour input Iis used. That 1is it
makes no difference to output if a [labour iInput takes place
at the beginning or end of the monthly [labour time period.

No distinction was made between men and women labour
hours since farmers in the study area indicated there was
none. A weighting system (see table 3.2) was used to

discount the labour of children and older adults.
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Table 3.2: Labour weighting system In Man-Equivalents:

Aoe category Man-equivalent
Children between 0-6 yrs 0.00
Children between 7-14 yrs 0.50
Adults between 15-64 yrs 1.00
Adults over 64 yrs. 0.50

Source: Adopted from Norman,® 1973.

Working Capital: Working capital was estimated using the
total amount of cash expenditure in the 1989/1990 cropping

season. This involved all cash expenditure for fertilizers,

chemicals, seeds, manure, land preparation and casual
labour. Thus working capital was estimated from the
variable costs for the enterprises in the Tfarm. This

approach has been used before by Mbai (1984), Kamunge (1989)
and Barasa (1989) and 1is supported by Pandey and Kaushal
(1980) who argued that due to insufficient records available
with farmers and also due to the difficulties in sorting out
family and farm expenditure the total cash expenditure on
the farm during the year iIn question, 1iIs the best estimator

for the total capital available for farming.



45

Subsistence Constraint: Preference of farmers to meet their
subsistence needs necessitates the 1incorporation of the
subsistence requirement as a constraint (Johl et. al, 1973;
Upton, 1987). The incorporation of subsistence requirement
in the model 1is quite iIn accordance with the Kenya
Government®s food policy since food self sufficiency 1Is
given priority. That 1is, produce enough food to meet
domestic demand (Republic of Kenya, 1986).

Maize and beans are the most popular subsistence crops
in the study area. Consumption Tfigures with respect to
these two crops as indicated in the food balance sheet, show
that 118 Kg of maize and 11 Kg of beans are the annual
subsistence requirements per capita in Kenya (Republic of
Kenya, 1979). These figures were multiplied by the average
number of persons 1in the average Tarm model and used to
calculate the minimum area required to meet subsistence need
for the two crops. Such a procedure has been proposed by
Upton (1987). The most popular subsistence cropping system
is the maize, beans and pigeon peas intercrop. This 1is the
cropping system which was used to meet the subsistence

requirement constraint.

Other constraints: These are specific crop constraints

incorporated in the model on the basis of the farmers”
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priorities. The basis for this is the fact that farm plans
shovild take into account farmers likes and dislikes (Johl et
al . 1973; Steward, 1961). More details will come under

specific farm models in Chapter 4.

Water Resources: Though quite important, water resource 1is
jJust discussed here but was not considered as a constraint in
this study. This 1i1s due to the difficulties involved in
estimating specific crop water requirements and also in
estimating the actual amount of water available to each
farmer. The irrigating farmers practise furrow irrigation
method. They jJust obstruct water from the main canal to the
offtake furrows and have further obstruction iIn the offtake
furrows to individual TfTarmers®™ farms. There are no gauges or
metered control gates to indicate how much water TfTlows to
each individual fTarm or in each offtake furrow.

Each permitted 1irrigation fTarmer 1is authorized to
obstruct 30 m” per day for irrigation purposes (Kalders,
1984). However this figure is based on the assumption that
all the off-take furrows and the individual farm furrows are
lined - up while In practise this is not the case. It also
assumes a case where the flow in the main canal 1iIs at it"s

maximum capacity of 1.699 ml per second.
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During the fTield survey, irrigation water shortage was
cited as a problem by some farmers. They attributed the
shortage to reduced water flow rate in the main canal and
identified siltation and vegetative growth in the canal as
the main causes. Discussions on the water shortage issue with
Ministry of Water Development officials ih the locality who
are responsible to oversee the canal"s maintenance operations
(desilting and vegetation clearing) revealed that there is no
machinery to do such operations hence this is done manually
by casual labourers. At times, prolonged rains and lack of
funds for hiring casual labour lead to delays 1in those
operations and hence temporary irrigation water shortages
are experienced. The official view was that a permanent
solution will be obtained by lining-up the canal for this
will not only ease maintenance operations but also reduce
water seepage losses. Table 3.3 shows the uses of the yatta
canal .

Table 3.3 Water uses iIn the Yatta Canal:

Water use Percentage &) :
Public and Domestic 30

Seepage 26.5
Irrigation 42.5

Others 1.0

Source: Republic of Kenya, 1990a
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From the Table 3.3 above, it can be noted that
irrigation is the leading water user. However seepage loss
is quite high amounting to 26.5 percent of the total

obstructed water.
The farm plans developed in this study are based on
the assumption that maintenance operations will be improved
to ensure that there is sufficient water to irrigate the

permitted area for all authorised farmers.

Technical coefficients: These are also called the 1i1nput -
output coefficients. They represent the resource
requirements per unit of activity. Gross margins were
calculated for each of the crop enterprises and entered as
the coefficients for the objective function.

Crop enterprises were expressed on per hectare basis,
so a value of one was used for each of the crop enterprises
as the crop enterprise coefficient with regard to land. The
amount of variable costs per hectare of each crop enterprise
was calculated and this was wused as the technical
coefficient of the particular crop enterprise with respect
to capital constraint.

Labour requirements per hectare of each of the crop
enterprises with respect to land preparation, planting,

weeding, spraying, staking and harvesting were obtained for
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each of the sampled farmers. An average for all the fTarmers
was then calculated for each of the crops® operations. From
the average figures, monthly [labour coefficients were
obtained. The labour coefficient for any crop represents the
number of man hours required per hectare of the crop iIn a
given month and it depends on the operations of that crop
which take place during the given month.

Labour hiring activitieil'were incorporated 1in this
study. These activities increase the supply of a scarce
resource namely labour and reduce the supply of another
limited resource namely capital. Therefore these activities
have negative coefficients with respect to Qlabour and
positive coefficients with respect to capital. Consequently
there will be negative net revenue coefficients fTor labour
hiring activities (Heady et al, 1958) . In the study area,
farmers hired labour at a rate of Kshs. 20 per six hours
working day. This means the per hour Jlabour charge is
Kshs. 3.30. Therefore the coefficient with regard to these
activities were -3.30, -1 and 3.30 for the objective
function, labour constraint and capital constraint

respectively.



3.5 Methods Of Analyses

Tabular analyses are used mainly iIn the description of
the existing farming system. To develop optimal farm plans,
linear programming is used. Average approach is used and
this 1i1nvolves pooling and averaging all the individual farm
observations hence generating an average Tarm model. This
average fTarm model 1is the one used for this study for it is
a good representative of the farms iIn the study area.

Optimal farm plans are developed considering the
relevant constraints that vary from plan to plan. The results

of analyses are presented iIn the next chapter.
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CHAPTER 4
RESULTS AND DISCUSSION
The results of this study are presented and discussed in this
chapter. First, the existing farming system 1is described
whereby the availability and utilization of the various TfTarm
resources such as land, labour, and capital are considered.
Second, the optimal farm plans developed for Yatta farmers as
well as their limiting resources are presented.
4.1 Description of The Existing Farming System
4.1.1 Land Availability And Use: Table 4.1, here below shows
details on farm holding sizes iIn hectares.
Table 4.1 Land Availability In The Study

Area (hectares).

Average Highest Lowest
land holding observed observed
Total farm size 2.63 4_86 0.40
Irrigated area
- Tirst season 0.228 0.4 0.05
- second season 0.233 0.41 0.05
Unirrigated farmed area
- First season 1.34 4_05 0.30
- second season 1.17 3.60 0.20

Total farmed area 2.971 8.46 0.60
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As 1t can be noted from Table 4.1, farm holdings along
Yatta Canal are quite small. This 1is mainly due to the
settlement history as was noted in chapter one. The highest
observed total farm size is 8.46 hectares and the mean total
farm size was 2.63 hectares.

In this study, total farm size refers to the cultivated
and uncultivated holdings owned by a farm family within the
study area. It should be noted that the practice of having
two crop growing seasons per year makes the total farmed area
per year appear larger than the total farm size.

The average irrigated area per farm family in a year Iis
0.461 hectares which is about 15% of the average total farmed
area per fTarm Tamily. The average irrigated area per farm
family is by far less than the maximum area permitted for
irrigation which sums up to one hectare 1iIn a year. Some
problems raised by the farmers during the field survey which
possibly hinder full utilization of the area permitted for
irrigation are lack of working capital and labour scarcity.
Temporary irrigation water shortages were also cited as a
problem by some farmers . In addition to these problems, lack
of suitable optimal farm plans for guiding farmers in their
farming activities may also lead to under utilization of the

permitted irrigable area.
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Table 4.2 shows the average area in hectares for the various

crop enterprises, the number and percentage of Tarmers

growing each particular crop and the average gross margin per

crop per hectare.



Table

4

4.2: Hectarage under various crops

in the study area

Average
GM

per crop

perHa

(Kshs)

50364
30604
45202
34104
41619
41329
36193
49973
27409
20959
12764
26170
30687
32782
31205
38227

2626
2440
4518
3757
5661

8610
5997
3977

5681

(October to February).

Average No. of farmers
Area (Ha) and Percentage
based on
entire sample
(Irrigated)
Karelia 0.119 34  (59.6%)
Duthi 0.106 21 (36.8%)
Valore 0.114 18 (31.6%)
Brinjals 0.128 8 (14.0%)
Okra 0.115 17 (29.8%)
Thin Chillies 0.107 14  (24.6%)
Long Chillies 0.096 10 (17.5%)
Bullet Chillies 0.121 11 (19.3%)
Onions 0.072 10 (17-5%)
French Beans 0.087 18 (31.6%)
Choi a 0.069 4 (7.0%)
Kale 0.080 13 (@2 .8%)
Tulia 0.087 10 (17.5%)
Turwel 0.073 4 (7.0%)
Tomatoes 0.083 12 @21.1%)
Cabbage 0.101 6 (10.5%)
(Unirrigated)
Maize A 0.810 22  (38.6%)
Maize B 0.789 20 (35.1%)
Beans A 0.587 12 @21.1%
Beans B 0.478 11 (19-3%)
Pigeon peas 0.405 5 (3 .8%)
Maize + Beans * Pigeon
peas intercrop 1.105 31 (54.4%)
Maize* Beans A 0.890 14 (24.6%)
Maize* Beans B 0.951 13 (@22.8%)
Maize+Pigeon
peas intercrop 0.658 4 (7-0%)
Note: A refers to fTirst season
B refers to second season

GM refers to Gross Margin.

(March to September).
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As it can be noted from Table 4.2, fTarmers in the study
area prefer pure stand cropping 1in their 1irrigated plots.
The 1irrigated crop enterprises are mainly cash crops. The
irrigated crops given Tfirst priority by the farmers are
Karelia, French Beans and Kale while the others are either
given second or third priority. The first priority crop are
those which the fTarmers must grow in their 1irrigated plots
every year.

Karelia, an Asian vegetable mainly grown for export is
the most popular horticultural crop in the study area. It was
grown by 59.6 percent of the farmers in the entire sample of
57 respondents. 35.3 percent of those farmers who had grown
Karelia, which is equivalent to 21.1 percent of the sampled
farmers, indicated that they give it Tfirst priority every
year in their irrigated plots. It is the crop given Tirst
priority by the largest number of farmers. The farmers argued
that the crop could be grown in any of the two seasons and
must occupy at least 0.1 to 0.2 hectares. According to the
farmers views once Karelia 1is established, it continues
yielding for a longer time compared to other crops, provided
proper care especially on protection against diseases and
insect pests is maintained. Of all the crops grown along the
Yatta canal, Karelia had the highest gross margin per

hectare. Duthi, another Asian vegetable mainly grown for
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export is the second most popular crop. However no
respondent had this crop as the first priority every year 1in
the 1irrigated plots.

French beans, also grown for export had the third
position in popularity as shown in Table 4.2. 31.6 percent
of the respondents in the entire sample had grown French
beans. However the crop®s average gross margin per hectare
which is Kshs. 20959 is guite low compared to the gross
margins of most of the crops. 50 percent of those farmers who
had grown french beans, which is equivalent to 15.8 percent
of the sampled farmers, had French beans as their first
priority crops 1iIn their irrigated plots every year. The
farmers® argument was that french beans take a very short
time to mature (45 days) and therefore one starts earning
from the crop quite early compared to other crops. The
farmers also indicated that they grow the crop every season
and i1t must occupy at least 0.1 to 0.2 hectares.

Kale was another crop given Tfirst priority by some
farmers. The crop was mainly grown for local consumption. It
was grown by 22.8 percent of the respondents iIn the entire
sample. 38.5 percent of those farmers who had grown Kale,
which 1is equivalent to 8.8 percent of the sampled farmers,
indicated the crop as their Tirst priority crop every year in

their irrigated plots. Farmers indicated they grow the crop
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in any of the seasons and must occupy at least 0.1 to 0.2
hectares. All those fTarmers with Kale as their first
priority had Tomatoes as their second priority crop every
year .

The unirrigated plots were mainly for food crops
production. In those plots, intercropping was found to be
the most common practice. The most popular intercrop was the
maize, beans and pigeon peas intercrop (Mixture). It was
grown by 54.3 percent of the entire sample. Intercropping has
well known advantages over sole cropping namely: the need to
maximize the returns from the most limiting factor, land; the
need Tor secvirity in case of natural crop catastrophies such
as drought, diseases and/or pest outbreaks; and the
beneficial effect of legumes on other crops (Norman, 1973;
Mukhebi, 1981).

4.1.2 Labour Availability And Use:

The survey took account of the available TfTamily and
permanently hired labour to determine the potential Ilabour
supply. From the field survey data, 56.4 percent of the
sampled farms had one or more permanently hired labourer.

Hired casual labour was considered under working
capital. The fTield survey revealed that 60 percent of the
sampled farmers had hired casual labourers at one time of the

year or another. The wage for casual labourers was Kshs.20
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per six hours per working day.

From the survey data, an average farm Tfamily had 2
school children aged between 7 and 14 years, 1 school child
aged above 14 years, 2 adults aged between 15 and 64 years
and 1 permanent hired labourer. Therefore the average
available labour per farm fTamily including school children
total to 6 persons.

Average monthly and yearly total average labour supply
depends on the number of family members available for farm
work at any one particular month. Observation during the
field survey revealed that farmers avail themselves for farm
work all days of the month except on Sundays and during
public holidays. Therefore there are 26 working days for all
other months except the months of February, April and
December. February has 24 working days since it is shorter
than the other months. December and April were taken to have
23 working days since they have many holidays. School
children were only available for farm work mainly during
their school holiday months (April, August and December).
However, those from nearby schools were available for farm
work on Saturdays. Labour supply iIn this study is given in
man-hours and one Tfull working day was taken to have 8
working hours.Table 4.3 shows the average monthly and yearly

total 1labour supply In man hours . The weilghting system
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adopted from Norman (1973) mentioned earlier in Table 3.2 in

chapter 3 was used iIn the calculations of the figures given.

Table 4.3 Average monthly and yearly Total Labour

Supply. In man-hours (mn-hrs) per farm.
MONTH MAN-HOURS
JANUARY 577
FEBRUARY 536
MARCH S77
APRIL 797
MAY 577
JUNE S77
JULY S77
AUGUST 906
SEPTEMBER 577
OCTOBER S77
NOVEMBER 577
DECEMBER 797
TOTAL 7652

The total annual labour supply 1is 7652 man-hours. The
School holiday months of April, August and December are shown
to have a higher labour supply level.

Since livestock enterprises were not considered in this
study, the above indicated labour supply levels are less 5
man-hours a day Tfor livestock use. (The Tield survey
revealed that on average, each farm family required 5 man-
hours a day for livestock use).

A calendar of operations which is based on the demand

seasons of the various horticultural crops and the climatic
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factor mainly rainfall and the cold July weather conditions

is shown in Appendix 2.

4.1.3 Capital Availability And Use:

Capital was estimated using total cash expenditure by
each farmer on the various farm inputs such as seeds,
fertilizers, crop protection chemicals, casual labour, and
land preparation for all crops. An average for all the
farmers was calculated to give the capital available for an
average fTarmer for use in the production of the various
crops. From the calculations, an average fTarmer requires
Kshs. 3,086 per year for the irrigated crop enterprises and
Kshs.1,475 per year for the unirrigated enterprises. Hence
the total cash required by an average TfTarmer per year is
Kshs. 4,561. Therefore irrigated enterprises required 67.7
percent of the total cash.

Demand for capital per crop as reflected by the cost of

production for various crop enterprises is shown in Table 4.4



61

Table 4.4 Average Cost of Production for crop
enterprises (Kshs per hectare) .
Crop Average Cost per Crop Average Cost per
Hectare(Kshs) Hectare (Kshs)

(Irrigated) (Unirrigated)
Karelia 10749 Maize A 1694
Duthi 5252 Maize B 785
Valore 5078 Beans A 1261
Brinj als 6152 Beans B 867
Thin Chillies 5901 Pigeon peas 667
Bullet Chillies 9307 Maize+Beans+

Pigeon peas 788
Long Chillies 6073 Maize + Beans A 642
Okra 10519 Maize + Beans B 496
Onions 6362 Mai ze+P .Peas 198
French Beans 13346
Choi a 4150
Kale 4923
Tulia 4890
Pigeon peas 4433
Tomatoes 6699
Cabbages 3002

Note: A and B refers to 1« and 2rd season crops respectively

As it was indicated earlier, a crop®"s average cost of
production per hectare estimates the capital demand for that
particular crop. On the irrigated crop enterprises, French
beans had the highest demand for capital of Kshs. 13,346 per
hectare, TfTollowed by Karelia with a capital demand of Kshs
10,749 per hectare. Field survey interviews 1indicated crop
protection chemical and fertilizers are the most expensive
components.

On the unirrigated crop enterprises, an 1interesting

observation is that, second season crops have less demand for
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capital. The reason is that during this season, farmers
hardly use any fertilizer or purchased manure since the rain
normally comes when the Tfirst season crops have not TfTully
been removed from the farms. So farmers do the land

preparation and planting iIn hurry.

4.1.4 Income Obtained und®°r the Existing farming system

Gross margins for all the 1irrigated crop enterprises
were calculated for each of the sampled farmers. These gross
margins were then summed up and averaged for all the farmers
to give the average gross margin per farmer. Similar
calculations were done for the unirrigated crop enterprises.

Sum of the average gross margin for the irrigated crops
and the unirrigated crops gave the average total gross margin
per farmer. The latter was used as an estimator of the total
farm income. From the calculations, the estimated total Tfarm
income was Kshs. 23,219 out of which Kshs. 13,609 are
contributed by the irrigated crops and Kshs. 9,610 are
contributed by the unirrigated crops.

Irrigated crop enterprises contribute 58.6 percent of
the total farm income. This 1is quite a high contribution
especially when i1t 1is considered they occupy only 15.5

percent of the farmed land per average farm family holding.
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The average gross margin of Kshs. 13609 for the
irrigated crops in the existing farming system is obtained
from an average Tarm where the irrigated hectarage is 0.461
hectares per year. Based on these figures a gross margin of
Kshs. 29,521 for 1irrigated crops would be obtained if the
maximum permitted irrigable area of 1 hectare per year 1is
fully utilized by the farm family. The total gross margin

would then be Kshs. 39,131.

4.2 L,inear Programming Results
4.2.1 Specific Linear Programming Models

The key 1issue in this study was to develop optimal farm
plans for the farmers. To ensure realism iIn the study,
specific Ilinear programming models were developed. This
involved developing a general unrestricted linear programming
model on which specified constraints, such as subsistence
requirement and specific priority crops, were introduced.
The specific priority crops considered are those given fTirst
priority by the farmers as discussed under section 4.1 and
they i1nclude Karelia, French beans, and Kale. On the
subsistence requirement constraint it should be noted that
farmers in the study area expressed their desire to meet
their basic subsistence needs from their own Tfarms. Hence

introduction of subsistence requirement constraint in the
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linear programming models is quite in order with the farmers-®
liking.

This approach of developing specific linear programming
models 1i1s quite realistic and ensures the results obtained
have a wide scope of application. The approach has the
support of Blagburn (1972); Stewart (1961) and Johl et al
(1973) .

Blagburn (1972) argued that the choice of a particular
farming system may be influenced by personal preferences for
particular kinds of crops or livestock even at the expense of
maximization of profits. He further noted that with limited
capital, the need for quick cash returns may be an overriding
factor. Stewart (1961) cited soil fertility and crop
husbandry as reasons for imposing specific crop restrictions
in a linear programming problem. Johl et al, (1973) stated
that farm plans should take account of Tfarmers likes and
dislikes. This means fTarmers®™ preferences and priorities
should be considered in farm planning problems.

Going by the above discussion, three general farm models

developed; three Karelia farm models were developed,

one French beans farm model was developed and two Kale farm
models were developed. Common constraints to all the
specific linear programming models are: two unirrigated land

constraints, two 1irrigated land constraints, twelve labour
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constraints and working capital constraint. Details about

each specific linear programming model are given here below.

The three General Farm Models.

General fTarm model 1: based on the aggregate data; without

labour hiring activities and subsistence requirement

constraint.

General Tarm model 2: based on the aggregate data; without

labour hiring activities and with subsistence requirement

constraint.

General fTarm model 3: Also based on the aggregate data; with

labour hiring activities and subsistence requirement

constraint.

The three Karelia Farm Modols.:_

Karelia farm model 1: 1Is like general farm model 3 but with

at least 0.1 hectares of Karelia crop iIn the first season as

an added constraint.

Karelia fTarm model 2: Is like general farm model 3 but with

at least 0.1 hectares of Karelia crop in the second season as

an additional constraint.
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Karelia farm model 3: 1Is like general farm model 3 but with
at least 0.1 hectares of Karelia crops in the Tfirst and

second seasons as additional constraints.

The French beans Farm model:

The French beans farm model 1is based on the aggregate

data and 1like general Tfarm model 3, 1t has labour hiring

activities and subsistence requirement constraints but in
addition, 1it has at least 0.1 hectares of French beans crops

constraints iIn the first and second seasons.

The Two Kale Farm Models:

Kale farm model 1: Is just like general fTarm model 3 but
with at least 0.1 hectares of Kale crop in either/or both the

first and the second seasons as added constraint(s).

Kale farm model 2: It is like Kale farm model 1 but with at
least 0.1 hectares of tomatoes crop 1In either/or both the

first or/and second seasons as additional constraint. (s).

As it was mentioned earlier, the subsistence requirement

constraint 1is met using the maize, beans and pigeon peas

intercrop since it is the most popular food cropping method

in the study area. 0.75 hectares of this intercrop 1is
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sufficient to give the minimum required maize and beans per

annum.

4.2.2 Specific Model Results And Discussion

(@ Results of general farm models 1.2 and 3

Table 4.5 shows the optimal fTarm plans for the three

general fTarm models. This indicates the optimal combination

of crop enterprises, the level of production of each of the

crop enterprises in hectares and the gross margin earned from

each of the crop enterprises iIn Kshs.
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Table 4.5 Optimal farm plans for the three General

farm

models
Activity Model 1 Model 2 Model 3
(Irrigated Levels GM Level GM Level GM
Enterprises) (Ha) (Kshs) HA (Kshs) (Ha) (Kshs)
Cabbage A 0.2928 11416 0.3817 14591 0.4235 16188
Valore A 0.2014 9104 0.1183 5347 0.0765 3459
Cabbage B 0.2316 8853 0.3433 13120 0.382 14603
Valore B 0.2536 11463 0.1453 6566 0.9963 4353
Okra B 0.0148 616 -

Sullet Chillies B 0.0115 576 0.0217 1087
(Unirrigat.ed crop enterprises)

Maize and Bean

Mixture A 0.382 2296 0.17 1019 0.17 1019
Maize and

5;giapepea8 0.8129 6644 0.0876 716 0.42 3433
Pigeon peas 0.1443 816 0.3324 1882

Maize Beans

Pigeon peas

Mixture - 0.75 6457 0.75 6457
Total GM 51207 50275 50318
GM from Irrigated crop 41452 40200 39690
GM from Unirrigated crops 9755 10075 10909

NOTE: 1) In addition to the above, general farm model 3 had
labour hiring activities fTor the month of March

where & man-hours were taken, requiring
Kshs .279.70.
2) A and B refer to fTirst and second seasons

respectively.
3 GM refers to Gross Margin.
Table 4.6 shows the limiting resources for the optimal
farms plans in Table 4.5. The shadow prices of the limiting

resources are also shown. Shadow price is the marginal value
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productivity of a resource at the optimal solution level. It
indicates the 1increase or reduction 1iIn total gross margin
that would occur 11f one unit more or one unit less of a
resource was used while all the other constraints and

activities in the optimal plan remain constant. Limiting

resources take positive shadow prices.

Table 4.6: Limiting Resources and their shadow prices for
the three optimal fTarm plans in Table 4.5

Shadow Price (Kshs)
Limiting Resources

Model 1 Model 2 Model 3

January labour 1.10

February labour 0.50 4.70 4_.65
March labour 10.45 9.75 9.40
October labour 17.25 0.75 0.25
Working capital 1.483 1.774 1.831
Unirrigated land A 2,405 3,426 3,472
Unirrigated land B 960 1,062
Irrigated land A 22,545 25,760 25,925
Irrigated land B 26,021 32,555 32,606
NOTE: A and B refer to first and second season

respectively.

The three optimal fTarm plans for the general farm
models, Tully utilize the available irrigable land. Except
for model 1, the others fully utilize the available
unirrigated land. General farm model 1 leaves 0.2128
hectares of second season unirrigated land unutilized (See

Appendix 4) . The shadow prices for the 1irrigated land
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constraints are quite high and this shows there iIs a great
potential to increase the farmers income even Tfurther by
increasing the area under irrigation.

Labour during the months of February, March and October
is found to be a limiting resource in all the three optimal
farm plans as shown in Table 4.6. It is during those months
when the seasonal rains begin 1in the study area, hence
farmers are busy involved with harvesting, land preparation
and planting operations especially for the unirrigated crop
enterprises. Such operations added to the operation
undertaken for the irrigated crop enterprises lead to quite
a high demand for Jlabour. |In addition, farm model 1 has
January Qlabour as a limiting resource. March labour 1is the
most limiting resource in the three farm plans since in the
three farm plans, the shadow price (marginal value product)
of March labour is above the market price of labour which 1is
Kshs.3.30 per hour. This means it is economically feasible
to hire casual labour during that month for all the three
optimal farm plans. The February Blabour resource, though
limiting in all the three plans, has it"s shadow price above
the market price for the second and third TfTarm models.
Therefore i1t is only in those two models®™ optimal farm plans
where 1t 1is economically feasible to hire casual Ilabour

during the month of February. For October [labour, shadow
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price is above the market labour price in the Tfirst general

farm model. Thus in the optimal farm plan of general model 1,

it is economically feasible to hire casual labour during the

month of October.

Working capital was found to be a limiting resource in

all the three optimal farm plans. From the shadow prices

(marginal value products) it can be noted that the increments

on every Kenya Shilling (Kshs) invested in the optimal farm

plans for farm models 1, 2 and 3 are 48.3%, 77.4% and 83.1%
respectively. Comparing such increments with the current

interest rate charged by lending institutions for

agricultural loans which is 14% (Republic of Kenya, 1990b),
it is paying for farmers to obtain such loans.

The income levels, (in terms of total gross margins)

obtainable with the three optimal farm plans are Kshs.51,207;

Kshs.50,275; and Kshs.50,318 for models 1, 2 and 3

respectively as shown in Table 4.5 Contributions of the

irrigated crops to the total gross margin figures given above

are Kshs.41,452, Kshs. 40,200 and Kshs. 39,690 for farm

models 1, 2 and 3 respectively while the contributions of the
unirrigated crops are Kshs. 9,755, Kshs. 10,075 and Kshs.

10,909 for farm models 1, 2 and 3 respectively. As can be

noted from Table 4.5 above, irrigated crop occupy a total

area of 1 hectare for the two growing seasons in a year for
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all the TfTarm models while the unirrigated crops occupy a
total area of 2.3 hectares for the two growing seasons 1in a
year Tor farm model 1 and 2.51 hectares per year for farm
models 2 and 3. Comparing the total income levels
obtainable with the developed optimal TfTarm plans and the
income level of Kshs. 23,219 obtainable under the existing
farming system which s based on an average farm, it is noted
that the total average farm income per farm family would be
increased by 120.6%, 116.5% and 116.7% as a result of the
three optimal fTarm plans namely general farm models 1, 2 and
3 respectively. In the three optimal farm plans, the
percentage contribution of irrigated crop enterprises to
total 1income (total gross margin) is quite high. These
contributions are 80.9%, 80% and 78.9%. for models 1, 2 and
3 respectively. Compared to the existing farming system,
income from irrigated enterprises increased by 204.6%, 195.6%
and 191.6% while 1income from wunirrigated enterprises
increased by 1.5%, 4.8% and 10.6% for farm models 1, 2 and 3
respectively as a result of the optimal farm plans.

Sines the developed optimal farm plans Tfully utilized
the available irrigable land, a further comparison iIn income
levels is made for the developed optimal farm plans and a
case where the existing farming system 1is assumed to Tfully

utilise the available irrigable land. In this case the
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existing farming system would have a total gross margin of

Kshs. 39,131 with irrigated crops contributing Kshs. 29,521

and the unirrigated crops contributing Kshs. 9610. Results of

the comparison show that farm family income would be

increased by 30.8%, 28.5% and 28.6% for farm models 1, 2, and

3 respectively. Similarly, 1income from irrigated crops would

increase by 42_.4%, 36.2% and 34.4% while that from

unirrigated crops would increase by 1.5%, 4.8% and 10.6% for

farm models 1, 2 and 3 respectively as a result of the

optimal farm plans.

Other details for the above farm models such as the

value at which a nonbasic variable enters the solution, the

range of feasibility for the basic variables and the range of

feasibility for the constraints are given in Appendices 3, 7

and 8 respectively.

@®) Results for Karelia Models 1,2 and-3

Table 4.7 shows the optimal farm plans for the three

Karelia constrained farm models. The table shows the various

activities and their levels 1iIn hectares as well as their

gross margins iIn Kshs.
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Table 4.7: Optimal plans for the Karelia constrained farm
models

Activity Model 1 Model 2 Model 3

(Irrigated crop Levels GM Level GM Level GM

Enterprises) (Ha) (Kshs) (HA)  (Kshs) (Ha) (Kshs)

Cabbage A 0.4 15291 0.5 19113 0.1786 6827

Karelia A 0.1 5036 - - 0.1 503 6

Cabbage B 0.5 19113 0.4 15291 0.4 15291

Karelia B - - 0.1 5036 0.1 5032

(Unirrigated crop enterprises)

Maize and Bean

Mixture 0.0803 482 - -

Maize and

Pigeon peas

Mi)%turep 0.2951 2412 0.1182 966 0.42 3433

Maize Beans

Pigeon peas

Mi)%turep 0.75 6457 0.75 6457 0.75 6457

Pigeon peas 0.1249 707 0.2547 1442 - -

Total GM 49499 48306 ggggi

GM from lIrrigated crop 39441 39441 e

GM from Unirrigated crops 10058 8865

NOTE: A refers to fTirst season

B refers to second season

Table 4.8 shows the limiting resources for the optimal

farm plans in Table 4.7. Shadow prices for the limiting

resources are also given.
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Table 4.8 Limiting resources for the Karelia constrained farm
models

Shadow Price (Kshs)
Limiting Resource

Model 1 Model 2 Model 3
March labour 20.65 21.25
Capital 8.05 8.45 12.70
Unirrigated land B 268 - 5652
Irrigated land A 4674 3190 -
Irrigated land B 13954 12748 0.0039

NOTE A refers to first season
B refers to second season

Except for Tfarm model 3, all the other optimal farm

plans fTully utilize the irrigable Iland. The optimal farm

plan for farm model 3 has 0.221 hectares of irrigable land in
first season unutilized (see Appendix 11) . For the

unirrigated land, the optimal Tfarm plans for the three

Karelia farm models do not Tfully utilize the first season

unirrigated land. 0.0897, 0.2171 and 0.17 hectares of fTirst

season unirrigated land are not utilized for farm models 1,

2 and 3 respectively, (see Appendices 9, 10, and 11). Optimal

farm plan for farm model 2 leaves 0.0471 hectares of second

season unirrigated land unutilized (see Appendix 10) . The

other optimal farm plans TfTully utilize second season

unirrigated land. The shadow prices especially for irrigated
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land during the second season are quite high and this shows
there i1s a great potential to increase farm family income by
increasing the area under irrigation.

March Hlabour is the only labour limiting resource and it
holds for the optimal Tfarm plans for models 1 and 2. The
shadow prices fTor March Jlabour for models 1 and 2 are
Kshs.20.65 and Kshs.21.25 respectively. This means one
additional man-hour 1invested in the optimal farm plan during
the month of March would generate Kshs.20.65 and Kshs.21.25
for farm models 1 and 2 respectively. Compared to the current
market price for labour in the study area which is Kshs.3.30
per manhour, there is a net gain of Kshs.17.35 and Kshs.17.95
from every man-hour invested in optimal Tfarm plan for farm
models 1 and 2 respectively. With such increments to the
total gross margin, it 1is economically fTeasible to hire
casual labour during the month of March in the two optimal
farm plans.

Working capital is a limiting resource to all the three
optimal fTarm plans with It"s shadow prices being Kshs. 8.05,
8.45 and 12.70 for farm models 1, 2 and 3 respectively. The
net increments for every Kenya Shilling of Working capital
invested in the optimal farm plans are Kshs.7.05 (705%); 7.45

(745%) and 11.70 (1170%) for TFfarm models 1 , 2 and 3

respectively. Compared to the current interest rate of 14%
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crharged by lending institutions for agricultural loans, such
substantial increments show it 1is economically feasible to
obtain credit from such lending iInstitutions.

As shown in Table 4.7, the fTarm i1ncome (total gross
margin) obtainable with the Karelia constrained optimal farm
plans are Kshs. 49,499, Kshs. 48,306 and Kshs. 42,082 for
farm models 1, 2 and 3 respectively. Out of the total gross
margin Tfigures given above, the contributions of irrigated
crops are Kshs. 39,441, Kshs. 39,441 and Kshs. 32,191 for
farm models 1, 2 and 3 respectively while the contributions
of unirrigated crops are Kshs. 10,058, Kshs. 8,865 and Kshs.
9,891 for fTarm models 1, 2 and 3 respectively. As can be
noted from Table 4.7 above, irrigated crops occupy a total
area of 1 hectare during the two growing seasons for Tfarm
models 1 and 2. Farm model 3 has the total area occupied by
irrigated crops as 0.779 hectares. During the two growing
seasons unirrigated crops occupied a total area of 2.42
hectares for farm model 1, 2.29 hectares for farm model 2 and
2.34 hectares for farm model 3.

The net increments in total farm income resulting from
the optimal farm plans above the average farm 1income of
Kshs.23,219 under the existing TfTarming system are 113.2%,

108% and 81.2% for Karelia farm models 1, 2 and 3

ively. The increments in farm income from irrigated



78
~crop enterprises as a result of the optimal TfTarm plans are
189.8%, 189.8% and 136.5% for Karelia farm models 1, 2 and 3
respectively. Increments iIn farm income from unirrigated
crop enterprises as a result of the optimal farm plans are
4.66%, -7.75% and 2.92% for Karelia farm models 1, 2 and 3

respectively.

The contributions of irrigated crop enterprises to the

total fTarm 1income in the three optimal Tfarm plans are.

79.7%, 81.6% and 76.5% for Karelia farm models 1, 2 and 3

respectively.

The optimal farm plans fully utilize the available
irrigable area and hence a further comparison of farm income

levels 1i1s made for the developed optimal plans and a case

where the existing farming system also fully utilizes the

irrigable land available. In this case the net increments

resulting from the optimal plans would be 26.5% 23.5% and
7.5% above the considered existing level of Kshs. 39,131 for

Karella farm models 1, 2 and 3 respectively. Similarly,
income Tfrom irrigated crops would increase by 30,2%, 33.6%
and 9% above the considered existing level of Kshs. 29,521
for fTarm models 1, 2 and 3 respectively while the net
increments for unirrigated crop would be 4.66%, -7.75%

and 2.92% above the considered existing level of Kshs. 9,610

for farm models 1, 2 and 3 respectively.
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Other details for the Karelia constrained Tfarm models

such as the value at which a nonbasic variable enters the

solution, the range of feasibility for the basic variables

and the range of feasibility for the constraints are given in

Appendices 3, 12 and 13 respectively.

(c) Results for French Beans Farm Model:

Table 4.9 shows the optimal farm plan for a French beans

farm model. This

is a farm model which ensures there is at

least one french bean crop enterprise in each of the growing

seasons. Activities undertaken and their levels iIn hectares

as well as their gross margins are shown in the table.

Table 4.9: Optimal farm plan for the French beans farm
model

Activity Level Gross Margin (GVW)

(Ha) (kshs)

(Irrigated Crop

Enterprises)

Cabbage A 0.3429 13108

F/beans A2 0.1 2096

Cabbage B 0.0627 2397

F/beans Bl 0.1 2096

(unirrigated Crop

enterpri ses)

Maize & P.peas mixture 0.42 3433

Maize beans & P.peas

mixture 0.75 6457

Total GM i958;

GM from irrigated crops 969

GM from unirrigated crops 9890
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NOTE: A refers to Tirst season.
B refers to second season.
A2 refers to second F/beans crop during first season.
Bl refers to first F/beans crop during second season.

Table 4.10 shows the limiting resources and their shadow

prices for the optimal farm plans in table 4.9.

Table 4.10 Limiting resources for the French Beans
constrained optimal farm plan.

Limiting Resources Shadow Price

March labour 1.526 x 10-5

Capital 12.70

Unirrigated B 5652

NOTE : A refers to first season.
B refers to second season.

The optimal farm plan for the French beans farm model
underutilize most of the available resources. It leaves 0.17
hectares of unirrigated land in first season, 0.0571 hectares
of irrigated land iIn Tirst season and 0.3373 hectares of
irrigated land in second season unutilized (see Appendix 14) .

In this optimal farm plan, labour is only a limiting
resource on the month of March and even then, the shadow
price is too low and is rounded to zero. Thus it is not at

all economically feasible to hire labour during that month.
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Working capital is a limiting resource in that optimal

farm plan and it"s shadow price 1is Kshs.12_.70. This means

that an additional Kenya Shilling of working capital invested
in the optimal farm plan would have a net 1increment of
Kshs.11.70 which is the same as 1170% increment. Compared to

the current iInterest rate of 14%, such an increment makes

obtaining credit with this optimal farm plan worth paying.
The total Tfarm income (total gross margin) Tfor this
optimal farm plan is Kshs.29,587. Out of the total gross
margin Tfigure, irrigated crops contribute Kshs. 19,697 while
unirrigated crops contribute Kshs. 9,890. The irrigated crops
occupied a total area of 0.6 hectares during the two growing
seasons while the unirrigated crops occupied a total area of

2.34 hectares during the two growing seasons. Comparing the

total gross margin of the optimal farm plan to the total farm

income of Kshs.23,219 under the average existing Tarming

system, there 1is an 1iIncrement of 27.4% as a result of the

optimal farm plan. Farm income from irrigated crop

enterprises would increase from the existing level of

Kshs.13,609 to Kshs.19,697 with the optimal farm plan. This
represents a net increment of 44.7%. Unirrigated crop
enterprises income would increase from the existing level of

Kshs.9,610 to Kshs.9,891 with the French beans constrained

optimal fTarm plan. This represents a net increment of 2.9%.
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As mentioned earlier the French beans optimal farm plan

mutilizes 0.6 hectares of the available 1irrigable land per

year. For comparison purposes, the optimal plan®s total gross
margin is viewed against an existing farming system which 1is
taken to utilize 0.6 hectares of 1irrigable land in a year.

Based on the Tfigures on income given earlier in section

4.1.4, such an existing Tarming system would have a total

gross margin of Kshs. 27,322 with the contribution of
irrigated crops being Kshs. 17,712 while that for unirrigated
crops is Kshs. 9610. From the comparison, the optimal farm
plan would be superior by 8.29% in terms of total gioss
margin, by 11.2% 1in terms of gross margin from 1irrigated
crops and by 2.9% 1in terms of the income from unirrigated
crops.

Other details for the French Beans constrained farm
model such as the value at which a nonbasic variable enters
the solution, the range of feasibility for the basic

variables and the range of feasibility for the constraints

are given 1In Appendices 3, 17 and 18 respectively.

(@ Results For the Kale Farm Models 1 & 2
Table 4.11 shows the optimal farm plans for two Kale
constrained farm models. The activities to undertake, their

levels given iIn hectares and their gross margins given in
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Kenya shillings are indicated.1

Table 4.11: Optimal farm plans for Kale farm models

Activity Model 1 Model 2
(Irrigation Crop Levels GM Level GM
Enterprises) (Ha) (kshs) (Ha) (Kshs)
Cabbage A 0.3454 13204 0.4386 16766
Valore A 0.0546 2468 - -
Kale A 0.1 2617 -
Tomatoes A : : 0.0614 1916
Cabbages B 0.4148 15857 0.3614 13815
Valore B 0.0668 3019 - -
Bullet Chillies B 0.0184 920 -

Kale B - . 0.1 2617
Tomatoes B . - 0.0386 1204

Unirrigated crops
enterprises)

Maize + Beans

mixture A 0.17 1019 0.1469 881
Maize + Pigeon peas

Mixtures 0.42 3433

Maize + Beans +

Pigeon peas 0.75 6457 0.75 645/
Pigeon peas : : 0.42 2378
Total Gross Margini (G 48778 ggggg
GM from Irrigated cCrops 38085 oo1e
GM from Unirrigated crops 10909

NOTE- D In addition to the activities in the above
table, there is March labour hiring activity
with a level of 64.7 man-hours for Kale farm
model 1 and October labour hiring activity for
Kale farm model 2 at a level of 9.5 man

hours.
2 A refers to first season.
3 b refers to second season.

4) The total gross margins are less the amount of
money reguired for labour hiring activities in
the optimal farm plans
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Table 4.12 shows the limiting resources for the optimal

farm plans in Table 4.11 here above and their shadow prices:

Table 4.12: Limiting Resources for the Kale constrained

optimal fTarm plans
Shadow Price (Kshs)

Limiting Resources Model 1 Model 2

February labour 4_.65 -

March labour 9.40 15.65
October labour 0.25 19.30
Capital 1.831 4 _806

Unirrigated land A 3472

Unirrigated land B 1062 154
Irrigated land A 25924 10447
Irrigated land B 32605 15118
NOTE: A refers to Ffirst season
B refers to second season

The two optimal TfTarm plans shown in Table 4.11 fully

utilize the irrigable land available iIn the two seasons. The

shadow prices fTor 1irrigated land are quite high and this

shows Tarmers Tarm income could greatly be increased if the

areas under irrigation is increased. Unirrigated land in the

second season 1is Tully utilized by the two optimal Tarm

plans. However 0.0231 hectares of the first season
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vinirrigated land is unutilized by Kale farm model 2 (see
Appendix 16)

In both optimal farm plans, March and October labour
resources are limiting, iIn addition, February Ilabour 1is a
limiting resource for farm model 1. As far as the limiting
labour resources are concerned, 1t 1iIs not economically
feasible to hire casual labour during the month of October
since the shadow price is far below the current labour hiring

price.

Working capital i1s a limiting resource 1iIn both the
optimal farm plans. The net increments to every additional
Kenya Shilling of working capital invested in the optimal
farm plans are 83.1% and 380.1% for models 1 and 2
respectively. Compared to the interest rate of 14% charged
by lending institutions for agricultural loans,

such

increments are too (great. It is therefore economically

feasible to obtain credit to invest in the optimal farm plans

while holding all other factors constant.

As shown in Table 4.11 , the total farm income (total

gross margin) obtainable with the Kale constrained optimal
farm plans are Kshs. 48,778 and Kshs. 46,004 for Kale farm
models 1 and 2 respectively. Out of the total farm income
figures given above, irrigated crops contributions are Kshs.

38,085 and Kshs. 36,318 for farm models 1 and 2 respectively
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while the contributions of the unirrigated crops are Kshs.
10,909 and Kshs. 9,716 for farm models 1 and 2 respectively.
During the two growing seasons, Iirrigated crops occupied a
total area of 1 hectare for both farm models while
unirrigated crops occupied a total area of 2.51 hectares for
both farm models.

With the optimal farm plans, net increments of 110% and
98.1% above the average total farm income of Kshs. 23,219 for
the existing cropping system would be realized for models 1
and 2 respectively. Income from irrigated crop enterprises
could be increased by 179.9% and 166.9% while that from
unirrigated crop enterprises could be increased by 13.5% and
1.1% with adoption of the developed optimal farm plans for
kale models 1 and 2 respectively.

The contributions of the irrigated crop enterprises to
the total Tfarm income are quite substantial for they
represent 78.1% and 78.9% of the total farm income
obtainable with the optimal farm plans for Kale farm models
1 and 2 respectively.

As noted earlier, both Kale optimal farm plans fully
utilize the available 1irrigable land. For comparison
purposes, the total gross margin of the developed optimal
plans is viewed against an existing farming system which is

also taken to Tully utilize the available irrigable area.
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From the comparisons, the optimal farm models 1 and 2 were
found to be superior by 24.65% and 17.57% respectively over
the considered existing farming system which has a total
gross margin of Kshs. 39,131. Considering the gross margin
from irrigated crops ,the optimal Tfarm plans 1 and 2 are
superior by 29% and 23% respectively over the considered
existing TfTarming system level of Kshs. 29,521. Regarding the
gross margin from unirrigated crops, the optimal farm plans
are superior by 13.5% and 1.1% over the considered level of
Kshs. 9610.

Other details for the Kale constrained farm models such
as the value at which a nonbasic variable enters the
solution, the range of feasibility for the basic variables
and the range of feasibility for the constraints are given in

Appendices 3, 17 and 18 respectively.

4.3 Comparative Discussion OF Alternative Optimal Farm Plans

Table 4.13 summarizes all the optimal farm plans
developed by considering some of the important factors such
as irrigated area (Irr.L), unirrigated area (Unirr._.L), gross
margins from irrigated enterprises (GM.Irr.L) and unirrigated
crop enterprises (GM.Unirr.L), total gross margins (TGM),
marginal value product for capital (MVP.Cap), and marginal

value product for irrigated land (MVP.Irr.L) during each of



the seasons.

Table 4.13 Summary of all optimal farm plan

Mocel Irr.L. Unirr.L. OM.Irr.L. OM.Unirr.L. ToM. wmvep Cap. wmve Irr.LA. Wp irr.LB.

A B A B (Kshs) . (Kshs). (Kshs). (Kshs). (Kshs). (kshs).

GV 1 0.5

o.s 1.34 0.7572 4142 9755 51207 1.483 22545 26021
GM 2 05 o.s 1.34 1.17 40200 10075 50275 1.774 25760 32555
GM 3 o.s o.s 1.3 1.17 3969 10628 50318 1.831 25725 32606
KRPM1 0.5 0.5 1.25 1.17 39441 10058 49499 8.05 4674 13954
KRRM2 0.5 0.5 112 1.12 30441 8365 48306  8.45 3190 12748
KRRM3 0.5 0.5 1.17 1.17 32191 9801 42082 12.70 - 0.0039
F/FRM 0.44 0.16 1.17 1.17 196557 9890 27587 12.70 - -
KM 1 0.s 0.5 1.3 1.17 38095 10909 48778 1.831 25924 32605
K(FM2 0.5 0.5 1.3 1.17 36318 9716 46004 4.806 10447 15118
EFS 1 0.22¢ 0233 1.3 1.17 13507 9610 2217 - - -
EFS 2 0.5 o.s 13% 1.17 27521 7610 9131 - * ]
NOTE: GFM refers to general fTarm model.

F/BFM refers to French bean farm model.
KRFM refers to Karelia farm model.
KLFM refers to Kale farm model.

EFS 1 refers to existing farming system based on an
average Tarm.

EFS 2 refers to existing farming system when the
irrigated land is comparable to that
appearing in most of the optimal farm plans.

A and B refers to first season and second season
respectively

From Table 4.13 1t can be noted that most of the
developed optimal farm plans fully utilize the irrigable land
available in both seasons. However unirrigated land
especially during the first season is underutilized in some

of the cases. Irrigated land is a limiting resource in almost
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gill the developed plans and has quite high shadow prices.
Considering the total gross margins, the highest
obtainable 1is Kshs. 51,207 and 1is for general farm model 1
while the Ilowest obtainable i1s Kshs. 29,587 for the French

beans farm model. When the developed optimal farm plans are

compared to the existing farming system which is based on an
average Tarm, general farm model 1 gives the highest net
increment in total gross margin with a value which is 120.6%
above the existing level of Kshs. 23,219. French beans fTarm
model gives the lowest net increment in total gross margin
with a value which i1s 27.4% above the existing level. When
the developed optimal farm plans are compared to the existing
farming system which is taken to fully utilize the available
irrigable land as 1is the case in most of the optimal farm
plans, the highest percentage net increment noted is 30.8%
and is for the general farm model 1 while the Ilowest
percentage net increment noted is 7.5% and is for Karelia
farm model 3. Since the French beans farm model utilizes 0.6

hectares of the 1irrigable Iland, it was compared with an

existing farming system which also utilizes 0.6 hectares and

the total gross margin of the optimal farm plan was higher by

8.29% over that of the considered existing farming system.
The contribution of irrigated crop enterprises to the

total gross margin are quite substantial, ranging between
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g 1.6 percent fTor Karelia fTarm model 2 and 66.6% for the

{French beans farm model. Under the existing farming system

which is based on an average farm, irrigated crop enterprises

contribute 58.6% of the total fTarm income. The contribution

of the 1irrigated crops to total gross margin iIn the existing

farming system where it is assumed the available 1irrigable

land 1s fTully utilized is 75.44%

Capital 1is a limiting resource in all the cases. It is

least limiting in the general fTarm model 1 where it"s shadow

price is Kshs 1.483 and most Ilimiting in the French beans

farm model and iIn the Karelia farm model 3 which tie at a

shadow price of Kshs.12.70.
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CHAPTER 5
SUMMARY CONCLUSIONS AND RECOMMENDATIONS
5.1 Summary And Conclusions:

This study is a challenge to one of the priority issues
in rural development namely improving small scale Tarmers
income. This 1is being met through proposing optimal Tfarm
plans, with gross margin maximization as the objective
function, to smallholder farmers practising irrigation along
the Yatta Canal.

The specific objectives of the study are to describe the
existing farming system for the smallholder farmers
practising 1irrigation along the Yatta Canal; to develop
optimal Tfarm plans for those farmers under the existing
resource constraints and other restrictive requirements; to
show the superiority of the obtained optimal farm plans over
the existing cropping system using gross margin comparisons
criteria; to identify the main constraints to irrigated and
unirrigated crop production along the Yatta Canal.

From the objectives, one hypothesis was postulated for
testing. The hypothesis is that the current level of resource
use Is sub-optimal and hence farmers i1ncome can be iIncreased
by reorganising the existing resources and enterprises.

In all the optimal farm plans developed, the increments

to total farm income (total gross margin) above the average
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existing farming system income level were found to be quite
substantial. The lowest increment was 27.4 percent and was
recorded for the optimal farm plan for French beans farm
model. All the other plans, except for Karelia farm model 3
and Kale farm model 2, had increments above 100 percent. This
meant farm income more than doubled. The highest increment in
income was 120.6 percent and was recorded for general fTarm
model 1 optimal plan. In all the cases, 1irrigated crops
enterprises had the highest contribution to total Tfarm
income. This ranged from 66.6 percent to 81.6 percent for
French beans and Karelia farm model 2 plans respectively.
Such a contribution is an 1indicator of the importance of
irrigation in the study area. In all the cases, increments
in incomes from irrigated crops enterprises (gross margins
from irrigated crop enterprises) were dquite high. These
ranged from 44_.7 percent with the French beans Tfarm model
optimal plan to 204.6 percent with the general Tfarm model 1
optimal farm plan. Minor increments in income from
unirrigated crops enterprises were noted with the highest
increment shown as 10.6 percent for general farm model 3
plan.

Further comparisons of income were made whereby each
developed optimal farm plan was compared to an existing

farming system with the same irrigated hectarage as the
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respective optimal plan. In all the cases, positive net
increment in total farm (total gross margin) over the
considered existing farming system levels were noted. The
increments ranged between 7.54% and 30.86%. This shows that
the superiority of the optimal farm plans developed in this
study over the existing fTarming system can not be solely
attributed to the underutilization of the irrigable land in
the existing farming system based on an average farm.

In view of the above findings, it i1s evidently clear
that adoption of the developed optimal farm plans would
increase farmers i1ncome. This i1mplies that resource
allocation iIn the existing farming system is sub-optimal and
especially so in the 1irrigated plots. Therefore, the
hypothesis for this study is accepted.

Working capital was found to be a serious limiting
resource in all the farm models considered. The lowest and
highest observed marginal value product for capital figures
were Kshs. 1.483 and Kshs. 12.70 respectively. This means
that the increments to every additional Kenya shilling of
working capital invested in the optimal farm plans are higher
than the current Ilending rate of 14 percent charged by
leading institutions for agricultural loans. Assuming all
other factors constant, this means it 1is economically

feasible to obtain credit from such iInstitutions. Such a
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finding with regard to working capital confirms a general
complaint raised by majority of the farmers during the field
survey interviews. Farmers complained that some key
horticultural crop inputs, namely, pesticides and fertilizers
are too expensive. These coupled with the high demand for
labour during certain months which necessitates casual labour
hiring, make horticultural farming too expensive and
prohibitive in terms of increasing area under these crops. As
a solution to the capital problem, the farmers argued that
since their farms have been adjudicated, they should be given
the title deeds to use them as security to acquire loans from
lending institutions. In addition, Hlabour during some months
was a limiting resource at varying degrees from model to
model . In most of the farm models, labour hiring activities,
though allowed for on monthly basis, did not enter the
optimal solution even fTor those months when labour was a
limiting resource as indicated by very high shadow prices of
labour. Such a situation can only be explained by acute
working capital scarcity.

The study also revealed that both irrigated and
unirrigated lands were limiting resources in most of the farm
models. Comparatively, 1irrigated lands had higher shadow
prices than unirrigated lands in most of the cases. This

meant that other factors held constant, irrigated land could
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be increased at the expense of unirrigated land. One possible
way of increasing the area under irrigation is by reducing
the current seepage water loss in the canal which amount to
26.5 percent of the total water obstructed, equivalent to
62.4 percent of that available for irrigation. If seepage is

reduced more water would be availed for irrigation use.

5.2 Recommendations

1. All the developed optimal farm plans are superior to the
existing farming system in terms of farm income. Hence this
study recommends adoption of these farm plans. Adoption of
the plans would ensure that the existing resoure are
optimally used. These optimal farm plans should also be
reviewed overtime to ensure Tfarmers continue to enjoy the
maximum possible income from their resources.

2. As mentioned earlier, capital 1i1s a serious limiting
resource in the developed farm models for Yatta farmers. This
study therefore recommends that the farmers in the study area
be assisted financially. This can be achieved through
availing credit facilities to the farmers. Lending
institutions should therefore be encouraged to avail credit
facilities to small scale farmers and this may require
government policy interventions. Further, since land in the

study area has been adjudicated, the government can also
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intervene by providing the farmers with their title deeds so
that they can be used as security to obtain Jloans from
lending institutions. With financial assistant, the farmers
income would greatly be improved.
3. The study also recommends that a detailed study on the
economic and technical aspects of lining -up the main canal
and all the offtake Tfurrows should be undertaken. This
recommendation is based on the observation that seepage water
loss is quite high amounting to 26.5% of the total water
obstructed. With the canal lined up, seepage water loss would
be reduced and hence more water would be availed for
irrigation use. This could also ease the canals maintenance
operations.
4. On maintenance of the canals, this study recommends that
the farmers should be more involved not only in the cleaning
of the offtake furrows but also in the cleaning of the main
canal. Such a participatory approach would reduce dependency
on treasury funds for the maintenance operations. Delays in
obtaining the treasury TfTunds cause delays 1in the canal®s
cleaning operations and this leads to temporary water
shortages at times. With the farmers involved in the cleaning
operations, such delays can be avoided.
5. One more way the government can influence TfTarming

activities in the study area is through relevant research and
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extension. Intensive research work especially on the
agronomic aspects of the horticultural crops grown in the
study area is recommended. Aspects of nutrient requirements,
pathology, climatic requirement, water requirements, as well
as breeding should all be considered. Such studies should aim
at increasing the yields of such crops per unit area. Such
work would generate quite useful information since some of
the crops do not have any literature available 1in the
country. Apart from equipping extension officers with better
skills for assisting TfTarmers 1iIn their decision making, the
information generated would be of great use to other
researchers.

In addition there are some potential problems which can
easily crop up where farmers venture iInto irrigation without
seriously considering some technical aspects such as those of
soil salinity and rising water tables. Such problems make
land totally unproductive. Yatta can easily fall iInto such
problems since fTarmers have just gone into irrigation on
their own 1i@nitiative. This study therefore recommends
intensive research work to be done specifically on the water
characteristic in relation to 1t"s suitability for irrigation
use; the soil characteristics and 1t"s suitability for

irrigation; and suitable irrigation methods.
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APPENDIX 1

QUESTIONNAIRE

IDENTIFICATION:
Farmer®s name

Location

Enumerator®s name

Date of survey

Type of farm ownership (Permanent or Leased)

BACKGROUND INFORMATION

What is the total size of your farm (acres)...

What size was actually farmed under 1irrigation during
last year®s cropping season i.e. 198971990 cropping
season starting October 1989 and ending September

1990 (acres)

What size was fTarmed during last year®s cropping
season but not under irrigation

What is the maximum area iIn acres, that can be allowed
for irrigation farming.... ... ... _._._._.._..
Do you own any other farm anywhere else (Yes/No)

How big is that other farm (acres)

How is that farm utilized
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13. At what level of education did you reach at school.

© ENTERPRISES: (Fill answers to Question 14 in the space

below it).

14 (i) What crops and/or crop mixtures did you have in
the irrigated portion during last year®s cropping
season?

(i1) What was the acreage for each of these

enterprises?

(iii) when did you plant each of the enterprises?

(iv) What yields were realized for each enterprise and

what was the price per unit for each?

Crop or Area Amount Planting Harvesting Yield Amount Prices

crop (Acres) of seed Date Period Harvested Sold
mixture or No. (Time of
of plants month)

15) What crops or crop mixtures did you grow in the

unirrigated portion during last year®s cropping

season.
i) First season - October/January rains
Gi) Second season - March/May rains
Crop or Area Yield Amount Amount Amount
crop (Acres) Harv. Sold or for home retained

Mixture as seed
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(D) (First
season)

(i1)(Second
season)

(© ENTERPRISE INPUTS (Use the space below Q.15 for

information on Tfertilizer)

15(i) what types of fertilizer did you use during last
year®"s cropping season in the various crop
enterprises in your farm?

(i) In what amounts did you apply each of the fertilizers
types to the various enterprises.
(i1r1) What was the price of each of the fertilizer type.

a Irrigated Fertilizer Amount Price per Total
enterprises name applied unit cost
(crops & crop (specity (Kshs) (Kshs)
mixtures units)

b) First season un-irrigated
enterprises

)] Second season un-irrigated
enterprises

(16) Did you buy manure iIn any of last year"s crop

enterprises? Yes/No. If yes give the details here
below:
@ Irrigated Amount of Price/ Total cost

enterprise bought unit
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applied

®) First season
unirrigated
enterprises

(© Second season
unirrigated
enterprises

17) What types of pesticides did you use in the various

crop and/or crop mixtures during last year®s cropping

season. (Give the details here below)

@ Irrigated Pesticide Amouqt Price Total
enterprises name applied unit cost
(crops or and (specify (Kshs) (Kshs)
crop mixture units)

(®M) 1st season
unirrigated
enterprises

(© 2nd season
unirrigated
enterprises

(18) For which of the various crops and crop mixtures
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grown during last year®"s growing season did you buy

seeds? (Give the details here below).

a) Irrigated crop Amount of Price per Total cost
or crop mixture Seed used unit (Kshs.)

(specify units) (Kshs)

b) 1st season
unirrigated
crop/crop
mixture

(0)) 2nd season
unirrigated
crop/crop
mixture

19) For which of the various crop or/and crop mixtures did
you use a tractor, oxen or casual labourer for land
preparation? Give the details here below.

(@) Tractor

use Enterprises Area Total cost
ii) Oxen Enterprises Area Total cost
use
ii1) Casual Enterprises Area Total cost
labour

®  LIVESTOCK:
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® LIVESTOCK:

20(1) State the livestock heads you owned last year 1969/90

(ii) What were the feed costs pec month U.shs)...... .
@lIl) What were the veterinary drugs cost

drugs and dipping costs) per month Kshs

drugs per month.

dipping per month...._._.. -

(iv) Mow many manhours ere spent on livestock per® day

() During which months last year were you milking your

(vi) What was the average milk production per day (tree tap
Dot Eles) . . e e e e aaaaaan
(vi i) Mow much was consumed at home.
(Qviii) How much was sold. ... ... .. . ... --
@) What was the average price per® bottle
(Kshs
¢i1 OTHER ACTIVITIEC:
21. Apart from farming, are you involved in any other"
money making activity? Yes/No, Give details here below,

Activity Months of Amoun t Total per
earning per month year”
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22(@) Did you obtain credit either in kind or in cash
in fanning during last year®s cropping? Yes/No.
() If yes, from where

(iii) How much was the value (cash/kind) or your

(iv) For what purpose did you borrow?.._._____._._.......
23) (i) Do you plan to get any (more) loans in future?
Yes/No.

(i) If no, why not ... ... . ... ii..--
() LABOUR AVAILABILITY:
24) Who among the Tamily members are available for farm

work and for how long? (Give details here below).

Member Age Number Period N>imber of  Number Type of
avai table hours of days work
for farm worked/ worked/
work(months) day week

Husband

wife

(wives)

Children

m » 7 < 14

@ » 14

Other
relatives
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(I » 7 <14

111 » 14 < &4
Giii)> 64

(5) (1) How many permanent labourers did you employ during
last year®s cropping season............

(i1) What specific duties are the permanent labourers

(6) (i) Did you employ casual labourers?
Yes/No.
(i) i1f yes during which months and for which
operations?
(ii1) How many days do they work per month
(iv) How many hours do they work per day?

() How much are casuals paid per day?

Month  Operation No. of No. of No. of Amount Total

Labourers Hours Days Paid Amount
worked/ worked/ (Kshs) paid
day month{

() FARM OPERATIONS AND LABOUR UTILIZATION:

27(@) when did you do the following operations (nursery



115
establishment and management, land preparation,
manuring, planting/fertilizer application, weeding,
spraying/dusting, harvesting/grading/packing) on the
farm for the various crop enterprises grown last
year?
(i1) Approximately how 1long in days, does it take a man

working 5 hrs per day to do the following operations

on one ACRE of enterprises?

Enterprise Operation Date of Days required for the
operation operation per acre of
(month) enterprise.

J: IRRIGATION PRACTICES:

(28) @) What is the frequency of water application in
the dry months for each enterprise?
(i1) What is the frequency of application in the wet
months for each enterprise?
(ii1) Approximately how many hours would a man working 5
hrs per day take to irrigate one acre of cropped

area?

Enterprise Frequency of water Frequency of water Hours
application in dry application in wet required
to
months months irrigate
per acre
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((9) ESTABLISHMENT COST FOR [IRRIGATED PERENNIAL CROPS OR CROP
MIXTURES

(29) (1) When were the various perennial crops established?

(i) When did you start harvesting?

(iii) What was the planting hired labour cost?
(iv) What was the seed/seedlings cost?

™~ Before the crop started yielding
@ what were the yearly fertilizer costs?
(b)) What were the yearly manure costs?
(© What were the yearly protection chemicals costs?

and () what were the yearly hired labour charges?.

Crop or/and Plant ing Start of Planting Seed/ Yearly Yearly Yearly
Yearly R -
crop mixture date harvesting labour seedling ferti- manure chemicals
hired
date costs costs llrer costs costs
casuals
costs
labour
costs

(L SUBSISTENCE REQUIREMENTS:

30 (M How do you meet your family®s subsistence food
requirements? (tick correct answer).
a) Produce enough food from your Tfarm
b) Produce some food then buy what remains

c) Produce cash crops sell them and buy food.
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an) In the case where you supplement the family food

supplies with some purchases, during which months

ab) How many bags of maize and beans does your
family consume per 6 months season?
Maize bags.-..--..-.-..-....
Bean bags... ... .. ._.....

(av) What other food stuff does your family use and

at what rates?

Food stuff Weekly rate Cost

() COMPULSORY ENTERPRISES
@D @) Are there some crops/crop mixtures that must be
grown each year in your irrigated plots (yes/no).
(i1) If yes, list them in the table here below showing
the minimum area for each of them, and the time
during the year it has to be planted. (On the

minimum area choose among 0.125, 0.25, 0.5 and
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1 acres categories);

Compulsory crops Minimum Time when the
or crop mixtures area compulsory crop has
to be planted

() PROBLEMS AND COMMENTS:

32(1) What are the major problems you have been facing 1in
relation to irrigation farming (i.e. in regard to
labour, input acquisition, credit (working capital,

marketing, extension and such others).

D) What are your suggested solutions to these

problems?.



KAPELLA
(A -Ut

KARELLA

1B-2nd

DOTHI

DUTHI

TULIA

mJULIA

VALORE

VALORE

OKRA

OKRA

CHILLIES

CHILLIES

F BEANS

A

B

A

A

A4

As

Bl

B2

B3

JANUARY

IR X4
SP X1
HV X8
WD X1

IR X4

SP X2
HV X8

IR X8

WD X1

IR X8
WD X1
SP X2
HV X8

JANUARY

IR X4
HV X4

IR X8
wD X1
SP X2

cc

IR X8

APPENDIX

FEBRUARY

IR X4
SPX1
HV X8
WD X1

IR X4
WD X1
SP X2
HV X8

IR X8
SP X2
WD X1
STK

FEBRUARY

IR X8

SP X2

cc

IR X8

MARCH

IR
HV

IR
HV

X2
X4

X8
X2

X4
X4

MARCH

IR
wD
sP

cc
PL
IR

X4
X1

X8

X8

2
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CALENDAR OF OPERATIONS

APRIL
cc

PL

IR X4
IR X4
HV X4
L/p

IR X4
sP X2
wD X1
HV X8
cc

PL

IR X4
APRIL
L/P

IR X4
HV X4
IR X2
HV X4
IR X4
WD X1
sP X2
HV X8
IR x4
WD X2
SP X2

MAY

IR
wD
sP

cc
PL
IR

IR
wD
sP

MAY

cc

IR

N/E
Li/pP

IR
HV

x4
X1
X2

X4

X4
X2
X2

X4
X4

JUNE JUuLY
IR X8 IR X4
WD X1 WD XI
SP 2 SP X2
STK HV X8
IR X8 IR X8
wC X1 WD XI
SP X2 SP X2
STK
1P X4
H\' X4
L/P cc
PL
IR X4
IR X8 IR X8
WD XI WD XI
SP X2 SP X2
STK HV X8
JUNE uLy
L/P
IR X8 IR X8
WD X2 WD XI

SP X2 SP X2

cc 1B X8
TIPL WD X2
IR X8 SP X2

IR X4

HV X4

L/p cc
PL
IR X8
Li/pP

AUGUST SEPTEMBER OCTOBER
(W cc IR X8
PL wD X1
IR X8 sP X2
IR X8 IR X8 IR X1
wD X1 wD X1 HV X4
sPoXI sPX1
HV X8 HV X8
L/p cc
PL
IR X4
IR X4 IR X4 IR X4
wD X1 wD X1 wD X1
sP X2 sP X2 sP X2
HV X8 HV X8 HV X8
IR X8 IR X8 IR X8
wD X1 wD X1 wD X1
sP X2 SP X2 sP X2
STK HV X8
LIP cc IR X8
PL WD X2
IR X8 sP X2
IR X8 IR X4 IR X4
wD X1 wD X1 HV X4
sP X2 sP X2
HV X8 HV X8
AUGUST SEPTEMBER OCTOBER
cc IR X8 IR X8
PL WD X2 wD X1
IR X8 sP X2 sP X2
IR X8 IR X8 IR X4
wD X1 wD X1 HV X4
sP X2 sP X2
HV X8 HV X8
N /E
IR X8 IR X8 IR X8
wD X1 wD X1 wD X1
sP X2 sP X2 sP X2
HV X8 HV X8
IR X8 IR X4 IR X2
WD X2 wp X1 HV X4
SP X2 SP X2
HV X8
cc IR X8 IR x4
PL WD X2 wD X1
IR X8 SP X2 sP X2

NOVEMBER

IR
wD
sP

STK

IR

SP

IR
HV

X8
X1
X2

X8

X2

X4
X4

DECEMBER

IR X4
SP X1
HV X8

wD X1
IR X4
WD X1
SP X2
STK
cc
PL
IR X4
IR X4
WD X2
SP X2
HV X8
IR X4
WD X2
SP X2
HV X8

NOVEMBER: DECEMBER

IR

cc
TIP
IR

IR
HV

IR
HV

X4

L
x4

x4
x4

X2
14

IR X4
WD X2
SP X2



F BEANS

Al

A2

A3

BRIHJALS A

BSIKIALS B

CNION

ONION

TGMATO

TOMATO

TVRWEL

CHOLA

CHOLA

MAIZE

BEANS

PIGEON

WHERE:

A

AlB

PEA

JANUARY FEBRUARY MARCH APRIL MAY JUNE ULy AUGUST SEPTEMBER OCTOBER
L/p cc IR X8
PL WD X2
IR X8 sP X2
IR X8 IR X4 L/P
wD X1 HV X4
sP X2
HV X8
IR X8 IR X8 IR X2
WD X2 wD X1 HV X4
sPoX2 SP X2
HV X8
IR X4 IR X4 IR X4 IR X4 IR X2 N/E cc IR X8
wD X1 wd X1 WNn xi WD X2  HV X4 Lip TIPL wD X2
SP X2 sP X2 sp x2 SP X2 IR XV sP X2
HV X4 HV X8 HV X3
N/E cc IR X4 IR X4 IR X4 IR X4 IR X4 IR X4 IR X4
L/p TIPL WD X2 WD X2 WD XI WD XI WD XI wD X1 wD X1
IR X8 SP X2 SP X2 SP X2 SP X2 SP X2 sP X2 sP X2
HV X 4 HV X8
IR X8 IR X8 HV N/E
wD X1 wD X1 L/P
sPoX1 SPX1
N/E cc IR X8 IR X8 IR X8 IR X2
Lip TIPL WD X2 WD X2 WD X2 HV
IR X4 SP X2 SP X2 SP XI
IR X8 IR X8 IR X4 N/E
wD X2 WD X1 HV  (K)Xx 8 L/p
SP/DS SP/DS HV fC)
(K)X8 HV(K)X8
N/E cc IR X8 IR X8 IR X8 IR X4
L/P TIPL WD X2 WD X2 wD X1 HV (K)
IR X8 SP/DS SP/DS spP/ DS HV (C)
HV(K)X4 HV(K)X8
JANUARY FEBRUARY MARCH APRIL MAY JUNE JuLY AUGUST SEPTEMBER OCTOBER
IR X8 IR X8 IR x8 HV x4 N/E
wD X2 wD X1 wD X1 L/P
SP X2 sP X2 sP X2
STK HV X4 HV X8
N/E cc IR x8 IR X8 IR X8 IR X8 IR X4
L/p TIPL WD X2 WD X2 WD XI wD X1 HV X4
IR X4 SP X2 SP X2 SP X2 sP X2
STK HV X4 HV X8
IR X4 IR X4 IR X4 L/P cc IR x4 IR X4 IR X4 IR X4 R X4
WD X1 WD X1 HV X4 PL WD X2 WD X2 WD XI wD X1 wD X1
sPX2 SP X2 IR X4 SP X1 sP X2
HV X8 HV X8 HV X4
IR X4 IR X8 IR X4 L/p
WD X1 SP X2 HV X8
sP X2 HV X8
Lip cc IR X8 IR X8 IR X8 IR X4
PL WD X2 WD XI HV X8
IR X8 SP X2 SP X2 sP X2
HV X8
wD 1 HV 1 HV 1 PL 2 wD 2 wD 2 HV 2 HV 2 L/p 1
L/P 2 WD 2 PL 1
PL 2
HV 1 HV 1 L/p 2 PL 2 wD 2 HV 2 HV 2 L/P 1
PL 2 wD 2 PL 1
s wD wD wD HV HV Li/p
PL
N/E REPRESENTS NURSERY ESTABLISHMEf/T.
L/P REPRESENTS LAND PREPARATION.
T/PL REPRESENTS TRANSPLANTING.
PL REPRESENTS PLANTING.
ccC REPRESENTS CANAL CLEARING.
IR REPRESENTS IRRIGATION.
WD REPRESENTS WEEDING.
SP REPRESENTS SPRAYING; *nd DS REPRESENTS DUSTING CHEMICALS.
STK REPRESENTS STAKING.
HV REPRESENTS HARVESTING.
C/K REPRESENTS CAB8AGE OR/AND KALE.
X MULTIPLICATION SIGN AND INDICATES THE NUMBER OF TIMES AN OPERATION IS DONE.
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NOVEMBER

IR X4
wD X1
SP X2
HV X8
cc

PL

IR X4
L/p

IR X8
WD X2
SP x2
IR X4
wD X1
SP X2
HV X8
cc

TIPL
cc

TIPL
IR X8

NOVEMBER

cc
TIPL
IR X4
IR X4
WD X1
SP X2
HV X4
cc
PL
IR X4
PL 1
wD 1
PL 1
wD 1
LIP
PL

DECEMBER

IR X2
HV X4
IR X4
WD X2
sP X2
cc

PL

IR X4
IR X4
wD X2
SP X2
IR X2
HV X4
IR X4
WD X2
SP X2
IR X4
WD X2
SP/DS
DECEM
IR X4
WD X2
SP X2
IR X2
wD x|
SP X2
HV X8
IR X4
wD

SP X2
wD 1
wD 1
wD

BER
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APPLKIIX 3

tve VALUE AT WHICH A NONBASIC VARIABLE ENTERS THE SOLUTION FOR THE VARIOUS OPTIMAL FARM PLANS

VARIABLE CURRENT ENTERING VALUE

em 1 SETK 2 GFM 3 KRFM 1 oy KRFM 3 FIBFM KLFM 1 KLFM?2
KARELLA A VITT7.11  t7771 .22 Ibz'1.83 sty 1 TTTITATT 77117716
KARELLA B 50364 53360.95 56654.38 56980.17 110931 .4 136876.1 56980.23 81461.3
DUTHI A 30604 43344 .42 45438.42 45508.5 61669.309 62730.21 66878.15 66878.15 45508.57 51722.34
UUTMI B 30604 45950.20 42414.76 42417.27 56419.41 57323.32 66878.14 66878.15 42417.27 53951.92
mJULIA A 30687 38663.27 46023.84 46174.60 59734.55 60679.6 62268.5 62268.49 46174.64 45707.03
TULIA B 30687 46547.77 41809.39 41767.72 53492.45 54250.93 62268.5 62268.5 41767.67 53140.13
VALORE A 45202 55467.25 56314.85 64662.46 64662.46 51487.95
VALORE B 45202 61957.38 62998.95 64662.46 64662.46 53890.7
CHOLA A 12764 51972.31 52181.41 51851.29 63837.84 64787.07 52845.46 52845.45 51851.32 59825.65
CH«< LA B 12764 56336.60 40995.05 40592.26 47509.17 47970.37 52845.45 52845.45 40592.27 62112.36
OKRA A 41619 47880.84 44840.80 45334.99 89725.34 92467.84 133947.3 133947.3 45334.83 71462.81
OKRA 8 41619 51219.27 51866.71 99005.81 102025.7 133947.3 133947.3 51866.73 65673.84
rlbeans A4 20959 58589.99 68732 69124.72 143008.2 147795.7 169945.9 20959.01 69124.73 97636.73
F/BEANS A5 20959 52256.85 59403.89 60025.89 130999 .4 135428 169945.9 20959.01 60025.88 88540.09
F/BEANS BI 20959 48862.59 60768.56 61466.07 127485.6 131809.2 169945.9 61467.09 83519.63
F/BEANS B2 20959 56743.51 56722.52 57218.50 121863.6 1260109.1 169945.9 20959 57218.45 91499.83
F/BEANS B3 20959 71233 81 57368.19 57450.97 121863.6 126019.1 169945.9 20959 57450.98 107721.5
T)BEANS Al 20959 57723.18 50126.21 50608.34 1125831 116461 .4 169945.9 20959 50608.26 91816.95
“BEANS A2 20959 51250.44 52727.23 53415.10 112583.1 116461.4 169945.9 53415.08 82323.7
F/3EANS A3 20059 50732.11 62536. /0 63172.35 125666.7 129938 .9 169945.9 20959.01 63172.28 84500.63
BPIFUALS A 34104 49979.65 47876.08 47830.88 67561.52 68942.52 78338.6 78338.61 47830.93 61785.33
BRIRJALS B8 34104 47936 46853.50 46878.06 69566.43 71007.34 78338.661 78338.61 46878.6 6§0210.53
ONIONS A 27409 45922.66 45172.23 45283.58 66655.16 68042.66 81012.71 81012.71 45283.55 57535
ONIONS B 27409 35454.79 43843.30 44254.97 65394.33 66744.17 81012.72 81012.71 44254.98 45694.55
KALES A 26170 41512.14 41466.86 41564.73 51919.72 52636.47 62688.71 62688.71 27734.73
KALES 8 26170 39538.47 41567.06 41719.83 53759.28 54531.01 62688.71 62688.72 26325.07
CABBAGE A 38227
CABBAGE B 38227
TOMATOES A 31205 59693.99 63080.46 62760.52 94741 .08 97022 85304.02 85304.03 62760.58
TCMATOES B 31205 63518.75 45669.47 45314.22 68119.16 69604.36 85304.02 85304.02 45314.27
IPR. P/PEAS 32782 47359.63 50897.31 5C757.72 60669.38 61569.21 56449.13 56449.13 50757.75 53050.12
MAIZE A 2626 7586.559 7268.284 7334.843 14470.62 15173.65 21520.2 21520.2 7334.849 11033.89
MAIZE B 2440 3959.993 4956.455 5018.762 12141 .85 123546 15660.5 15660.5 5018.756 8112.495
SEANS A 4518 6535.564 6628.221 6677.101 10228.18 10736.37 16108.31 16108.31 6677.086 8380.635
BEANS B 3757 4854.598 5821.35 5864.7009 14326.3 14617.3 16691.94 16691.94 5864.71 9660.411
P/PEAS 5661 5789.135 14145.17 14145.17  5789.127
MAICE*BEANS*
P/PEAS 8610 9541.743
MAIZE*BEANS Ik 5907 6279.009 8175.127  8175.127
MAIZE*BEANS . 3977 4074.215 4948.664 4977.981 10871 .85 11000.22 11967.69 11967.68 4977.972 7532.847
maize'p/peas 8173 8182.232
T/CHILLIES A 41329 52156.23 54087.20 53932.93 76383.38 77987.85 75142.41 75142.42 53933 65163.9
T'CHILLIES B 41329 57586.06 44041.901 43776.86 61666.91 62831.55 75142.41 75142.41  43776.84 68019.9
B'CHILLIES A 49973 55604.08 58020.72 53114.38 100904.9 1037876 118513.9 118513.9 58114.41 79247.87
9 'CHILLIES B 49973 60115.06 89206.17 91739.13 118513.9 118513.9 82566.9
L/CHILLIES A 36193 51489.16 53178.47 53065.46 76037.88 77659.57  77332.64 77332.63 53065.49 64675.39
L/CHILLIES A 36193 56390.32 44282.43 44068.50 63057.62 64291.35 77332.63 77332.61  44068.54 68222.46
L/H/JANUARY  -3.33 6.0974 26.92477  28.26255 42.40369  42.40369 6.097426 16.00459
L/H; FEBRUARY -3.33 1.4485 26.92477  28.26255 4240369 42.40369 1.448416 16.0046
L/H/IMARCH -3.33 6.255561 6.975582 42.40369 42.4037 - 0.3477783
L/H/APRIL -3.33 6.0974 26.92477  28.26255 42.40369  42.40369 6.097426 16.00459
LIHIKAY -3.33 6.0974 26.92477  28.26255 42.40369  42.40369 6.097426 16.004509
L/H/JUNE -3.33 6.0974 26.92477 28.26255 42.40369  42.40369 6.00742% 16.00459
L/H/JULY -3.33 6.0974 26.92477  28.26255 42.40369  42.40369 6.097426 16.00459
L/IH/AUGUST -3.33 6.0974 26.92477  28.26255 42.40369  42.40369 6.097426 16.00459
L/H/SEPTEHBER -3.33 0974 26.92477  28.26255 42.40369  42.40369 6.007426 16.00459
L/H/OCTOBER  -3.33 5.8204 26.92477  28.26255 42.40369  42.40369 5.820314
W H/NOVEMBER -3.33 6.0974 26.92477  25.26255 42.40369  42.40369 6.097426 16.00459
L/H/DEC EMBER -3.33 6.0974 26.92477  28.26255 42.40369  42.40369 6.097532 16.00459
WHERE:
CFM REPRESENTS GENERAL FARM MODEL
KRFM KARELLA FARM MODEL
FIBFM FRENCH BEANS FARM MODEL
KLFM KALE FARM MOOEL
TI'CHILLIES THIN CHILLIES
9/CHILLIES BULLET CHILLIES
L/ICHILLIES LONG CHILLIES
LiH/ LABOUR HIRING
PIPEAS PIGEON PEAS
B FIRST SEASON

SECOND SEASON

APPENDIX 4
SLACK AND SURPLUS; GENERAL FARM MODEL 1:
CONSTRAINT PESOUPCE TYPE
septemr<er labour 2*T Slack
April Labour 562.4964 slack
M* i Labour 237.1272 slack
June Labour 238.3456 Slack
August Labour 258.2395 Slack
November Labour 41.0170 slack
December Labour 114.8659 slack
July Labour 100.6576 slack
Unirr.L. 2** season 2128227 Slack
Whera

Unirr.L. Represents Unirrigated Land



APPENDIX
SLACK AND SOPPLUS.GENERA

CONSTRAINT

January Labour
April Labour
Ms/ Labour
June Labour
July Labour
August Labour
September Labour
November Labour
December Labour

APPENDIX

SLACK AND SURPLUS; GENER
CONSTRAINT

January Labour
April Labour
tuy Labour
June Labour
July Labour
August Labour
September Labour
November Labour
December Labour

APPENDIX 7
RANGE OF FEASIBILITY
VARIABLE
/TOTLFiTfc.D
ENTERPRISES)
CABBAGE A
YALORE A
CABBAGE B
VALORE B
OKRA B
BULLET CHILI IES B
IUNIRRIGATED

CURREN

ENTERPRISES)
MAIZE BEANS A
MAIZE ¢ P/PEAS
P/PEAS

MA1ZE+BEANS* P /PEAS
L/HIRING MARCH -

Note: “Hie figures

appendix 8
RANGE OP FEASIBILITY

5

L FARM MODEL 2

RESOURCE
TTTTTOT
327.5183
328.6285
204.8906
150.3764
331.0607
69.19198
50.23249
1.3220098

6
AL
RESOURCE

345
335
231

224

9026
8448
7626
3752
384.8132
74.70995
59.09681
34.11283

FOR THE BASIC VARIABLES FOR GENERAL FARM MODELS*

T VALUE

38227
45202
38227
45202
41619
49973

5997
8173
5661
8610
3.38

in Appendix 7 show

FOR THE CONSTRAINTS

RESOURCE

TUORPT T+ ST e

FEBRUARY LABOUR 536
MARCH LABOUR 577
APRIL LABOUR 797
MAY LABOUR 577
JUNE LABOUR 577
JULY LABOUR 577
AUGUST LABOUR 906
SEPTEMBER LABOUR 577
OCTOBER LABOUR 577
NOVEMBER LABOUR 577
DECEMBER LABOUR 797
CAPITAL 4561
UNIRR. LAND A 1.34
UNIRR. LAND B 1.17
IRR. LAND A 0.5
IRR. LAND B 0.5
SUBSISTENCE REQ 0.75
WHERE
UNIRR . REPRESENTS UNIRR
A . FIRST
Moté: The figures in the
APPE

SLACK AND SURPLUS ;KARELL
CONSTRAINT

ary Labour
February Labour
April Labour
May Labour
June Labour
July Labour
August Labour
September Labour
October Labour
December Labour
Unirr. L. 1— season

WHERE

IGATED;
SEASON;

Appendix

NDIX 9

TYPE
Slack
Slack
Slack
slack
slack
Slack
Slack
Slack
Slack

FARM MODEL 3

TYPE
TTack
Slack
Slack
Slack
Slack
Slack
Slack
Slack
Slack

LDW RAnAS

33603.65
44318.33
37582.88
44933.66
38202.38

5818.812
8028.924
4985.607

FOR

“HTBR RANGE

39110.67
50938.52
38486.73
45743.95
49618.38

6307.373
8801.581
5807.08

GENERAL FARM MODEL
LAW RANGE1HIGH RANGE

1, 2 AND 3
LAW RANGE- HIGH RANGE
36632.89  41294.96 37206.79
42388.56  46796.11 42277.78
37816.39  39519.18 38032.73
43925.75  45424.58 43483.74
49486.95  60771.40 49783.89
3886.779  6956.742 33837.9
7972.786  9008.354 8044.865
4825.646  5861.241
-1391757 10314.89 -1391814
-3.836985

RAL FARM MODEL 2
i MMM PAM T
TTTTB

GENERAL FARM MODELS' 1. 2
ti\l)lvE\R,Oer)zARM MODEL 1
TITITZTT
467.2479 577.1937 458.8863
274.8385 623.0788 571.6015
234.503% 1E+38 469.4817
339.8728 1E*3 8 248.3715
338.6544 lEe3s 372.10094
476.3424 1E* 38 428.6237
647.7605 1E+38 5749393
548.4335 1E*38 507.808
543.2275 5, 65 573.5128
535.983 m 526.7675
682.1341 lEe3s 795.6779
3995.594 4730.711 4196.098
1.268487 ﬁm 1.17
0.9571773 1.15648
0.4786391 0.6458663 0.3942582
0.4815007 0.553751 0.3168699
0.7421905

IRR. REPRESENTS IRRIGATED

B * SECOND SEASON;
show the rang# in which the save

A FARM MODEL 1

RESOURCE

33
368
340
280
286
420

99455
8174
81714
25
6113
8941
153.5328
24.7094
60.83552
0896586

Slack
Slack
Slack
Slack
Slack
slack
Slack
Slack
Slack
slack
Slack

variables

AND 3

537.3361
686.03098
1E*38
1E*38
1E*38
1E*38
IE*38
1E*38
619.0173

how much a value can vary without changing the

N s
487.8601
490.1346
451.0974
241.1552
345.2374
352.6248
521.1868
502.29

562.1559

41151.22
46222.22
39974.62
45297.83

56078.92

6997.98
4 .10475E+09

10324.67
-3.0448

solution.

THS

569.0107
687.5555
1E* 38
1E*38
1E*38
1E*38
1E*38
1£1 38
6§10.3076
1E+38
1£4 38
4929.15
1.469613
34
582672
53465509

1
0
0
1.206451

[ 517.9032
% 762.8872
4591.285 4271.738
1.344425 1.17
1.34 0.9770833
0.5380939 0.3731532
0.51800097 0.2925624
0.9804581 0.5570833

REQ+ REPRESENTS REQUIREMENT

remain

in solution
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Unirr. L Represents Unirrigated Land
APPENDIX 10

SLACK AND SURPLUS; KAPELLA FARM MODEL 2:

CONSTRAINT RESOURCE TYPE

January Labour 19U .H 1 SiackK

February Labour 106.6624 slack

April Labour 347.8201 slack

May Labour 31.02 slack

June Labour 222.45 slack

July Labour 219.5365 slack

August Labour 430.36689 Slack

September Labour 153 6805 slack

October Labour 63.77311 slack

November Labour 147.436% slack

December Labour 168.0201 slack

Unirr.L. 1% season 2170849 slack

unirr.L 2** season 4.708472E-02 Slack
APPENDIX 11

SLACK ANDI SURPLUS: KAPELLA FARM MODEL

CONSTRAINT RESOURCE

January Labour 77T ITTIT

February Labour 158.7328

April Labour 344.2401

Hay Labour 327.44

June Labour 222.45

July Labour 247.07

August Labour 382.34

September Labour 100.12

October Labour 115.0588

November Labour 167.8272

December Labour 201.4668

onirr.L 1" season .1700001

frrloL. 1"* season 2213724

March Labour 15.74622

‘here

ttairr. L. Represents Unirrigated Land

trr.oL . Irrigated Land

APPINDIX 12
RANGE OP FEASIBILITY FOR THE BASIC VARIABLES FOR KARELLA FARM MODELS* 1. 2 AND 3

KAPELLA FARM MODEL 1 KARELLA FARM MODEL 2 KARELLA FARM MODEL 3
VARIABLE CURRENT VALUE Lou RA,\B HI RANGE LTW RANGE HIGH HA>IOE |/4\] Prn nf "HPTB m |E
! XTec Q.TEFrPIKE?1
KARELLA A 50364 1.044SE+07 99129.28 -1.037E.07 136876.1
KARELLA B 50364 -1.04327E.07 114344.5 -1.037E .07 136876.1
CABBAGE A 38227 33553 .2 1E .38 35036.57 1.8285E .11 28042.05 38227
CABBAGE B 38227 24272.72 1.066E .12 25478.74 1.02348E+ 10 38227 4 .375E .11
IUNIRRIGATED ENTERPRISES)
MAIZE BEANS A 5997 2828.324 6279.01
MAIZE P/IPEAS 8173 5967.538 10831.84 5967 .542 10340.22 2521.305 5.7496E .il
MAIZE-*BEANS .P/PEAS 8610 -1390722 14018.25 -1389132 14287 .4 -1380833 15685.97
PIPEAS 5661 5355.98 12553.99 5355.98 6446.095
Mote: The figures in Appendix 12 show how much a value can vary withuot changing the solution

APPENDIX 13
RANGE OF FEASIBILITY FOR THE CONSTRAINTS FOR KARELLA FARM MODELS' 1. 2 AND 3

KARELLA FARM MODEL 1 KARELLA FARM MODEL 2 KARELLA FARM MODEL 3
CONSTRAINT UNITS OP RESOURCE I/!W RANgE High RANGE LOW RANGE LOW RANGE HIGH RANGE
M. Ufeoup 511 Tormorc- TE* 31T isu.uy 1E.38 UL 19M 1E .38
FEBRUARY LABOUR 536 502.0055 1E*38 429.33 1E .38 377.2672 1E .38
MARCH LABOUR 577 540.3237 617.9296 540.96 597.5237 561.2538 1E .38
APRIL LABOUR 797 428.1826 1E.38 449.1799 1E .38 452.76 1E.38
MAY LABOUR 577 236.1836 1E .38 245.98 1E.38 249.56 1E.38
JUNE LABOUR 577 296.75 1E .38 354.55 1E .38 354.55 1E .38
JULY LABOUR 577 290.3887 1E .38 357.4634 1E.38 329.93 1E .38
AUGUST LABOUR 906 485.1059 1E .38 475.6331 1E .38 523.66 1E .38
SEPTEMBER LABOUR 577 423.4672 1E.38 423.3195 1E .38 476.88 1E.38
OCTOBER LABOUR 577 552.2906 1E.38 513.2269 1E .38 461.9412 1E.38
NOVEMBER LABOUR 577 513.4951 1E .38 429.5634 1E.38 409.1728 1E .38
DECEMBER LABOUR 797 727.1645 1E .38 628.9799 1E.38 595.5331 1E.38B
CAPITAL 4561 4504.603 4623.938 4391.103 4592.405 4024.756 4666.279
UNIRR. LAND A 1.34 1.250341 1E .38 1.122915 1E. 38 1.17 1E.38
UNIRR. LAND B 1.17 1.027868 1.254554 1.122915 1E .38 0.75 1.227179
IRR. LAND A 0.5 0.482955 0.5152738 0.4914946 0.5626807 0.2786276 1E.38
IRR. LAND B 0.5 0.4790348 0.5187866 0.4895385 0.5565947 0.4649305 0.6786277
SUBSISTENCE REQ. 0.75 0.6658199 0.8439423 0.6490195 0.7968766 0.33 1.184444
KARELLA A 0.1 9.2597E-02 0.1082619 5.011255E-02! 0.112671
KARELLA B 0.1 7.7136E-02 0.1036966 3.078092E-02 0.1234425
WHERE
UNIRR. REPRESENTS WIPRIGATED; IRR REPRESENTS IRRIGATED;

A REPRESENTS FIRST SEASON B REPRESENTS SECOND SEASON
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Sloté: The figures given in Appendix 13 show the range in which the same variables remain in solution
APPENDIX 14
SLACK AND SURPLUS; FRENCH BEANS FARM MODEL:
C3INSTPAWT RESOURCE TYPE
car-ary Labour siack
February Labour 63.42578 slack
April Labour 281.8401 slack
Kay Labour 338.7252 slack
June Labour 394.479 slack
July Labour 482.0598 slack
August Labour 706.8386 Slack
S«pt.*b*r Labour 402.6187 slack
October Labour 257.4818 slack
Soveaber Labour 172.2435 slack
December Labour 156.2335 slack
Onirr. L. 1"* season .1700001 slack
e L. 1** season 05712694 slack
Irr L 2-* season .3372635 Slack
APPENDIX 15
SLACK AND SURPLUS; KALE FARM MODEL |
CONSTRAINT RESOURCE TYPE
January Lacour TOTTI— siack
April Labour 353.5792 slack
Hay Labour 337.6997 slack
June Labour 246.9766 Slack
July Labour 247.2645 slack
August Labour 411.0991 slack
September Labour 101.1185 slack
Soveaber Labour 69.27559 Slack
December Labour 49.27354 slack
APPENDIX 16
SLACK AND SURPLUS; KALE FARM MODEL 2
CONSTRAINT RESOURCE TYPE
Jan-ary Labour 5lacx
April Labour 312.6632 slack
May Labour 339.2282 Slack
June Labour 271.4722 slack
July Labour 232.58238 slack
August Labour 419.0883 Slack
September Labour 146.2046 Slack
November Labour 94.38178 slack
December Labour 75.25829 slack
Unirr L 1** season 02306132 Slack
February Labour 12.21989 slack

KPrsz\i 17
RATKE FEASIBILITY FOR THE BASIC VARIABLES FOR THE FRENCH BEANS FARM MODEL AND THE KALE FARM MODELS' 1 AND 2

FRENCH BEANS FARM MODEL KALE FARM MODEL 1 KALE FARM MODEL 2
VARIABLE CURRENT value HV . H'PIKFTE— W H ICH HIWTTOIGE 1/*) PWTTTTS5H PAtaE
171214 ITATED ENTERPRISES)

TABBAGE A 38227 38227 38227 37206.85 38425.66 36773.11 38267.59
VAI>0PE A 45202 42277.77  45908.82

F/BEANS A2 20959 20958.99 169945.9

KALE A 26170 26014.93 41564.71

KALE B 26170 24605.27  45738.91
TOMATOES A 31205 31164.41 35841.8
CABBAGE B 38227 38227 38227 38032.75 39974.59 38186.41 39680.89
VALORE B 15202 44944.22 45297.82

F/BEANS B1 20959 20959 169945.9

TCMATOES b 31205 26568.2 31245.59
B CHILLIES B 49973 49783.9 50820.21

(UNIRRIGATED ENTERPRISES)

MA:2 EV BEANSI P/PEAS 8610 -1364173 15685.97 -1389761 10324.67 -1386062 11832.04
MAIZE * BEANS A 5997 3837.914 6997.972 5967.133 6163.104
MAIZE . P/PEAS 8173 2521.305 6.0858E+11 8044.873 5.9494E+08

P, PEAS 5661 5651.768 5.174558 + 10
L/MIRING MARCH -3.33 -3.836954 -3.044815

L/HIRINC OCTOBER -3.33 -7.447533 -3.283938

Mote: The figures in Appendix 17 shew how much a value can vary without changing the solution
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appendix 18

TME RANGE OP FEASIBILITY OP THE CONSTRAINTS POR THE FRENCH BEANS FARM MODEL AND THE KALE FARM MODELS' 1 AND 2

FRENCH BEANS FARM MODEL KALE FARM MODEL 1 KALE FARM MODEL 2
FCKSTRAINT UNITS 0P RESOURCE TEST RANGE'™ 1 HUBH"ICTHCE- LCU PANCE "HTCH 'feANGE UW DANCE HIGH RANGE
vu L0042 1E> i 8 TTT TBT78- ~ 4Us.1 1E» IH
FEBRUARY LABOUR 536 472.5742 1E*38 501 583.6816 523.7801 1E+38
HARO- LABOUR 577 425.5687 602.65 516 8 680.1317 514.6932 586.1934
APRIL LABOUR 797 515.1599 1E*38 443.4208 1E* 38 484.3369 1E+38
HAY LABOUR 577 238.2748 1E*38 239.3004 1E*38 237.7718 1E*38
JUNE LABOUR 577 182.521 1E*38 330.0234 1E~38 305.5278 1E*38
JULY LABOUR 577 94.94019 1E>38 329.7354 1E*3 8 344.4172 1E+38
AUGUST LABOUR 906 199.1614 IE*38 494.9009 1E«-38 486.9117 1E*38
SEPTEMBER LABOUR 577 174.3813 1E*38 475.8815 1E*38 430.7954 1E+38
XTOBER LABOUR 577 319.5182 1E*38 564.4271 6§00.0953 526.5449 584.9186
NOVEMBER LABOUR 577 404.7565 1E+38 507.7244 1E*38 482.6182 1E»38
cecehber labour 797 640.7665 1E+38 T42.7264 1E+38 721.7417 1E*38
CAPITAL 4561 4372.665 5573.465 4360.427 5059.284 4488.656 4587.369
OWI1RS. LAND A 1.34 117 161 38 1.17 1.508333 1.316939 1E»J8
CNIR*. LAND B 1.17 1.085902 1.34 0.8952802 1.34 1.091579 1.328017
ira. tand a 0.5 0.4428731 1E+38 0.3283152 0.5643071 0.4950263 0.531691
IRA. LAND B 0.5 0.1627365 1E+38 0.2764895 0.5293534 0.4941365 0.5373602
SUBSISTENCE PEQ. 0.75 0.3300001 1.243269 0.4752802 1.136612 0.5949584 0.774333
F SEASS A 0.1 8.5888E-02 0.1758628
F'BEANS B 0.1 8.3662E-02 0.1943015
KALES S0.126152 0.2 6.855E-02 0.1162309
TCMATDES 7.765E-02 0.1035082

Not*: The figures given in Appendix 18 show the range in which the same variables remain in solution.



