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ABSTRACT

FARM LEVEL DERIVED DEMAND RESPONSES
FOR FERTILIZER IN KENYA

By
Wilfred Muthaka Mwangi

The role of chemical fertilizer in increasing agricultural output
as well as substituting for land is well recognized. Hence the abil-
ity to quantify the relative contribution of the factors influencing
fertilizer demand at the farm level becomes essential for agricul-
tural policy formulation. However, the empirical evidence delineating
these factors is rare in developing countries. Consequently, this
study was designed to provide needed empirical evidence, using Kenyan
data. Specifically the objectives of the study were:

1. To identify the major constraints for fertilizer use at the farm
level as perceived by farmers.

2. To generate farm plans for a set of representative farms which
will maximize net farm income within a set of objective and sub-
Jective constraints.

3. To assess the impact of increased fertilizer prices, product
prices and capital on enterprise combination and net farm income.

4. To derive a series of demand responses for fertilizer under vari-

ous levels of fertilizer prices, product prices and capital.
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5. To estimate demand elasticities for fertilizer prices, product
prices and capital, and to assess their policy implications.

The data used were obtained from various sources, viz., Central
Bureau of Statistics (CBS), Ministry of Agriculture District Farm
Guidelines, Fertilizer Yield Response from the FAO/Ministry of Agri-
culture Fertilizer Program, fertilizer distributors, publications, and
a farm survey conducted by the author.

The methods of analysis included static and parametric linear
programming and regression analysis. Linear programming solutions
were obtained from a representative farm in each of three agro-
ecological zones--the Tea, Coffee and High Altitude Grassland (HAG).
The data from these optimum farm plans were used in a regression ana-
lysis to estimate continuous functions for the representative farm-
firms' demands for fertilizer. The continuous functions were used
to derive fertilizer, product price index and capital elasticities
for the farm-firm in the analysis.

The results of these analyses indicated that optimum allocation
of existing resources in the sample farms resulted in substantial in-
creases in net farm income in all three of the agro-ecological zones.
Further, on all the representative farms in all the zones, the mar-
ginal value products (MVPs) of operating capital and fertilizer were
high, as were the MVPs of labor at peak seasons in the Tea and HAG
Zones. This suggests that increasing the use of these resources
would lead to income gains. The net farm income in all three zones
was influenced by product prices and capital to a much greater extent

than it was by fertilizer prices.
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The sample farmers perceived lack of funds, lack of fertilizer
supplies at the needed time, high transport costs, lack of fertili-
zer credit and low literacy level as the major factors constraining
their use of fertilizer.

In all the zones the demand for fertilizer was most responsive
to increases in capital level with capital elasticity of 2.32, 3.49
and 0.87, followed by fertilizer price with elasticity of -1.65, -0.71]
and -0.24, and by product price index with price elasticity of 0.27,
0.32 and 0.04 for the Tea, Coffee and HAG Zones, respectively. All
the elasticities were calculated at the mean values of observations,
These results tend to refute the frequently made assumption that
farmers respond symmetrically to a 1 percent decrease in fertilizer
price and a 1 percent increase in product price.

The results obtained in this study depend on the realism of the
assumptions made in the analysis. Nevertheless, if tempered with
judgement, these results can be useful not only in the formulation
of general agricultural policy, but even more so in the formulation
of fertilizer policy which is of critical importance to the develop-

ment of agriculture in a country like Kenya.
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CHAPTER I

INTRODUCTION

The growth of the Kenyan economy is very much dependent on the
growth of agriculture. The agricultural sector is expected to perform
all the roles often cited by development economists--supply food, earn
~much needed foreign exchange, capital formation, provide a market for
the industrial sector, and supply labour to the development of the
economy at large. In the period 1964-71, agriculture accounted for
some 35 to 40 percent of the Gross Domestic Product (GDP) compared
with 10 to 12 percent from the Government sector. It is further esti-
mated that up to 90 percent of the population is directly dependent on
agriculture for their livelihood [37]. Growth of agriculture thus has
substantial direct and indirect effects on the growth of GDP.

The 1974-78 National Development Plan succinctly states the role
of agriculture in the economy:

Agriculture will continue for a long time to be the backbone
of the country's economy and a vast majority of the population

will be dependent upon agriculture for their living. Hence a

rapid growth of agricultural production through intensification

and increased productivity to ensure adequate and balanced food
supplies and the rapid increases in standard of living in the

farming community is a fundamental aim of the Government [37].

The agricultural sector in Kenya can be divided into two distinct

subsectors based on size of land holdings: (1) large farms and

(2) small farms (smallholders or small-scale farmers).]

Tsmal1holders (small farmers) defined as holders owning up to
12 hectares.



The large farms market most of their output and purchase most of
their inputs. The farms in the small farm subsector, on the other
hand, are in transition from subsistence forms of agriculture to
commercial agriculture. They market approximately 40 percent of what
they produce and purchase 10 to 20 percent of their labor inputs.
Their purchase of modern inputs (fertilizers, improved seeds, insec-
ticides, herbicides, fungicides and machinery) is minimal [36].

This study focuses on this latter subsector. This is the sector
that is supposed to bear the largest share of responsibility in Kenya's
development. The government recognizes this role of the small farm
subsector and states that the "key strategy will be to direct an in-
creasing share of the total resources available to the nation towards

developing the smallholder farming areas" [37].

Statement of the Problem

In many respects the smallholder is the key to Kenya's future.
Smallholders' production will have to increase at an increasing rate
if the nation is to grow. The capacity of the smallholder sector to
meet the objectives of development, such as increasing farm income so
as to improve the standard of living of the rural population as well
as meeting the growing demand for food, will depend on how fast this
sector grows. Already, rising prices of food and other agricultural
products indicate that supply is lagging behind demand.

The problem of increasing output and productivity is aggravated
by complex ecology, rapid population growth, complex institutional
structures and shortage of good arable land. Of the total land area

of 57 million hectares (ha), only 6.84 million are classified as high



potential agricultural land. This is only 12 percent of the total
land area. Given that the population of Kenya is approximately 14
million, this implies that at present Kenya has about 0.49 ha of high
potential land equivalents per capita. If the present high population
growth rate of about 3.5 percent per year is to continue, then at the
turn of the century, the per capita high potential land equivalents
will be no more than 0.2 to 0.3 ha.

It is estimated that there are_approximate]y 1.2 million small
holdings in Kenya, of which 25 percent are under one hectare and 50
percent under two hectares. These support the 90 percent of the popu-
lation living in the rural areas [21].

A11 this reflects land scarcity, which means that more will have
to be produced per hectare of farm land. But this does not seem to be
happening. From 1967 through 1975, agricultural production at constant
prices increased about 3.9 percent a year, on the average. But food
production rose only about 2.5 percent while the population increased
about 3.3 percent a year [43].

This means that ways must be found to increase production, given
the scarcity of land. We have to turn to technologies that are land
saving or are substitutes for land. Growth of agricultural productiv-
ity can be achieved in many ways. These include investments in rural
economic overheads such as feeder roads, marketing and storage facili-
ties, agricultural research, extension services and increased water
supplies. These are necessary but not sufficient in themselves.
Perhaps the most important means of increasing agricultural productiv-
ity, however, is increased use of high quality farm inputs such as

pesticides, higher yielding seeds, and fertilizers. The important



advantage of this method of increased agricultural production is that
these inputs are often complementary with labor inputs. This is im-
portant in a situation like that of Kenya, where labor is not scarce.
The role of these inputs in increasing productivity is well recognized
by the government. In 1970, the government set up a working party to
look into the use and the distribution of these inputs. The Working
Party Report, known as the Havelock Report, expressed doubt as to
whether increasing agricultural productivity by small farmers could
continue due to insufficient use of appropriéte agricultural inputs
[36].

Although these inputs are usually recommended as a package, fer-
tilizer has been shown to be a prime mover of agricultural develop-
ment in a number of densely populated countries and at the same stage
of development as Kenya. Fertilizer is also well known as a substi-
tute for land.

Goldsworthy [10] and Watson [45] in Nigeria contend that the use
of fertilizer is one of the most important factors capable of bring-
ing about a significant short-run increase in agricultural production.
In the Unites States, Heady et al. estimated that 45 percent of the
average annual increase in yields for all crops over the past several
decades came from fertilizers. Of the remainder, 6 percent came from
irrigation, 10 percent from the introduction of hybrid maize, and the
remainder from improved seeds, improved cropping practices and other
innovations [15].

Ibach [20] concluded that from the mid-fifties to the early six-
ties about 36 percent of the change in crop production per acre could

be attributed solely to the increased rates of fertilizer application.



In Kenya the government realizes the significance of fertilizer
use in contributing to farmer's income and to the total value of the
agricultural output. The government is using fertilizer subsidy to
encourage its use. Fertilizer subsidy schemes have been in operation
since 1963 and they are bound to continue. Fertilizers are also the
single most important purchased agricultural input. Of a total pur-
chased input bill of Kt 21.7 million in 1973, fertilizers were re-
sponsible for 27 percent, machinery and fuel 22 percent, agricultural
chemicals 14 percent, manufactured feeds 13 percent, livestock and
medicines 7 percent, and seeds 6 percent. Using estimated figures
for 1975, the shares are 38 percent, 19 percent, 12 percent, 13 per-
cent, 5 percent and 5 percent respective]y.2

The role of fertilizer was further reiterated by the International
Labor Organization report to Kenya, which noted that the use of ferti-
lizers is likely to be in general employment augmenting since they in-
crease the yield of existing crops and thereby either increase output
or release land for other uses. It further contended that given the
population pressure on land and the increasing demand for foodstuffs,
fertilizer use should be encouraged [21].

Farming with fertilizer is advantageous in many other ways. It
is usually connected with much additional labor, in particular if
fertilizer use induces a change in cropping pattern. Fertilizer is
usually a foreign exchange saving type of input, because the costs in
terms of foreign exchange are lower than the foreign exchange value

of the increased output.

2Ca]culated from Republic of Kenya, Statistical Abstract, 1975
(Government Printer, 1975).



Given that increased agricultural productivity is likely to be-
come more crucial for continued economic development in Kenya, and
that fertilizer is likely to play an important part of any success-
ful strategy to improve agricultural productivity, there is a need for
studies of the factors that affect its demand by the small farmers.
The identification of the relative contribution of the various factors
affecting the fertilizer demand will provide some guide to public re-
source allocation.

Input-output price relationships have been viewed as the major
vehicle through which the use of modern inputs can be expanded, so as
to increase output in the rural areas. This would appear to be the
rationale behind the fertilizer subsidy program in Kenya. However,
public policy makers' abilities to determine input-output price re-
lationships is seriously handicapped by lack of quantitative informa-
tion at the farm level on demand for these inputs. The primary pur-
pose of this research is to provide this needed information with re-
spect to fertilizers.

There is a wide gap between the knowledge of the farmer and that
of the public policy makers, who fix product price as well as ferti-
lizer subsidy. A similar gap exists between the farmer, fertilizer
companies, and credit institutions.

This study, by attempting to derive fertilizer demand at the farm
level, hopes to contribute some of the quantitative information needed
to close this gap. Ogunfowora and Norman [35], using data collected
in 1966 from Northern Nigeria, have provided similar information.

However, the lack of information on fertilizer demand at the farm



level is not unique to Kenya. Dalrymple [6] has observed that aston-
ishingly little seems to have been written about the nature of demand

for fertilizer at the farm level.

Objectives of the Study

1. To identify the major constraints for fertilizer use on farm
level as perceived by farmers.

2. To generate farm plans for a set of representative farms which
will maximize net farm income within a set of objective and sub-
jective restraints.

3. To assess the impact of increased fertilizer prices, product
prices and capital on enterprise combination and net farm income.

4. To derive a series of demand responses for fertilizer under var-
jous levels of fertilizer prices, product prices and capital.

5. To estimate demand elasticities for fertilizer prices, product

prices, capital and to assess their policy implications.

The Organization of the Study

In Chapter II, a detailed discussion of the various aspects of
the fertilizer industry is undertaken. These include past trends of
fertilizer consumption, market structure, fertilizer prices, ferti-
lizer subsidies, transport costi, research on fertilizer use, promo-
tional activities and seasonal credit for fertilizer. Chapter III
is devoted to the methodology and analytical techniques used in the
study. The analytical techniques consist of static and parametric
linear programming and regression analysis.

A brief review of the literature pertaining to the empirical

estimation of fertilizer demand is presented. The application of



1inear programming techniques in African agriculture is reviewed.

The sources of the various data sets are described. In Chapter IV,
the structure of agricultural production in the study area is examined,
representative farms are constructed, and the factors influencing the
use of fertilizers, as perceived by the farmers, are analyzed. Chap-
ter V presents the linear programming model. This chapter discusses
the model activities, technical coefficients, prices, and resource
restrictions used in the study area. Chapter VI is devoted to the
examination of optimum farm plans in terms of net farm income, crop-
ping patterns and resource use. The impact of varying fertilizer
prices, product prices and capital on net farm income, cropping pat-
tern and resource use is examined. Chapter VII presents the estimated
fertilizer demand equations, their interpretation and policy implica-
tions. Chapter VIII presents the summary, policy implications and

suggestions for future research.



CHAPTER II

FERTILIZER INDUSTRY IN KENYA

Kenya does not produce its own fertilizers. All its needs are
met through imports. At one time, sodium phosphate (24 percent P205)
was manufactured at Turbo by the East African Fertilizer Co. Ltd.
However, the company ran into financial difficulties and ceased pro-
duction. A mixing plant exists in Nakuru which is run by Windmill

Fertilizers East Africa, Ltd.

Past Trend in Consumption

The past trend of fertilizer consumption is shown in Table 2.1.
It can be observed from Table 2.1 that fertilizer consumption increased
rapidly from 38,700 tons in 1963 to 95,000 tons in 1966. There was a
temporary decline in consumption of fertilizer in 1967 and 1968, possi-
bly due to coffee berry diseases in these years. Complex fertilizers
have experienced a very rapid growth since 1968 and are responsible for
the decline or stagnation of the consumption of single fertilizers.
Reductions in fertilizer consumption occurred in 1971 and 1973-74.
This decline in consumption can be attributed to the oil crisis cul-
minating in very high fertilizer prices in the world market, supply
shortages and the drought conditions that prevailed in the same period
in the country, especially in 1973. In this period from 1963 to 1974,
the average annual growth rate in consumption of total fertilizers,

single nitrogen fertilizers, single phosphate fertilizers, single
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TABLE 2.1
FERTILIZER CONSUMPTION IN KENYA, 1963-74

Quantity (Tons '000)

Year Single Single Single Complex Total
Nitrogen Phosphate Postassium | Fertilizers
Fertilizers | Fertilizers | Fertilizers
1963 17.9 14.2 0.4 6.2 38.7
1964 32.2 12.7 0.2 10.6 55.7
1965 48.0 28.0 0.3 10.5 86.8
1966 30.1 46.1 0.8 18.0 95.0
1967 29.3 32.3 0.8 18.8 81.2
1968 37.3 31.5 2.2 1.1 82.1
1969 31.1 37.0 2.5 32.0 102.6
1970 50.2 42.0 4.8 41.9 138.9
1971 41.0 42.2 3.1 42.7 128.0
1972 54.7 34.3 7.3 52.3 148.6
1973 79.0 32.0 2.0 30.0 143.0
1974 65.6 4.7 5.5 85.5 198.3
SOURCE: Crop Production Division, Ministry of Agriculture.
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potassium fertilizers and complex fertilizers was 15 percent, 11.5 per-
cent, 9.5 percent, 24.5 percent, and 24.5 percent respectively.

In terms of nutrient consumption, phosphatic fertilizers are the
most important in Kenya. Compounds have become the most important
source of phosphatic pentoxide, their PZOS nutrient content having
increased rapidly recently. Similarly, about 50 percent of all nitro-
gen nutrients consumed in Kenya are supplied by mixes and compounds.
The situation is well depicted by Table 2.2.

The consumption breakdown of fertilizers by regions and on per
hectare basis is not available. Estimates of consumption by crop and
by the two farm sectors were made by the Working Party on Agricultural
Inputs. These estimates showed that the bulk of fertilizers were con-
sumed by the large farm sector and used mainly on cash crops (tea,
coffee, maize and pyrethrum). The use by the small farm sector and
on food crops that could be estimated was negligible. Table 2.3
depicts this situation clearly.

This situation has not changed significantly despite the fact
that the small farm sector is now producing as much if not more of
the major cash crops and the bulk of the food for the nation. In
1973, the Ministry of Agriculture estimated that 143,000 tons of fer-
tilizer was used in Kenya. Thirty-four percent of this went to maize,
twenty-two percent to coffee, fifteen percent to tea and ten percent
to wheat. Again, the bulk of this was consumed by large-scale farm-
ers. This has led to criticism of the government fertilizer subsidy,
which, based on these fertilizer uses, tends to favor the large-scale

farmers. This will be discussed below.
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TABLE 2.2
FERTILIZER NUTRIENTS CONSUMPTION IN KENYA,
1971-72 - 1973-74

Quantity (Tons)

Nutrients 1971-72 1972-73 1973-74
N 18,000 25,000 23,000
P,0¢ 28,000 28,000 21,350
K,0 5,000 6,000 3,350

Total 51,000 59,000 47,700

SOURCE: Ministry of Agriculture.
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TABLE 2.3
ESTIMATED UTILIZATION OF FERTILIZERS BY CROP
AND FARM TYPE IN 1969

(Metric Tons)

Total N Nutrient

Total P20g5 Nutrient

Total
Crop Tonnage | Large |Small |Total |[Large |Small |Total
g
Farms |Farms Farms |Farms
Tea 15,845 | 3,669 275 | 3,944 953 55 { 1,008
Coffee 11,256 | 1,688 862 | 2,550 825 | -- 825
Wheat 19,923 | 2,284 a 2,284 | 9,223 a 9,223
Maize 41,706 | 3,373 a 3,373 | 5,966 | 3,784 | 9,750
Rice 1,265 -- 214 214 -- 105 105
Other cereals 1,500 -- -- -- 645 | -- 645
Sugar 6,383 1,264 | -- 1,264 216 | -- 216
Pineapples 750 216 | -- 216 86| -- 86
Other
horticulture 810 43 42 85 45 45 90
Pyrethrum 919 -- -- -- -- 248 248
Mixtures
exported 2,327 n.a. |[n.a. 354 | n.a. |[n.a. 781
Other and un-
accounted for 2,288 n.a. |n.a. 456 | n.a. |n.a. 430
Totalb 104,972 12,537 | 1,393 | 14,740 | 17,959 | 4,237 | 23,407
SOURCE: Republic of Kenya, Report of the Working Party on Agricul-

tural Inputs, Government Printer, Nairobi, 1971.

aAccording to evidence received by the working party it appears
that a number of small-scale farmers especially in the settlement
schemes used a moderate quantity of fertilizer in 1969 but we have
been unable to obtain a precise estimate of the quantities involved.

b

These are column totals only.

The total of columns 2 and 3 is

less than the total of column 4 by the amount of fertilizer exported
or unaccounted for.
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Future Consumption of Fertilizer in Kenya

The reliability of projections made about the future demand for
fertilizers depends critically on the realism of the assumptions made
about several important variables that have affected demand in the
past and those expected to affect demand in the future.

The Ministry of Agriculture has made fairly elaborate projections
of future fertilizer consumption up to 1980. The variables considered
in these projections include the areas of different crops to be grown;
the prices which the farmers receive for their products and have to
pay for fertilizers; the response of crops to different fertilizer
combinations under different conditions; the farmers' awareness of
these factors; farmers' applications of recommended fertilizer levels;
credit availability and the government policy with respect to fertili-
zer promotion.

Table 2.4 indicates the projections made with respect to various
nutrients.

The projections made for N, P205 and K20 by 1980, imply annual
growth rates of 8 percent, 10 percent, and 19.5 percent respectively.
These growth rates are below those recorded for the preceding period
of 1963-74.

Although some of the factors considered by the Ministry in pro-
jecting future demand are policy variables which can easily be mani-
pulated, others are exogenous to the Ministry. The prices of coffee
and tea, which consume a high proportion of fertilizers in Kenya,
are determined by the forces of supply and demand in the world mar-
ket. Their fate in the world market will affect the amount of for-

eign exchange which can be allocated to the purchase of fertilizers.
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TABLE 2.4
FUTURE NUTRIENT DEMAND IN KENYA

Nutrients 1975 1980
Nitrogen (N) 33,000 48,000
Phosphates (P205) 32,700 52,400
Potassic (KZO) 3,700 9,000
Total 69,400 109,400

SOURCE: Ministry of Agriculture.
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Foreign exchange in a country like Kenya is a scarce commodity, with
many competing uses, and hence a very high opportunity cost. Ferti-
1izer prices are also determined in the world market, a market that
has proved difficult to predict in the wake of the energy crisis.
This illustration only goes to show how cautiously any projected

future demand for fertilizers should be treated.

Sources of Fertilizer

Most fertilizers consumed in Kenya are imported from Europe and
East Africa. The European countries supplying fertilizers to Kenya
are members of the powerful European Complex and Nitrex Cartel.

Table 2.5 gives a breakdown of fertilizer imports in 1973 per
type and country of origin. The table shows that Holland and West
Germany each supplied one-third of Kenya's total fertilizer require-
ments in 1973. Imports from Uganda and Tanzania made up for 10 per-
cent and 7 percent respectively and the balance, 16 percent, was im-
ported from various other countries, with Italy and Sweden together
supplying 8 percent. Imports from sources other than European or
East African countries amounted to only 0.5 percent of total imports
in 1973.

West Germany and Holland supplied about 80 percent of all nitro-
genous fertilizers (53 percent and 29 percent respectively) in 1973.
Most phosphatic fertilizers were imported from Uganda (44 percent),
Holland (28 percent),.and Tanzania (16 percent). Compound fertilizers
were purchased mainly from Holland (53 percent), West Germany (23 per-

cent), and Italy (17 percent).
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Recent developments, however, since 1973 are bound to change
this picture drastically. Kenya has decided to build its own ferti-
lizer factory at Mombasa, which went into production early in 1978.
The East African Community has collapsed, and trade between the part-
ner states has almost ceased. This eliminates Uganda and Tanzania

as sources of fertilizer.

Domestic Fertilizer Production

Kenya has entertained the idea of producing fertilizers domesti-
cally for a long time. In 1967, the Triangle Fertilizer Ltd. was
launched with a capital outlay of K £ 5 million, with Albatros of
Holland and Imperial Chemical Company each contributing 40 percent
of the total, and Development Finance Company of Kenya 20 percent.

The project never got underway because it is claimed that serious
errors were made in the feasibility study.

Consequently, Kenya has only had a mixing plant at Nakuru--
Windmill Fertilizers East Africa Ltd.--which produces mixtures from
imported bulk fertilizer. The company is jointly owned by Windmill
Holland B.V.--a subsidiary of Central Resources Corporation of New
York (60 percent), Development Finance Company of Kenya (25.7 percent),
and Mackenzie Kenya Ltd. (14.3 percent). The latter is at present the
company's sole distributor in Kenya. The sales of mixed fertilizers
from the Nakuru plant have averaged about 40,000 tons per year over
the last few years, of which about 30 percent is re-exported to

neighboring countries.]

]Unpublished mimeo from fertilizer distributors.
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Until 1974, the importation and distribution of fertilizer was
left in the hands of private firms, usually local branches of large
international concerns, and mainly subsidiaries of the powerful
European-based Complex and Nitrex cartel. This situation creates
uncertainty in the timing of fertilizer imports. In many instances
scarcity of fertilizer has existed in the country and the blame has
been placed on these private importers mainly controlled from Europe.

An expected shortage of fertilizers in the long rainy season of
1974 prompted the government to import directly. Established firms
were denied import licenses except for minor amounts of special varie-
ties. In 1975, the Kenya government agreed with the N-Ren Corporation
of Cincinnati, Ohio, U.S.A., to build and operate a fertilizer blend-
ing plant in Mombasa, using mainly imported components at a cost of
K Shs 418 million, with an annual capacity of 240,000 tons of NPK
compounds. The company, to be known as KEN-REN, also received a mono-
poly for fertilizer imports after 1976.2

The proposed capacity of 240,000 tons a year of various nitro-
genous and complex fertilizers will be spread as follows:

Calcium ammonium nitrate (CAN) 60,000 tons per year

NPK compounds

17-17-17 10,000 tons per year
20-10-10 80,000 tons per year
20-20-0 10,000 tons per year

16-48-9 (Diammonium Sulphate - DAP) 80,000 tons per year

Total 240,000 tons per year

2Unpub]ished mimeo from fertilizer distributors.
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Thus the complex is designed to produce all NP and NPK fertilizers
currently used in K.enya.3

Theoretically the question of whether to meet the domestic demand
for fertilizer by domestic production or through reliance on fertili-
zer imports will depend upon a number of factors:

1. The effectiveness of the investment in fertilizer industry in
saving or earning foreign exchange.

2. The availability of local or imported cheaper raw materials for
feeding a domestic fertilizer industry.

3. Existence of a local market or export market to allow establish-
ment of an optimal size plant.

Foreign exchange saving or earning is the most important variable
in deciding whether or not to invest in a fertilizer industry. As a
scarce resource, foreign exchange is critical to the development of
Kenya's economy because of its multiple alternative uses and very high
opportunity cost. It is one of the major constraints in optimal utili-
zation of resources in Kenya. A continuous dependence on fertilizer
imports would imply a recurring expenditure of high opportunity re-
sources.

The ability of investment in domestic fertilizer production to
save foreign exchange will depend on the availability of raw mater-
ials within the country, the amount of foreign exchange required to
finance the capital costs of a fertilizer plant, and the foreign ex-

change needed to finance the recurring costs.

3UnpubHshed mimeo from fertilizer distributors.
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The capital costs of erecting a fertilizer industry and its
operation costs will depend on whether economies of size and scale
can be exploited, the ability to take advantage of the most recent
technological changes, and the intensity of demand and size of the
market.

The other objective of investing in a fertilizer industry in a
country like Kenya is the transfer of technical skills and the crea-
tion of employment for the local labor.

In justifying this undertaking in Kenya, the above economic fac-
tors were used. It was argued that the undertaking would have sub-
stantial economic benefits in terms of foreign exchange savings, em-
ployment, utilization of local resources and would also go a long way
in shielding the local farmer from the vagaries of the international
fertilizer markets. This was also viewed as an import substitution
project which would enable the country to replace existing fertilizer
imports on an economic basis.

The scale of operations, the inexpensive technical know-how avail-
able from N-Ren Corporation, the local availability of all packaging
materials and the basic feedstock for the ammonia plant, limestone
and diatomite and the low cost of labor in Kenya would ensure low
costs of production.

It was further argued that the project would go a long way in
facilitating realization of higher agricultural production in the
rural areas where these are now constrajned by lack of further agri-
cultural land, the high world market prices for fertilizers and some-
times supply shortages on the world market. It would create employment

for 136 Kenyans and indirectly generate more employment within the
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agricultural sector, and within the distributive system, especially
at the stockist level and within the agro-processing sector.4

But despite this argument, it is still doubtful that the pro-
ject will be able to achieve all this. Its ability to save foreign
exchange will depend on the prices of raw materials to be imported,
which include phosphate rock and/or phosphoric acid, potassium and
other chemical catalysts. This still involves a high foreign exchange
component.

The viability of the plant based on the Kenyan and export market
is another area which creates a lot of pessimism. The current con-
sumption of fertilizers in Kenya is estimated to be about 150,000 tons
a year. It was argued that Ken-Ren's reduced prices would result in
an increase in consumption to about 200,000 tons a year by 1978, and
the balance of 40,000 tons would be exported to other countries of
Eastern Africa. Thus, the plant is designed for this capacity, i.e.,
240,000 tons a year. But export to these other countries is limited.
Uganda and Tanzania produce their own fertilizers, and in any case,
with the collapse of the East African Community, the trade between
these partner states is non-existent. Fertilizer use in surrounding
African countries like eastern Zaire, southern Sudan, Ethiopia, Rwanda,
Burundi and Somalia is very small and transport links are very bad.

No great optimism seems warranted therefore with respect to the export
market. This means that the plant may end up being underutilized, cul-

minating with high prices to the Kenyan farmer.

4Unpublished mimeo from fertilizer distributors.
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Further, one doubts whether domestic production of fertilizer
will culminate in lower prices to Kenyan farmers. This is because
even if the plant is large enough to take advantage of the economies
of scale and hence produce fertilizer at low cost, this cost advan-
tage might be partly or wholly offset by the high transport cost re-
quired, particularly in a geographically dispersed market in which
roads are inaccessible at critical times of the year when fertilizer
is needed.

Thus, given that raw materials have to be imported and the scale
of operations might be too small to reap economies of scale, and the
domestic market not being big enough, one would still place a caveat

as to the viability of the plant.

Market Structure and Distribution Channels

From a theoretical point of view, the process of fertilizer dis-
tribution essentially involves the process of transfer of ownership
and creation of time and place utilities through the physical flow of
fertilizers from importers to the farm-consumer end of the channel.
This process creates three economic markets. First, there is the ex-
change mechanism between the importer as a seller and wholesaler
(distributor). In Kenya some groups are importers as well as whole-
salers or distributors.

Secondly, there is the exchange between the wholesaler (distribu-
tor) as a seller, and the retailer as a buyer.

Thirdly, there is the exchange between the retailer as a seller,

and the farmer as a buyer.
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Before 1974, the importation and distribution of fertilizers in
Kenya was mainly done by two local importing companies, and local
subsidiaries of the European-based Complex and Nitrex cartel. In
1970, the Kenya Farmers' Association (KFA), representing Albatros-
Holland the Ruhrstickstoff-Germany, imported and distributed 34 per-
cent of the fertilizer. Mackenzie Kenya Ltd. distributed about 24
percent of the market and represents Windmill Ltd. Sapa Chemicals,
representing Montecalini-Edison, the Italian chemical giants, distri-
buted 5 percent. Other companies--Hoechst and BASF of Germany and
Twiga--distributed 37 percent of the total fertilizer consumed [46].

The KFA has thirty-two branches. From these branches sales are
either made directly to large-scale farmers, government organizations
and nearby small-scale farmers, or through Cooperative Unions and
societies to members of cooperative societies, and through its 1,500
registered stockists. Mackenzie Kenya Ltd. has five branches and sev-
eral smaller shops all over the country. In addition, KFA uses the
stores of the Maize and Produce Board as storage depots. From these
branches, KFA and Mackenzie Kenya Ltd. sell some fertilizers directly
to farmers, although most of it goes to local stockists appointed by
them. Both firms have established a network of local stockists in
the country to channel fertilizgrs to small-scale farmers. SAPA has
started to establish depots in selected areas. The other companies are
not so well established, and sell directly to farmers and cooperatives,
or compete for tenders in cases of large requirements.

The Cooperative Unions usually order fertilizer from private dis-

tributors for the societies which sell them to their members.
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The number of stockists varies from district to district, but
it goes into hundreds in densely populated parts of the country. In
total, the number of stockists is estimated at 1,500. Most of them
handle an average of 10 to 15 kg bags of fertilizer per season; how-
ever, a few have achieved sales of more than 100 bags. The importance
of stockists is high in areas where the Cooperative Unions are weak
and where the average farm size is small [30].

This market structure and the distribution channels described
above have been highly criticized in Kenya, especially by the Report
of the Working Party on Agricultural Inputs of 1971. The report
pointed out and documented that the private firms operating in impor-
tation and distribution of fertilizers tended to select types of fer-
tilizers and sources of supply that were not in the country's best
interest, and that confusion among them resulted in unwarranted high
prices, due to their oligopolistic network. The report further indi-
cated two constraints operating against obtaining supplies from the
cheapest source:

First, the majority of importers at the moment are members
of the European-based Nitrex Cartel of nitrogenous fertiliser
manufacturers. This organisation sets a common f.o.b. price for
all straight nitrogenous fertilisers sold by members of the car-
tel. Second, until recently it appears to have been a deliber-
ate policy of the Ministry of Agriculture acting on the advice
of the Fertiliser Advisory Committee (whose active members have
been existing fertiliser distributors). This policy has pre-
vented firms which would have imported fertiliser from non-
European sources, e.g., the Middle East, from entering the mar-
ket and making it more competitive than it is at the moment [36].
Thus, what we observe here is that the marketing and distribution

of fertilizers in Kenya is highly concentrated. This may end up in
collusion on prices, market sharing and through established marketing

organization and outlets, the possibility of excluding potential new
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entrants into the fertilizer industry. It could also result in less
emphasis being placed on the introduction of new ranges of fertilizers,
or in making them more difficult to obtain than if the industry was
highly competitive.

The report recommended that measures be taken to remedy these
practices and to increase competition in the industry. It was also
noted that the network was hopelessly inadequate for the task of pro-
viding all small farmers with easy access to fertilizer supplies.

The report further noted its failure to provide supplies in suitable
packages, and its failure to provide adequate advice on different fer-
tilizers and their use to small farmers. The report recommended that
the role of cooperatives in supplying fertilizer to farmers be
strengthened as one of the ways in which the constraints of the dis-
tribution system can be removed.

Regretably, recent measures have moved in the opposite direction.
In 1974, the government entered into the fertilizer market. It im-
ported 174,000 tons of fertilizer. At the end of 1974 stocks were
estimated at about 40,000 tons [44]. This was because the government,
through the Kenya National Federation of Cooperatives which had no
previous experience in fertilizer distribution, was unable to distri-
bute all the fertilizers. The established and experienced firms
which were denied import licensés in that year were reluctant to
undertake distribution of government fertilizer.

In 1976-77, import licenses were issued to four new importers
who had just come into the fertilizer business with little experience
behind them. These were accused of collusion by the former importers.

This goes a long way in showing that the Working Party Report had
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some substance when it alleged that there was collusion among the
former importers.

The new importers' lack of experience in the international fer-
tilizer market could have also caused the shortage in fertilizer in
that year.

In 1977-78, the import licenses have been issued to ten import-
ers, including KFA and Windmill representing former importers.

The method of issuing these licenses leaves a lot to be desired.
The criteria seem to be more on political influence than on experi-
ence in the fertilizer business, ability to distribute fertilizers all
over the country, or the ownership of warehouses. During the author's
interviewing with distributors it was alleged that licenses issued to
certain individuals who lacked experience and know-how in fertilizer
had passed hands for handsome profit. This will then culminate in
inefficiency in purchasing of fertilizers overseas, which will then
result in shortages, and higher prices for farmers.

Thus, the new policy of import licenses and a single fertilizer
company empowered to produce and import all fertilizers, hardly in-
creases competitiveness, and fertilizers will be supplied at relatively

high cost for a long time.

Fertilizer Prices and Margins

The price of fertilizer constitutes an important variable in so
far as it influences the level and pattern of production and market
resource allocation. Changes in fertilizer price can lead to shifts
in the profitability of fertilizer and farmers' economic motivation

towards production of various crops as well as input-output price ratio.
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During 1971-74, the price of fertilizers skyrocketed in Kenya
as illustrated by Table 2.6. This table shows that using 1971-72 as a
base (100 percent), the weighted index of fertilizer prices had in-
creased to 209 percent by March 1974, indicating that prices for the
most commonly used fertilizers had more than doubled in price during
this short period. In fact, increases were even greater between 1973
and 1975.

These price increases are the result of four major factors,
viz. increased prices in producing countries, changes in exchange
rates, increased sea freight charges and increased distribution costs
within Kenya. The estimate of the contribution of these factors to
the price increase between March 1973 and March 1974 for the average
5

popular type of fertilizer is indicated below:

K Shs Per Ton Percentage

Increased producer prices

approximately 72 15%

Changes in exchange rates

approximately 111 23%

Increased freight costs

approximately 199 41%

Increased local distribution costs

approximately 103 21%
Total 485 100%

The effect due to exchange rate was a result of the Kenyan shill-
ing decreased in value against most European currencies by 15 percent,
as a result of the decreasing value of the 1972-73 U.S. dollar to

which it was tied. This also had a major impact on increased freight

5Estimates--Ministry of Agriculture.
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TABLE 2.6

FOR MOST POPULAR FERTILIZERS IN KENYA BETWEEN

1971-72 - MARCH 1974
(K Shs per Metric Ton)

Type of 1971-72 ?g;gh ?g;é Tg;zh MIncrease

Fertilizer M::g: 1332'
CAN/ASN 537 660 766 978 | 318 (48%)
S.A. 369 489 618 788 | 299 (61%)
T.S.P. 631 868 1,103 1,518 650 (75%)
D.A.P. 856 1,157 1,473 1,942 785  (68%)
25-5-5 608 842 1,050 1,231 389 (68%)
11-55-0 901 1,167 1,486 | 2,005 | 838 (72%)
15-45-0 857 1,106 1,406 | 1,861 755  (68%)
Weighted
average price 617 806 997 1,291 485 (60%)
Weighted index 100 131 162 209
SOURCE: Ministry of Agriculture.
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costs. The other factor contributing to increased freight cost was
the Kenyan importers' increased reliance on charter ships. Increased
local distribution costs were mainly attributed to higher financing
costs and higher costs for unloading and handling in Kilindini harbor.
This leaves only 15 percent attributed to increased producer prices,
mainly to the oil crisis in Europe. But perhaps the full impact of
increased producer prices had not been felt in Kenya by March 1974.

These increased fertilizer prices have contributed substantially
to the production costs in Kenya. Their impact on production costs
can be illustrated by the case of maize and wheat production in the
Trans Nzoia District in Table 2.7.

The table shows that increased fertilizer prices accounted for
81 percent of the increased maize production costs and 28 percent of
the increased production costs for wheat between April 1973 and April
1974. These increased fertilizer prices and their impact on produc-
tion costs led the government to increase the price of maize and wheat
by K Shs 4/85 per 90 Kg bag and K Shs 5/30 per 90 Kg bag respectively,
to compensate farmers.

The price of fertilizer and the determination of profit margins
on subsequent channel-levels are fixed by the government on the basis
of a yearly price list that is prepared by the Fertilizer Association,
the members of which are importing companies as well as government
representatives. The price controller (Ministry of Finance and Plan-
ning) mainly determines the margins on the subsequent channel-levels.
The development of prices from Mombasa to an up-country farmer at
Eldoret, 800 km away, is illustrated in Table 2.8 for two fertilizer
types distributed by the KFA.



31

TABLE 2.7
EFFECTS OF INCREASED FERTILIZER PRICES ON MAIZE
WHEAT PRODUCTION COSTS, 1973-742

Prod. Cost | Prod. Cost | Increase %
Crop April 1973 | April 1974
(Shs/Acre) | (Shs/Acre) | (Shs/Acre) | (Shs/Acre)
Maize (1,620 kg/acre)
Fertilizer 150 237 87 58%
Other prod. costs 301 322 21 7%
Total ZET gg; ?55 EZ;
Wheat (540 kg/acre)
Fertilizer ’ 58 90 32 55%
Other prod. costs 187 271 84 45%
Total ;Zg gg; ;TE ;;;

SOURCE: Farm Management Information, Trans Nzoia District.

3pssumes the same amount of fertilizer will be applied.
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From the table we can observe that the relative share of the
retailer's margin decreased as fertilizer prices increased. Similarly,
that of the wholesaler decreased, but their absolute amounts increased.
The retailer's absolute margin increased by 83 percent for the T.S.P.
and 17 percent for Ammonium Sulphate. The absolute increase in whole-
sale margin went up by 52 percent for Ammonium Sulphate and 95 percent
for T.S.P.

These margins have to be reviewed from time to time because they
are vital if the system is going to function efficiently. They act
as incentives to give the channel participants an adequate return on
their time, their investment and their risks. They are payment for
services that society needs.

However, sentiments have been expressed that those margins are
excessive, as in the following statement:

In Kenya fertilizer prices have decreased by 30 percent
since the peak in 1974-75. On the other hand world market

prices have come down by over 60 percent during the same period.

What has gone wrong with our prices? Are the new importers tak-

ing too large a profit or are they not buying from the best and
cheapest sources [23]?

Fertilizer Subsidy

The rational economic argument for subsidizing the price of fer-
tilizer is that farmers, in effect, tend to over-discount returns to
fertilizer as compared to society, due to a number of risks like price
risk, weather risk and yield risk. Subsidized price, therefore, pro-
vides a compensatory discount that leads to a new, but higher level
of optimal fertilizer use. Thus, in order to ensure low fertilizer
prices to farmers, the government of Kenya provides for a relatively

high fertilizer subsidy. Its main objective is to induce small



34

farmers to use fertilizer for raising farm productivity. The program
was begun in 1963 and the pattern of expenditure is illustrated by
Table 2.9.

The role that fertilizer subsidies have played as promoters of
fertilizer consumption is unclear. From Table 2.1 it can be observed
that despite the introduction of a subsidy of Shs 375 per long ton of
water soluble in the middle of 1963, it was not until 1965 and 1966
that a notable increase in phosphatic fertilizer consumption occurred.
Furthermore, during the years 1964 and 1965, the consumption of nitro-
genous fertilizers (and mixes and compounds) increased rapidly as well,
although a subsidy on nitrogenous fertilizer was introduced in 1969.
The latter subsidy, amounting to Shs 200 per long ton of nitrogenous
nutrient, did not stop the consumption of straight nitrogenous ferti-
lizer from falling 17 percent below its 1968 level, although consump-
tion of mixes and compounds tripled between these two years.

This fertilizer policy has been criticized mainly on welfare
grounds. It has been found that 80 percent of the subsidy accrues to
large-scale farmers, and small-scale farmers only get 20 percent [36].
In their review of the existing subsidies on agricultural input in
Kenya, the ILO Mission [21] found that the policy was not coherent.
Moreover, there was evidence that agricultural inputs continued to flow
to the large farmers even where marginal returns were higher from small-
scale farmers. This situation must be rectified if agricultural pro-
ductivity is to be increased. Thus, if fertilizer services and prices
have not been favorable to small farmers, then one finds it hard to

make an economic case for the continuation of these subsidies.



35

TABLE 2.

9

FERTILIZER SUBSIDIES, RATES AND TOTAL COSTS, 1964-73

Type of Nutrient

Total Costs

of Subsidy
Year Shillings Per Long Ton
> KE '000
205 N
1963-64
(July 1963) 375 -- 166
1964-65 375 -- 189
1965-66
(March 1965) 410 - 325
1966-67 410 -- 350
1967-68 410 -- 356
1968-69
(July 1968) 387.5 -- 563
(Jan. 1969) 200
1969-70 500 200 809
1970-71 500 200 778
1971-72 500 200 973
1972-73
(Sept. 1973) 300 120 750

SOURCE: Ministry of Agriculture.
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More economic arguments can be put forward on why the government
should explore other ways of reducing the cost of fertilizer to the
small farmer other than direct subsidy. It is generally accepted that
price reduction will promote fertilizer consumption, but the extent
to which the demand for fertilizer will increase in response to a
given percentage reduction in price and at various levels of the
demand curve would depend upon the elasticity of fertilizer demand at
that particular level. The policy-maker in Kenya lacks these coeffi-
cients.

The single major objective of the fertilizer subsidy is ferti-
lizer demand expansion by ensuring better returns to farmers which
could also be achieved by various means. The unilateral emphasis of
government policy on subsidized prices as the sole means of attaining
the indicated objective leads to misallocation of high opportunity
cost resources insofar as trade-off seems to exist between the means.
In order to maximize the effectiveness of a given budget allocation
in achieving the desired objective, the government can diffuse the use
of resources by shifting them from fertilizer subsidy into increased
supply of soil testing facilities, research on fertilizer response of
food crops, extension of fertilizer credit and improvement of outlets
and distribution services as may reduce the real cost of local delivery
to the small farmer. |

Moreover, even though individual farmers may view the effect of
fertilizer subsidy as a geheration of favorable returns, the aggregate
behavior of farmers may yield differential results. But all in all,
one must bear in mind that in such issues as fertilizer subsidy, poli-

tical expediency might replace sound economic analysis.



37

Transport Cost of Fertilizer

Fertilizer is mainly transported by rail and road in Kenya.
The cost of both modes of transportation can form a large percentage
of the retail prices of fertilizer to farmers. Table 2.8 shows that
in 1973 railway transport costs formed 6.8 percent and 4 percent of
the retail price of sulphate of ammonia and triple superphosphate
respectively. On the other hand, transport costs formed 2.9 percent
and 1.7 percent of sulphate of ammonia and TSP respectively. The
costs depend on distances from Mombasa and the distances from depots
to the farms.

Fertilizer transported by rail is charged according to two scales,
depending on total quantity of shipment. These scales can be linear-

jzed as follows:

TC] 1.00 + 0.029 LK,j (< 13 ton)

TC2 = 0.08 + 0.007 LK,j (> 13 ton)

Where TC] is the transport cost in K Shs per 100 Kg for quanti-
ties under 13 tons, and TC2 is the transport cost in K Shs per 100 Kg
for quantities over 13 tons, LK,j represents the distance in miles
between K and j. This shows that large quantities are heavily favored
by the railways. To transport 100 tons in small separate shipments
over 100 miles would cost in total K Shs 3,900, while the same quan-
tity in one shipment over the same distance would cost K Shs 780.

Road transport costs vary from place to place. The range is
from Shs 0.75 to Shs 1.00 per ton per mile. However for single bags,
the costs are higher [30]. In both modes of transportation, costs

progressively rise as we move further away from the coast. Since
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railways tend to enjoy greater economies of scale than road trans-
port, the former as a low-priced mode of shipment gets preference over
the latter for fertilizer haulage over longer distances. Both

modes, however, are plagued by problems at the critical times of the
year when fertilizer is needed at the farms. The railways are usually
short of rolling stock, either due to peak demand or general lack of
proper planning. The roads are mainly earth roads and are impassable
during the wet seasons. This problem can only be alleviated in the

long run by bitumenizing these roads.

Fertilizer Research and Promotion

Fertilizer research in Kenya is carried out by a variety of or-
ganizations: the Ministry of Agriculture, other parastatal research
institutions, the FAO, and private fertilizer distributor firms. Re-
search institutions within the Ministry of Agriculture may be divided
into three groups although in practice there may be a certain amount
of functional overlapping among them: national, crop specific and
regional or district. The purely national institutions comprise the
National Agricultural Laboratories, Kabete, and the National Agricul-
tural Research Station at Kitale. The former undertakes the analysis
of soil samples submitted by government agricultural extension staff.
Fertilizer recommendations from these stations tend to be of a gen-
eralized nature, but regional differences in fertilizer application
rates are given for widely grown crops such as majze.

The National Agricultural Research Station at Kitale has been
conducting an intensive program of research into maize agronomy

since 1963. It is this station, supported by Rockefeller funds
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which has made the major contribution to the breeding of improved
hybrid and synthetic maize varieties in Kenya. Research stations
under the Ministry of Agriculture which are specific to a particular
crop are listed as follows: (1) Horticultural Research Station, Thika;
(2) Potato Research Farm, Limuru; (3) High Level Sisal Research Sta-
tion, Thika; (4) Msabala Cotton Research Station, Malindi; (5) Kibos
Cotton Research Station, Kibos; (6) Wheat Plant Breeding Research
Station, Njoro; (7) Pyrethrum Research Station, Molo; and (8) Marindas
Agricultural Research Station, Molo (Pasture).

To this list of specialized institutes which are responsible to
the Ministry of Agriculture, one may add two independent bodies:
(1) Coffee Research Foundation at Ruiru and (2) Tea Research Institute
at Kericho. Research findings on these and the national stations are
extended on a district level at the following stations: (1) Coast
Agricultural Research Station, Kikambala; (2) Nyanza Agricultural
Research Station, Kisii; (3) Katumani Research Station, Machakos;
(4) Eldoret Agricultural Research Station, Eldoret; (5) Western Agri-
cultural Research Station, Kakamega; and (6) Nyandarua Agricultural
Research Station, 01 Joro Orok. Thus, there is a fairly extensive net-
work of stations within the Ministry of Agriculture, which enables
fertilizer recommendations for a wide range of crops to be made down
to at least the regional level. But the quantity of fertilizer re-
search work undertaken at these stations depends both on the impor-
tance attached to it by the Ministry and the capability of the sta-
tions themselves.

The FAO Fertilizer Program is undertaken in conjunction with the

Ministry of Agriculture. This program is demonstrating to farmers in
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the field what fertilizers can do. It is further performing two use-
ful roles in the area of basic research into fertilizer use in Kenya.
First, it is covering a large number of districts so that recommenda-
tions on the economic use of fertilizer can be made at the local level;
and second, it is paying attention to food crops' responses to ferti-
lizers, which have hitherto been ignored. They have collected a lot of
data showing crop response to various fertilizers. They have further
attempted to show the economic justification for using fertilizers

by calculating net returns and value cost ratio (VCR). Table 2.10
shows the responses on hybrid maize resulting from various fertilizer
combinations, the resulting net return and VCR.

However, despite these results having been obtained from farmers'
fields, they should be used with caution. The cultural practices of
farmers might differ substantially from those of researchers, result-
ing in significant differences in yields. Furthermore, although the
amount of fertilizer used is not indicated in the table, the cost of
fertilizer indicates that only purchase price was taken into consider-
ation. Other costs, such as application cost, capital cost and trans-
portation cost, seem to have been ignored. Inclusion of these costs
in the calculation of VCR would have resulted in different VCRs from
those indicated in the table.

As far as private firms go; Windmill Fertilizers E.A. Ltd. and
Albatros Association (Co-op) Ltd., undertake soil sampling down to the
individual field level. The University of Nairobi also does some use-
ful work in the field of fertilizer research.

Kenya conducts a fair amount of fertilizer research, particularly

on major crops, viz. coffee, tea, pyrethrum, sisal, maize and wheat,
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which reflects the bias of policy makers towards cash crops, and negli-
gence of food crops. But if the growing Kenyan population is to be
fed without resorting to food imports, which is already constrained
by scarce foreign exchange, then resource allocation must be shifted
to fertilizer research on food crops. In fact, given the amount of
work that has been undertaken for cash crops, it can be argued that
further research in this area will only result in diminishing marginal
productivities of these resources. Given that research resources are
limited in both personnel and finances, then resources must be allo-
cated where they have the highest returns. These high returns might
be in food crops.

The role of promotion of fertilizer is to help the farmer iden-
tify his need for fertilizer, estimate the gains he will get from it,
identify what type he needs and how to apply it, and where to buy it
and how to finance it.

The government tries to do this through provision of extension
services. The private firms advertise, and others like the KFA and
Mackenzie Kenya Ltd. have field representatives. However, the promo-
tion of fertilizer use in Kenya leaves much to be desired, demon-
strated by the enormous gap between recommended fertilizer use and
actual consumption levels. Given the predominance of small farmers in
Kenya, effective fertilizer promotion and demonstration is difficult
to organize, and is costly. Perhaps the cost might be reduced by re-
lying more on group demonstrations, cooperatives and stockists. As
it stands, extension service is inadequate and is available for only

a few farmers.
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Fertilizer Credit

The farmer in Kenya is exposed to three main types of agricul-
tural credit, viz. long-term credit for land purchase; medium-term
credit for development such as fencing and purchase of livestock; and
short-term credit for purchase of inputs such as fertilizers and
seeds--seasonal credit. This is the type of credit that will concern
us here.

Table 2.11 shows the amounts extended by different sources of
credit in Kenya, distinguished as to involvement with small or large
farms.

Table 2.11 shows that the Agricultural Settlement Fund dominates
the agricultural credit structure. Credit is also provided by commer-
cial banks, the Agricultural Finance Corporation (AFC), traders (par-
ticularly input suppliers), the Cereals and Sugar Finance Corporation,
the Cooperatives, and a little to smallholders by the Kenya Tea
Development Authority (KTDA) and the Pyrethrum Board. The AFC gives
a little long-term, but much more medium-term credit. The commercial
banks give mostly short-term, but a little long and medium-term credit
as well. A1l the other sources give only short-term credit.

These credit institutions tend to operate independently and con-
sequently credit provision is highly fragmented. The Agricultural
Settlement Fund, although dominating agricultural credit structure,
provides little fertilizer credit. It concentrated on long-term and
medium-term credit, which is only extended to small holdings on
settlement schemes. The AFC credit is concentrated in medium-term
credit. The Guaranteed Minimum Return (GMR) scheme is a short-term

credit and insurance scheme through which seasonal inputs into
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large-scale maize and wheat production are financed. The AFC is the
agent of the Cereals and Sugar Finance Corporation as far as the GMR
scheme is concerned. The scheme advances credit to farmers owning
a minimum of six hectares of wheat or maize. This criterion alone
eliminates the majority of smallholders, and so the fertilizer credit
that is extended through this scheme goes to large farmers. This is
the main criticism raised against this scheme, not to mention the
large losses incurred through the scheme and borne by the Treasury
as it taxes the public at large. This culminates in subsidizing large-
scale maize and wheat growers. Commerical bank credit and trade credit
are directed toward large-scale farmers.

In the present credit structure in Kenya, one observes a lack
of fertilizer credit and little agricultural credit to small farmers
in general. The government is trying to alleviate this situation
through the Cooperative movement. The Kenya Cooperative Production
Credit Scheme (CPCS) was started in 1970 to provide short-term credit
through the Cooperative movement. The Cooperative movement seems to
constitute an ideal base to organize credit for the purchase of pro-
duction inputs such as fertilizers. This is so even when cooperatives
are responsible for marketing part of the farmers' production and are
thus certain to be able to recover without difficulty the value of
the loan granted for fertilizer and other inputs. Nevertheless, this
credit should not, as is the case at present, remain linked to one
single speculation which happens to interest the cooperative. It is
quite possible to imagine that credit granted to a member of a coopera-
tive for fertilizer purchase for the production of food crops, such

as maize, beans, and potatoes, could be 1inked to the marketing of
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that producer's coffee, pyrethrum, or tea. Unfortunately, such acti-
vities are not very developed among cooperatives. They only function
in certain districts, particularly among the coffee growers. The
scheme limits participation to members of qualifying cooperatives.
But even if this were not the case, its effectiveness would still be
limited, since the majority of small farmers are not yet ready to
participate in cooperative movements.

Theoretically, the retailer or stockist at the local level would
be the best placed to grant fertilizer credit, for he knows his
clients. However, retailers have little capital to buy fertilizers
and erect or hire storage space. Moreover, as noted earlier, their
profit margins are very low, and the lower the margin, the more expen-
sive the fertilizer. In these circumstances they fail to extend cre-
dit to farmers; they always sell their fertilizer for cash, while
timely supplies are by no means always assured. The government is
exploring ways of extending credit to retailers, especially those with
storage.

The Kenya government maintains a policy of keeping interest rates
on agricultural credit low. But experience in many developing coun-
tries suggests that a low interest rate policy tends to penalize the
small farmers whom it was designed particularly to benefit [8]. It
is argued that low interest rates tend to discourage the rate of
saving and flow of funds into the agricultural sector. It discour-
ages economizing in the use of funds, and it tends to be associated
with the misallocation of funds among users. If the interest rate is
not used to ration the available supply of funds, alternative means

have to be found. These alternatives tend to result in the larger
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farmers with more influence getting a disproportionate share of funds.
This tendency is reinforced by the fact that credit institutions oper-
ating low interest rate policies have to cut costs in every possible
way, and thus favor large loans that are less costly [18].

However, despite the need for input credit, there exists some
unwillingness among small farmers to borrow money that may be due to
necessity of pledging title to their land as a collateral. This is a
deterrent to those who run the risk of pledging their entire property
for the purchase of fertilizers. Thus, any type of production credit
envisaged should be tied to the farmer's performance or to the in-
creased production potential of the input, rather than to the security
of land or other assets. To facilitate loan recovery, the provision

of credit may be tied up with marketing.



CHAPTER II1

RESEARCH METHODOLOGY AND ANALYTICAL TECHNIQUES
AND SOURCES OF DATA

A brief review of literature pertaining to the empirical estima-
tion of fertilizer demand is presented in this chapter. The concep-
tual framework to be used in this study is outlined. The application
of linear programming techniques in African agriculture is reviewed.
The sources of various data needs are described.

There is a variety of estimation methods available for demand

studies, but the two major estimation methods commonly used are:
(1) the statistical regression approach based on time series data and

(2) the intrafirm estimation technique using linear programming.

Regression Approach

Most empirical models of fertilizer demand have been based on the
assumption of constant production technology. A common approach of
estimating the price elasticity of demand for fertilizer is to derive
it indirectly from the profit maximization conditions, given a parti-
cular agronomic fertilizer response function [14].

The theory of the firm assumes that the average farmer has per-
fect knowledge of the production function, the product and factor
prices, and attempts to maximize profits. Given a Cobbs-Douglas

production function with two inputs, Y = aLaFB, the profit function

48
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is formulated as

= agB
m = (aLF)py-Y'L'PfF

where m denotes profits, Y production, L land, F fertilizer, Py
product price, Pf fertilizer price, r land rental, a the intercept
term, and o and B the production elasticities of land and fertilizer
respectively. Maximizing profits by setting the marginal value pro-
duct of fertilizer and land equal to their respective prices, we de-
rive a fertilizer demand function that depends on its own price, pro-
duct price, price of substitutable inputs, and the parameters of under-
lying production function. Assuming that land is a fixed input, this
can be expressed as : :
[T
y
From the above equation, the parameters in the demand equation can be

solved algebraically once the production elasticity of fertilizer (B)
and the intercept (a) are known. This gives us a normative demand
function which approximates reality only if all the assumptions pre-
viously mentioned hold true.

Timmer has pointed out two limitations of this approach [41].
First is the required assumption of farmers' maximizing behavior with
no consideration of the risk perceived by the farmers. Second is the
arbitrariness in the choice of the relevant fertilizer response func-
tion.

Timmer argued that there is a substantial amount of evidence in
the United States as well as from the relatively few studies under-
taken for less developed countries to show that the farmer's marginal

revenue from additional fertilizer use substantially exceeds its
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marginal cost. This would indicate the importance of factors such as
risks associated with yield and price variability, level of knowledge,
and possibly other constraints which have been ignored in many other
studies. Furthermore, this deviation between MR and MC of fertilizer
might be due to the fact that all the costs are not considered, i.e.,
application cost, capital cost and transportation cost.

The choice of the appropriate fertilizer response function is a
complicated one. There exist a diversity of response functions across
farms in an area, and for a single farm at different points in time.
Here one confronts the problems of omitted variables and lack of con-
sideration for differences in the quality of inputs. The use of data
from controlled experiments does not usually replicate actual farm
conditions. Thus, our estimates are bound to be unrealistic.

Fertilizer demand functions have also been estimated directly,
especially where aggregate time series data exist. Griliches' [11]
partial adjustment model has been widely used both in developed and
developing countries in estimating fertilizer demand [2, 19].
Griliches' model is formulated as follows:

YE = ag + agkyy +aky + Uy

Y yx b
b |t Y- Y, =b (Y-
Vi Vel 0t Tt (YE - Ye)
where
Yg = the desired quantity for fertilizer

>
]

1t = the price of fertilizer relative to prices received
for crops

X2t = the price of fertilizer relative to prices paid for
other factors of production
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Ut random disturbance term

t = time.
The adjustment equation above states that the percentage change in
actual fertilizer consumption is a power function of the percentage
difference between desired and actual consumption of fertilizer. Sub-
stituting the first equation into the second and solving for Yt’ we

obtain the estimating equation:
Yt = (]'b)Yt_] + aob + a]bX]t + aszZt + bUt .

The inclusion of the lagged dependent variable among the explanatory
variables serves as a substitute for any omitted variable having a
similar trend and thus provides a more fully specified model. Although
a certain degree of correction for specification errors in the model
is implied, important information regarding the independent effects

of other variables is subsumed in the adjustment coefficient.
Griliches, himself, has noted that this adjustment coefficient becomes
a catch-all term that is difficult to interpret [11]. Furthermore,
the partial adjustment model may lead to an unwarranted focus on price
policy simply because the effects of changes in prices permit quanti-
fication.

The use of the regression method to estimate demand functions is
criticized on many fronts. (1) It is diffjcu1t to use the regression
approach for evaluating some anticipated changes or introduction of
new variables when no historical data are available. (2) Lack of a
single equation to correctly represent the true functional relationship
between variables. Other problems with the method include measure-

ment errors, model specification, multi-collinearity and identification.
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However, the major problem in applying it to a country like Kenya
(and the developing countries in general) is lack of sufficiently long

term series data on fertilizer price and use.

Intrafirm Linear Programming Estimation Approach

The estimation of demand functions using the linear programming
approach employs a modification of the standard simplex linear pro-
gramming model as employed by Heady and Candler [12]. This model and
its variants will provide the theoretical framework for the empirical
section of this study.

Following Heady and Candler, the linear programming model which
forms the basis of the estimation of resource demand and product
supply functions can be formulated as follows:

Max Z = C'X
subject to AX < B
and X > 0

where

the value to be maximized

n by 1 vector of prices

n by 1 vector of activity levels

m by n matrix of input-output coefficients

(o} > > (g] N
1]

m by 1 vector of available factors or other restrictions.
In general, the idea is to generate the opfimum pattern of farm produc-
tion and resource demand for various price relationships, resource
availability and technological coefficients. The parametric program-
ming model is a modification of the standard simplex model presented

above. It enables the researcher to study the effects of a wide
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range of costs or prices on the optimum solution to the standard sim-
plex problem. The model thus modified has been used by many research-
ers to estimate product supply and resource demand. Ogunfowora et al.
and Moore et al. [35, 29] have specifically applied parametric program-
ming to estimate the demand for fertilizer and water respectively.
The quantities of resource demanded are obtained by ranging the price
(cost) of the given resource over an appropriate range through a re-
source buying activity introduced into the model.

Ogunfowora [34] conceptualizes such a linear programming problem

with parametric objective function as follows:

n
Max Z = I C.X.
o oy 973

m
subject to I a,. < b,

=1 W~ 1

and Xj >0
where

Z= 7 (X5 Xpsm==Xysm=msXp)

F I IR

C". <C; < C'.

J — J — J - no_ Y. =
;) k or C j C j Ak

where

Y4 = the ath objective function to be maximized

for a given price level within the acceptable
price range

bi = the level of the ith resource available

C'j and C"j = the Tower and the upper limits of the price
of the jth activity

A = constant increment in the price of the jth
activity
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k = the number of optimum solutions within the price
range.
Krenz et al. [25] using the programming model, conceptualized
supply function as follows:
QA = f(P], Pos Pys Pps Rys Rp===R. 5 Cy, C2---Cn).
Using this formulation demand function for a resource can be concep-

tualized as follows:

DF = f(Pr], PI‘Z’ PrF""Prn; P]s PZ"“Pn; R]’ RZ’ Rr---Rn;
C], CZ"‘-Cn)
where
QA = quantity A produced (PA varied)
P] to Pn = net prices of the enterprises in the model
Dp = the quantity for factor F (fertilizer in our
case)

Pr] to Prn = the prices of factors of production

the levels of fixed resources of the farm

R] to Rn

C] to Cn coefficients of production on the farm in all

production alternatives considered.

In these formulations of supply and demand functions, the quan-
tity of the product supplied and the quantity of resource demanded
are not just a function of the prices of output and resource, but
the model also considers the array of alternative production enter-
prises competing for limited factors of production.

This approach, however, is normative, indicating farmers' poten-
tial response under the assumptions of profit maximization motives,
perfect knowledge about prices, technological changes and environ-

mental factors. Under these circumstances some divergence, usually
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overestimation, between normative demand response and actual demand
response can be expected [39, 40].

The object of this study is not to estimate regional or national
fertilizer demand response, which requires that the results of bench-
mark farms be aggregated, but rather to estimate farm-firm fertilizer
demand response. Thus, the delineation of an "average" or "represen-
tative" farm is considered appropriate. The discussion of its con-
struction will be presented in Chapter IV.

This being the case then, the problems of aggregation bias and
their possible solutions are not dealt with. For a regional or na-
tional response estimation, methods of benchmark construction which
minimizes aggregation bias would be required. A few methods which are
theoretically appropriate, but not necessarily the most practicable,

have been discussed elsewhere [3, 7, 39].

Estimation of Elasticity from Step Functions

The linear programming formulation generates "step" demand func-
tions. Figure 3.1 depicts such a "stepped" demand function for
fertilizer.

The optimum solution and price ranges for all steps in the demand
function can be presented as follows [24]:]

f (M.V.P.)

0 for 0 < M.V.P. < MC,_

= Xy for MC,, < M.V.P. < MCyy

X;p for MCyp < M.V.P. < MC;.

= Xy, for MC]c < M.V.P.

IModified from [24].
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M.V.P. is the marginal value productivity of X, (Fertilizer),
and MC] is the price per unit of resource X], which is assumed to
vary directly with price. The range of the vertical segments of the
demand function is based on profit maximizing criteria, M.V.P. = MC].

The stepped demand function reflects the interaction of resource
supplies and fixed production coefficients. The optimum cropping
program, and therefore the quantity of resource, holds for all the
prices included within the vertical portion of any one step [29].

Elasticity of demand is useful in formulation of agricultural
policy. But in estimating quantitative measures of elasticity, step
functions are not particularly useful. The degree of response over
a range of prices can vary widely from no response to large jumps in
response, and it is difficult to generalize such response into a single
elasticity measure. Again, the magnitude of elasticity is highly de-
pendent upon the segment of the curve for which the elasticity is
computed and the range over which the demand or supply is perfectly
elastic or inelastic cannot be determined a priori [4, 24]. In other
words, we cannot derive any meaningful point elasticity from a step
function.

Moore et al. [29] in estimating demand for irrigation water, used
the solution quantities and their corresponding prices as the data for
a least square regression analysis to estimate a continuous function.2
It was assumed that the mid-points of the vertical portions of the

steps are more stable with respect to price changes, and are therefore

2But this is because of using a single representative farm. The
use of many representative farms for a region would lead to a contin-
uous function when aggregated.
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used as the observations for fitting the estimating equations. Since
such data do not meet the assumptions of normality and independence
used in regression analysis, statistical inference and probability
statements cannot, therefore, be made.

On the other hand, although the smoothing process of the step
function enables us to derive the precise measure of elasticity, much
of the intrinsic behavior of the farmers would be obliterated. Accord-
ingly, it would be advisable to retain the steps for the purpose of
correct and practical decision making at the farm level [24]. The
retaining of the steps will be very realistic especially if the repre-
sentative farm is a real average from "sample". In practice, few if
any farmers make adjustments in the sense of a continuous function.

The choice of an analytical technique depends upon the availa-
bility of data, the purpose for which the model is intended, and the
nature of the structural coefficients being sought to elucidate a par-
ticular problem. Linear programming is the approach used in this study.
Its most important advantage 1ies in the fact that it is highly suit-
able for estimating supply and demand functions and analyzing farm
adjustment problems in an environment where no time series data exist.

The Use of Linear Programming Approach
in African Agriculture

The usefulness of 1inear programming techniques in analyzing
farm level operational problems in Africa was recognized in the 1950s.
The application of the technique was limited to identifying combina-
tions of resources which would maximize returns on the farm level.

McFarquhar and Evans [28] demonstrated this technique using a

hypothetical tropical farm under various assumptions of land
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availability and cropping pattern. Clayton [5] generated similar
optimizing farm plans for an actual smallholder farm in Kenya, with
sets of assumptions regarding soil fertility maintenance, the extent
of mechanization, and cropping patterns incorporating cash and sub-
sistence crops to varying extents. The study, however, is devoid of
policy prescriptions since no policy questions were addressed.

Clayton and Ogwel [32] have explored the efficiency of a regional
aggregative model as a planning tool for Kenyan agriculture, using
data from Nyeri district, Central Kenya. Clayton's earlier study used
data from the same district.

Heyer [17] discusses several broader macro uses to which linear
programming micro-analysis can be put, including the shadow pricing
of agricultural resources, the evaluation of new variety profitability
and research priorities, and the assessment of employment and mechani-
zation programs. Using Kenyan data, she describes the changing pat-
tern of constraints limiting output under alternative mixtures as the
land/1abor ratio is varied. Non-farm allocations of labor time were
not incorporated in the model. The analysis has been extended, how-
ever, to include uncertainty restrictions.

Norman [31] uses linear programming techniques to assess the pro-
fitability of several adjustments in farm models based on data obtained
in Northern Nigeria. These adjustments include reallocation of exist-
ing resources, increasing the input of labor on a year-round basis,
increasing prices of crops purchased by the marketing board, and in-
troducing currently available new technologies for groundnuts, sorghum

and cotton. These adjustments tended to increase farm income.
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Ogunfowora and Norman [35] have used linear programming tech-
niques, not only to assess profitability of adjustment but to speci-
fically estimate farm-firm fertilizer demand and its elasticities with
respect to own price, product price, and capital, making it useful for
policy prescription. The study also shows that linear programming
technique can be used to estimate resource demand in an environment
lacking time series data.

Ogunfowora [33] using Nigerian data again has undertaken an analy-
sis of the constraint posed by period specific capital shortages and
by quality of management (a proxy for scale) as well as by labor.
Subjective limitations reflecting management differences and risk
aversion behavior distinguish two farm models which represent differ-
ent levels of commercialization. Shadow prices for labor and capital
suggest the types of government policies which most efficiently in-
crease income potential in these respective farm types. Ogunfowora
has also used a poly-period dynamic programming model to plan opera-
tions for a farm settlement scheme which would assure both an ade-
quate income and short-period repayment capability.

Johnson [22], using Rhodesian data, has demonstrated the power
of linear programming techniques in identifying some potential labor
and income effects of alternative wage and price assumptions.

The limitations of the technique in analyzing African farm-level
operational problems have been well summarized by Heyer [16]:

The linear programming model is well suited to an examina-
tion of constraints on production in a situation in which the
objective function is unambiguous and risk considerations do not
dominate production decisions. Neither of these conditions is
easily fulfilled, however, in semi-subsistence peasant farming.

The objective function is difficult to determine. Cultural and
institutional factors such as an attachment to livestock, or a
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taboo against planting maize before millet, can be viewed as
further constraining the production environment and can be in-
corporated as constraints in the model. But there is still

the difficulty of deciding what it is that subsistence farmers
aim for, subject to many constraints. Alternatives that can be
considered include insuring an adequate food supply in drought
years, producing a suitably varied diet maximizing the number of
people fed, maximizing the market value of output and so on.

But we have to bear in mind that, to a large extent, the methodologi-
cal problems encountered are a function of the purpose for which the

analysis is intended.

Sources of Data

The selection of a model to use in an analysis of a study like
this is highly influenced by data availability. The data available in
Kenya for such a model can be obtained from many sources. Thus, the
data used in this study were obtained from various sources, viz.,
Central Bureau of Statistics (CBS), District Farm Guidelines from the
Ministry of Agriculture, fertilizer yield response from FAQ/Ministry
of Agriculture Project, fertilizer distributors, publications, and a
farm survey conducted by the author. Data collection by CBS and the
farm survey undertaken by the researcher are discussed below.

The CBS undertook a national survey of the smallholder agricul-
tural sector in 1974-75 [38]. The pilot survey was conducted in
three districts from March to May 1974. After effecting the necessary
adjustments, data collection began in October 1974 and was carried on
through October 1975.

A two-stage stratified sample was used to select the final 1ist
of respondents. The primary sampling unit (PSU) was the sub-location--
the basic administrative unit in the country. Prior to the selection

of PSUs, all sub-locations were classified into agro-ecological zones.
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This exercise was undertaken by the Farm Management Division of the
Ministry of Agriculture. Sub-locations were aggregated into zones on
the basis of the main cash crop grown in their areas. The purpose of
introducing the concept of agro-ecological zoning was to facilitate
stratification which would improve the efficiency of the sample by
grouping the sample population into more homogeneous units than would
otherwise have been possible. Since the agricultural population was
the primary focus of interest of the survey, a criterion of stratifi-
cation associated with land use, either actual or potential, was con-
sidered the most appropriate for the purpose. In those areas of the
country where "predominant cash crop" criteria could not be applied,
stratification was effected on an alternative basis using either a
"special area" criterion or a rainfall criterion as in the Coast
Province.

Each province had an equal number of PSUs in the sample. A
total of 139 sub-locations altogether were selected. The probability
of selection for a PSU was based on the product of the square root of
the rural population and the cultivated area as estimated from the 1969
population census and the 1969 Small Farms Census Survey. Within each
PSU, twelve smallholder households were selected as respondents for
inclusion in the sample, adding up to a total sample size of 1,668
households. The method of selection of smallholder households with-
in the PSUs varied according to whether the land in each sub-location
was registered or not. In the registered areas, the land registra-
tion lists in the District Land Offices were used to provide a 1ist
of farms within the sub-location, and the twelve farms were then ran-

domly selected from these lists. Enumerators in these areas were
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subsequently instructed to visit the selected farms to determine
whether they had been informally subdivided into two or more inde-
pendently managed holdings. If no subdivision had taken place, the
farm was considered to be a single holding, and retained in its en-
tirety in the sample. .In those cases where the farm had been sub-
divided, only one of the holdings was randomly selected for enumera-
tion and the household weight adjusted according to this last stage
probability selection. In the non-registered PSUs, the 1969 Popula-
tion Census Enumeration Areas (EA) were used for sample selection.
Two EAs were selected with equal probability from each selected sam-
ple sub-location. A complete listing of households was then under-
taken within each of these two EAs by the field staff and a final ran-
dom selection made of six households within each EA. Once the final
selection of households had been made, each household was assigned
its individual household weight based on the reciprocal of the house-
hold's probability of selection. Only eighteen households in the
entire survey were discarded for non-response. Allowance for these
was made at the end of the survey by an adjustment of the weights of
the other households within the non-respondents' PSU.

The survey year was divided into thirteen four-week cycles.
The four-week lunar cycle was found to have a number of bias-
eliminating and administrative advantages over the more traditional
calendar month:
1. Each cycle was exactly the same length.
2. Eachcyclealways started on exactly the same day of the week.
3. A simple work program could be worked out for enumerators detail-

ing households to be visited on specific days, which would
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remain constant for all the cycles.

4. Possible biases that might be introduced by an enumerator always
visiting a household at the beginning or end of a month were
automatically removed by the fact that cycles were evenly spread
across all the months in the course of one year.

During any enumeration week, an enumerator was required to visit
his respondents assigned to that week twice, with a maximum gap of four
days between visits. In the field, data collected were checked by the
supervisors and provincial statistical officers before final trans-
mission to Nairobi. Data processing was done in Nairobi. The data
from this survey, published in the CBS Basic Report, will form a sub-
stantial part of the empirical analysis of this study.

The second farm survey was undertaken by the researcher from
October 1976 to May 1977. The purpose of this survey was to collect
more information on fertilizer use in Central Province of Kenya.
Consequently, the sample of this second survey was a complete enumera-
tion of the 254 household sub-sample of the national CBS sample repre-
senting Central Province.

The primary reasons for choosing Central Province of Kenya for
a study on fertilizer use include:

1. Acute land shortage and high population densities, thus reflect-
ing the problems confronting smallholders and indicating the
need for land-saving technology.

2. The land holdings are consolidated and individually owned.

3. Smallholder development has been undertaken for over twenty years.

4. The researcher comes from this area, knows it well, and would

have no language problem.
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The data collected in this study were mainly attitudinal, per-
taining to farmers' perceptions of or level of understanding of the
profitability of fertilizer use, reliability of fertilizer sources and
delivery system, sources of information on fertilizer use, availability
of credit and farmers' technical knowledge.

In collecting the data, the researcher was assisted by two senior
enumerators provided by the Institute for Development Studies of the
University of Nairobi. After the survey, the data were coded, punched
and put on tape for analysis at Michigan State University.

These data will be used mainly to analyze socio-economic and
institutional factors influencing fertilizer use in Central Kenya,
and to identify general farming constraints in the area. Results

are reported in the next chapter.



CHAPTER IV

THE STRUCTURE OF AGRICULTURAL PRODUCTION AND FACTORS
INFLUENCING FERTILIZER USE IN THE STUDY AREA

The sample survey was carried out in the five districts that com-
prise the Central Province of Kenya, viz., Kiambu, Kirinyaga, Murang'a,
Nyandarua and Nyeri. These were classified into three main agro-
ecological zones, namely, Coffee East of Rift, Tea East of Rift, and
High Altitude Grasslands Zone. In this study these three agro-
ecological zones will be referred to as the Coffee Zone, the Tea
Zone, and the Grassland Zone. In each zone, climatic and soil condi-
tions can be assumed to be roughly constant. A1l the farms within
each agro-ecological zone, then, can grow the same variety of crops

and have the same available technology.

Physical and Climatic Factors

The average annual rainfall in Central Province of Kenya varies
from as little as 750 mm in the lower parts of Kiambu, Kirinyaga and
Murang'a districts to over 1,500 mm in the higher areas adjoining the
eastern side of the Aberdares and the southern side of Mt. Kenya.
Most of the agricultural land of the province receives 1,200 to
1,500 mm per year in a bimodal distribution.

The altitudes of agricultural land in the province drop to less

than 1,550 meters in the east and rise to over 2,150 meters in some

66
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areas adjoining the Aberdares and Mt. Kenya. A large proportion of
the province is hilly, becoming more undulating in the lower south-
eastern areas and in the central parts of Nyandarua district. This
rugged terrain and high population densities limit the effective size

of the farm in the province.

Representative Farm Characteristics

In a study like this, the cost of programming every farm would be
prohibitive. Consequently, in carrying out the linear programming
analysis, it is essential to set up a representative farm. The farms
in our sample were classified into coffee, tea and grassland zones.
The farms in each agro-ecological zone are assumed to be sufficiently
homogeneous with respect to the key variables that affect farm adjust-
ment. The levels of the initial resources in each case are based on
farm averages of those making up an agro-ecological zone. Thus, the
arithmetic mean was used for most of the analysis. For the analysis
only one average farm was used for each agro-ecological zone. This
offers an opportunity for more detailed analysis using parametric

techniques.

Land Use

The average size of holdings in the study area was 8.23 hectares
in the grassland zone, 3.39 hectares in the tea zone and 2.35 hectares
in the coffee zone. The cultivated areas were 4.26 hectares in the
grassland zone, 2.20 hectares in the tea zone and 1.54 hectares in
the coffee zone. The farmers in the area did not report any rented
land. This would imply that they can only expand their operations on

the family-owned holdings.
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Farm Labor Force

Family farms predominate in the study area and consequently the
family is the major source of the farm labor force. The average size
of the family in the study area consists of nine persons in the tea
zone and seven persons in both the coffee and the grassland zones.

The composition of the average farm family by zone is shown in Table
4.1.

The family labor is allocated among various enterprises on the
farm. Table 4.2 shows average family labor allocation by zone and
enterprise.

In terms of man-hours the average size of the farm family in the
study area ranged from 1,160 in the coffee zone to 1,573 in the grass-
land zone for crops. Compared on a per hectare and a per cultivated
hectare basis, the coffee zone uses more family labor than the tea
and grassland zones, but uses less family labor for cattle than the
tea and grassland zones.

In addition to the family labor on the farm, hired labor is used
to supplement it. This is especially true during peak labor demand.
The hired labor comprises casual and regular labor. The allocation
of average hired labor in the study area is tabulated in Table 4.3.

As Table 4.3 indicates, the tea zone used more hired labor on the aver-

age than the coffee and grassland zones.

Farm Capital

Capital is regarded as the most 1limiting resource in the study
area. The main source of capital in the area is personal savings,

which are generally low due to low incomes. The farmers in the area
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TABLE 4.2

AVERAGE FAMILY LABOR ALLOCATION (MAN-HOURS)
BY ENTERPRISES AND ZONES

Enterprises Coffee Tea Grassland

Zone Zone Zone

Crops

Family labor per holding 1,160 1,490 1,573

Family labor per hectare 494 439 191

Family labor per cultivated hectare 753 677 369

Cattle

Family labor per holding 815 1,340 1,086

Other livestock

Family labor per holding 408 493 257

Farm general

Family labor per holding 237 461 440

SOURCE: Compi]ed from survey data.
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TABLE 4.3
AVERAGE HIRED LABOR ALLOCATION (MAN-HOURS)
BY ENTERPRISES AND ZONES

Enterprises Coffee Tea Grassland

Zone Zone Zone

Crops

Hired labor per holding 169 414 290

Hired labor per hectare 72 122 35

Hired labor per cultivated hectare 110 188 68

Cattle

Hired labor per holding 85 95 47

Other livestock

Hired labor per holding 24 21 3

Farm general

Hired labor per holding 36 99 54

SOURCE: Compiled from survey data.
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tend to be debt averse and this militates against the use of the little
institutional credit that is available. Money lenders as a source of
credit are non-existent in the area. The average value of operating
capital by zone in the study area is shown in Table 4.4. This shows
that the coffee zone had the least operating capital in aggregate,

while on a per hectare basis it was in the grassland zone.

Cropping Pattern

The crops grown in the study area were grouped into major categor-
ies, viz., specified crops and non-specified crops. The specified
category included hybrid maize, beans, English potatoes, pyrethrum,
coffee and tea. The non-specified category included all other crops,
such as bananas and sweet potatoes. Except for coffee and tea, crops
were grown as pure stands (sole) or mixtures.

The common mixtures were maize and beans, maize and potatoes,
beans and potatoes, and maize, beans and potatoes. This system of
growing two or more crops together at the same time and on the same
piece of land is termed mixed cropping (intercropping).

Physical and socio-economic considerations interact to determine
the types of crops and mixtures to be grown in the study area. Among
the physical factors are rainfall, vegetation, soil and temperature.
The socio-economic factors inelude the need to maximize returns
to the limiting factors, especially land and labor, the need to obtain
higher output and the need for security. This last factor indicates
that mixed cropping, used as a means of increasing returns to land,
is also used as a form of crop diversification, which is a strategy

against risk.
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TABLE 4.4
AVERAGE VALUE OF OPERATING COSTS BY ZONE

(K Shillings)

Costs Coffee Tea Grassland
Zone Zone Zone
Non-capital inputsa 657 1,063 792
Wages to regular labor 168 185 257
Wages to casual Tlabor 7 18 7
Operating costs per holding 832 1,266 1,056
Operating costs per hectare 354.04 373.45 128.31

SOURCE: Compiled from survey data.

qIncludes purchased seeds, fertilizers, machinery contract,
sprays and livestock feed.
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Mixed cropping as a practice is generally discouraged on the
grounds that the average yields of crops are depressed when grown in
mixtures rather than in pure stands. Norman has cited two reasons
why yields are usually depressed: (1) lower plant density of indi-
vidual crops and (2) competition for nutrients, space and light [31].
However, the depressed yields of individual crops are overcompensated
by the aggregate yield per acre of all the crops.

Table 4.5 shows the average hectares devoted to different crop
enterprises by zone. From Table 4.5, it can be observed that mixed
cropping dominates average hectares devoted to maize, beans and English
potatoes in all the zones. The same holds true for non-specified
crops in all the zones.

The purpose of this section was to delineate the characteristics
of a representative farm for each of the agro-ecological zones. Sever-
al variables, such as the age of the holder, his literacy level, size
of farm labor force, net worth size of holding as indexed by hectar-
age cultivated, are important when defining a representative farm.

But as we pointed out in our third chapter, the rigor employed in
defining a representative farm depends upon the purpose of the particu-
lar study. If the objective of the study is not the derivation of
aggregate supply functions, but rather the identification of the
direction of the farm adjustment or expansion path and/or the estima-
tion of responses to varying resource and price levels in an area, a
Tess rigorous method of benchmark farm construction may be used. The

objective of this study falls squarely in this category.
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TABLE 4.5

AVERAGE HECTARES DEVOTED TO DIFFERENT CROP

ENTERPRISES BY ZONE

Crop Coffee Tea Grassland Total
Zone Zone Zone

Local maize

Pure 0.03 0.07 0.14 0.24

Mixed 0.39 0.19 1.1 1.69
Hybrid maize

Pure 0.02 0.09 0.46 0.57

Mixed 0.05 0.26 0.86 1.17
Beans

Pure 0.01 0.00 0.03 0.04

Mixed 0.39 0.16 0.08 0.63
English potatoes

Pure 0.03 0.02 0.03 0.08

Mixed 0.16 0.18 0.48 0.82
Pyrethrum

Pure 0.03 0.08 0.31 0.42

Mixed 0.00 0.09 0.06 0.15
Coffee 0.23 0.00 0.00 0.23
Tea 0.00 0.70 0.00 0.70
Non-specified crops

Pure 0.02 0.14 0.09 0.25

Mixed 0.18 0.22 0.61 1.01
Total 1.54 2.20 4.26
SOURCE: Compiled from survey data.
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Socio-Economic and Institutional Factors Influencing
Fertilizer Use in the Study Area

Fertilizer use has been an important factor in increasing crop
productivity in the developed countries and in those developing
countries which have shown high rates of growth in the agricultural
sector.

The potential role of fertilizer in increasing agricultural pro-
ductivity is well recognized in Kenya. However, despite the promo-
tional efforts undertaken by the Ministry of Agriculture, the use of
fertilizer in Kenya remains very low, even when compared with fertili-
zer -use 1n other countries in Africa. In 1974, fertilizer use per
hectare of arable land in Kenya was 9.5 nutrient kilograms, while in
Rhodesia, Egypt and Mauritania it was 21.1, 150.7 and 238.2 nutrient
kilograms respectively [9].

This situation, then, calls for determination of the factors in-
fluencing fertilizer use so that 1ight can be thrown on the appro-
priate policy variables which should be manipulated to increase the
rate of fertilizer use in Kenya. So far, the government has tended
to pursue price policy more than any other policy. But this has not
resulted in high levels of fertilizer use. This would imply that
other factors as well as price are important in influencing fertilizer
use.

The use of any innovation by farmers is the combined result of
the research to develop information on various aspects relating to
the innovation, dissemination of the information, profitability of the
innovation and its availability at the right time and place in the
accepted form. The ability of the farmers to finance the investment
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is also important. Knowledge on these aspects of fertilizer innova-
tion in Kenya is lacking. One of the objectives of this study is to
attempt to contribute to the state of this knowledge.

The following section is based solely on a farm survey undertaken
by the author in the five districts of Central Kenya from October 1976
to May 1977. In all, 254 farmers were interviewed.

Use of Chemical Fertilizer and Animal Manure

OQut of the 254 farmers interviewed, 73 percent used chemical
fertilizers, while 89 percent used animal manure. The use of animal
manure remains quite popular with the farmers. The farmers' continued
use of animal manure is based on their awareness that it maintains
soil fertility for a long time and improves structure and water-holding
capacity of the soil. This might also be due to the fact that animal

manure is cheaper relative to chemical fertilizer.

Sources of Fertilizer Supply and Reasons for Their Preference

The main suppliers of fertilizers in the study area are the
dealer/stockist and the cooperatives, especially in the coffee zone,
These two sources supplied fertilizer materials to about 75 percent
of the fertilizer users in the sample. Information regarding the
sources from which the sample farmers purchased their fertilizer
supplies is tabulated in Table 4.6.

Table 4.7 shows that, according to the farmers in the sample, the
major reasons for preferring the fertilizer supply sources were con-

venience and provisions of credit.
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TABLE 4.6

SOURCES OF FERTILIZER SUPPLY

Supply Source Number of Farmers Served as a

Farmers Percentage of All
Served Fertilizer Users

Kenya Farmers' Association 25 14

Dealer/stockist 55 30

Cooperative 84 45

Other 21 n

A1l sources 185 100

SOURCE: Compiled from the author's survey data.
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TABLE 4.7

REASONS FOR PREFERENCE OF VARIOUS FERTILIZER

SUPPLY SOURCES

Reasons for Number of Farmers as a
Preferring Farmers Percentage of All
Supply Source Fertilizer Users
Likes service 7 4
Convenience 126 68
Provision of
credit 34 18
Other reasons 18 10
Total 185 100

SOURCE: Compiled from the author's survey data.
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Availability of Fertilizers in the Study Area

The availability of fertilizer at the appropriate times is impor-
tant in determining their use level. Nonavailability of fertilizer
at the appropriate times is a 1imiting factor. In response to the
questions relating to the availability of fertilizers, 63 percent of
the farmers reported that fertilizer supplies were not available

when they needed them most.

Modes of Transporting Fertilizer

The average distance traveled by farmers in the sample to buy
fertilizers was eight miles. Forty-two percent of all farmers using
fertilizers transported their fertilizer by means of a public trans-
port (matatu), while 38 percent transported their fertilizer on foot.
The average return fare for farmers was K Shs 2.50 and average trans-
port cost for a 50 kilogram bag was K Shs 1.45. These costs raised
the price of fertilizer substantially, not including the opportunity

cost of the time spent in going to buy fertilizers.

Sources of Financing Fertilizer Use

Personal savings and cooperative credit were the most important
sources of financing fertilizer purchase. Other institutional sources,
such as commercial banks and the Agricultural Finance Corporation,
played a relatively insignificant role in financing the farmers'
investment in fertilizers. The cooperative credit was concentrated

in the coffee zone and was mainly available to coffee growers.
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TABLE 4.8

FERTILIZER IN THE STUDY AREA

Status of Fertilizer Number of Farmers as Percentage

Availability Farmers of A1l Fertilizer Users
Available when needed 68 37
Not available when needed 117 63
Total 185 100

SOURCE: Compiled from the author's survey

data.
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TABLE 4.9
MODES OF TRANSPORTING FERTILIZER

Mode Number of Farmers as Percentage
Farmers of A1l Fertilizer Users
On foot 70 38
Matatu 78 42
On foot and matatu 15 8
Other 22 12
A11 modes 185 100

SOURCE: Compiled from the author's survey data.
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TABLE 4.10

SOURCES OF FINANCING FERTILIZER USE

Source of Number of Farmers as Percentage

Finance Farmers of A1l Fertilizer Users
Personal savings 87 47
Cooperative credit 80 43
Dealer/stockist credit 3 2
Other sources 15 8
A1l sources 185 100

SOURCES: Compiled from the author's survey data.
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Reasons for Not Using Fertilizers

The 27 percent of our sample farmers who did not use fertilizers
were asked their reasons for not using fertilizers. Their responses
are tabulated in Table 4.11. Fifty-nine percent did not use fertilizer
due to lack of funds, while twenty-two percent did not use it because

they had no knowledge about fertilizer use.

Reasons for Inadequate Fertilizer Use

The 73 percent of the farmers using fertilizers were asked whether
their fertilizer use was adequate or inadequate. Table 4.12 shows
their responses. The main reason given for inadequate use of fertili-
zer was lack of funds. This was also the main reason given by fertili-
zer non-users in the sample. This would indicate that lack of funds

is a limiting factor in fertilizer use.

Sources of Information About Fertilizer Use

The sample farmers were asked their source of information about
fertilizer use or from whom they sought advice regarding the use of
fertilizers. Table 4.13 gives their responses. Thirty-four percent
of the respondents got their information from their friends, relatives,
and/or neighbors, while twenty-six percent got their information or
advice from the local extension agents. Fertilizer suppliers were
not significant sources of information or advice on fertilizer use.

Farmers' Technical Knowledge of Chemical Fertilizers
Recommended for Their Areas

The farmers in the sample were asked whether they knew the
chemical fertilizer recommended for their areas. Their responses are

tabulated in Table 4.14. The majority of the farmers did not know
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TABLE 4.11
REASONS FOR NOT USING FERTILIZERS

Reason Number of Farmers as Percentage
Farmers of A1l Fertilizer Non-Users
Lack of funds 4] 59
Lack of knowledge 15 22
Use of animal manure 13 19
Total 69 100

SOURCE: Compiled from the author's survey data.
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TABLE 4.12

REASONS FOR INADEQUATE FERTILIZER USE

Reason Number of Farmers as a Percentage
Farmers of A1l Fertilizer Users
Lack of fund 126 68
Use of animal manure 26 14
Lack of knowledge 15 8
High price 7 4
Adequate use 1 6
Total 185 100

SOURCE: Compiled from the author's survey

data.
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TABLE 4.13

SOURCES OF INFORMATION ABOUT FERTILIZER USE

Sources of Number of Farmers as Percentage
Information Farmers of A1l Respondents
Friend/relative/neighbor 87 34
Cooperative 49 19
Extension agents 67 26
Dealer/stockist 12 5
Farmers' Training Centers 14 6
No source 25 10
A11 sources 254 100

SOURCE: Compiled from the

author's survey data.
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TABLE 4.14

FARMERS' TECHNICAL KNOWLEDGE QF CHEMICAL FERTILIZERS

Status of Number of Farmers as Percentage
Technical Knowledge Farmers of A1l Respondents
Correct 61 24
Almost correct 38 15
Do not know 155 61
Total 254 100

SOURCE: Compiled from the author's survey data.
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what type of fertilizers were recommended for their areas. This

lack of knowledge leads to farmers applying the inappropriate type of
fertilizers. The farmers might also be sold the wrong type of ferti-
lizers. This culminates with the farmers discrediting the role of
chemical fertilizers and consequent reduction in their use.

In conclusion, our observations have shown that such factors as
lack of funds, lack of fertilizer supplies at the needed time, trans-
port costs, lack of fertilizer credit and lTow literacy level act as
constraints in increasing fertilizer use in Central Kenya.

This, then, calls for consideration of various policies. The
prices of farmers' products should be fixed at a level which guaran-
tees a reasonable level of profit. Institutional credit sources need
to be encouraged to provide short-term credit to purchase fertilizers.
Special attention should be paid to cooperatives as a source of ferti-
lizer credit, not only to farmers growing cash crops such as coffee,
but to all the farmers irrespective of what they grow. The extension
of credit to the emerging dealer/stockist should also be given serious
consideration. Proximity of these supply sources to local markets
would substantially reduce the transport costs incurred by the farm-

ers.



CHAPTER V

THE STRUCTURE OF THE LINEAR PROGRAMMING MODELS
FOR THE STUDY AREA

The mathematical representation of the linear programming models
used in this study was outlined in Chapter III. In Chapter IV, the
characteristics of the representative farms for the three agro-
ecological zones were spelled out. The empirical analysis of this
study is performed in two phases. The first phase is a linear pro-
gramming analysis of the three representative farms used to derive
quantities of fertilizers demanded by the farm-firm for different
fertilizer and product prices and capital availability levels. The
second phase is a statistical analysis of the results obtained in
phase one, which is used to fit regression equations defining ferti-
lizer demand functions for the farm-firm.

The major objective of this study is to develop fertilizer demand
functions for each representative farm in the three zones. The linear
programming models are therefore especially formulated to provide the
quantities needed to meet this objective. In addition, an attempt
was made to simulate as closely as possible actual farm conditions.

In formulating the linear programming models certain assumptions
were made. It was assumed that the farmers have perfect knowledge 6f

input, output prices and technology. Technology is assumed to be

90
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constant. Farmers' operating capital is the limiting factor to the
amount of fertilizer that can be purchased. No fertilizer credit
exists for the farmers in the study area. The government fertilizer
price subsidy will continue at the 1975-76 level (25 to 40 percent).
It was further assumed that the input-output coefficients used in
the linear programming models reflect average managerial ability.

Product, input prices and technology, the most risky components
of production functions, are highly influenced and determined by the
government. This substantially reduces the risk component to the
farmers. However, the risk factor has to some extent been implicitly
considered in our models by including a subsistence activity in each
model as well as incorporating the minimum consumption constraints
which have to be produced by the farmers.

This chapter is devoted to the description of the linear pro-
gramming models. Each model has the following three elements:
(1) the objective function, (2) the activity set and (3) the constraint
structure.

The submatrices for the tea zone are presented in Tables 5.1
to 5.3. The structures are the same for coffee and high altitude
grass zones, so they are not duplicated here. The only minor differ-
ence, however, is that the tea activity is replaced by coffee activity
in the coffee zone. The two do not exist in the high altitude grass

zZone.

Objective Function

The objective function maximizes the net farm income on fixed

factors, subject to the satisfaction of household food consumption.
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In the subsistence farming of the type covered in this study, the
provision of food to the members of the farm household is generally
given top priority. Norman refers to this type of goal-seeking as

security and profit maximization [31].

Crop Production Activities

The crop production activities are outlined in Table 5.1,
columns A] to A]S' Column A]5 represents the production of non-
specified subsistence crops. This is one of the activities incorpor-
ted in the model to realistically reflect what the farmers are doing.
The specified crop activities in the model include local maize, hybrid
maize, beans, English potatoes, pyrethrum and tea. Since the data
were for sole crops, activities in the model are sole crops. This
differs substantially from the common practice in the area which tends
to be mixed cropping, especially for the food crops--maize, beans and
English potatoes. Perennial crops such as tea, pyrethrum and coffee
are considered mature.

The input-output coefficients of the crop producing activities
are derived from the farm survey data, the Ministry of Agriculture and
FAO Fertilizer Programme data for Central Kenya collected from 1969
to 1973, and the Ministry of Agriculture District Farm Guidelines.

Except for local maize, pyrethrum and subsistence crop enter-
prises, all the other crop enterprises comprise three activities each.
Two of the activities are fertilization levels for each crop. Each
column of Table 5.1 defines an activity with its respective input-

output coefficients. If a coefficient has a positive sign, it
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indicates using the resource; if a coefficient has a negative sign,
it indicates adding to the resource.

The objective function coefficients (Cj) value include the costs
of establishing that particular crop, and interest foregone. The
coefficient of each crop activity is negative by the amount of allo-
cable costs. The costs of establishing perennial crops were dis-
counted over a period of their economic 1ife. This was taken as

fifteen years for tea and coffee and three years for pyrethrum.

Milk Production Activity

Although our main interest is in fertilizer demand, milk produc-
tion activity was included in the models to reflect what the farmers
are doing in our representative farms.

The input-output coefficients were derived from the farm survey
data. Table 5.1, column A16 reflects this activity. A negative
coefficient reflects an addition to the supply of milk, while a posi-
tive coefficient indicates the use of a resource. The negative Cj
value indicates the cost associated with this activity. This includes
the cost of a milking cow discounted over the seven year economic life
of a cow, the cost of feed, dip, veterinary services and the interest

foregone.

Crop Selling Activities

Table 5.2, columns A17 to A22’ indicate crop selling activities.
The model is set up in such a way that the selling of food crops
takes place only after consumption needs have been satisfied. Non-
food crops are sold without any constraint. The prices of food crops

(Cj values) are those prevailing in the local market in 1974-75.
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Those markets are assumed to be competitive and prices usually differ
from the government controlled prices. Tea, coffee and pyrethrum prices
were those offered by the Kenya Tea Development Authority (KTDA),
Coffee Cooperatives and the Pyrethrum Board of Kenya in 1974-75. The
objective function coefficient is positive because selling adds to

the value of the objective function, while the row coefficient of the
selling activity has a positive coefficient indicating that selling

reduces the stock of the output.

Milk Selling Activity

Column A23 in Table 5.2 indicates milk selling activity. Sur-
plus milk after home consumption is sold either to the local market
or the Kenya Cooperative Creameries Ltd. (KCC). The KCC price is
government controlled and it tends to deviate from the local market.
The price used here is that prevailing in the local market in 1974-75.

The objective function coefficient is positive indicating that
selling of milk adds to the value of the program. The positive row
coefficient of the selling activity carries a positive sign because

selling milk reduces milk stock.

Consumption Activities

In our model formulation we assumed that household food consump-
tion will be satisfied before any sale activities can be undertaken.
These consumption activities are shown in Table 5.2, columns A24 to
A28‘ Column A28 depicts household milk consumption. The minimum
household consumption requirements were determined from the farm
survey data. The positive coefficients attached to consumption

activities indicate that one unit of the Jth commodity to be consumed
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depletes the corresponding output in the output row. The objective
function coefficients are positive. Household consumption of own pro-
ducts adds to the program the value of products that would have been
spent in the local market to buy similar products for household con-

sumption.

Fertilizer Buying Activities

Fertilizer buying activities supply plant nutrients, nitrogen,
phosphorus and potassium to our linear programming model. The input-
output coefficients for our fertilizer activities in the model were
obtained from the Ministry of Agriculture and the FAO Fertilizer
Programme undertaken in our study area from 1969 to 1973.

Table 5.3, columns A29 to A3], indicates fertilizer buying acti-
vities in the model. The prices of these activities reflect the cost
associated with the purchase of these plant nutrients. The prices
used are those prevailing in the study area in 1976. The Cj values
of fertilizer activities are negative, as fertilizer buying reduces
the value of the program. The fertilizer buying activities have nega-
tive coefficients in the row columns indicating that an increase of
one unit of fertilizer in the basis will increase the stock (assumed
initially at zero levels) of fertilizer. The positive coefficients
in the operating capital row Show that the purchase of fertilizer re-
quires an expenditure of operating capital equal to the price of the
fertilizer.

The prices of the individual elements were unavailable. Hence,
the price of fertilizer materials is used to estimate the price of

individual fertilizer elements.
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The price of nitrogen is estimated from either the price of sul-
phate of ammonia (21 percent N) or calcium ammonium nitrate (26 per-
cent N). The price of phosphate, P,0g, is derived from the price of
single super-phosphate (20 percent PZOS)’ while the price of potas-
sium K20 is estimated from the price of muriate of potash (60 percent
K20). These prices are indicated by our Cj values, which are prices
of a particular fertilizer material per kilogram. _

Other buying activities that could have been incorporated in
our linear programming model include the purchase of quasi-fixed fac-
tors of production such as hoes, pangas, axes and forked hoes. How-

ever, it was assumed that farmers already own these factors.

Labor Hiring Activities

The representative farms in our study area hire labor to supple-
ment the stock of the family labor available on the farm. In Table
5.3, columns A32 to A44 represent labor hiring activities. The
prices used are the wage rates per man-hour prevailing in the study
area during 1974-75 period. The labor hiring activities have a nega-
tive coefficient in the row column of labor supplied by the family by
cycles (months). The sign indicates that an increase of one unit of
hired labor in the basis will increase the stock of man-hours by one
unit. Thus, hired labor relaxes the labor constraint. The wage rate
of hired labor is positive in the operating capital row, meaning that
an increase of one unit of hired labor depletes operating capital by
its wage rate. This implies that the extent to which hired labor
relaxes the labor constraint is a function of the operating capital

available to the farm-firm.
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The Cj values for labor hiring activities are negative because
the labor hiring activities reduce the value of the program.

No provisions are made in the linear programming model for the
farmers to sell their labor in the form of off-farm work since the

average farm in the study area is a net buyer of labor.

The Constraint Structure

The representative farms in the study area are faced with certain
constraints in their production activities. These constraints, which
include land, farm labor, operating capital, the farm household con-
sumption requirements, and non-negativity of activity levels are out-

lined in Tables 5.1, 5.2 and 5.3. They are all defined below.

Agricultural Land Constraint

The land available to the representative farms influences both
the acreage allocated to various crops and the cropping patterns
undertaken by the farm-firm. The cropping patterns and land alloca-
tion to various ckops by the representative farms in the study area
were outlined in Chapter IV. Land is assumed to possess homogeneous
physical properties within each zone but heterogeneous between zones.
There was little evidence of land selling or renting in the study
area. Consequently our linear programming model does not allow for

this flexibility.

Agricultural Labor Constraints

The amount of family labor available to each representative farm
for each cycle (month) throughout the year was estimated from the

farm survey data. The family labor stock could be supplemented by
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labor hiring. The amount of labor hired where family labor was not
sufficient depended on the amount of operating capital available to
the farm-firm. Labor is broken down into cycles. The key below

helps convert cycles into months.

Cycle 2 December 1 - December 28, 1974
Cycle 3 December 29 - January 25, 1974/75
Cycle 4 January 26 - February 23, 1975
Cycle 5 February 24 - March 23, 1975
Cycle 6 March 24 - April 20, 1975
Cycle 7 April 21 - May 18, 1975

Cycle 8 May 19 - June 15, 1975

Cycle 9 June 16 - July 13, 1975

Cycle 10 July 14 - August 10, 1975
Cycle 11 August 11 - September 7, 1975
Cycle 12 September 8 - October 5, 1975
Cycle 13 October 6 - November 2, 1975
Cycle 14 November 3 - November 30, 1975.

In our estimation, the working day was assumed to be eight man-hours

per day in each cycle.

Operating Capital Constraint

In this study cash expenses were used as an indication of the
amount of operating capital. The restriction on funds available for
cash expenses was set equal to the amount estimated to have been spent
on crop and milk production activities during the 1974-75 period.
These were expenses on such inputs as hired labor, seed, pesticides,

fertilizer, livestock feed, dip and veterinary services. The data on
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short-term credit availability and savings were non-existent. Thus,
no borrowing activity was included in the linear programming model
to supplement operating capital. Hence the operating capital con-
straint used was the minimal estimate of capital availability. How-
ever, this constraint was relaxed in the analysis by the assumption
that increases in farmers' incomes due to increased product prices

would lead to an increase of 20 percent in operating capital.

Food Consumption Constraints

The amount of each product consumed was estimated from the sur-
vey data. These data were aggregated to obtain the average consump-
tion of the household per year for a particular product. These aver-
ages were then used as constraints for the products produced by the

farm-firm.

Non-Negatijve Constraints

None of the activities discussed above can be operated at nega-
tive.levels.

This chapter has presented a detailed description of the struc-
ture of the linear programming models to be employed in this study.
The application of the models as described in this chapter, as well

as their variants, is undertaken in Chapters VI and VII.



CHAPTER VI

OPTIMUM ORGANIZATION OF REPRESENTATIVE FARMS UNDER
EXISTING RESOURCES AND UNDER VARIABLE
PRICES AND CAPITAL LEVEL

The structure of the linear programming model used in this study
was presented in Chapter V. In this chapter the resulting optimal or-
ganization of the representative farms for the three agro-ecological
zones is presented. In this analysis, the interest is in the possi-
bilities of increasing farm income through (1) improved allocation of
existing resources; (2) the determination of optimal cropping patterns
under existing resource constraints, prices and technology; and
(3) the extent of resource use.

In the next phase, we explore how farm income, cropping pattern

and resource use are affected by changes in product prices, fertili-
zer prices and operating capital level.

These changes will be represented as Alternatives I, II and III.
Product prices will be varied in Alternative I, while other resources,
fertilizer prices and operating capital are unchanged, The prices of
coffee, tea, hybrid maize,‘milk, beans and English potatoes will be
increased by 50 percent, 50 percent, 20 percent, 20 percent, 10 per-
cent and 5 percent respectively. These price increases are in keeping

with recent government price increases, which ranged from 23 percent

105
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for maize to 43 percent for milk. The price increases for coffee and
tea conservatively reflect recent world market prices which increased
by as much as 400 percent for coffee. This trend will continue for
some time, especially now that drought has struck Brazil again.

In Alternative II, fertilizer prices are reduced by 40 percent
with existing resources, product prices and operating capital level
unchanged. This 40 percent is the highest fertilizer price subsidy
level announced by the government in 1975-76. In Alternative III,
the operating capital level is increased by 20 percent, with existing
resources, product and fertilizer prices unchanged. It was assumed
that given favorable product prices, farmers' incomes will increase
and in turn, farmers will increase their operating capital level.

The validity of the optimal solution in each situation will de-
pend on the realism of the assumptions made with regard to prices,
technical coefficients and yields. For instance, the yields obtained
by the Ministry of Agriculture and the FAQ Fertilizer Program in the
study area, although obtained from farmers' plots, could deviate sub-
stantially from those obtained by the farmers. The proper cultural
practices--such as weeding early, and weeding the right number of
times--that result in higher fertilizer response might not be adhered
to. Fertilizer might not be available, or if available, might not be
applied at the right time. However, despite these considerations,
the optimization solution points to the potential income obtainable

with resources organized in the optimal way.
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Optimal Organization with Existing Resources
and Prices

Table 6.1 compares actual and optimal organization of representa-
tive farms in the three agro-ecological zones. The following economic
measures are employed: net farm income to fixed resources, net farm
income per hectare, net farm income per family man-hour and net farm
income per operating capita].1

In the Tea Zone the optimum net farm income came to shillings
(Shs) 7,392.72 as against Shs 5,801.16 from the actual average for the
representative farm in the sample. This represents a 27 percent in-
crease. The average per hectare income is Shs 3,067.52, a 79 percent
increase. The return per family man-hour is Shs 1.56 as against
Shs 1.13, a 38 percent increase, while that of a unit of operating
capital is Shs 5.84 against Shs 4.58, a 28 percent increase.

The net farm income to fixed factors in the Coffee Zone came to
Shs 5,395.97 against Shs 4,949.77, a 9 percent increase. The average
per hectare income is Shs 2,296.16, a 9 percent increase. The return
per family man-hour is Shs 1.40 as against Shs 0.93, a 51 percent in-
crease, while that of a unit of operating capital is Shs 6.49 as
against Shs 5.95, a 9 percent increase.

In the High Altitude Grass (HAG) Zone, the optimum net farm in-
come came to Shs 10,812.16 as against Shs 5,219.72, a 107 percent in-
crease. The net farm income per hectare was Shs 1,958.72 as against
Shs 634.23, a 209 percent increase. The net farm income per family

man-hour was Shs 2.49 as against 1.03, a 142 percent increase, while

]In general, a fixed cost item is minimal or zero, so gross farm
income is equated to net farm income.
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that of a unit of operating capital was Shs 10.24 as against Shs 4.98,
a 106 percent increase.

The optimum cropping pattern is also reflected in Table 6.1.
The cropping pattern in the optimum base plan is the same for the
three zones. The area under local maize in the Tea Zone increased by
88 percent, declined by 31 percent in the Coffee Zone, and increased
by 9 percent in the HAG Zone. Hybrid maize hectarage increased by
43 percent in the Tea Zone, 1,486 percent in the Coffee Zone and 114
percent in the HAG Zone. The area under beans declined by 69 percent
in the Tea Zone, 82 percent in the Coffee Zone, and increased by 38
percent in the HAG Zone. The English potatoes hectarage went up by
24 percent in the Tea Zone, 68 percent in the Coffee Zone and declined
by 88 percent in the HAG Zone. Pyrethrum, coffee and tea were not
included in the optimum plans. Their exlucison reflects either their
high labor requirements or their low relative profitability. The in-
clusion of all food crops in the optimum plans reflects the minimum
food consumption constraint which must be produced by the farm firm.
The optimum cropping pattern might change substantially if this con-
straint is relaxed. The optimum plans also included a milk produc-
tion activity which came in at the same level in the Tea and Coffee
Zones, but declined by 33 percent in the HAG Zone. Again, if the con-
sumption constraint had not béen imposed by the model, this activity
might not have been included in the optimal plans.

The resulting optimum cropping pattern as reflected in Table
6.1 deviates substantially from the farmers' current practices in the
three zones. This reminds us that linear programming is an exercise

in normative economics, hence it indicates for assumptions used and
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given constraints how the farmer's income would be maximized. In the
resulting optimum cropping plans, no plans included pyrethrum, tea

or coffee, although farmers in the three zones do grow these crops.
Pyrethrum and tea are being grown in the Tea Zone, coffee and pyrethrum
in the Coffee Zone, and pyrethrum in the HAG Zone. Their exclusion
does not mean that there will be no increase in their production;
rather, it means that at the given prices and technology, they are not
competitive enough to be included in the income-maximizing plans. We
should keep in mind, however, the omission of still other factors

from the model may prevent the model from capturing all aspects of
farmers' behaviors in the study area.

Utilization of Resources and Their Marginal
Value Products (MVPs)

Table 6.2 contains the MVPs of resources used in production, by
zone. The sufficiency of land supply is reflected by its zero MVPs
in the Tea and HAG Zones. The high MVP of Shs 1,834.02 in the Coffee
Zone reflects its scarcity. The MVP indicates the gains which are
possible in income through the acquisition of scarce resources. Thus,
if one more hectare is brought into cultivation in the Coffee Zone,
income would increase by its MVP, and a reduction of land under cul-
tivation by one hectare would decrease income by the same amount of
MVP. The more limiting the“resource, the higher the MVP. The posi-
tive MVP indicates that the farmer would find it profitable to acquire
that scarce resource if MVP > MFC of that resource.

Operating capital is a 1imiting factor in production for all the
zones as reflected by its positive MVP. It is more limiting in the
Coffee and the HAG Zones as indicated by high MVPs. These MVPs



TABLE 6.2
MARGINAL VALUE PRODUCTS (MVPs) OF RESOURCES

1M

BY AGRO ECOLOGICAL ZONES

Resources Unit Tea Zone Coffee Zone HAG Zone
MVP (Shs) MVP (Shs) MVP (Shs)
Land HA 0 1,834.02 0
Operating Capital SHS 3.16 6.45 6.10
FLCY, HRS 0 0 0
FLCY, HRS 0 0 0
FLCY, HRS 0 0 2.10
FLCY HRS 0 0 0
FLCY, HRS 4.49 0 0
FLCY7 HRS 0 0 13.49
FLCYg HRS 0 0 0.55
FLCYq HRS 1.75 0 0
FLCYq0 HRS 0 0 0
FLCYy, HRS 7.51 0 0
FLCY,, HRS 3.29 0 0
FLCY, HRS 0 0 0
FLCY,4 HRS 0 0 0
P,0F KG 7.79 14.31 13.63
NPF KG 7.36 7.53 13.29
NPKF KG 9.90 17.74 15.55

SOURCE: Computed.
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indicate that farmers could increase their incomes if more operating
capital was made available. This shortage of operating capital points
to the need for short term credit to break this constraint. It is
evident by comparing Tables 6.1 and 6.2 that the return per unit of
operating capital was higher than its MVP in all the zones. The oppor-
tunity cost of a unit of operating capital, as indicated by the current
interest rates being charged by formal financial institutions in
Kenya, was 10 percent in the study area. Thus, the rate of return on
capital as indicated by its MVP appears to be substantially above the
current rate of interest in the formal market.

The labor supply is not a constraint in any cycle in the Coffee
Zone as reflected by zero MVPs in Table 6.2. In the Tea Zone, labor
is a 1limiting factor in cycles 6, 9, 11 and 12. These are the peak
labor periods in the zone, during which farmers are busy pruning and
plucking tea, weeding, planting and harvesting. The MVP of labor is
highest in cycle 11, when farmers are busy harvesting long-rain crops
and weeding for short-rain crops. Although no allowance was made for
the selling of family labor in our model, we can take the hiring labor
wage rate in the zone to reflect the family labor opportunity cost.
The wage rates in cycles 6, 9, 11 and 12 are Shs 1.08, 0.42, 1.85 and
0.79 per family man-hour respectively. The MVPs for man-hours in the
same cycles are Shs 4.49, 1.75, 7.51 and 3.29 respectively. Thus,
the MVPs of labor are too high in the zone during the peak periods
compared with their opportunity costs. Given this situation, the
farmers can increase their income either by working extra hours or
hiring extra labor. This latter alternative might not be feasible

if the farmers are already constrained by insufficient operating capital.
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The peak periods in the HAG Zone are in cycles 4, 7, and 8, as
reflected by their positive MVPs. These cycles coincide with land
preparation, planting, weeding and harvesting operations in the zone.
Cycle 7 is the greater constraint as reflected by its very high MVP.
This is the period when weeding is being done in the area. The wage
rates in cycles 4, 7, and 8 are Shs 0.36, 1.90 and 0.73 respectively.
The MVPs are Shs 2.10, 13.49 and 0.55 respectively. Assuming that
labor of uniform quality is available in peak season, this indicates
it would be profitable for farmers to hire extra labor in cycles 4 and
7 since in these cycles the MVP of labor is greater than its MFC.
However, it would be unprofitable to hire extra labor in cycle 8
since MVP < MFC of labor.

The MVPs of fertilizers are higher than their prices in all the
zones. In the Tea Zone the MVPs ranged from Shs 7.39 for nitrogen-
phosphate fertilizers to Shs 9.90 for NPK fertilizers. Their prices
ranged from Shs 1.92 to Shs 2.38 per kilogram. The MVP ranged from
Shs 7.53 to Shs 17.74 in the Coffee Zone and Shs 13.29 to Shs 15.55
in the HAG Zone. This indicates that with existing fertilizer prices
and under existing output conditions, it would be profitable to use
more fertilizers in all the zones. In this situation, then, lack of
fertilizer use can only be attributed to farmers' inadequate know-
ledge of the role of ferti]izér in increasing production, or to lack
of operating capital for use in fertilizers, or to risk aversion.

In the above discussion, we have presented the MVPs of resources
as if they were derived from a continuous function. Although the
MVP of resources derived from 1inear programming is analogous to one

derived from a continuous function, the two are not quite the same.
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In programming, the MVP is evaluated at the margin with no other re-
source restricting [27]. Non-restricting resources are free and can
combine with one more unit of the restricted resource to yield the
MVP of the resource. The MVP from programming represents the rate of
change in the objective function for one additional unit of the re-
source; its behavior for further additional units of the resource may
be erratic, depending upon which factors become restricting as output
changes. This erratic behavior is attributable to the corner solu-
tion of linear programming, i.e., the solution holds for a specific
range until the other resources become 1limiting, at which point
another organization becomes optimal and the MVPs of the resources
change.

Linear programming also provides information about the excluded
activities. It indicates the cost of forcing an extra unit of acti-
vity into the solution. The shadow prices of the excluded activities
also provide information regarding the competitive position of these
activities in the optimal solution. The Tower the income penalty,
the higher is the competitive position of that activity to enter into
the optimum solution and vice-versa. If, for instance, the assump-
tions underlying the analysis are reasonable, then by growing a hec-
tare of tea under current price and technological conditions, the
farmer actually reduces his potentially obtainable income by

Shs 1,381.69.
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Optimal Organization of the Representative Farm
with Variable Product, Fertilizer Prices
and Capital Level for the Tea Zone

In the first part of this chapter we attempted to show to what
extent the optimal allocation of existing representative farm resources
under the present state of technology and prices would increase the
net farm income, change existing cropping patterns and improve re-
source use. In the remainder of this chapter we shall explore the
impact of variable product, fertilizer prices and capital level on
(1) net farm income, (2) cropping pattern, and (3) resource use by
zone. In the tables that follow, for all the zones and in the rest
of this study, these changes are presented as Alternatives I, II and
III, respectively. Alternative I represents increases in the prices
of coffee, tea, hybrid maize, milk, beans and English potatoes by
50 percent, 50 percent, 20 percent, 20 percent, 10 percent and 5 per-
cent, respectively. Alternative II represents the reduction of ferti-
lizer prices by 40 percent while Alternative III represents the increase
in the level of operating capital by 20 percent. As stated earlier,
the increases in the prices of hybrid maize, milk, beans and English
potatoes are based on recent price increases by the government. The
increases in the price of coffee and tea are based on recent world
market price increases. The fertilizer price changes are based on
a 40 percent fertilizer price subsidy announced by the government in
1975-76. The increase in the level of operating capital was based
on the assumption that as farmers' incomes increase, they will in-
crease their operating capital.

Product prices are varied in Alternative I while fertilizer

prices and capital level remain unchanged. Fertilizer prices are
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varied in Alternative II, while product prices and capital level are
unchanged. In Alternative III, capital level is changed while pro-
duct and fertilizer prices remain unchanged. In other words, if one
variable is changed, the others take their base plan values.

The changes in net farm income for the Tea Zone are contained
in Table 6.3. The estimated net income as a result of an increase
in product prices is Shs 8,071.56 as against Shs 7,392.72 for the base
plan, an increase of 9 percent. The net per hectare average return is
Shs 3,281.12 as against Shs 3,067.52 under the base plan, an increase
of 7 percent. Net farm income per man-hour is Shs 1.72 as against
Shs 1.56, a 10 percent increase. The net return per unit of operating
capital is Shs 6.38 as against Shs 5.84 for the base plan, an increase
of 9 percent.

The fertilizer price decrease resulted in a substantial increase
in net farm income. The net farm income is Shs 8,286.41 as against
Shs 7,392.72, a 12 percent increase. The net farm income per hectare
is Shs 3,481.68 as against 3,067.52, an increase of 14 percent. The
net average return per family man-hour is Shs 1.74 as against Shs 1.56
for the base plan, an increase of 11 percent. The net return to a unit
of operating capital is Shs 6.55 as against Shs 5.84 under the base
plan, a 12 percent increase.

The change of operating capital level from Shs 1,266 in the base
plan to Shs 1,520 in Alternative III resulted in a net farm income of
Shs 8,146.13 as against Shs 7,392.72 under the base plan, an increase
of 10 percent. The net farm income per hectare is Shs 3,169.70 as
against 3,067.52 for the base plan, a 3 percent increase. The net

average return per man-hour is Shs 1.60 as against Shs 1.56 under
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the base plan, an increase of only 2 percent. The net return per unit
of operating capital is Shs 5.36 as against Shs 5.84, a decline of

8 percent. This would imply that as capital is increased, ceteris
paribus, dimishing return to capital sets in.

The basic cropping pattern did not change in the three Alterna-
tives as shown by Table 6.4. The only change occurring in all three
of the Alternatives was in the level of hybrid maize and English po-
tatoes. The increase in product prices resulted in an increase of 76
percent of the area under hybrid maize while the area under English
potatoes declined by 49 percent. The decrease in fertilizer prices
brought about a 44 percent increase of the area under hybrid maize,
and a decline of 38 percent of the area under English potatoes. The
change in operating capital level brought about a 48 percent increase
of the area under hybrid maize and a decline of 12 percent in the
area under English potatoes. Thus, changes in Alternatives I to III
resulted in a larger net farm income compared with base plan net farm
income. The largest increase, 12 percent, occurred in Alternative II
and the smallest, 9 percent, occurred in Alternative I. This increased
income in all Alternatives was a result of increased production in hy-
brid maize which, coupled with hybrid maize prices, more than offset
the loss due to reduced production of English potatoes.

In spite of 50 percent inﬁreases in the prices of tea and coffee,
they are still absent from these optimal plans. This would imply
that, despite price increases, the relative profitability of these
crops remains essentially unchanged; therefore coffee and tea are

still excluded.
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Land is in excess supply as pointed out by its zero MVP in
Table 6.5. The changes incorporated in Alternatives I to III do not
bring enough land into use as to make it a constraint on production.

The MVP of operating capital in Alternative I is Shs 3.12 as
against Shs 3.16 under the base plan. This implies that operating
capital is still a constraint at the same level. The MVP for labor
in cycle 3 is now positive as compared with zero MVP for the same
cycle under the base plan. This would imply that increased product
prices have resulted in increased employment of family labor in this
cycle. The MVPs of labor in cycles 6, 9, 11 and 12 have declined com-
pared with those under the base plan. This would indicate that as
product prices are increased more family labor, as well as hired labor,
is employed to relax the labor constraint. Thus, ceteris paribus,
diminishing returns to labor sets in; hence, the lower MVPs of labor.
The MVP for P205 fertilizers and NP fertilizers increase as product
prices are increased. This points out that product price increases
do not necessarily result in increased utilization of these fertilizers.
The MVP for NPK fertilizers, however, declines as product prices are
increased, implying that more NPK fertilizers are utilized.

The MVP of operating capital in Alternative II is Shs 4.11 com-
pared to Shs 3.16 under the base plan. Thus, as fertilizer prices
decrease, ceteris paribus, more fertilizer is bought; thus, operating
capital is now a limiting factor as shown by its high MVP. The MVPs
for labor in peak labor periods, cycles 6, 11 and 12, have increased
substantially as compared with those under the base plan for the

same cycles. This would indicate that as more fertilizer is utilized,
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TABLE 6.5

CAPITAL LEVEL FOR THE TEA ZONE

Resource it | BasePlan M ernatives

II I11I
Land HA 0 0 0 0
Operating
capital SHS 3.16 3.12 4.1 2.94
FLCY2 HRS 0 0 0 0
FLCYq HRS 0 3.44 0 0.17
FLCY, HRS 0 0 0 0
FLCY HRS 0 0 0 0
FLCYg HRS 4.49 4.4] 5.52 4.25
FLCY, HRS 0 0 0 1.24
FLCYg HRS 0 0 0 0
FLCYg HRS 1.75 1.73 0 1.65
FLCYIO HRS 0 0 0 0
FLCY]] HRS 7.51 7.62 7.63 7.28
FLCY]Z HRS 3.29 3.25 4.04 3.11
FLCY, 4 HRS 0 0 0 0
FLCY]4 HRS 0 0 0 0
P205F KG 7.79 7.91 5.88 7.56
NPF KG 7.36 7.70 4.82 7.36
NPKF KG 9.90 9.80 7.31 9.37
SOURCE: Computed.

3Base plan is included to facilitate the comparison.
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labor becomes even more of a constraint because more labor is needed
to harvest higher yields.

The MVPs for all fertilizers decline as compared with those under
the base plan. This illustrates diminishing returns to fertilizer as
its use is increased.

The MVP for operating capital in Alternative III is Shs 2.94 as
compared with Shs 3.16 under the base plan. The decrease in MVP of
operating capital in Alternative III illustrates diminishing returns
to capital. The increase in operating capital results in more employ-
ment of family labor in cycles 3 and 7. The MVPs of labor in these
cycles are now positive compared to zero MVPs under the base plan. In
cycles 6, 9, 11 and 12, the MVPs of labor have declined compared with
those under the base plan for the same cycles. This would imply that
more operating capital results in more employment of family labor, as
well as hired labor, to relax labor constraint in these peak labor
periods. As more labor is employed, ceteris paribus, diminishing re-
turns to labor sets in; hence the lower MVPs of labor. The MVPs of
fertilizers decline as operating capital is increased. This indicates
that as more operating capital is made available, then more fertilizers
are utilized; but their lower MVPs indicate diminishing returns to fer-
tilizers.

In all three Alternatives the average return per unit of capital
was higher than its MVP while the MVP of capital in all three alter-
natives was higher than its opportunity cost. The average return per
family man-hour was lower than its MVP in Alternatives I and II. The
MVP of Tabor in both Alternatives was higher than its MFC. The

average return per family man-hour in Alternative III was higher than
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its MVP in cycles 3 and 7. The MVP of labor in cycle 3 was less than
its opportunity cost. The MVP of labor in other peak labor periods
was higher than its opportunity cost. The MVPs of fertilizers in all
the Alternatives were higher than their MFCs.

Optimal Organization of the Representative Farm

with Variable Product, Fertilizer Prices and
Capital Level for the Coffee Zone

The changes incorporated in Alternatives I to III resulted in
increased net farm income compared with the base plan net farm income
as shown in Table 6.6. The largest increment, 20 percent, occurred
in Alternative III and the smallest, 5 percent, in Alternative II.

The same changes held for net farm income per hectare. The return

per family man-hour increased in all three Alternatives. Again, Alter-
native III had the largest increase, 17 percent; and the smallest, 7 per-
cent, occurred in Alternative II. The return per unit of operating
capital increased in Alternatives I and II by 12 and 5 percent respec-
tively over the base plan return per unit of operating capital. The
return per unit of operating capital was unchanged in Alternative III.

The cropping pattern remained basically the same as that in the
base plan (Table 6.7). The only changes were at the levels of hybrid
maize and English potatoes. Dramatic changes occurred in Alternative
IIT where the area under hybrid maize was reduced by 20 percent, and
the area under English potatoes was increased by 69 percent. The
optimal plans in the three Alternatives did not include coffee or
pyrethrum. Again, this reflects the fact that given current prices
and technology, these crops are not competitive.

The MVP of land was Shs 2,403.45 in Alternative I as against
Shs 1,834.02 under the base plan (Table 6.8). This implies that as
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TABLE 6.8
MARGINAL VALUE PRODUCTS (MVPs) OF RESOURCES
UNDER VARIABLE PRODUCT PRICES, VARIABLE
FERTILIZER AND VARIABLE CAPITAL LEVEL
IN THE COFFEE ZONE

Resource Unit as;ezsﬁli" Alternatives

I II II1
Land HA 1,834.02 2,403.45 2,071.43 1,834.02
Operating
capital SHS 6.45 6.21 6.17 6.45
FLCY, HRS 0 0 0 0
FLCY3 HRS 0 0 0 0
FLCY, HRS 0 0 0 0
FLCYg HRS 0 0 0 0
FLCY, HRS 0 0 0 0
FLCY, HRS 0 0 0 0
FLCYg HRS 0 0 0 0
FLCYq HRS 0 0 0 0
FLCYq0 HRS 0 0 0 0
FLCYq, HRS 0 0 0 0
FLCY]2 HRS 0 0 0 0
FLCY 4 HRS 0 0 0 0
FLCY,, HRS 0 0 0 0
P,0gF KG 14.31 13.84 8.24 14.31
NPF KG 7.53 7.89 7.53 7.53
NPKF KG 17.74 17.15 10.25 17.74
SOURCE: Computed.

3Base plan is included to facilitate the comparison.
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product prices are increased, land becomes more of a limiting factor
to production. The MVP of operating capital is Shs 6.21 in Alternative
I as against Shs 6.45 under the base plan, implying that operating
capital is less of a constraint when product prices are increased.
The MVP of labor is zero in all the Alternatives as well as in the
base plan. This implies that labor is in excess supply in the Coffee
Zone during all the cycles. The MVPs of P?_O5 and NP fertilizers de-
clined, implying that increased product prices have led to more fer-
tilizer being utilized as compared with the base plan. The decline
in MVP implies that diminishing returns to fertilizers is in opera-
tion.

The MVP of land in Alternative II is Shs 2,071.43 as against
Shs 1,834.02 under that base plan, indicating that land is still more
of a 1imiting factor to production. The MVP of operating capital is
Shs 6.17 against Shs 6.45 under the base plan. Labor is still in
excess in all the cycles as reflected by its zero MYP. The MVPs of
fertilizers have declined compared with those of the base plan. This
points out that a decrease in fertilizer prices results in more fer-
tilizers being utilized. As more fertilizers are utilized, diminish-
ing returns to fertilizer set in, culminating in decreased MVPs for
fertilizers.

The change in the level of capital in Alternative III does not
bring any changes to the MVPs of all the resources compared with the
MVPs of the same resources under the base plan. This would imply
that the MVP of operating capital is still within its range of
stability.
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The average return per unit of family man-hour and per unit of
operating capital is greater than its MVP in all three of the Alter-
natives. The MVPs of operating capital and fertilizers are greater
than their opportunity costs in all three Alternatives. The MVPs of
labor in all the cycles are less than their opportunity costs in the
three Alternatives.

Optimal Organizations of the Representative Farm

with Variable Product, Fertilizer Prices and
Capital Level for the HAG Zone

The changes brought about by Alternatives I to III on net farm
income in the HAG Zone are depicted in Table 6.9. The net farm in-
come increased in all three of the Alternatives compared with the base
plan net farm income. The largest increase of 18 percent was in Alter-
native I, the smallest of 9 percent was in Alternative II. The net
farm income per hectare increased by 18 percent in Alternative I and
by 7 percent in Alternatives II and III. The return per family man-
hour went up by 18 percent in Alternative I and by 7 percent and 11
percent respectively in Alternatives II and III. The return per unit
of operating capital declined by 7 percent in Alternative III, indi-
cating diminishing returns to operating capital. The increase in
return per operating capital was 18 percent in Alternative I and
9 percent in Alternative II.

The cropping pattern did not change in mix from the base plan
(Table 6.10). The changes were mainly on the levels of local maize,
hybrid maize and beans. There was no change on the levels of these
crops in Alternative I, compared with their levels under the base

plan. In Alternative II the area under local maize declined by
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12 percent, while the area under hybrid maize increased by 12 percent,
The areas under beans and English potatoes declined by 13 and 50 per-
cent, respectively. The area under local maize declined by 20 percent
while the area under hybrid maize increased by 19 percent in Alterna-
tive III. The area under beans in Alternative III declined by 27 per-
cent while that under English potatoes remained unchanged. Pyrethrum
is mainly grown in this area, but it is conspicuously absent in all
the optimal cropping plans. This, again, reflects its high labor re-
quirements coupled with relatively lTow returns per hectare.

Land in the HAG Zone is not a limiting factor as illustrated by
its zero MVP in Table 6.11. The MVP of operating capital is
Shs 7.56, Shs 6.90 and Shs 5.47 in Alternatives I, II and III respec-
tively, against Shs 6.10 under the base plan, The increase in MVPs
of operating capital in Alternatives I and II indicates that it has
become more of a limiting resource to production. The decrease of the
MVP of operating capital in Alternative III is due to diminishing re-
turns to capital.

The MVPs of labor are positive in the peak labor periods in
cycles 4, 6, 7 and 8. In cycle 4, the MVPs of labor are Shs 2.57,
Shs 1.82 and Shs 0.48 in Alternatives I, II and III respectively, as
against Shs 2.10 under the base plan. The MVPs of labor in cycle 6
is zero in Alternatives I and II, but it is Shs 4.85 in Alternative
III. The MVPs of labor in cycle 7 are Shs 16.26, 15.00 and 12.29 in
Alternatives I, II and III respectively as against Shs 13.49 under the
base plan. This shows that labor is more of a limiting factor on

production in cycle 7 than in the other cycles. The MVP of labor
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TABLE 6.11

MARGINAL VALUE PRODUCTS (MVPs) OF RESQURCES UNDER VARIABLE
PRODUCT PRICES, VARIABLE FERTILIZER PRICES AND VARIABLE
CAPITAL LEVEL IN THE HAG ZONE

Resource Unit ﬁ%;eisﬁli" Alternatives

I I1 111
Land HA 0 0 0 0
Operating
capital SHS 6.10 7.56 6.90 5.47
FLCY, HRS 0 0 0 0
FLCY, HRS 0 0 0 0
FLCY, HRS 2.10 2.57 1.82 0.48
FLCY, HRS 0 0 0 0
FLCY HRS 0 0 0 4.85
FLCY, HRS 13.49 16.26 15.00 12.29
FLCYg HRS 0.55 0.48 0.43 0.66
FLCYq HRS 0 0 0 0
FLCY;0 HRS 0 0 0 0
FLCYqq HRS 0 0 0 0
FLCY,, HRS 0 0 0 0
FLCY, 4 HRS 0 0 0 0
FLCY, HRS 0 0 0 0
P205F KG 13.63 16.43 9.08 12.42
NPF KG 13.29 16.03 8.44 12.66
NPKF KG 15.55 18.75 11.29 14.81
SOURCE: Computed.

3Base plan is included to facilitate the comparison.
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in cycle 8 is lower in the three Alternatives than it is in cycle 7,
implying that labor is not as limiting in cycle 8 as in cycle 7.

The MVPs of fertilizer are higher in Alternative I than they are
under the base plan. This implies that an increase in product prices
does not necessarily lead to increased utilization of fertilizers, al-
though the MVPs indicate that fertilizer use would increase income
substantially. Farmers might not utilize more fertilizers when pro-
duct prices are increased because they base their decision on relative
prices. Also, this might not follow in the case where operating capi-
tal is limiting, as it is in this case.

The MVPs of fertilizers in Alternatives II and III are lower
than those under the base plan. This implies that under Alternatives
IT and III, more fertilizers are utilized, leading to diminishing re-
turns to fertilizers, and hence the lower MVPs of fertilizers.

The results in this chapter indicate a substantial potential for
increasing farm income and production with existing resource supplies
and the present technological knowledge of the farmers. The empirical
findings in this chapter are of value in suggesting economic adjust-
ments in resource use. They are useful in promoting efficient agri-
cultural production in the study area. They indicate that land is a
limiting factor to production only in the Coffee Zone, contrary to
the popular belief that land is a limiting factor to production in
the whole of the study area. Thus, even though the available hec-
tarages would appear to be insufficient for the household in the Tea
Zone, resource proportions are such that maximizing net farm income
requires land be fallowed. Operating capital is a limitation to

production in all the zones. Labor is not a limitation to production



134

in any period in the Coffee Zone, but it is in peak labor periods in
the Tea and HAG Zones. The use of fertilizers in all the zones would
result in substantial increases in income. Thus, the information pro-
vided in this chapter can be utilized by policy makers to improve agri-
cultural policy with respect to resource use and cropping pattern in

the three agro-ecological zones.



CHAPTER VII

FERTILIZER DEMAND FUNCTIONS UNDER VARYING LEVELS
OF PRICES AND OPERATING CAPITAL

In an environment where time series data on resource use and pro-
duct supply are lacking, the strategy has been to resort to linear
programming techniques to estimate resource demand functions and/or
product supply functions. Unfortunately, the a priori knowledge
available for characterizing resource demand functions by this tech-
nique is very limited. The review of previous studies in Chapter III
showed that quite a number of studies have derived supply functions
for the farm-firm. Ogunfowora et al. [35] and Moore et al. [29] de-
rived demand functions for fertilizer and irrigation water respec-
tively by drawing heavily on the techniques used in deriving supply
functions. This study will adopt the same strategy. Parametric
linear programming and regression analysis techniques will be applied
in this study.

The conventional method of parametric linear programming used
to derive normative resource demand and product supply functions is
modified in this study. The conventional method is thoroughly
treated by Heady et al. [12]. It involves determining the range of
a resource (or product) price over which the optimum farm will not

be altered and, hence, the price range over which the quantity of

135
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resource use (or product produced) does not change. In contrast to
the conventional method, in this study fertilizer price, product
prices and capital level are set at a particular level and an optimum
farm plan is obtained. These variables are again set at different
levels and optimum farm plans are obtained. Associated with each plan
is a quantity of fertilizer demanded. These parametric programming
results are treated as though they were independent observations. The
solution quantities of capital, fertilizer and the prices of fertili-
zer and products are then used in a regression analysis to estimate
continuous fertilizer demand functions for the farm-firm. Given that
the objective is to quantify farm-level fertilizer demand elasticities,
then since the estimated functions are continuous regression equa-
tions, they can be used to derive point elasticities. However, the
data generated by this method do not meet the assumptions of normality
and independence used in regression analysis; statistical inference
and probability statements, therefore, cannot be made [29]. Conse-
quently, the statistical tests presented in this study should be
interpreted as a measure of goodness of fit. This approach is also
normative, indicating farmers' potential responses under the assump-
tions of farm income maximization, perfect knowledge about prices,
technological changes, institutions and environmental factors. To

the extent that these assumptions fail, farmers' actual decisions

may sometimes differ markedly from those indicated as optimum. An-
derson et al. and Sheehy et al. [1, 39] indicate that the normative
approach may lead to an upward biased estimate of commodity supply

and elasticities, and it is not yet clear to what extent normative

quantities should be adjusted to closely approximate the actual
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supply and demand responses. Aware of this possiblity, an attempt
was made to simulate as closely as possible actual farm conditions.
Furthermore, fertilizer and product prices are largely fixed by the
government and this reduces price risk substantially. But there are
still technological and yield risks to contend with. Thus, the fer-
tilizer quantities generated by this approach might deviate markedly
from the quantities purchased in the market.

The fertilizer demand responses estimated in this study are for
a representative farm in each agro-ecological zone and hence we do
not encounter the problem of aggregation bias which we would have to
contend with if we were estimating fertilizer demand functions for a
region.

With no a priori knowledge of the functional form of the ferti-
lizer demand function, various functional forms--linear, quadratic,
exponential--were fitted to the data. Next, the square root trans-
formation of the independent variables was applied. It has proved
very successful in fertilizer studies [13]. To avoid multicollinear-
ity, each independent variable was transformed by substracting its
mean.

The criteria for assessing the adequacy of the fitted functions
and for selecting the best regression equation follow the traditional
procedure, namely (1) conformation with accepted theory and logic,
(2) the size of the coefficient of multiple determination, RZ, and
(3) statistically significant F-values for the regression mean
squares. However, it must be remembered that generating data with
linear programming may result in the data violating the assumptions

which must be made in using these statistical tests. Nevertheless,
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the selection of a function is more of an art than a science [13].
The function with square root transformation of the product price
index was selected to represent the demand for fertilizer, due to the
overall desirability of the function based on the above three criteria.
The Kenyan government, realizing the potential role fertilizer
can play in increasing agricultural production, uses price policy
to influence its use. However, the impact and magnitude of the var-
ious variables on fertilizer use have not been estimated. In this
study, then an attempt was made to test the hypothesis that substan-
tial use of fertilizer could come about in response to (1) an increase
in the price of farm products, (2) a fall in the price of fertilizer
relative to the prices of products and (3) an increase in the level
of available operating capital. The test of this hypothesis would
also provide evidence for or against the assumption that the combina-
tion of these variables as a package would lead to substantial in-

creases in fertilizer use.

Fertilizer Demand Model

The functional relationship in fertilizer demand can be stated

as follows:

Dp = f (PI’ Pes Ko T, u) (1)
where
DF = quantity for fertilizer in kilograms
PI = price index of farm products'l
PF = price of fertilizer in K shillings
1

The method used for calculating product price index is pre-
sented in Appendix B.
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K = the level of operating capital in K shillings
T = the level of technology
U = error term.

The specification of the above model could have included prices
of other inputs that are either substitutes for or complements to
fertilizer. However, the inclusion of the variables in the models
was dictated by the data that could be generated by using parametric
linear programming technique.

The identification problem is usually encountered in demand
estimation. However, this problem is not encountered in this esti-
mation of demand for fertilizer because of the way the data was gen-
erated.

A constant level of technology was assumed for this study. If
technology is eliminated from the model, then the estimating model
reduces to the following functional form:

Df = by + byPp + byPp + baK + U. (2)
From economic theory, we would expect b] and b3 to be positive while
b2 should be negative, implying that the demand for fertilizer should
increase ceteris partbusas the product price index and operating capi-
tal level increase while the demand for fertilizer should decrease
as the price of fertilizer increases.

Four crops in the Tea Zone, four in the Coffee Zone, and three
in the HAG Zone were assumed to be the main fertilizer users. To
generate data for estimating the demand functions, seven levels of
product price were used, the magnitude of each being raised by equal
proportions. However, the magnitudes varied among different products.

They were based on past price movements (as pointed out in Chapter VI)
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as well as future price expectations for the different products.
Table 7.1 shows the expected range and magnitudes of price increases
for individual products for the Tea Zone. Table 7.2 shows the ex-
pected range and magnitude of price increases for individual products
for the Coffee Zone. Table 7.3 shows the expected range and magni-
tudes of price increases for individual products for the HAG Zone.

Given the above increases in product prices it was assumed that
farmers' incomes in the area would increase. Thus, we raised the
level of operating capital by 20 percent. Table 7.4 shows the levels
of operating capital by zone.

In the 1975-76 period, the government announced that the ferti-
lizer price subsidy would be reduced from 40 to 25 percent. With
this in mind, fertilizer prices were reduced by 40 percent and 25
percent respectively. Table 7.5 shows fertilizer types and their
initial prices and subsidized prices.

The fertilizer price subsidy of 25 percent was tantamount to
raising fertilizer prices from the 40 percent subsidy level. Two fer-
tilizer price levels represented the two subsidy rates for each ferti-
lizer type, i.e., Pf] for the 40 percent subsidy rate and sz for the
25 percent subsidy rate. Two levels of operating capital availability
were specified. K] represented the initial operating capital level,
while K2 represented operating capital level after a 20 percent
increase. These various levels of operating capital and fertilizer
price were combined with the seven levels of product price and pro-
gramming solutions obtained for each combination. Each optimum solu-

tion provided the data needed for estimating the demand functions
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TABLE 7.4
LEVEL OF OPERATING CAPITAL BY ZONE (SHS)

Zone Initial Level Current Level Percentage
(Increase)
Tea 1,266% 1,520 20
Coffee 832 998 20
HAG 1,054 1,267 20

SOURCE: Survey data.

]Prevai1ing operating capital level during the survey.

TABLE 7.5
FERTILIZER TYPES, THEIR INITIAL PRICES AND SUBSIDIZED PRICES

(Shs/Kg)

Fertilizer Initial Price at 40 Price at 25

Type Price Percent Subsidy Percent Subsidy
a

P?_O5 1.92 1.15 1.44

NP 2.19 1.31 1.64

NPK 2.38 1.43 1.79

SQURCE: Survey data.

]Prevailing fertilizer prices during the survey.
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for fertilizer. These resulted in twenty-eight observations each for
the three zones. The data used for deriving the demand functions for
the representative farms in the three zones are presented in Appen-

dix C], C2 and C3 for the Tea, Coffee and HAG Zones, respectively.

Fertilizer Demand Estimates for the Tea Zone

From the discrete observations, the following equation and statis-

tics were obtained for the fertilizer demand function in the Tea

Zone:
Dp = 67.61 + 2¢5.92|>I‘/2 - 344.38%P_ + 0.56**K
(0.98) (-5.18) (5.93)
RZ = 0.73 and F (3, 24) = 21.37%* . (3)

In this and other equations to be presented later, the figures
in parentheses are the t-values. The significance of the
g-coefficients and F-values at 5 and 1 percent levels is indicated
by one and two asterisks, respectively.

The explanatory variables displayed the expected signs. The

coefficient of multiple determination, R2

» is high, 0.73, implying
that the explanatory variables accounted for a substantial amount of
the variability in the quantity of fertilizer demanded by the farm-
firm in the Tea Zone. The F-test of the regression mean square was
significant at the 1 percent level, implying that the regression model
fitted the data adequately. If the observations had been independent
then the g-coefficients of fertilizer price and capital are signifi-
cant at the 1 percent level while that of product price is not signi-
ficant even at the 10 percent level. The lack of independence in

observations should also be borne in mind in interpreting the results

of Coffee and HAG Zones equations.
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The elasticities of the fertilizer demand with respect to its own
price, product price and capital level were calculated at their mean

values of observations as follows:

i
= 3 £
er’f-a—g‘;.T (4)
F—ﬂ_ F_._I. (5)
¢ T P " Q
- _ 9 X
sK-a%.a (6)

where
Q = quantity of fertilizer demanded. Table 7.6 shows the

mean values used in the calculation of elasticities by zone.

The elasticity of the fertilizer demand was -1.65 with respect
to its own price, 2.32 with respect to operating capital and 0.27 with
respect to the product price index. The magnitudes of the elastici-
ties show that the demand for fertilizer would be most responsive to
changes in the operating capital level, followed by fertilizer price
and product price, in that order. These elasticities imply that a
1 percent increase in fertilizer price ceteris paribus is predicted to
reduce fertilizer consumption by 1.65 percent. Similarly, a 1 percent
increase in operating capital is predicted to increase fertilizer con-
sumption by 2.32 percent and 1 percent increase in product price is
predicted to increase fertilizer consumption by 0.27 percent. The
plausible explanation of a low elasticity of product price index is
that with a limitation on capital, the use of fertilizer cannot be
extended beyond a cert&in point (capital limitation) regardless of

how far prices of products are increased.
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TABLE 7.6
MEAN VALUES USED IN THE CALCULATION OF ELASTICITIES

Zone Q (Kgs) FI FF (Shs) K (Shs)
Tea 335.79 2.79 1.61 1,393
Coffee 125.64 2.28 1.61 915
HAG 172.09 2.18 1.30 1,161.50
SOURCE: Calculated.
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The results of our analysis are depicted in graphs of Figure 7.1,
in which the quantity of fertilizer is graphed against output price
index. In this figure, fertilizer and capital variables are assumed
to be shift parameters. Given the initial demand function for ferti-
lizer as K]Pf], the fertilizer demand curve shifts to the left,

K]Pf] as the price of fertilizer increases. The increase of capital
level to K2 shifts the demand curve to KZPf]' The demand curve

K2Pf2 reflects an increase in both capital level and fertilizer price.
The magnitudes of the shifts reflect the relative influence of ferti-
lizer price and capital level on fertilizer demand response, while

the slopes of the curves reflect the influence of product price index

on fertilizer demand response.

Fertilizer Demand Estimates for the Coffee Zone

The following equation and statistics were obtained for the

fertilizer demand function in the Coffee Zone:

Dy = -264.15 + ]7.79**PI]/2 - 55.70%*P. + 0.48%%K
(5.16) (~3.80) (5.64)
RZ = 0.92 and F (3, 24) = 88.73%* . (7)

The three explanatory variables had the expected signs. They ex-
plain 92 percent of the variation in fertilizer demand for the farm-
firm in the Coffee Zone. The F-test of the regression mean square was
significant at the 1 percent level implying that the regression model
fitted the data adequately. The g-coefficients of fertilizer price,
product price and capital are significant at the 1 percent level.

The elasticities of fertilizer demand with respect to its own

price, product price and capital level were obtained as demonstrated
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in equations (4) to (6) above. The elasticity of fertilizer demand was
-0.71 with respect to its own price, 3.49 with respect to operating
capital, and 0.32 with respect to product price index. The magnitudes
of the estimated elasticities indicate once again that the demand for
fertilizer is product price inelastic. Thus, large product price
changes are necessary to significantly affect demand. The demand for
fertilizer is fertilizer price inelastic, but less inelastic compared
to product price index. The capital elasticity of demand for ferti-
lizer is highly elastic. Based on the estimated elasticities, a

1 percent increase in fertilizer price will decrease the quantity
demanded by 0.71 percent. On the other hand, a 1 percent increase in
product price and capital level will increase the quantity of ferti-
lizer demanded by 0.32 percent and 3.49 percent, respectively. The
estimated equation for fertilizer in the Coffee Zone is quite satis-
factory from both an economic and statistical viewpoint. The impacts
of fertilizer prices, product prices and capital on fertilizer demand
are as hypothesized.

Figure 7.2 shows that if we again assume fertilizer and capital
variables as shift parameters, then an increase of fertilizer price
shifts the initial fertilizer demand curve to the left from K]Pfl
to K]sz. The increase of capital level shifts demand curve to the
right, Ksz]. The demand curve KZPf2 reflects an increase in both
capital level and fertilizer price. The magnitudes of these shifts
reflect the relative influence of fertilizer price and capital level
on fertilizer demand responses, while the slopes of the curves reflect

the influence of product price on fertilizer demand response.
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Fertilizer Demand Estimates for the High
Altitude Grass Zone

The equation and statistics obtained for the fertilizer demand

function in the High Altitude Grass Zone are presented below:

Dy = 51.69 + 3.05*p1”2 -
(2.51) (

24.44**PF + 0.13**K (8)
-11.21) (41.74)

R2

0.98 and F (3, 24) = 652.02 .

The explanatory variables had the expected signs. They explain
almost all--98 percent--of the variation in the fertilizer demand for
the farm-firm in the High Altitude Grass Zone. The F-test of the re-
gression mean square was significant at the 1 percent level, indicat-
ing that the regression model fitted the data.

The B-coefficient of fertilizer price and capital are significant
at the 1 percent level, while that of product price is significant at
the 5 percent level.

The elasticities of fertilizer demand with respect to its own
price, product price and capital level were -0.24, 0.04 and 0.87, re-
spectively. The magnitude of these elasticities indicate that the
demand for fertilizer is almost perfectly inelastic with respect to
product price, inelastic with respect to fertilizer price and less
inelastic with respect to capital level. Thus, according to these
estimates, a 1 percent increase in product price will bring about
only a 0.04 percent increase in fertilizer demand, tantamount to
no response. The same decrease in fertilizer price would lead to an
increase of 0.24 percent in fertilizer demand, and a 1 percent increase
in the level of capital would lead to an 0.87 percent increase in

fertilizer demand.
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These results are depicted in Figure 7.3. The slopes of the
curves reflect the influence of product price on fertilizer demand
response. Their slopes are almost zero, implying an almost perfectly
inelastic demand for fertilizer with respect to product price. The
curves also show that an increase in fertilizer price shifts the de-
mand curve to the left and an increase in capital level shifts the
fertilizer demand curve to the right. The shift to the left is indi-
cated by the curve labeled K]sz, and a shift to the right is indi-
cated by the curve labeled KZPf]'

After the estimation of the above elasticities for product
price index, fertilizer price and capital for the three zones, an
attempt was made to see how the product price index elasticity for
fertilizer demand would change if there was a policy decision to
increase product prices. If we assume that product price increases
lead to an increase of the mean product price index by 50 percent in
all the zones, then we proceed to calculate the new product price in-
dex elasticity for each zone. The new mean product price indexes are
4.19, 3.42, and 3.27 for the Tea, Coffee and HAG Zones, respectively.
The mean fertilizer quantity remains the same for all the zones. The
new product price index elasticities for fertilizer demand are 0.34,
0.48 and 0.06 for the Tea, Coffee and HAG Zones. The original elas-
ticities were 0.27, 0.32 and 0.04 for the Tea, Coffee and HAG Zones,
respectively. This indicates that even with a substantial increase
in product price index, the product price index elasticity for fer-
tilizer demand does not change substantially.

The results presented in this study compare favorably with re-

sults obtained from other studies which have attempted to estimate
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farm level fertilizer demand for small farmers in developing coun-
tries.

Ogunfowora et al. [9], using the same technique in Northern
Nigeria as the one employed in this study, estimated that the elas-
ticity of fertilizer demand was -0.79 with respect to its own price,
1.63 with respect to capital, and 0.32 with respect to the product
price index. Timmer has reported that the few studies that have used
time-series data to estimate price elasticity for demand in develop-
ing countries have obtained a short term price elasticity of about
-0.5 to -0.1, and the long term elasticity is in the range of -1.5
to about -3.0 [10]. Thus, the values obtained in our study can be
interpreted as reasonable estimates of elasticities of farmer re-
sponse to changes in fertilizer price, product price and capital level
in the study area.

The results obtained in this study have important implications
to both researchers and policy makers. The estimated price elasti-
city with respect to a change in fertilizer price is much higher than
the price elasticity with respect to a change in the product price
index in all three of the zones. This, then, would tend to indicate
that the zero homogeneity condition for fertilizer demand functions
might not hold in developing countries. That is, the effect of rais-
ing product price by 1 percent is not symmetric with the effect of
lowering the fertilizer price by 1 percent. Many research workers as
well as policy makers who have to choose the appropriate policy in-
strument--fertilizer subsidies or product price support--tend to rely
on the symmetry assumption. Our results, just like those reported

from developing countries by Timmer, Ogunfowora et al. and Raj
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Krishna, tend to refute this assumption [42, 35, 26]. But Heady and
Tweeten's estimates for the United States seem to confirm it [14].
Krishna, however, suggests that product price support might work
better than input subsidies for a variety of reasons. Peasants tend
to be more familiar with product prices and will probably be more sen-
sitive to their variation. The critical factor for peasants is not
insurance against high input prices, but guarantees that product
prices will not collapse, leaving the cultivator helplessly in debt.
Some input prices are difficult to subsidize--especially land and
labor, which frequently form a large proportion of total costs--and
only product price supports can be fully effective in stimulating the
output of particular crops.

The results have also indicated that increase in capital has a
high potential for increasing demand for fertilizer. This has impor-
tant policy bearing in Kenya, where both product price support and
fertilizer price subsidies are employed. Thus, even if fertilizer
price subsidy and product price support can induce a substantial use
of fertilizer, and hence increased output, their impact can be reduced
tremendously if capital is limiting. That capital is limiting in the
three zones has been established in this study. Further, it was
shown that capital elasticities were higher than fertilizer price and
product price index elasticities in all the zones. This would imply
that any policy designed to increase fertilizer demand in the study
area must provide for adequate fertilizer credit. Thus, just like one
might argue that two policy instruments are more effective than one,
one can also argue that three instruments employed simultaneously

will result in greatest response. The response by farmers to these
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policy instruments takes time, and consequently the results obtained
in this study might not approximate farmers' behaviors in the short
run but it is hoped that they will predict their behavior in the long
run.

These results do not tell the policy maker what the income dis-
tribution effect of product price support, fertilizer price subsidy
and fertilizer credit policies are going to be on various groups.
They only indicate how farmers would adjust their fertilizer use when
either one of them is changed. The current fertilizer price subsidy
in Kenya has been criticized on the grounds that it tends to favor
those large-scale farmers (who use a lot of fertilizer) over the small
farmers. The same argument can be applied to product price support.
In favoring large-scale farmers, these two policy instruments have
tended to worsen the income distribution between the two groups. Fer-
tilizer credit is almost non-existent. A fertilizer credit policy,
channelled specifically to small farmers might help to narrow the
current widening income gap between large and small-scale farmers.

In short, any policy instrument, be it fertilizer price subsidy or
product price support, to be realistic, must consider the income dis-
tribution variable.

The issue of the relevance of results obtained in a study like
this can be raised by policy makers and justifiably so. But Timmer
[41] has summarized the situation well, when he observed that no
policy maker would dare use these numbers if better ones were avail-
able. But this is the disturbing reality; little is known about
factors affecting fertilizer use which is relevant at a policy level.

Further fertilizer policy making, 1ike many agricultural policies,
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might be placed in the realm of judgment, experience and politics,

in addition to the realm of analysis.



CHAPTER VIII

SUMMARY, POLICY IMPLICATIONS, LIMITATIONS AND
SUGGESTIONS FOR FURTHER RESEARCH

Summary

The objectives of this study were achieved through a combina-
tion of various techniques. The analysis of the survey data collected
from 254 households pointed out the socio-economic factors influencing
fertilizer use as perceived by farmers in the study area. The factors
constraining fertilizer use included lack of funds, lack of fertilizer
supplies at the needed time, high transport costs, lack of fertilizer
credit and low literacy level.

Static linear programming and parametric linear programming were
used to determine the organization that would maximize net farm in-
come under existing resources, prices, technology, varying levels of
fertilizer, product prices and capital. The objective function to
be maximized in the model was net farm income. Further parametric
linear programming and multiple regression analysis were used to esti-
mate representative farms' demand functions for fertilizer.

Data concerning resources, enterprise organizations and technology
were accumulated from the survey data. Data related to input-output
coefficients, yields and prices had to be assembled and synthesized

from the survey, CBS data, Ministry of Agriculture/FAQ0 Fertilizer
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Program Data and Ministry of Agriculture District Farm Guidelines.
For the purpose of estimating optimum plans, an average farm was
selected from each agro-ecological zone and assumed to be representa-
tive of farms in that zone.

The linear programming models were constructed to include crop
production activities, selling activities, milk production activities,
consumption activities, subsistence crop production activities, fer-
tilizer buying activities and labor hiring activities.

The optimal allocation under existing resources and prices would
result in substantial increases in net farm income. The increases
were 9 percent, 27 percent, and 107 percent for the Coffee, Tea, and
HAG Zones, respectively, against actual incomes. On all the farms,
the MVPs of operating capital were high, suggesting that increasing
the use of this resource would lead to income gains. A great income-
raising possibility was also indicated by the MVPs of labor during
peak labor periods in the Tea and HAG Zones, and high MVPs of ferti-
lizer in all the zones. The MVPs of these resources also tended to
be higher than their prices. The pressure for increase in farm size
was indicated by the high MVP per hectare of land in the Coffee Zone.
There was no land pressure in the Tea and HAG Zones as indicated by
the zero MVP per hectare of land in these zones.

The cropping patterns under the optimum plans were not diversi-
fied, but were specialized in the production of four crops: local
maize, hybrid maize, beans and English potatoes. This specialization
was mainly due to their higher relative net returns, but also due to
the minimum food consumption, which had to be produced by the farm-

firm imposed on the model. This increased specialization reduced



161

the number of crops from seven in the actual plan to four in the
Coffee and Tea Zones and from five to four in the HAG Zone.

In the three Alternatives the variation of levels of product,
fertilizer prices and capital led to an increase in net farm income
of 9 percent, 12 percent, and 10 percent, respectively, against the
base plan income for the Tea Zone. The increases were 13 percent,

5 percent and 20 percent, respectively, for the Coffee Zone. For the
HAG Zone, the increases were 18 percent, 9 percent, and 11 percent re-
spectively. This would indicate that net farm income is influenced
by product prices and capital to a much greater extent than it is by
fertilizer prices.

These changes in levels of product and fertilizer prices, and
capital, did not change the cropping patterns for the representative
farms in the three zones. The only change that occurred was in the
variation of the levels of the crops in the plans.

The parametric linear programming analysis generated data on
quantities of fertilizer demanded for different levels of product,
fertilizer prices and capital. These quantities along with product
price index, fertilizer prices and capital were used in a regression
analysis to derive continuous fertilizer demand functions for the
representative farm. Further, point elasticities with respect to pro-
duct price index, fertilizer price and capital were derived from the
continuous function. The overall fit of the fertilizer demand equa-
tions was good, and the predetermined variables explained a high
percentage of the variation in the quantity of fertilizer demanded.

In the Tea Zone, the results of the analysis show a positive, although

not small, fertilizer demand response to changes in the product price
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index. A fall in the price of fertilizer and an increase in the level
of capital bring larger demand responses for fertilizer. The demand
for fertilizer is most responsive to increases in the capital level,
with capital elasticity of 2.32 followed by fertilizer price changes
with price elasticity of -1.65 and product price index elasticity of
0.27. In the Coffee Zone the elasticities were 3.49, -0.71, and 0.32
for capital, fertilizer price and product price index, respectively.
This shows again that the demand for fertilizer is most responsive to
increases in capital level.

In the HAG Zone, the capital elasticity was 0.87, followed by
fertilizer price changes with a price elasticity of -0.24 and a product
price index elasticity of 0.04. Here again, despite the fact that the
elasticities were fairly low, the demand for fertilizer was still rea-
sonably inelastic with respect to capital, followed by fertilizer
price and product price index. All the elasticities were calculated
at the mean value of observations.

The assumption that farmers respond symmetrically to a 1 percent
increase in product price and a 1 percent decrease in fertilizer
price is refuted by the results of this study. These results support
similar findings that have been reported for developing countries.

But studies in developed agricultural economies have tended to confirm

it.

Policy Implications

The results obtained from the linear programming analysis point
out that farmers in all three zones suffer from inadequacy of capital.

Further, farm income is influenced by product price and capital to a
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much greater extent than it is by fertilizer prices. The computed
elasticities in all three zones show quite clearly that capital has
a much greater influence on the farm-firm's demand for fertilizer than
do fertilizer and product prices. Part of this might be due to the
fact that the capital constraint used in the model was that of the
actual operating capital instead of the available capital. However,
this operating capital constraint was relaxed by an assumption that
farmers would increase their operating capital by 20 percent as their
incomes increased. Lack of capital was also mentioned by farmers them-
selves as one of their major inhibiting factors in increasing fertili-
zer use. This then would imply that any policy aimed at increasing
fertilizer use, and the consequent increase in output and farm income,
must provide for more capital to the farmers. This calls for a formu-
lation of credit policy based on the productivity of capital rather
than on security of loans. This policy should strengthen cooperatives
as the sources of short-term credit to all farmers, and not just to
coffee growers. Cooperatives are especially suited to play this role
because they can easily involve a large number of rural people. Their
involvement in the rural economy is deeper than the mere provision of
credit and this will help in loan recovery.

Nonavailability of fertilizer when needed was also isolated as
an important factor constraining fertilizer use. This problem can
be attacked from various fronts. Investment in bituminized feeder
roads will enable fertilizer to be delivered in the rural areas even
during the rainy seasons when these roads are now impassable. Credit
should be provided to local dealer/stockists situated in local markets

both for purchase of stock and erection of permanent stores, The
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proximity of available fertilizer will reduce the already substantial
transport costs and save farmers' time. Investments in these infra-
structures will definitely have high payoffs in the long run. The
erection of a fertilizer factory at Mombasa if coupled with timely
import of raw material may alleviate the problem of national ferti-
lizer shortages, due either to late purchases by major fertilizer
importers or to shortages of fertilizer in the world market.

However, although the results of this study indicate that credit
supply will increase demand for fertilizer more significantly than
fertilizer and product prices, we would reiterate that the three
policy instruments are not mutually exclusive, consequently their

simultaneous application will result in greater impact.

Limitations and Suggestions for Future Research

Linear programming estimates are limited in that they are gener-
ated in the context of assumptions and model specifications underly-
ing the linear model. The closer these assumptions and model speci-
fications approach an accurate reflection of the decision environment
for small farmers in the study area, the more valid our results are
likely to be. We assumed that each farmer in the study area had as
his goal to maximize farm income. To the extent that this assumption
fails, farmers' actual decisions may differ significantly from those
indicated as optimum by our results.

The lack of risk and uncertainty considerations is another
characteristic of the static economic assumptions under which the
models were constructed. But the farmer will be faced by uncertain-

ties regarding changing technologies, and economic and institutional
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elements in the decision-making context. This might lead to differ-

ent deciﬁions from those charted by our model. The other limitation

i{s the use of yield data from the Ministry of Agriculture/FAQ Ferti-

lizer Program. These yields, despite having been obtained from farm-
ers' plots, might differ substantially from those obtained by farmers

themselves, thus leading to different results from those obtained in

this study.

The computed elasticities were based on the assumption that
farmers adjust to price and capital changes instantaneously. Cer-
tainly in the short run this is an unrealistic assumption. There
is a lag in farmers' adjustments and hence these elasticities might
be more applicable in the long run. Given this situation and the
normative nature of the results, then their use by policy makers must
be tempered by subjective judgment if they are to be used properly.

Further, no valid probability statements or statistical infer-
ences can be made because the data do not meet the assumptions of
normality and independence used in regression analysis. This means
that the results obtained in the study area cannot be generalized to
another area, unless the new area duplicates all physical, economic,
and institutional constraints of the study area.

The results obtained in this study are limited to Central Kenya.
This means that similar research is needed in other areas of the coun-
try if a comprehensive national fertilizer policy is to be formulated.

The zero homogeneity condition, which says that a farmer reacts
the same to a 1 percent increase in product price as to a 1 percent
fall in fertilizer price, is refuted by the results of this study, but

other empirical studies have tended to confirm it. This then calls
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for more empirical work to resolve this issue which is of importance

not only to research workers who often rely on this assumption, but
also to policy makers who often have to choose between fertilizer sub-
sidy and product price support.

The government has spent a substantial amount of scarce resources
on fertilizer subsidy without adequate knowledge of the payoffs. A
study on the impact of past expendithre on agricultural output and
income redistribution between the large and small-scale farmers is
economically desirable.

Research is further needed to determine the relative cost of
alternative policies to increase fertilizer demand, i.e., fertilizer
price subsidy policy versus policies aimed at increasing the produc-
tivity of fertilizer, such as subsidizing agricultural research, farm-

er training centers and extension services.
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TABLE A.1

EXPLANATION OF ABBREVIATIONS USED IN THE MATRIX

Resources (Rows)

Row No. Abbreviation Complete Heading
1 LAND Land in hectares
2 FLCY2 Family labor in cycle 2
3 FLCY3 Family labor in cycle 3
4 FLCY4 Family labor in cycle 4
5 FLCY5 Family labor in cycle 5
6 FLCY6 Family labor in cycle 6
7 FLCY7 Family labor in cycle 7
8 FLCY8 Family labor in cycle 8
9 FLCY9 Family labor in cycle 9
10 FLCY]o Family labor in cycle 10
n FLCYn Family labor in cycle 11
12 FL(:Y]2 Family labor in cycle 12
13 FLCY]3 Family labor in cycle 13
14 FLCY]4 Family labor in cycle 14
15 LMS Supply local maize
16 HMS Supply hybrid maize
17 BS Supply beans
18 EPS Supply English potatoes
19 PMS Supply pyrethrum
20 TS Supply tea
21 SCS Supply subsistence crop
22 MKS Supply milk

167
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TABLE A.1 - CONTINUED

EXPLANATION OF ABBREVIATIONS USED IN THE MATRIX

Resources (Rows)

Row No. Abbreviation Complete Heading

23 CLM Consume local maize

24 CHM Consume hybrid maize

25 CB Consume beans

26 CEP Consume English potatoes

27 CMK Consume milk

28 BPZOSF Buy phosphate fertilizer

29 BNPF Buy Nitrogen and Phosphate fertili-
zers

30 BNPKF Buy Nitrogen, Phosphate and Potash
Fertilizers

31 ocC Operating capital

Activities (Columns)
Co;gmn Abbreviation Complete Heading

1 PLM Produce local maize

2 PHM Produce hybrid maize without ferti-
lizers

3 PHMPF Produce hybrid maize with Phosphate
fertilizer

4 PHMNPF Produce hybrid maize with Nitrogen
and Phosphate fertilizers

5 PB Produce beans without fertilizers

6 PBPF Produce beans with Phosphate ferti-
lizers

7 PBNPF Produce beans with Nitrogen and
Phosphate fertilizers

8 PEP Produce English potatoes without
fertilizers

9 PEPNPF Produce English potatoes with Ni-

trogen and Phosphate fertilizers

7 ———
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TABLE A.1 - CONTINUED

EXPLANATION OF ABBREVIATIONS USED IN THE MATRIX

Activities (Columns)

Co;ng Abbreviation Complete Heading

10 PEPNPKF Produce English potatoes with Nitro-
gen, Phosphate and Potash fertili-
zers

11 PPM Produce pyrethrum

12 PT Produce tea without fertilizers

13 PTNPKF Produce tea with Nitrogen, Phosphate
and Potash fertilizer

14 PTNPKF Produce tea with Nitrogen, Phosphate
and Potash fertilizer

15 PSC Produce subsistence crop

16 PMK Produce milk

17 SLM Sell local maize

18 SHM Sell hybrid maize

19 SB Sell beans

20 SEP Sell English potatoes

21 SPM Sell pyrethrum

22 ST Sell tea

23 SMK Sell milk

24 CLM Consume local maize

25 CHM Consume hybrid maize

26 CB Consume beans

27 CEP Consume English potatoes

28 CMK Consume milk

29 BP205F Buy Phosphate fertilizer

30 BNPF Buy Nitrogen and Phosphorus fertili-
zers

31 BNPKF Buy Nitrogen, Phosphorus and Potas-
sium fertilizers

32 HLCY2 Hire labor cycle 2

33 HLCY Hire labor cycle 3

3

B
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TABLE A.1 - CONTINUED
EXPLANATION OF ABBREVIATIONS USED IN THE MATRIX

Activities (Columns)

COAST" Abbreviation Complete Heading
34 HLCY4 Hire labor cycle 4
35 HLCY5 Hire labor cycle 5
36 HLCY6 Hire labor cycle 6
37 HLCY7 Hire labor cycle 7
38 HLCY8 Hire labor cycle 8
39 HLCY9 Hire labor cycle 9
40 HLCY]0 Hire labor cycle 10
4] HLCY]] Hire labor cycle 11
42 HLCY]2 Hire labor cycle 12
43 HLCY.,3 Hire labor cycle 13
44 HLCY.I4 Hire labor cycle 14

[t
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APPENDIX B

NOTES ON THE CALCULATION OF PRODUCT PRICE INDEX
USED IN THE FERTILIZER DEMAND FUNCTIONS

Although the prices of all products in the parametric program-
ming model increase more or less together, a change in the price of
maize or coffee may be more important in influencing the demand for
fertilizer than a change in the price of beans and hence carry great-
er weight in the index. Also, the solution quantity of each product
did not remain constant over all price changes, presumably due to
enterprise substitution.

Thus, in order to give individual products weights that are
commensurate with their importance, their prices were weighted by
the quantities of individual products generated by the optimum solu-

tion using Fisher's "Ideal" formula:

1/2
b zP]q0 zP]q]
}:Poq0 zPoq]
where P = price index
P0 = base price of the product

©
n

1 price of the product increased by a certain proportion

9 = base quantity of the product derived from the first
linear programming solution

D
)
W

= quantity of product when its price is increased by a
certain proportion.

m
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TABLE C.1
OBSERVATION INPUTS FOR FERTILIZER AND DEMAND FUNCTION
FOR THE TEA ZONE

De (Kgs) Pe (Shs) Py K (Shs)
203.10 1.43 1.09 1,266
397.83 1.43 1.45 1,266
357.47 1.43 1.82 1,266
343.69 1.43 1.84 1,266
309.20 1.43 3.22 1,266
309.20 1.43 4.14 1,266
309.20 1.43 5.33 1,266
183.48 1.79 1.10 1,266
180.76 1.79 1.33 1,266
260.50 1.79 1.83 1,266
225.90 1.79 1.85 1,266
203.80 1.79 3.21 1,266
203.80 1.79 4.12 1,266
203.80 1.79 5.30 1,266
264 .98 1.43 1.16 1,520
556.89 1.43 1.50 1,520
535.09 1.43 1.88 1,520
521.31 1.43 2.52 1,520
486.82 1.43 3.36 1,520
486.82 1.43 4.34 1,520
486 .82 1.43 5.62 1,520
240.76 1.79 1.10 1,520
320.52 1.79 1.40 1,520
402.40 1.79 1.82 1,520
367.80 1.79 2.51 1,520
345.70 1.79 3.34 1,520
345.70 1.79 4.31 1,520
345.70 1.79 5.58 1,520
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TABLE C.2

OBSERVATION INPUTS FOR FERTILIZER AND DEMAND FUNCTION

FOR THE COFFEE ZONE

Dp (Kgs) Pe (Shs) I K (Shs)
59.30 1.43 1.12 832
84.92 1.43 1.39 832
78.27 1.43 1.66 832
77.39 1.43 1.99 832

116.47 1.43 2.59 832

116.47 1.43 3.66 832

117.96 1.43 4.06 832
64.62 1.79 1.13 832
64.62 1.79 1.30 832
68.91 1.79 1.65 832
68.91 1.79 1.94 832
97.25 1.79 2.52 832
97.25 1.79 3.54 832
98.96 1.79 3.91 832

- 119.89 1.43 1.08 998

177.92 1.43 1.36 998

172.32 1.43 1.88 998

170.39 1.43 2.01 998

205.01 1.43 2.60 998

205.01 1.43 2.85 998

206.50 1.43 4.14 998

133.30 1.79 1.08 998

133.30 1.79 1.20 998

133.30 1.79 1.84 998

133.30 1.79 2.05 998

171.53 1.79 2.24 998

171.53 1.79 2.80 998

173.23 1.79 4.23 998

—
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TABLE C.3
OBSERVATION INPUTS FOR FERTILIZER AND DEMAND FUNCTION
FOR THE HIGH ALTITUDE GRASS (HAG) ZONE

D¢ (Kgs) Pp (Shs) Py K (Shs)
159.03 1.15 1.19 1,056
159.03 1.15 1.42 1,056
163.69 1.15 1.71 1,056
163.69 1.15 2.04 1,056
163.69 1.15 2.44 1,056
163.69 1.15 2.92 1,056
163.69 1.15 3.49 1,056
151.58 1.44 1.19 1,056
151.58 1.44 1.42 1,056
156.96 1.44 1.71 1,056
156.96 1.44 2.04 1,056
156.96 1.44 2.44 1,056
156.96 1.44 2.92 1,056
156.96 1.44 3.49 1,056
191.98 1.15 1.20 1,267
188.15 1.15 1.43 1,267
188.15 1.15 1.71 1,267
188.15 1.15 2.04 1,267
188.63 1.15 2.44 1,267
188.63 1.15 2.93 1,267
188.63 1.15 3.51 1.267
181.37 1.44 1.19 1,267
181.37 1.44 1.43 1,267
181.37 1.44 1.71 1,267
181.37 1.44 2.04 1,267
182.04 1.44 2.44 1,267
182.04 1.44 2.92 1,267
182.04 1.44 3.50 ],267
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