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Abst r act

ABSTRACT

The main objectives of this study are to deternm ne the
main factors affecting crop choice and fertilizer use
deci sions anong the farnmers in Northern Gui nea Savanna (NGS)
and to estimate the on-station response of maize to N, P and
K fertilization. In doing so, the position of maize in the
cropping system and how such position would be affected by
fertilizer subsidy withdrawal was investigated. |nput-output
data were collected from 50 farm househol ds made up of 84
farmers selected at random in five villages selected
purposely from Kaduna and Katsina states in 1990 and 1991
cropping seasons. The primary information were gathered
through the use of questionnaires and interviews. The primary
data were supplenmented with secondary data while the data
were analysed wusing descriptive statistics, regression,
correl ation, linear and parametric |inear progranmmi ng

met hods.

The result of the crop choice factors shows that
rainfall, soil fertility, availability and cost of inputs,
the need for self-sufficiency in food and cash requirenments
were the main factors affecting crop choice and combi nati ons.
Mai ze was produced nore in a situation where the farner's
goal was to obtain nmore cash income while sorghum was
produced more where the main aim was to feed the famly

Mai ze, however, serve the dual roles of being a food and a
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cash crop and therefore it is the domnant crop in terns of

hectarage cultivated and incone earned.

Fertiliser use decisions were affected by the types
avai l able and crops grown. Inorganic fertilizers were used
along wth the organic fertilizers in nost fields but
preferential application was given to inorganic fertilizers
especially on maize crop. The on-station maize response
anal yses showed that at the three test sites, the technical
optimum levels of NN were lower than the recomended rate of
120kg N ha. However, the economc optima shows that the
recommendation is still valid. In the case of phosphorus
response, except in Samaru, the technical and econom c optima
were lower but closes to the recommended rate of 60kg
P,0s/ ha. In the case of potassium response, the technical
optima were about the same level with the recommended rate
of 60kg K,O ha. However, in all the test sites, the economc
optima exceeded the rate and were indeed close to 90 kg/ha
and thus, it was suggested that the recomendati on shoul d be
increased to 90kg K,O ha. This was confirmed when all the
three elenents were varied simultaneously as the nmaxinur

profit was obtained at the 150-60-90 kg/ha of N P and K

The farm setup shows that 70 crop types were grown in
a 98 different conbinations in the zone. Qut of the crop
types, maize and sorghum were dom nant and were grown in

and 16 different conbinations respectively. The net Earn

viii
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income from the representative farm inproved from an
unpl anned farm setup of N17,780 to N25,502 when the farm was
pl anned. Under a larger farmsize, production activities were
limted by famly labour in the months of June, July and

August when farm | abour demands were at peak.

In terms of nutrient-crop-price ratios, except for P,
the ratios for N and K were lower than 2:1 suggested tor

efficient uses of fertilizer on crops. The ratios, however

i nproved considerably when fertilizer prices were Increased
indicating that, reduction in fertilizer subsidy levels wl]
enhance efficiency of fertilizers use on maize in the zone.

Further analysis shows that the inmproved efficiency Leads
sole mmize <cropping system and production of mai nly

commerci al crops.
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Chapter 1 Introduction

Chapter 1

INTRODUCTION

1.1 Background

Before the middle of the 1970s, maize production in
Nigeria was concentrated mainly in the rain forest and
southern guinea savanna zones where, apart from the
relatively more fertile soils, the rainfall allowed two crops
to be grown in one year. In the 1970s, maize production in
the Northern Guinea 8Savanna (NGS) was of minor importance
when assessed by hectarage cultivated and its use for food
and cash generation (Kassam et al., 1975 and; Norman et al.,

1976).

However, through experimental work of scientists at the
Institute for Agricultural Research (IAR), Samaru and the
work of the "Joint Project 26 Group" on major cereals in West
Africa in the late 1960s, it was discovered that maize has
the greatest production potential in the NGS of Nigeria. The
works of Baker (1975), Kassam et al. (1975), Norman et al.
(1976) and Balasubramanian et al. (1978) all indicated that
the physical environment of NGS was well suited to maize
production. They cited the 1low incidence of pests and
diseases, well distributed rainfall, good sunshine during

growth and drying periods and the absence of bird and
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rainfall damages to the crop as some of the environmental
factors which favoured the production of maize in the zone.

In addition, the woodland vegetation of the savanna was
found to be much easier to clear and therefore easier to put
more land to cultivation than the thick rain forest and
southern guinea savanna vegetation zones. It was discovered
that the use of chemical fertilizers enhances the yields
obtained from a unit area of land cultivated to cereals in
the zone and particularly maize production. Maize production
was found to require relatively more fertile soils and hence,
fertilizers than sorghum and millet. The yields of maize from
such treatments were found to be 2 to 3 times more than that

obtained from sorghum and millet (Kassam et al., 1975).

1t can therefore, be argued that the introduction and
use of chemical fertilizers in the NGS was the main driving
force behind the widespread adoption and cultivation of maize
in the zone. In fact, maize that was a minor crop in the
early 1970s became so popular among farmers in the zone that
by 1987, it was ranked second after sorghum among the cereals
in terms of hectarage cultivated and amount consumed as food
(Ologunde, 1987). The popularity was enhanced by the fact
that it became not only a major food crop for many homes but
also a major cash crop which became a replacement for earlier

cash crops such as groundnut and cotton in the area.
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1.2 Statement of the Problem

The widespread acceptance of maize as both food and cash
crop in NGS led to higher demand for the crop than the
hitherto popular crops like sorghum and millet. Thus, the
production increased and therefore more fertilizers were
needed by the farmers in the zone. In the past, it was
reported that over 70 per cent of fertilizers consumed in
Nigeria took place in the northern states. About two-third
of these fertilizers went into the production of cash crops
mainly groundnut and cotton (Sodangi, 1981). The decline in
the production of these crops and the emergence of maize as
a cash crop in the 1980s simply signifies that a lot of the
fertilizer reguirements of the farmers in recent times went

into the production of maize.

Fertilizer is reguired for yield increases in many
crops. Maize, in particular, is known not to produce any
meaningful yield without the use of fertilizer. Vachhrajani
(1990) attributed 60 per cent increase in food crop
production in Nigeria to fertilizer use alone. Since the
introduction of fertilizers into the country in the 1930s,
the prices have remained heavily subsidized at the retail
level. Prices of fertilizers were subsidized for many
reasons. First, to create awareness among farmers on the
yield advantage which fertilized crops had over those

unfertilized crops. Secondly, the crop-to-fertilizer price
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ratios for many crops especially food crops were very low and
would have been unattractive to the farmers without the
subsidy. The subsidy policy made the fertilizer prices to be

low and attractive to the farmers to use on many of the crops

grown.

In the NGS, farmers that used fertilizers on maize
reaped the economic and technical advantages by obtaining
higher yields and revenue from its production and sale than
from the yields and revenue from the production of sorghum
and millet. In the light of recent recession in the Nigerian
economy and the rising foreign debt, government introduced
the Structural Adjustment Programme (SAP) in 1986. SAP was
aimed at allowing the free market forces to control prices
of goods, interest rates and foreign exchange rates.
Government banned the importation of certain food items
including maize. In addition, the level of subsidies in the
economy was reduced drastically. Prior to 1986, fertilizer
enjoyed heavy subsidy like most agricultural inputs. In 1976-
78 fertilizer enjoyed a subsidy level of 75 per cent, in 1986
it declined to 34 per cent while in 1989 it rose again to 80

per cent {(Vachhrajani, 1990).

in spite of the high subsidy level in fertilizers, the
unofficial (open market) prices remained high, sometimes by
as much as three to four times the official prices. But the

fact, opinion of farmers showed that the problem was more of
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non—-availability at the right time rather than high prices.
The government therefore felt that by removing the subsidy
and allowing the free market forces to determine supply and
demand, the commodity will be made available more readily and
at much lower prices. Consequently, the government embarked
upon gradual removal of the subsidy from 1989 cropping

season.

Since the tremendous increase in maize production in
northern guinea savanna was attributed to the ready
availability of fertilizers at low retail prices and the
growing importance of the crop for food and cash, its
continued increase in production will depend much on the
nature of response of the crop to fertilizer use, and the
future relative prices of fertilizer and maize in the market.
It is therefore pertinent to ask the following research

questions:

1. What are the main factors that influence crop choice
and fertilizer use decisions among farmers in the zone?

2. What is the present nature of response of maize to
fertilizer use in the zone?

3. What is the optimum farm plan of the farmers in the
zone and what is the position of maize in the plan?

1. How will change in the prices of maize and fertilizer

affect the position of maize in the optimum farm plan?
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1.3 Objectives of the Study

The general objective of the study is to determine the
factors affecting crop choice and fertilizer use on maize and
the 1implications of increased fertilizer price on its

production in the NGS zone. The specific objectives of the

study are:

b to identify and describe the major factors influencing
crop choice and fertilizer use decisions among the
farmers in the zone;

2 to estimate the present technical and economic levels
of maize responses to N,P,K and NPK fertilizers in the
zone using on-farm experimental data;

¥ to describe the optimum farm plan of the zone and
determine the position of maize in the plan;

4. to describe the effects of changes in the prices of
maize and fertilizers on the optimum farm plan; and

L 1A to draw conclusion and make suggestions based on the

study.

1.4 Justification for the Study

The issue of fertilizer use efficliency for crop
production in Nigeria has become important of recent because
of lack of enough foreign exchange to import the commodity
as before. On one hand, farmers, especially those that

produce maize are crying out to the government to make the
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commodity more available for purchase. On the other hand, the
World Bank and International Monetary Fund which provides
credit used for the importation insist that unless the
subsidies in the economy are removed, credit will no longer
be provided. Maize 1is the crop on which most of the
fertilizers used in Nigeria especially in the northern guinea
savanna are applied and the crop is very important to the

farmers in terms of cash generation and food use.

The study is intended to provide answers to the research
questions which are regquired to determine the states of maize
in the cropping pattern, income generation, food use and
whether or not fertilizers are being efficiently used at
present on maize. In addition, it will provide guidance in
the issue of sustainability of maize production in the zone
given a situation in which fertilizer subsidy is withdrawn

and the open market prices have to go up.
1.5 Organization of the Study

Chapter One is introduction in which a brief background
to the study as well as the statement of the problem with the
justifications and objectives were presented. In Chapter Two,
brief literature review is given on maize and the cropping
system of Northern Guinea Savanna, maize response studies in
Nigeria and fertilizer subsidy programs in Nigeria. Chapter
Three is the methodology in which a description of the study

area, sampling frame and size, methods used in the collection
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of the data, analytical framework for the production
functions and 1linear programming model and their model

specifications are presented.

In Chapter Four, the results and discussions are
presented based on the socio-economic characteristics of the
farm households, crop choice decisions, crop fertilizer use
decisions, maize response functions, optimum farm
organization and the sensitivities of the optimum farm plan

to changes in fertilizer and maize prices.

In the last and concluding chapter, the summary of the
findings, policy implications of the study, conclusion and
the limitations of the study as well as the suggestions for

further study are presented.
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Chapter 2

LITERATURE REVIEW

2.1 Cropping System of Northern Guinea Savanna

According to Rastogi (1980), the cropping system of any
region is essentially determined by experiences gained over
the years on a given so0il and the climatic and environmental
condition. For example, in dry 1land areas, rainfall
consideration often tend to overshadow other considerations
in the choice of crops and cropping patterns. Economic
consideration on the other hand may be the determinant factor

where cash crops have a major influence in the economy.

In the northern guinea savanna, the climate has been
found to be well suited to a wide range of crops particularly
cereals and legumes. However, the emerging cropping pattern
is influenced by the level of production technology, the
tradition of the people, resource availability and time.
Crops in general are either grown i(u single stand or in
mixtures. Growing crops in mixtures has been described as the
practice whereby two or more crops are grown on the same
piece of land at the same time (Norman, 1972). Crop mixtures
form a major cropping pattern in the zone. For instance,
Norman (1972) reported that over 75 per cent of total land
area under cultivation in Zaria area was in crop mixtures.

Also, Balcet and Candler (1982) reported that over 87 per
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cent of land under cultivation in the Funtua Agricultural

Development Project was in crop mixtures.

Maize is a major crop in the cropping system of these
areas. Ahmed (1985) reported that in Daudawa, maize accounted
for 49 and 53 per cent in 1981 and 1982 respectively in the
total land cultivated. In these years, maize was found to be
grown in sole stands and in mixtures, sole maize crop
accounted for 72 per cent of total maize production, while
maize grown in mixture with sorghum accounted for 18 per
cent. Other mixtures involving maize were maize/cotton,
maize/cotton/cowpea, maize/sorghum/-groundnut,

maize/sorghum/cowpea and maize/cowpea/sweet potatoes.

The preference of crop mixtures over sole crops Ly
farmers in northern Nigeria can be justified on economic and
technical grounds (Norman,1973). On technical ground, farmers
were said to derive mutual benefits of labour use, soil
protection and reduced pests and diseases incidence. On
economic ground, farmers derived maximum benefits from the
land by obtaining more than one crop and spread the labour

and fertilizer use among the crops in the mixture.

Maize is a major cereal crop in northern guinea savanna.
In 1981 and 1982, IAR reported that, it accounted for 72 and
75 per cent respectively of the total cereal production in
Daudawa area of the zone. In 1983, a nation-wide survey by

the Federal Office of Statistics showed that maize was the
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second most popularly cultivated crop after sorghum in
Nigeria (Federal Office of Statistics, 1983). The report
further showed that maize was mainly produced in the savanna
areas of northern Nigeria. The use of maize as food crop and
as cash crop was responsible for its growing importance. As
food crop, it is prepared and eaten in form of tuwo, pete,
and akamu. It is also eaten green by boiling or roasting
while the dry grains are often fried and eaten. Maize also
had commercial value in the industrial sector where it is
used as a source of energy in livestock feed and as raw

materials in brewing and confectionery industries.

2.2 PFertilizer Use in Crop Production in Nigeria

Falusi (1973) identified two main factors influencing
fertilizer use decisions among farmers. One of the factors
is agronomic characteristics which consist of the nature of
crops and the soils on which the crops are grown. Crops have
been observed to absorb nutrients at different rates and
capacities depending on whether they are shallow or deep
rooted, the stiffness of their stalk and whether or not they
are improved varieties. The improved crop varieties normally
require more fertilizer than the traditional or local

varieties.

The fertility regime and moisture content of scils play
a major role on the type and amount of fertilizers to apply

on crops grown on it. The relatively more fertile soils
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regquire less fertilizer than the relatively poor scils for
crops grown on them to do well. Furthermore, adequate water
is needed in the soil for the fertilizer to be efficiently
utilized. However, excess water in the so0il is also
detrimental to the planted crops. For instance, the
absorption of nitrogen and potassium under high moisture

content is reduced due to leaching and erosion.

Norman and Hays (1978) reported that the rainfall of
northern guinea savanna was adequate for rainfed crops while
the soils are also well drained. The soils consist of loamy
soils derived from crystalline basement complex and

classified as ferruginous tropical soils (Ologunde, 1987).

The second factor which guide farmers in their choice
and use of fertilizers is socio-economic variables like yield
of crop, price of crop and fertilizers, availability of
capital and the risks associated with the use of fertilizers

(Falusi, 1973).

Although crop yield is determined by the level of
response of the crop to fertilization, the most profitable
amount of fertilizer to use 1is often determined using
economic principle which equate the marginal cost with the
marginal revenue from using the fertilizer. In doing so,
however, it should be noted that some of the benefits of the
fertilizer on the crops that follow the application have not

been considered. Falusi (1973) reported residual benefits
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from phosphatic and potassic fertilizers in the second year
of their application. The residual effect of nitrogenous
fertilizers on the other hand in the second year is minimal
because of heavy leaching and erosion in the year of

application.

Low unit cost of fertilizer and high unit price of
produce are great incentives to farmer to use fertilizers.
In the 1960s and 1970s, it was not the situation. According
to Sodangi (1981), the fertilizer-to-crop price ratio was
high for many food crops. This was a disincentives to farmers
and so, many did not use fertilizer and so shifting
cultivation was extensively practised. In addition, the
cropping system commonly found among the farmers was mixed
cropping for which there were no fertilizer recommendations.
The consequence of all these is that there was low use of

fertilizers by farmers in the 1960s and early 1970s.

Between 1968 and 1973, food crop prices with the
exception of rice more than doubled while the prices of
fertilizers remained relatively stable. For example, Sodangi
(1981) reported that in 1970, one tonne of sorghum could buy
one tonne of N-P-K fertilizer while in 1980, one tonne of

sorghum could buy two tonnes of the same N-P-K fertilizers.

There are essentially four types of fertilizers 1in
Nigeria market. They are the phosphatic fertilizers which

supply phosphorus in the form of P;,0;, nitrogenous
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fertilizers which supply nitrogen, potassic fertilizers which
supply potassium in the form of K,0 and complete fertilizers
which supply N, P and K in different ratios shown by the

formulation on the bag.

The commonest phosphatic fertilizer in the market is the
single super phosphate (88P) which contains 18% P,0y. Among
the nitrogenous fertilizers are urea which contains 40-46%
N and Calcium Ammonium Nitrate (CAN) which contains 26% N.
The commonest potassic fertilizer is muriate of potash which
contains 48-60% K,0. Among the complete fertilizers, there
are formulations containing 15:15:15, 20:15:0 and 27:13:13
of N,P and K in the markets. The 27:13:13, a recent

formulation, is meant specifically for cereal crops.

The element P is required by crops for good root and
stem development, N is reqguired for bulk increase in the
crops while K is reguired for vigour and resistance to
diseases (Balcet and Candler, 1982). For these reasons, P is
often applied as basal application while N is applied 2-3
weeks after sowing followed by a side dressing application

which in maize must be before tasselling.

In the northern guinea savanna, the level of K available
in the soil is said to be enough for most crops. However,
heavy yielding crops like maize which are under intensive
cultivation needs additional supply through fertilization

(Balcet and Candler, 1982).
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2.3 Maize Response to Fertilization in Nigeria

Maize yield was found to respond to nitrogen fertilizer
application at Omu-Aran and Mokwa, all in the southern guinea
savanna up to 150 kg N/ha and with basal application of 60
kg/ha each of Py0Og and K,0. However, the most profitable level
was found to be at 100 kg N/ha (Ogungbile and 0Ologunde,
1986). In a study conducted by Wedderburn et al. (1988) to
determine crop yield response to fertilizer use at selected
Agricultural Development Project Areas, in 1985 and 1986,
maize was found to be the most responsive crop to tertilizer
use among the cereal crops. Although the general response was
low due to either methodological problems or the use of
improved variety, average response of maize was 0.60 kg per
kg of nutrient while that of millet was 0.10 kg per kg of
nutrient in Kaduna area. The study further noted that there
was an increase in the numbers of farmers producing maize and
who gave priority application of fertilizers on maize crops.
Cases of high fertilizer application rates were observed and

Kaduna zone was found to have applied as much as 284 kg N/ha.

In a similar study, Lombin et al. (1989) found that five
out of eight sites in northern guinea savanna showed
appreciable maize response to fertilization. However, the
optimum rate varied from 50 to 200 kg N/ha. At Daudawa and
Samaru, the optimum rate was found to be 200 kg N/ha each

while at Maigana it was 150 kg N/ha. Using the organic
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carbon, total N, mineral nitrogen (NO;-N and NH,-N) in top
and sub-soils to predict maize response to N-fertilizers,
responses were obtained where the organic carbon, total N and
mineral nitrogen were less than 1%, 0.1% and 20 ppm

respectively.

For responses to phosphorus, it was found that there
exist a correlation between Bray-I-P and response to P-
fertilizers. Response was expected on soils with less than
10 ppm Bray-I-P. Optimum response of maize to phosphorus was
found to be 60 kg/ha and 100 kg/ha at Samaru and Maigana

respectively. In Daudawa, it was found to be B0 kg/ha.

In the case of potassium, the study showed that there
was response of maize to potassium fertilizers in almost all
the sites at rates between 30 kg/ha and 60 kg/ha especially

where the exchangeable K is less than 0.2 Me/100y soil.

The criteria for rating soil fertility classes in
Nigeria is spelt out in Enwezor et al. (ed) (1989]. Based on
these criteria, fertilizer recommendation for open pollinated
maize in the northern guinea savanna was specified as 120 kg
N/ha, 60 kg P,0¢/ha and 30 kg K,0/ha and at a plant population

of 54000/ha.
2.4 PFertilizer Price Subsidy in Nigeria

Many governments of the world assist their farwers in

various ways to meet the cost of fertilizers where there was
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a need to increase agricultural production. In Britain for
instance, N- and P-fertilizers were subsidized up to 1974.
As at 1978/79, thirty eight countries of the world provided
subsidies on N-fertilizers, twenty seven countries on K-
fertilizers and thirty six on P-fertilizers while thirty one
countries assisted their farmers in the purchase of mixed and

complex fertilizers (Cooke, 1982).

Although fertilizer  bring benefits to farmers,
purchasing them is often difficult especially among the poor
resource farmers. In the developing countries, there is
neither sufficient foreign exchange for importing fertilizers
nor for building fertilizer companies (factories)., This
results in inadequate supply of the right type and quantity
of fertilizers when they are needed. The use of fertilizer
in Nigeria increased rapidly from less than 20,000 metric
tons of the nutrient in 1972 to 1,410,000 metric tons in 1992
(0Ogunfowora, 1989). In spite of this increase in fertilizer
consumption, there is considerable evidence that non-
availablility of fertilizers at the farm level is one of the
most important obstacles to increased usage by farmers (Zalla
et al., 1977). The cause of the non-availability is often
attributed to distribution problems arising from high cost

of transportation and bad roads.

In order to encourage the farmers to use more

fertilizers, the government has been subsidizing the cost of
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the fertilizers at the retail level in order to make them
more readily available and affordable. The subsidy on
fertilizer takes one of two forms. The first form is a direct
subsidy in which government pays the amount of subsidy
directly to the agencies responsible for the production,
importation and distribution of the fertilizers. The second
form which is an indirect subsidy, the government offsets the
cost of transportation, reduce the fees charged on services
rendered to the concerned agencies and also give concession
on taxes and levies paid by such agencies (Vachhrajani,
1990). Sodangi (1981) reported that the federal government
alone bore the cost of importation and port handling of
fertilizers while the costs of transportation to the state

headgquarters were shared with the state on a 50:50 ratio.

The subsidy on fertilizer between 1976 and 1979
according to Idachaba (1987) amounted to 75 per cent of the
landed cost of the fertilizer at the state headquarters. The
price farmers paid for fertilizers was expected to be 25 per
cent of the cost. The state governments were to bear the cost
of intra state transportation. Idachaba (1987) reported that
most of the northern state governments where over 70 per cent
of fertilizer consumption in Nigeria takes place, rarely were
able to recover the 25 per cent cost from the farmers.
Conseguently, the actual subsidy on fertilizer was about 85

per cent.
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Subsidy on farm inputs have always been used in
agricultural production as instrument for encouraging the use
of such inputs and the production of a particular product
(crop). The goal of fertilizer subsidy in Nigeria has been
the encouragement of fertilizer use among the small-scale

farmers in order to enhance their productivity.

The small-scale farmers form the bulk of farmers in
Nigeria and therefore, an increase in the price of fertilizer
means an increase in their production costs and probably a
reduction in income. The farmers would have to increase the
prices of their crops in order to remain at their real level

of income before the price increase in fertilizers was made.

On the other hana, if government does not remove the
subsidy or reduce the amount substantially, the impact of its
cost on the annual budget is enormous. For example, in 1987,
fertilizer subsidy alone took about 75 per cent of the

federal agricultural budget (Lele et al., 1989).

Cheap food pricing and trade policies tend to discourage
the adoption and use of productivity increasing technology
such as fertilizers. According to Zalla et al. (1977), the
use of subsidy on food crops appeared to reflect political
expediency rather than economic wisdom. It was the low world
crop production of late 1970s and early 1980s coupled with
the recent high fertilizer prices in the world market, that

made many governments to consider enforcing some regulations
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was 72 per cent, for 15-15-15 N-P-K fertilizers that were
imported, it was 77 per cent while that on 15-15-15 N-P-K
fertilizers produced by National Fertilizer Company (NAFCON)
was 87 per cent. For the single super phosphate fertilizers,
it was 75 per cent while the blended 27-13-13 fertilizers
produced in Kaduna had 87 per cent subsidy. Average subsidy

on fertilizer therefore remained at about 79 per cent.

Table 2.1. Approved prices of low and high nutrient
fertilizers in Nigeria, 1986-1991.

Type of Fertilizer

Year Low nutrient High nutrient
(H/bag¥*) (N/baq)
1986 8.50 10.00
1987 8.50 10.00
1988 12.00 12.00
1989 12.00 12.00
1990 17.00 20,00
1991 30.00 40.00

*] bag = 50kq.

Source: Announced official prices for the various years.

As the o0il revenue and the ability of HNigeria to
transfer resources continued to decline, it was proposed by
the World Bank that the current fertilizer-crop price ratio
of less than 2:1 be increased through privatization of
fertilizer wholesale and retail businesses in order to
enhance high efficiency in their usage. According to

Vachhrajani (1990), the following retail prices and subsidy
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levels on fertilizers have been planned for Nigeria by the
World Bank (Table 2.2) in order to bring about efficiency in
its usage. The table shows that the level of subsidy will be
removed gradually over five years by increasing the retail

prices of the fertilizer over the same period of time,

However, at the time of the study, the above plan has
not been implemented. Even though the official retail prices
were increased from 1989, the approved prices remained lower
than the planned prices for each year except in 1994 when the
approved prices were H150/bag for high nutrient fertilizers
and N100/bag for the low nutrient ones. The subsidy level has
indeed not been reduced sigqnificantly because the small
nominal increase in the prices has been overtaken by the more
than 700% devaluation of naira against mwmost of the

international currencies.

Table 2.2. Planned retail prices and subsidy levels on
fertilizers in Nigeria, 1989-1994

Year Price of Level of Subsidy

Fertilizer (%)
(N/bag)

1989 15.00 87

1990 52.00 45

1991 75.00 35

1992 87.00 25

1993 102.00 12

1994 116.00 0

Source: Vacchrajani (1990).

z2



Chapter 2 Literature Review

The literature review has shown that maize occupies very
important position in the farming system of NGS in terms of
usage for food and cash by farmers and in terms of guantity
of fertilizer applied. This study will provide an update in
these knowledge and show also how a reduction or complete
removal of fertilizer subsidy may affect its production in

the zone.

23



Chapter 3 Methodology

Chapter 3

METHODOLOGY

3.1 Research Approach

Two approaches were used in carrying out this study. The
first approach was based on a single crop enterprise in which
experimental data from three on-farm research farms
(villages) in the zone were used to estimate response
functions for maize. The response functions were estimated
using production functions to predict the level of maize
yield from a given level of nutrient application. This helps
to evaluate the current levels of fertilizer recommendations
for maize in the zone and determine whether or not such
recommendations are economically feasible with the farmers

given the current and future prices of maize and fertilizers.

The second approach was based on a whole-farm modelling
of a representative farm in the zone using linear programming
methods. In this method, optimum farm plan was derived for
the =zone using a farm survey data collected from £five

villages in the zone during the 1990/91 production season.

3.2 Area of Study

The farm survey and the fertilizer experiments were
conducted in villages spread across Kaduna and Katsina States

which fall within the Northern Guinea Savanna ecological
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zone. The farm survey was conducted at Gwanki, Kaya and
Tsibiri in Kaduna State and in Barde and Borindawa in Katsina
State. The fertilizer experiments were conducted in Daudawa
in Katsina State and in Samaru and Maigana in Kaduna State
during the 1990 and 1991 cropping seasons. These villages are
located between longitude 7° and B°E and latitude 10° and
12°N which correspond to the area denoted as the northern

guinea savanna ecological vegetation zone of Nigeria.

According to Kowal and Knabe (1972), the vegetation of
the zZone is made up of short grasses of which Hyperrhenia
Andreopogon spp is dominant and with trees which flourish
during the dry season. The area covers about 597,012 km? of
land and has a rainfall duration of 90 - 230 days in a year
and with annual fall of 508 mm to 1,399 mm. The zone supports
main crops like sorghum, millet, maize, groundnuts, cowpea,

cotton, yam, rice, sugar cane and pepper.

The survey villages were selected based on an earlier
diagnostic survey of the northern guinea savanna conducted
by Institute for Agricultural Research (IAR), Samaru and
International Institute of Tropical Agriculture (IITA),
Ibadan during the 1989 farming season. 1ln the survey which
covered 29 villages selected randomly, cropping system, level
and history of crop intensification, availability and use of

fertilizer and other data were collected.
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The five villages have similar characteristics in terms
of maize as a crop of importance and the importance attached
to fertilizer use on crops. These characteristics and others

are shown in Table 3.1.

3.3 Sampling Frame and Size

The sampling frame for each village survey was based on
the 1list of households obtained through a complete
enumeration of all household heads in the villages. In Kaya
and Barde however, complete enumeration of the household
heads were not possible because of the large size of the
villages. Therefore, in Kaya, the enumeration was confined
to one internal and three external wards while in Barde, it
was confined to one internal and two external wards. In all,

450 household were enumerated as shown in Table 3.2.

A household survey was then conducted to obtain
information on major and minor occupations, crops produced
and consumed and the size and composition of the households.
On the basis of the household survey, fifty households
consisting of ten from each village and representing 11% of
the total households were selected randomly using random
numbers. During the farm survey, information on demography,
crop production, consumption, input use and prices for inputs
and outputs were obtained. The fifty households were made up

of eighty-four farmers which were later classified into small
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scale,

intermediate and large scale categories on the basis

of their ability to feed the households and income obtained

from crops produced on their farms (Table 3.3).

Table 3.1 Important characteristics of the selected

villages in NGS of Nigeria, 1989.
Villages

Ohearvatian Gwanki Bozindawa Tsibiri Barde Kaya
Food crop

1st Haize Sorghum Haize Sorghum Haize

2nd Sorghum Maize Sorghum Maize Sorghum

3rd Millet Millet Hillet Cowpea Yam
Cash crop

1st Chilly Maize Cotton Maize Maize

Pepper

Ind Sugarcane Cotton Yam Sugarcane Yam

Jrd Maize Cowpea Haize/Rice Cotton Rice
Use of fertilizers
%) 100% 100% 100% 100% 100%
Years of
growing maize 10 1 10 10 6-10
Kaize inter- Sorghum Sorghum and Sorghum Sorghum Sorghum
crop Cowpea and

Cowpea

Prablem of Important Important Important Important Important
fertilizer

Source: [AR/LITA (1989) "Some characteristics of different represeatative villages in northern quinea
savanaa of Wigeria."
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Table 3.2 The number and distribution of households in five
villages in the NGS of Nigeria, 1990,

Village Number of Number of % of households
households households in farm survey
in farm survey

Barde 88 10 11.36
Borindawa 48 10 20.83
Gwank i 115 10 8.70
Kaya 101 10 9.90
Tsibiri 98 10 10.20
Total 450 50 111

Source: Household survey data.

Table 3.3 The distribution of eight-four farmers by farmer
category in five villages in the NGS of Nigeria,

1990.
Farmer category
Village Large- . Total
scale Intermediate scale
Rarde ? 4 12 18
Borindawa 6 8 9 23
Gwanki 3 6 5 14
Kaya 6 3 2 11
Tsibiri 2 5 11 18
Total 19 26 39 84

Source: Farm survey data.
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3.4 Sources and Methods of Data Collection

In order to estimate the response function for maize in
the zone, secondary data was used. The data consisted of
nitrogen (N), phosphorus (P) and potassium (K) calibration
trials for 1990 and 1991 conducted by 1AR, Samaru as part of
the national fertilizer trials. The trials were sited at
Daudawa, Samaru and Maigana all within the Northern Guinea
Savanna. The trials were made of 7 treatments each of N, P,
K and NPK replicated 3 times in a Randomised Complete Block
(RCB) design. Soil data were collected and analysed for each

site during the period.

Primary data were collected and used for the crop choice
and fertilizer use decisions and for the determination of
optimum farm plan. In the crop choice and fertilizer use
decisions, randomly selected farmers were interviewed using
unstructured questionnaire to obtain the relevant
information. In the case of farm survey, cost-route or
multiple visit approach was used to collect the data.
Enumerators were stationed on the field to collect
information pertaining to farm activities such as input use
and crop disposal activities using both structured and
unstructured questionnaires on a weekly basis throughout the
study period. This approach was used because most of the
farmers were not literate and therefore could not keep farm

records and because some of the information required were
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continuous and non-registered especially daily family and

hired labour input use.

In the gandu fields (farms), the gandu head provided the
information about the farm while on gayanna farms, the
operator provided the information himself or herself. Gandu
according to Balcet and Candler (1982), is a complete farming
unit made up of more than one nuclear family and with the
working family members cooperating to operate a common farm.
In return for their labour, the gandu head provides the
members with food, shelter, and other essentials 1like
clothing on ceremonial occasions, marrying for male members
and providing plot of land for male members to farm
independently at specified times. Gayanna fields, on the
other hand, are fields operated by household members other
than the gandu head i.e. {ields operated by the household

sons and nephews.

3.5 Analytical Framework

There are three aspects of this study, each requiring
a different analytical technigque. For the crop choice and
fertilizer use decisions in objective one, descriptive and
inferential statistics were used to identify and describe the
factors affecting them. For the response function estimation
for maize, in objective two, regression techniques were used

to estimate the production functions.
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In the case o0f determining optimum farm plan, in
objective three, 1linear programming method was used to
develop the optimum farm plan for the zone. Finally,
objective four was attained by subjecting the optimum farm

plan to parametric or sensitivity analysis.
3.5.1 Production function analysis

Crop response to fertilizer application have been
determined by several researchers through the use of
production functions (Heady and Dillon, 1961; Paschal and

French, 1956).

A production function is a mathematical relationship
between inputs and the output., Fertilizer response function
therefore show the level of crop yield that is obtained at
each level or dose of fertilizer over a range of fertilizer
rates. Production functions are estimated as continuous

functions using regression technigues,

The following functional forms have been used by

researchers to estimate fertilizer response functions:
Spillman function

The functional form of the Spillman function is given by

equation 3.1

r-”_AR"......l......l......(s.l)
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where,

Y = Output level,

M = Maximum yield from using the fertilizer.

A = Maximum incremental yield from the fertilizer.

Fertilizer level,

»
n

R = The ratio by which the marginal physical product of
x declines,

This function was first used by Spillman but was developed
by Mitcherlich. Paschal and French (1956) used it to estimate
corn response functions to fertilizer use in United States
of America. A, M and R are constants and were found to vary
in values depending on the other nutrient levels of the soil,
plant population and the nature of the soils itself. They
also found that although the function is consistent with the
law of diminishing marginal returns, the function does not
provide for decrease in yield and therefore not accurate at

fertilizer rates above that which is economically feasible,
Cobb-Douglas production function

The Cobb-Douglas functional form for a single input-

output is given by equation 3.Z.

Y oRE® coeveosrsseraseessf{B.2)

where
Y = Crop yvield.
A = Constant.
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X = Fertilizer level.

b = Elasticity of production of X.

The Cob-Douglas production function is normally estimated in
the logarithmic form either as semi-log or double~log. In the
semi-log form, either the input or the output is in the log
form while in the double-log form both the input and the

output are in the log form.

The Cobb-Douglas production function can only show one
stage of the production function (constant, increasing or
decreasing marginal return) at a time. In addition, zero
yield is obtained at zero level of fertilizer use and

therefore realistic for some crop response estimation.
Polynomial Production Functions

The Polynomial production functions can take either of
two forms; quadratic or square root functions. In a single
input-output production, the quadratic form is given by:

Tug b DY - 08 evavni snnsovldeT)
where
Y = Crop yield
X = Fertilizer level.
a,b and ¢ = Constants determined in the regression.

The square root form is given by:

Yeg=hEé o™ . ciiviniins{9:8)
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In these functions, a represent yield attributed to the unit
of fixed inputs and the value will be zero if the response
was measured to only one variable input (Heady and Dillion,
1961). A negative sign of ¢ in the guadratic form indicates
diminishing marginal returns to the variable input. In the
case of square root function, it shows diminishing total
physical product as well as marginal physical product. b

shows the marginal physical product,

The single eguations have been used extensively in
agricultural studies where response functions revolve around
single wvariable resources. In practice, agricultural
production involves the use of more than one input. Multiple
variable eguations are used in such cases. In this study,
both the single and multiple variable equations were used at

the appropriate places.

The choice of the functional form used in predicting the
response function in the study was based on the practical
expectation of the model. Fertilizer response functions are
expected to show diminishing returns. However, Heady and
Dillon (19%61) indicated exception to this rule by observing
that potassium fertilizers may not exhibit this behaviour
under certain soil and climatic conditions. In the study, the
quadratic, sqguare root and double 1log of Cobb-Douglas
functional forms were fitted to the fertilizer data. The

choice of the best functional form was based on the magnitude
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of the Rz, expected sign of the parameters, statistical
significance of each parameter using t-values and the
statistical significance of the whole equation using the F-

values.
2.5.2 Linear programming method

Linear programming is one of the mathematical
programming methods which uvses a global objective function
in £finding optimal farm plan or strategy by putting together
the best combination of activities or objectives
(Thampapillai, 1978). Linear programming method is widely
used in farm management research. According to Etuk (1979),
the technique is capable of handling a large number of linear
constraints and activities at the same time and efficiently
too. Linear programming is a tool based on the premise that
peasant farmers tend to behave in ways which optimise their

objectives given the constraints within which they work.

The method consists essentially of the objective
function, the activities and the linear constraint
components., The method has underlying assumptions which
include additivity, linearity, divisibility and finiteness
of the resources and activities. In addition, there is a
single value expectation of the input-output coefficient and

prices (Heady and Candler, 1973).
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Linear programming method can be appiied to soive
problems in which all the objective have been specified in
one dimension. For this reason, where the problem has
multiple cobjectives, Thampapillai (1978) suggested the use
of either combined optimization or constrained optimization
methods. In a combined optimization, the different objec-
tives are transformed into one dimension. In constrained
optimization, the maximizing objective is in one dimension
while the other objectives in the other dimension serves as
contraints. Many researchers in agricultural production
economics who have used the constrained optimization include

Miller and Byer (1973) and Etuk (1979).

The use of linear programming method has several
advantages over other analytical methods. First, it allows
for several production activities at the same time. Secondly,
it allows for use of seasonal labour and land constraints.
Thirdly, more than one production technigue is allowed in
addition to the substitution between land, labour and capital
under different economic, resources and behavioural
ronstraints (Mudahar, 1974). The fourth advantage of linear
programming method is that from the optimum farm plan,
changes in net revenue of each enterprise needed to bring
about a change in the activity level can be determined.
Fifthly, the productivity of farm resources as well as the

constraints facing the optimum plan can be evaluated.
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Linear programming as a planning tool has limitation.
These limitations include the assumptions of linearity,
additivity, single value expectation in addition to the fact

that it is a simplification of reality.

The general form of a linear programming model is given

by:
o
”.x":pc-ixj‘ (j’l;z,...,.ﬂ)...o..-(3o5)
=]

Subiject to

f\;:a“xj % By (I=142, s oo yl)

and Xj 2 0 for all js
where,
Z = Objective function.

xj = Activities.

C? = Marginal contribution of each variable.
b, = Total amount of i resocu: ilable.
aj; = Resource requirement per unit of activity

n = Number of activities.

m Number of resources

3.5.3 Parametric analysis

Estimates of guantities of inputs and outputs are
usually approximate and the prices are subject to change.

Parametric or sensitivity analysis is a technigue used to
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explore how sensitive benefits are to changes in assumed
level of inputs, outputs and prices. In its simplest form,
the change in the profit level associated with change in one
of the parameters is considered. For instance, let the Gross

margin from a given enterprise on the farm be:

GM = PY_VC LR T T ) (3.5,
where,

GM

n

Gross margin.

P = Unit price of the output.

Y = Quantity of the output,
VC = Variable cost associated with the production of the
output.

1f either Y or P change, the gross margin will change. 1t is
therefore possible to calculate Gross Margin within the range
that the yield or price are expected to vary. Furthermore,
it is also possible to vary the two parameters simultaneously
and determine Lhe combinations of yield and price that will
result in equal gross marqgins at some desired level. In this
study, the effects of changes in the prices of fertilizer and
maize on the cvptimum farm plan were determined. The various
level of changes on which the analysis was based are shown
in Table 4.30. These changes were based on changes observed

in the open market prices of the two commodities.
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3.6 S8Specification of the Empirical Models
3.6.1 Single nutrient response

3.6.1.1 N-response models

Y = a+bN-cN +U ...ooouvo.. (3.7) Quadratic.

Y = a - bN + (:N"5 ¥ X Zeesai e .. (3.8) Sguare root.

g
=
<
]

LnA + bln N +U ............ (3.9) Double logarithm.

3.6.1.2 P-response models

Y = a+bP-cPl 44U c.o...... (3.10) Quadratic.
Y = a-bP+cP' v U ........ (3.11) Sqguare root.
LnY = Lnk ¢+ bIln B # U ..uveenane (3.12) Double logarithm.

3.6.1.3 K-response models

Y =a+ bk ~ckK'+U ......... (3.13) Quadratic.

Y =a-bK +ck? +u ........ (3.14) Square :oot.
LnY = LnA + bln K + U .......... (3.15) Double logarithm.
where, in all the equations (3.7 - 3.15).

Y = Yield of maize (tonne/ha).

N = Nitrogen level (KgN/ha).

P = Phosphorus level (kg P,0./ha).

K = Potassium level (kg K,0/ha).

a = Constant

b = Coefficient

c = Coefficient

U = Error term
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The error term was assumed to be normally distributed with
a mean value of zero and constant variance. It represents the
effect of those variables not specified in the model but
which may account for the variability in the yield of maize.

For each of the single variable eguations, as the level
of one of the nutrient was being increased, the levels of the
other two nutrients were kept at fixed levels. Thus, when N-
levels were varied from 0 - 300 kg/ha, P and K levels were
kept at 40 and 60 kg/ha respectively. When P was varied from
0 to 120 kg PyOg/ha, N and K were kept at 100 and 60 i/ha
respectively. When K was varied from 0 to 180 kg/ha, W and

P were fixed at 100 and 40 kg/ha respectively,.

3.6.2 Multiple nutrient models

In these models, the levels of N, P and K were varied
simultaneously in order to determine the response of mai:ze
yield to the increasing level of fertilization. As was the
case with the single egquation models, guadratic, sguare root
and the double logarithm or Cobb-Douglas functions were
fitted with the data as below:
Y = a + bN + bP + bk - BN - bP - K

+ byNP + DbyNK + byPK + by NPK + U......... (3.16)

Y = a = N + bP - bk + b‘nf‘j + bsp“ + b‘x‘“ +

byM3P5 4 eI 4 byl K

BB 3 B wisma sasewans saspeman (XA

LnY = LnA + bILnN 1t sznP i bJLnK P sd e camaees (3.18)
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where,
Y, N, P, K and U are as defined for the single eguations a
in equation 3.16 and 3.18 and A in equation 3.17 are

constants.

blto bu in egquations (3.15 and 3.17) are the coefficients of
the parameters in the equations. In equation (3.18), b to b,
measures the elasticity of production of N, P and K in that
order. Each of these equations were fitted to the fertilizer
data from Maigana, Samaru and Daudawa for the separate years

of (1950 and 1991) and for the combined years (1990-1991).

An analysis of variance test was performed on the
combined data to determine whether or not the variances of
1990 data was significantly different from that of 1991.
Theoretically, if the two variances were statistically
different, then they cannot be combined in the form of a

pooled regression.

In all the sites, open pollinated maize was used and the
plant population was maintained at 54000/ha. The source of
N was NAFCON urea, P was S8SP while K was derived from Muriate
of Potash. Fertilizers were applied two weeks after planting
using band uncovered method while pre-emergent herbicide

(Laso-Atrazine) was applied immediately after planting.
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3.6.3 The linear programming model

In 1literature objectives of peasant farmers were
identified to include; profit maximization (Hopper, 1965),
maximization of status (Wolf, 1966), maximization of food
security (Norman, 1973), maximization of flow of consump-tion
(Upton, 1974) and maximization of number of people fed (Etuk,
1979). In this study, two objectives pursued by the farmers

were identified through the crop choice interview as;

(a) maximization of farm income through crop sales.
(b)) maximization of household food security through
the production and consumption of staple food

derived from sorghum, maize and cowpea.

The two objectives are in different dimensions and as
such the constrained optimization was used. In this approach,
the different objectives were optimized in a single decision
criterion by employing a hierarchy of objectives and treating
all but one as constraints. This approach also known as
lexicographic approach has been used for similar studies by

Low (1974), Ogunfowora (1972) and Etuk (1979).

The model of the representative farm was given by;
7 5

9
Maxn=-Y wx, - Y £X5 --?:a;’x‘;s*pujx; ceens 3,19
t=1 3 k =1 =1

=n,u,

Subject to:
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7
f\;xf s L (Land constraint)

7
pl,,x_f - X! s H, (Labour constraint)

E.;’xﬁ - X4 s 0 (Nitrogen fertilizer constraint)

ajx% - X; s 0 (Phosphorus fertilizer constraint)
?:a ;x5 - X! s 0 (Potassium fertilizer constraint)
=1

pafxﬁ - X s 0 (Capital constraint)
-1

9 9

v;d‘y:j v vl N aty sy (Canital Timit)
t‘_-'i j-;:;.k ' 3-'1 ’
-yX5+ %7 =0 (7 = Cotton and groundnut)

-y;X5 + X§ =d; (J = Maize,sorghum,cowpea)

and

KP, x{, x‘j and Xg 2 0 (non-negativity condition).

NB: ai does not include cost of hired labour, fertilizer and seeds
because separate purchasing activities have been included in the model.
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Explanation of notations in the model

g

j-th crop production activity 3 = 1,2 ...., 7

n

labour-hiring activity in t-th period.

f
Xy = Purchase activity for nitrogen, phosphorus and
potassium fertilizer respectively.

f
xl’
= Sale activity for the j-th crop (kg)
= Available hectare of land for crop production (ha)

= Amount of labour required per ha in the t-period
(man-hrs).

= Borrowing activity for working capital.
k - 5
a; = Required N, P and K nutrient per ha to
produce j-th crop (kg/ha).

Working capital required per ha to preduce i-th crop
(W).

Wage paid per hour of hired labour in t-period (H).

Yield of i-th crop per ha of land (kg).

"

Consumption requirement of the i-th crop per
household per annum (kg).
f

g» fy = Prices of N,P and K nutrients (N/kg).

?.6.32.1 Activities in the Model

The following activities were identified and included

in the model:
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(a) Crop production activities

Although several crop production activities were found
in the study villages, only those that were found to be
common to at least four out of the five villages were
included in the representative farm. Each crop production
pattern constituted an enterprise. The crop enterprises used
were sole maize, sole sorghum, sole cowpea, two crop mixtures
of sorghum/maize, maize/cotton, sorghum/groundnut and a three
crop mixture of maize/sorghum/cowpea. They are represented
in the matrix as columns 1 to 7 in Table 3.4. They are the
most important crop production opportunities in the zone in
terms of contributions to the household income and food. For

each activity, the unit of production is one hectare.

(b) Labour hiring activities

In the study villages, it was common to see that both
family and hired labour were used on the farms. The hired
labour is represented as an activity in the matrix while the
family labour is represented as a constraint. Hired labour
was divided into periods of January - April, May, June, Julv,
August, September, October, November and December. This is
represented as columns 8 to 16 in the matrix (Table 3.5).
Their coetticients in the tamily labour row are negative
meaning that an increase by one unit relaxes labour

constraint by one unit. The activity unit is one man-hour
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Chapter 3 Methodology

while the wage rate (W;) is given as naira per hour. W is
negative in the objective function which implies that it

decreases the return by its value.

Evidence from the crop choice showed that selling of
family labour among the farmers were not a common practice

in the zone.
(c) Capital borrowing activities

Capital is a constraint in agricultural production.
Farmers tend to augment their production capital by borrowing
from outside the farm. Sometimes however, instead of
borrowing, farmers may sell some livestock or crops to raise
the needed operating capital. Capital borrowing activity was
included to enable us evaluate the potential of credit on the
optimum farm plan. In the model, capital borrowing activity
is indicated as column 17 in Table 3.6 on an annual basis,.
The cost of credit was assumed to be 30% which represent the
average rate of interest in the economy at the time. Its
coefficient in the capital row and objective function are

both negative.
(d) PFertilizer buying activities

Fertilizer is the major input on which farmers spend
cash in acquiring for producing crops in the area. The

activity was included in the model to allow the farmer
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Chapter 3 Methodology

purchase from the different brands of fertilizers available
in the market in order to meet its N, P, and K nutrient
requirements. Four brands, namely compound fertilizer
containing 15:15:15 NPK, Single Super Phosphate fertilizer
containing 18% Py0¢, Calcium Ammonium Nitrate containing 26%

N and urea containing 46% N were the sources of N,P and K.

The coefficients in the objective function shows the
price per kg of each fertilizer while the coefficient in the
rows show the amount of each nutrient present in the
fertilizer brand. The fertilizer buying activities are shown

in the matrix columns 18 to 21 in Table 3.6.

(e) Seed buying and use of owned seed activities

The model allows the farmers to use seeds from their
farm (previous farm harvest) and also to buy from the market.
The seed buying activities are shown as columns 22 to 26 in
Table 3.6 while the use of owned seed activities are shown
on the same Table as columns 27 to 30. The value of seed
buying activity in the objective function represent the unit
purchase price and it is negative. In the rows, the values
are also negative which shows that 1t takes ftrom the resource
available on the farm. For the use of own seed, their
objective function values were zeros since they have already
been accounted for in the individual crop balance rows,
However, their values in the seed balance rows were negative

meaning that the resources have been used up.
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(£) 8Selling activities

Provision was made in the model to allow the farmer to
sell his crop. However, for sorghum, maize and cowpea, sales
were only allowed after meeting the minimum consumption
requirement of the family. Crop selling activities were
represented in the model as columns 31 to 35 (Table 3.7). The
objective function values of each activity represent the unit
selling price of the crop at their harvest time. Their values

were positive on the transfer rows.

{(g) Consumption activities

The farm family consumption of carbohydrates were
derived mainly from sorghum and maize while that of proteins

was derived mainly from cowpea.

These food crops were obtained from their farms or
purchased from the markets. For those obtained from farmer's
farm, their objective function values were zZero, while those
bought from markets, their objective function wvalues
represents the unit purchase price and they were negative.

Luw vasuub ul CUBSUmMpLiul atlLlviLles tor crops produced
on the farm were positive in both the transfer and balance
rows. However, for crops purchased from the markets, their
row values were negative. The consumption activities for
crops produced on the farm were represented as columns 36 to

38 in Table 3.7 while those bought from the market were
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represented as columns 39 and 40 on the same table. Farmers
only purchase these food crops from market after their stock
from farm have been exhausted. Most farmers do not need to
buy these food crops but those who could not produce the
minimum of each crop required to feed the household or family
for the year, normally buy. This is usually done between the
months of June and August each year. The grain purchase
prices therefore are for the months of June. In all, there

were 40 activities in the LP model.

3.6.7.2 Resource constraints in the model

Farmers are often constrained 1n their production
activities due to certain factors which becomes limiting. In
the model, the following constraints were identified and
specified at some levels using maximum (£) minimum {(2) or

equality (=) signs as the case may be.

{a) Land restriction

Farm land in the zone were ¢lassified intc two basic
types; the upland and fadama lands. The upland are dry lands
used in producing rainfed crops while the fadama lands are
flooded river valleys or banks which are used to grow water
loving crops like sugarcane, rice and cocoayam. The dominant
land for production is the upland as it is not all farmers
that have fadama land. Therefore it is the upland that

restrict the area of each crop enterprise cultivated. The
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maximum available upland farm size in the zone was taken as
the limit of land available for cultivation. 1t was specified

as row 1 in the model.

(b) Labour restrictions

The farm work force was provided by labour from both the
farm household and that hired from outside. The amount of
labour provided by family source was determined by the
composition and size of the farm household. The average
household was found to be made up of 6 man-equivalent and
each man was assumed to be capable of working on the farm for
5 hours each day and for 30 days in a month i.e. available

monthly man-hour was 900 hrs.

However, because of fatique, illness and other
incidentals, only about 70% efficiency was assumed for the
available family labour in each month (i.e 630 man-hrs).
Family labour were allowed in the model to be augmented by
hired labour for which a wage rate (wt) was paid per man-
hour. Nine labour constraint periods were identified and
represented in the model as rows 2 tn 10 Tanunary-Apri)
months corresponds to the off-season for most of the farmers
in the zone and therefore referred to as period 1. Other

periods referred to the various months following April.
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(c) Operating capital restrictions

Farm production activities cannot take place without the
farmer incurring costs. These costs include fixed costs and
variable costs. For most of the farmers in the zone, the
fixed costs were little or nothing as they used mainly hand
hoes, cutlasses and oxen for which depreciation charges were
small. However, variable costs like cost of hired labour,
payment for fertilizer, seeds and agro-chemicals were may be
incurred for a good harvest. In the model, capital
restriction was indicated as row 11 and its limit was the
amount required to buy the necessary fertilizers, pay for

hired labour, and interest rate on any borrowed capital.

(d) Fertilizer restrictions

Fertilizer has been identified as the driving force
behind crop intensification in the Northern Guinea Savanna.
The implication of this assertion is that these crops which
can only be grown well on the basis of using inorganic
fertilizers will be restricted by the availability and prices
of the fertilizers. The N, P and K nutrient regquirement of
each crop production activity determines the nutrient

constraints which have been shown as rows 12 to 14.

(e) Food consumption restrictions

There are two ways of representing food consumption in

a linear programming model. According to Hazel and Norton
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(1986) one of the ways is to add lower bound constraint on
the production of the required food crops. In this method,
the family consumption of each food crop is assumed to be
fixed. The second way allows the amount of each food crop to
be consumed to change with the change in the income of the
farmer. In such cases the consumption of the food crop is
assumed to be 1linearly related to the income. The

relationship is given by:

C: ®  BY wovvennnnnnnnnonnsssnnas (3.20)
Where
¢ = Annual consumption of each crop (kg).
@ = A constant representing the subsistent
requirement for each crop (kg).
B = A constant representing marginal propensity
to consume each crop (kg/N).
Y = Annual income of the household (N).

Although Hazel and Norton agreed that this second method was
more realistic, it was found to be more difficult to use as
it involves determining the value of consumption through the

consumption function. The tirst method was therefore used in

the model.

In order to determine the minimum reguirement for each
food crop, the report of Food and Agriculture Organization

(F.A.0.) and World Health Organization (WHO) was used. The
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report contained data on minimum energy and protein
requirements for different categories of people and also the

protein and enerqgy contents of different food crops.

The report showed that an average adult of about 65 kg
body weight requires a minimum energy of 2925 k.calories
dajily or 1,070,550 k.calories annually. The report further
showed that a subsistence consumption of 1 kg each of
sorghum, maize and cowpea daily will supply 3420 k. calories,
3610 k.calories, and 3470 k.calories respectively to the body

(FAO & WHO, 1973),

From the crop choice interxrview, the preference given to
the consumption of sorghum, maize and cowpea were in the
ratio of 50:40:10. The average consumption unit in a
household was earlier derived to be 7 (Table 3.8).

Table 3.8: The age/sex composition of households and the derived of the
consumption unit for the study villages, NGS, Nigeria, 1990.

W Number in Cozmmc:tioh ' Total
household Unit Consumption
Unit
Male adult ' 1.00 2.00
Male working youth 1 1.00 1.00
Female adult 3 0.75 2.25
Female working youth 1 0.75 0.75
Male child 1 0.50 0.50
Female child 1 0.50 0.50
Total 9 7.00

Source: Computed from survey data.
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In arriving at the consumption unit, it was assumed that
the male adult and male working youth consumes egual amount
of food. The working female and female youth consumes the
same gquantity of food but this amount is only 75% of the male
consumption. The male and female children consume the same
quantity which were assumed to be 50% of the male adult

consumption.

Based on these assumptions, the minimum guantity of each
crop needed per annum per household were estimated as

follows:

1,070,550 x 0.50 x 7

Sorghum (kg) - e " 1096 kg
Maize (kg) 1,070, 55306;'00.40 x7 _ g30 kg

3470

These values were used as the restriction levels in the

model. They were represented as row 20 to 22.

(f) Balance rows

These are rows introduced into the model to ensure that
the total quantities of each crop produced were accounted for
in the model. Rows 15 to 19 represents the crop balances;
while rows 23 to 27 represents seed balances. The balance

rows have zero values as their restriction levels,.
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(g) Non-negativity restrictions

1t was specified in the model that none of the activity

and resource levels will be carried out or used at negative

levels.
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Chapter 4
RESULTS AND DISCUSSIONS
4.1 Socio~economic Characteristics of the Farm
Households

4.1.1 Age/sex distribution

The age distribution of the farm households is shown in
Table 4.1. Out of the 463 farm households members, 21% were
found to be male adults, 30% to be female adults, 11% to be
male youths capable of farm work, 9% female youths capable
of farm work, 15% and 14% male and female children
respectively who were not capable of farm work and 0.4% were

elderly people not capable of work.

Table 4.1y Age/sex distribution and average household composition
among 50 farm households in NGS, Nigeria, 1990.

Age/Sex Category Fregquency % Average
household
composition®
Male adult 96 20.73 2
Female adult 138 29.81 3
Male youth capable of farm work 52 11.23 1
Female youth capable of farm work 41 B8.86 1
Male not capable of farm work 69 14.90 1
Female child not capable of farm 65 14.04 1
work
Elderly people not capable of farm 2 0.43 0
work
Total 464 100.00 9

a. Thie ie obtained by dividing the fregquency by 50 which ie the total
householde sampled.

Sources Farm survey.
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In terms of farm work-force in the study area, about 71%
of the household members were capable of providing the work
force reguired. However, because in some operations women
labour cannot be used, only 32% of the family members were
capable of providing the labour for all the farm work. In
terms of dependency, only 29% of the farm family members were
dependent and cannot do any form of work on the family farms.
On the average, a farm household is made up of nine people
comprising of two males, three females and one each of male
youth and female youth capable of work, male and female
children not capable of work. On the average, it is difficult
to find elderly people not capable of farm work in the study
area. The implication of this finding is that most of the
farm labour requirements can be provided by the family work

force.

4.1.2 The main occupation of household members

An attempt was made in the study to investigate the
pattern of occupation among the people in the study area.
Table 4.2 clearly shows the distribution of the main
occupations among the household members. It was found that
23.97% of the household members took crop farming as their
major occupation. However, when those involved in the related
areas of fishing, livestock husbandry and processing/
milling/trading of agricultural products were taken into

account, the population of the people involved in
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agricultural sector rose to 38.23% while those involved in
other occupations was 7.35%. The larger proportion of 54.43%
of the population who were not engaged in paid Jjobs was
attributed to the female population which accounted for about
53% of the whole population. Islam, the religion of the
people forbids women from engaging in open commercial
activities. Hence, the women are secluded in a system called

purdah.

4.1.3 Land tenure and farm ownership

Land tenure describes the social relationship between
people and the land in terms of the arrangement between men
in the use of land resources and the rights that people have
on land. These relationships may be legal, quasi-legal or
customary. The land tenure system in the study area is shown

in Table 4.3.

Out of the 327 plots of farm lands covered in the study,
84.1% were acquired through inheritance, 2.75% through
purchase and 12.84% through borrowing from family members.
What this suggests is that land tenure in the study area is
based on customary systems. Under this form of tenure, land
belong to the family and every member of such family has
usufructuary rights of the farm land but the individual has
no right to alienate his right of occupancy by sale or
mortgage without the consent of his family members. This

probably accounts for why land ownership by sale was 3%
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whereas ownership through inheritance plus borrowing from
family members accounted for 97%. Those who acguired land
through purchase were mainly migrant settlers who have no
access to family land.

Table 4.2: The main occupational distribution among 463 respondent
household members in NGS, Nigeria, 1990.

Frequency Percentage
Main occupation of People of Total
(%)
Farming 111 23.97
Livestock husbandry 3 0.65
Fishing 2 0.43
Processing/milling/trading of agricultural
Products 61 13.18
Trading in non-agricultural products 20 4.32
Salary workers 3 0.65
Merchants 1 0.22
Students 7 1.51
Not self employed 252 54.43
Others 3 0.65
Total 463 100.00

Source: Farm survey.

The implication of this form of land tenure system is
that although every member of the family can get land for
farming, the size of holding is often small and the farms are
scattered. This leads to precious time being wasted in moving
between farms and between the home and farms. It was revealed
that farmers spent up two hours travelling to their farms

(Table 4.4).
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Table 4.3: Types of access to the respondents' 327 farm plots in NGS,
Nigeria, 1990,

Type of Tenure Freguency of Percentage
Plots Response (%)
Inheritance 275 84.10
Purchase 9 2.75
Borrowed from family members 42 12.84
Borrowed from village members 1 0.31
Total 327 100.00

Table 4.4: Travelling time between homes and farms in
NGS, Nigeria, 1990.

Time (minutes)

No. of observation Stz Jard
Minimum Max imum Mean dev Lon
3217 1.00 120 13.16 16.27

Source: Farm survey.

In terms of actual ownership of farm land, only 18.4%
of the household members have right of use of the lands while
the remaining 81.6% did not own farm lands and either work
for the owners or borrowed the land (Table 4.5). This finding
was not surprising given the fact that only about 21% of the
farm household members were adult males who, usually are
given their own shares of the family land by the family
heads. Even among these group of adults, those who belong to

gandu may not own land although they may own farm plots.
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Table 4.5: Farm plot ownership among the farming household
members in the NGS, Nigeria, 1990.

Frequency of Percentage of

Response Response (%)
Owned farm plot 85 18.40
Do not own farm plot 378 81.60
Total 463 100.00

4.1.4 Costs and returns from farm enterprises

An economic analysis involving the computation of actual
costs and returns for each farm enterprise was done and
reported in Table 4.6. The analysis shows that the total net
receipts for all the enterprises was N17,780. Some of the
enterprises showed very little net receipt because the amount
of produce from such enterprise used for home consumption
have not been reflected in the receipts. The operating
expenses were high because in the case of fertilizers,
transportation and handling charges were included in the cost
while in the case of seeds, the cost of seed treatment has
been included. It is the total operating expense here that
was used as the upper limit for operating capital in the farm

plan.
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Table 4.6: Costs and returns from farm enterprises in
Northern Guinea Savanna, MNigeria, 1990.

Fatesprie
Item Sorghum  Maize,
Maze & Mape & & sorgum &

Msise Sorghumm Cowpea sorghum coitoa  groundnwt  cowpes
Operating
Expenses (N/ha)
Labour 1M5 1589 1086 1337 1953 2854 1959
Fertilizer 423 179 578 160 198 266 504
Sceds 51 26 477 94 40 67 205
Sprayiag - : 786
Total 2269 1794 2927 1591 2191 3187 2668
Total 1eceipts 4222 1866 TI55 3124 3961 9375 4104
(N/ha)
Net farm income
(receipts ) 1953 72 4828 1533 1770 6188 1436

Source: Farm suivey data.

4.2 Crop Choice Decisions ot the Farm Households

A variety of crops were found to be grown in the study
area by the farmers. Most of these crops have become a part
of the farmers because overtime, they have become adapted to
the soil, climate, technology, food habit and the economic
needs of the people. The dominant sole crops grown in at
least four of the five study villages were maize, sorghum and
cowpea. The two crop mixtures were maize/cotton,
maize/sorghum and sorghum/groundnut while the three crop

mixtures were maize/-sorghum/cowpea (Table 4.7).
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In all, ninety eight crop enterprises were found in the
study area. Twenty six of these were maize based while
sixteen were sorghum based. The crops include maize, sorghum,
cowpea, cotton, groundnut, yam, pepper, soybean, rice,
cocoyam, onion, okra, sweet potato, cassava, sugarcane,
millet and pumpkin (In terms of distribution of the various
crops and the importance attached to the various cropping
patterns), Table 4.7 was derived to reflect the crops and
cropping system which are common to the zone. Except in the
case of maize/cotton mixtures, which was found in three of
the five villages, all the other enterprises were found to
be dominant in at least four of the five villages. According
to Baker and Norman (1975), the choices of crops or crop
combinations to be grown are made annually or seasonally and
are guided by the physical, social, economic and political
considerations. These factors invariably guided the farmers

in the zone in their choice of crops and cropping system.

4.2.1 The physical factors

The physical factors are responsible for the physical
growth of the crops on the field. Prominent among these are
rainfall distribution and soil types. The rainfall pattern
of the northern guinea savanna show a unimodal distribution.
The rains usually get established in June and ceases mid-
October, covering a raining period of about five months in

a year and a total fall of about 1600 mm annually. The
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rainfall is therefore sufficient in normal years to carry
cereals, legumes and fibre crops from planting to maturity.
The temperatures were also adequate for the crop growth to
maturity and for drying. This is why maize, sorghum, cowpea,
cotton and groundnut formed the dominant crops in the zone,
In drought years, maize does not do well because of short

rainfall period.

The soils of the zone is mainly Alfisols or Luvisols
which are generally slightly acidic and less leached. In
addition, they have low organic matter content, low total N-
content, low cation and low water retention capacities
(Enwezor et al., 1989). The crops needed additional fertility
through fertilizer application and that probably accounted
for why the greatest fertilizer application said took place
in the zone (Sodangi, 1981). In drought years and 1in
situations where the farmers do not have sufficient
fertilizer to use, tarmers often preferred to grow sorghum
to maize because sorghum is more drought tolerant and also
required less nutrient to do well. The soil texture
distribution of the study area (Table 4.8) show that loamy
and sandy luvam s5011s were Lhe dominant soll textures in the
study villages. These classes of soils are well suited to

cereals and legume crops that do not reguire too much water!.

1 Rice, cocoyam, tomatoes, sugarcane and other crops which reguires more water are grown on
Fadasa lands.
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Table 4.8: So0oil texture distribution of farms in the NGS,
Nigeria, 1990.

Type of Soil Freguency Percentage of

Total Soil (%)
Sandy 22 5.81
Loamy 161 41.07
Clay 14 3.57%
Sandy loam 160 40.82
Clay loam 30 T.65
Coarse sandy loam 5 1.28
Total 392 100.00

Source: Farm survey.

4.2.2 The social/political factors

In the study area, it was observed that farmers' ‘'nice
of a cropping system was influenced by the need to be £~
sufficient in family food requirements. For this reason, all
farmers cultivated sorghum and maize which were the main food
grains. The proportion of land devoted to each of these crops
as sole crops or as mixture was determined to a large extent
by the family size and which of them was consumed more by the
family. Although both crops were used as staple food grains,
sorghum was preferred to maize by most of the households

interviewed for the following reasons:

1. Sorghum food was said to be easier to prepare in terms
of the time it takes to make it ready.

2. The sorghum prepared meals were said to taste better
and last longer in the stomach than maize prepared

meals.
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. 1A The sorghum grains contained more flour per unit than
maize grains.

4. The night left over sorghum meal (tuwo) which was often
eaten in the morning was said to be of better guality

than that of left over maize meal,.

For these reasons, farmers preferred sorghum as the food
crop and only supplement with maize meals which incidentally
was said to have better appearance (usually white) and
provided wider variety e.g. pete. In spite of the preference
of sorghum over maize, most of the farmers grew maize to meet
the food requirement of the family early in the season when
the old stock of sorghum would have been exhausted and the
new one was yet to be in the market. Thus, it was the belief
of the farmers that a good farmer should be able to grow
enough sorghum and/or maize to feed his family throughout the

year.

Cowpea was grown by most farmers in order to supplement
their protein requirement since the main meals were
carbohydrate. Meat, egg and milk were occasional diets. Those

who don't grow cowpea sometimes buy from the market.

Wheat was the only known crop in the area to have been
grown under political pressure., However, wheat was grown as
irrigated crop and not as rainfed crop. The choice of crop

mixtures by farmers was justified on the need to obtain
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maximum benefit by getting more than one product from a given
land, distribute labour and fertilizer use among crops on a
given land and to forestall a complete crop loss from a given
land that may be caused by drought, disease or pest or a fall
in price of a particular crop in a year. Sole cropping to
them was a waste of land resources as it tends to keep land
idle for most part of the season. In some cases like Gwanki,

pepper was a traditional crop and everybody grew it for cash.

4.2.3 Economic factors

Economic considerations play a major role in the choice
of crop and crop combinations in the study area. These
considerations include the availability and prices of inputs,

prices of the products and availability of credit (capital).

Availability and prices of inputs: The availability of seeds
for most of the crops was considered. The seeds of all the
crops grown in the zone were readily available. The farmers
nsed both local and improved varieties of the seeds. It is
only in maize that hybrid seed was available for sale. Table
4.9 shows that except for groundnut and cowpea seeds, over
50% of the farmers used improved variety of seeds. The less
of improved variety of cowpea was used because 1t was more
susceptible to pests and diseases and hence needed more
spraying than the local varieties. In the case of groundnut,
farmers preferred their local variety because of the better
taste since most of the groundnut are consumed either fresh

or in dried forms.
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Table 4.9: Seed variety and sources of seed used by farmers
in the NGS, Nigeria, 1990.

Seed Variety Users Source of Seed

(% a of Response?) (% of Response)

Local Improved Hybrid Own Market
Maize 12 94 6 89 11
Sorghum 31 79 - 94 9
Cowpea 57 477 = 18 91
Cotton 9 21 - 18 82
Groundnut 18 22 - 22 78

Source: Farm survey.

a. The percentage of response could be more than 100% where more than
one variety or source are used by one person.

For most of the crops, farmers relied on their previous
years' harvest as their source of seed for the next cropping
season (Table 4.9). For sorghum and maize, about 90% of the
seeds were farmers owned mainly because they produce more
than enough for consumption and because farmers can store
them well without loss in germination gualities. Cowpea and
groundnut which get spoilt quickly are often bought from the
market for planting. In the case of cotton, farmers rarely
gin the seed cotton themselves and so have to rely more on
market to buy the seed from those that are involved in

ginning.

The price consideration in growing these crops affect
mainly fertilizer, chemical sprays and cost of labour input.
For sorghum, farmers were of the view that it could be grown

well with little or no fertilizer whereas, maize could not
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be grown with the expectation of good yield without applying
adequate fertilizers. For this reason, sorghum and other
crops that use less fertilizers are preferred to be grown by
farmers when fertilizer is scarce and expensive. Sorghum was
also said to require less labour than maize for weeding and
harvesting. Two weedings may be enough for sorghum whereas,
a minimum of three weeding are required for maize. In
harvesting sorghum, less operations are involved than in
harvesting maize so that where wage rate is high, more costs
are involved in producing the same unit of maize than
sorghum. The high cost of chemical and the frequency of spray
was responsible for low cowpea and cotton production in the

zZone.

Price of Products: The market price of a commodity can be an
incentive or disincentive to farmers if their main objective
of production was to get the maximum income from the land.
There were two groups of farmers in the study area; married
gandu and unmarried gandu. These groups of farmers differed
in their goals of production. While the married gandu members
produce with the main goal of feeding their immediate family
and vlher gandu members, the unmarrlied gandu produce to make
money. Thus, for the former group, the driving force in
farming is food self-sufficiency and as such whether or not
the market price of certain food crops especially sorghum and
maize goes up, they will still produce them because they need

them for food. For the latter group, cash crops are their
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main crops and a price drop necessarily means a drop in the
level of production. For instance, such farmers often produce
maize, cotton, pepper and sugarcane which they can easily
dispose of by selling. A married gandu farmer lives and eats
from the gandu food pot. However, he is expected to once in
a while contribute food from his farm to the pot. In
addition, he provides food to his immediate family especially
when food from the general pot is inadequate, unavailable or
not liked by his nuclear family. Thus, he must produce food
crops. The unmarried gandu farmer has no obligation to feed
anybody and therefore go for crops which can fetch him money.
Where a food crop is produced by him, he may out of his wish
give some to the gandu head. In general, the farmers were
found to be willing to respond to price increases in crops
only after the food crop requirements have been satisfied.
Malize was a crop which was introduced in the 1970s and which
because of its increasing prices and its dual role as food
crop has overtaken the traditional crop like millet and now

competing favourably with sorghum.

Availability of credit to farmers: Credit plays a major role
in the choice of crop and cropping patterns among tChe
farmers. Since farmers need to buy seeds, pay for
fertilizers, hired labour and chemicals, they need money on
hand. The money could be obtained through savings or
borrowing. Farmers in the study area were found to hardly

borrow money from the formal sources of credit like banks.
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However, they do borrow or take money from their relatively

richer relations to finance farm operations.

Most of the farmers relied more on the sale of their
crops (maize and other cash crops) and sometimes livestock
for financing farm work. A few of the farmers, usually
unmarried gandu members, offered their labour for wages and
use such money to finance their personal farm operations.
Thus, the crop enterprise which requires much money to grow
has its scale reduced whenever farmers' income is low or

sources limited.

4.3 Fertilizer Use Decisions

According to Falusi (1973) fertilizer use decisions
among farmers are influenced by agqronomic and economic
factors. In the study area, it was found that all farmers
used inorganic fertilizer although the degree of use varied
from farmer to farmer and from crop to crep. S8ince all
farmers grow cereals, fertilizer was used to enhance their
yield. Of all the crops grown, fertilizer was used most on
maize crops followed by sorghum. This was not surprising
because maize crop is known to respond more to fertilization
than sorghum or any other crop. Malze, although a shallow
rooted crop has a high capacity for absorbing nitrogenous
fertilizer without much lodging. The improved varieties
required more fertilizer hence small scale farmers could
hardly afford to grow the hybrid maize given its demand for

fertilizer.
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In terms of the price of fertilizer itself, farmers said
they could not be bothered about how much the fertilizer
would cost them provided they have money and fertilizers are
available for sale when they need them. When they were asked
to prioritise the problem confronting them in fertilizer use,
scarcity of fertilizer at the right time and place came first
followed by the problem of money to purchase the fertilizer
and the least of them was fertilizer price. The arqument was
that since they must farm, they have to use fertilizer and
if they have to use fertilizer, they must find money to buy
it provided it was available. However, they agreed that in
terms of total usage, the guantity will reduce if the price
was too high (some say about N200.00 per bag). As for the
market price of the crop produced, farmers were of the
opinion that for food crops, they would not be bothered about
their prices because they could be consumed in the home if
not sold. However, for crops produced mainly for sale, if the
prices are not favourable compared to the price of fertilizer
being used, they would stop producing. In other words,
fertilizer-crop-price ratios are considered as a secondary

factor in the use of fertilizers by farmers in the area.

4.3.1 The use of farm yard manure

Most of the farmers interviewed used farm yard manure
(FYM) to enhance the fertility of their soil. However, they

all believed it was to supplement the nutrients from the
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application of inorganic fertilizers. In most cases, where
F.Y.M is used, it consists of cow dung, house sweeps and
other animal droppings. It is used on the farms near the
homes because, according to them, F.Y.M 1is bulky and
difficult to transport to the farm and to spread. The farmers
believed that in the absence of inorganic ferti-lizers in the
zZzone, organic manure can be used to produce millet, sorghum
and sugarcane on small scale operations. For maize, they all
claimed that no meaningful yield will be obtained without the
application of inorganic fertilizers. Thus, farmers were
aware of the fact that organic manure cannot be a substitute
for inorganic fertilizers in improving the fertility of soils
in the zone. Sustainability of maize production in the zone
therefore depends on the continued use of I1norganic

fertilizers to improve the fertility of the soils.

4.4 Maize Response to Fertilization

4.4.1 Physico-chemical properties of the soil

In order to explain the differences in the responses of
maize on the different sites to the different fertilizer
nutrient, the physico-chemical properties of the soils were
studied and reported in Table 4.10., The table show that in
terms of NH,-N, the top soil at Samaru contained the highest
(20.6 kg/ha) followed by Daudawa (12.50 kg/ha) and the least
was Maigana (6.0 kg/ha) in 1990. In 1991, Daudawa contained

the highest (24 kg/ha) followed by Maigana (15.0 kg/ha) and
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the least was Samaru with 14.0 kg/ha. The phosphorus content
of the soils was also measured as Bray-1-P. In 1990, Daudawa
contained the highest 20.40 (cmol/kg soil) followed by Samaru
17.2 (cemol/kg so0il) and the least was Maigana with 8.0
cmol/kg soil). In 1991, Daudawa still contained the highest
of 19.2 cmol/kg followed by Samaru (16 cmol/kg) and the least
was Maigana (7.2 cmol/kq). In terms of N and P,0y, Daudawa
and Samaru soils fall into medium class fertility while
Maigana soils fall into low class fertility. The difference
are caused by differences in soils, vegetation and cultural
practices like bush burning. At Samaru, the vegetation or

soil cover was never burnt before cultivation.

The exchangeable potassium also shows in 1990, Daudawa
and Samaru soils had 0.19 cmol/kg each while Maigana so0il had
0.20 cmol/kg. All the villages were low in potassium. 1ln all
cases, high response to nutrient 1s expected in a low
nutrient class; some reasonable response in a medium class
and very little response in a high nutrient class. In
addition to these three factors discussed, there were other
factors not shown in the table which affect the response of
the crop to fertilization in the zone. One of such factors

is raintall (Table 4.11).

The amount of rainfall and the distribution is wvery
important in crop production. Maize crop is normally planted
in the month of June and it requires three months of rainfall

of between 760-1260 mm for a good yield.
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Table 4.11: Rainfall distribution in three villages in
the Northern Guinea Savanna of Nigeria (1990

and 1991).

Samaru (mm) Daudawa (mm) Maigana (mm)
Month 1990 1991 1990 1991 1990 1991
January 0 0 0 0 0 0
February 0 0 0 0 0 0
March 0 45.0 0 13.5 0 4.2
April 0 48.0 0 49.1 31.40 48.4
May 123.0 243.0 154.70 199.3 142.20 209.4
June 156.0 87.0 190.70 122.0 82.90 103.5
July 222.0 190.0 161.30 146.0 162.70 181.1
August 255.0 329.0 276.80 274.0 277.40 265.8
September 132.0 51.0 136.10 107.3 164.10 47.0
October 0 29.0 0 20.8 0 25.7
November 0 0 0 0 0 0
December 5 0 0 0 0 0
Total 888.0 1022.0 919.60 932.0 860.70 885.1

Sources: Meteorological Stations at Samaru, Daudawa and Maigana.

In 1990, between the months of June and September the
total amount of rainfall in Samaru was 765mm whereas in 1991,
it was 657mm. Thus, the maize crop would therefore be
expected to perform better in 1990 than in 1991 since the
distribution was also better in 1990 than in 1991 (Table
4.11). There was a dry spell at the planting time in June
1991 which brought the crops under severe water stress and
some wilted completely and had to be replanted. At the time

of grain filling and maturity in the month of September, the
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same year there was another dry spell which resulted in poor
grain formation. Consequently, in all the sites, the 1990

ylelds were better than the 1991 yields.

4.4.2 Response to Single Nutrient

4.4.2.1 Nitrogen response

The response models specified in equations 3.7 to 3.9
were fitted to the 1990 and 1991 data separately and then the
combined years' data. The best fitted functions were reported
(Table 4.12). In addition an analysis of variance was
performed on the pooled data to test the equality of the
variances of the data for the two years in each village. The
result of the test reported in Appendix Al to A3 indicated
that for Samaru, the variances were not statistically
significant at the 5% probability level. In the case of
Dauvdawa and Maigana, the variances were statistically
significant at the 5% level of probability. This means that
the two year data cannot be pooled and used to represent the

true yield for each village.

Given the argument presented in favour of the 1990 data
over the 1991 data, the 1990 responses were used in
subsequent discussions. Thus, the yield functions for Samaru,

Daudawa and Maigana are given by:

Samaru Y = 2.695 - 0.0077N + 0.1503N°-% . .......... (4.1)
Daudawa Y = 1.899 - 0.0071N + 0.1466N9-% . ......... . (4.2)
Maigana Y = 2.512 - 0.0113N + 0.2292N%-% .. ........ ¢4.3)
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Chapter 4 Results and Discussions

In all the cases, the signs of the parameters were
consistent with the expected. For Samaru and Daudawa, all the
coefficients with the exception of that of N and the
equations were statistically significant at the 5%
probability level. For Maigana, all the coefficients were
significant at the 1% level of probability. The R! in the
case of Samaru was very low (0.11), which means that only 11%
in the maize yield variability is attributable to variations
in N-level. In Daudawa, the R! was 0.18 meaning that only 18%
in the variability in the yield of maize was due to nitrogen.
For Maigana, the ! was 0.56 which means that 56% of the
variability in yield was caused by variation in N-level. This
result confirms that where there is less N-in the soils the
variablility in yleld ot malze attributed to an added N- is
more (N-was 6, 12.5 and 20.6kg na! each at Maigana, Daudawa

and Samaru).

The mean nitrogen use and yields of maize from each
village for the different and the combined years are also
shown in Table 4.12. The mean nitrogen use for each village
was at 150 kg/ha while the mean yield was 3191 kg/ha for
Samaru, <2441 kg/ha itu:r Daudawa and 3332 kg/ha for Maigana.
The mean response was 23 kg maize per kg N at Maigana, 21 kg
maize per Kg N at Samaru and 16 kg maize per kg N at Daudawa.
The mean response was therefore highest at Maigana. Soil
nitrogen is lost more rapidly at Daudawa through erosion and

sinking down because of the soils.
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Chapter 4 Results and Discussions

The predicted yields using the predicted eguations for
each year and the combined years are shown in Table 4,12. The
predicted yields showed that the 1990 yields were better than
those of 1991 at each site. The pattern of response shown in
Fig. 1 clearly shows that for each site the yields for the
different vyears were different. The 1990 vyields were
consistently higher than the 1991 yields. At the village
level, in 1990, the Maigana yields were higher than the
Samaru yields while the Samaru yields were higher than the
PDaudawa yields. In 1991, Samaru yields were better than

Maigana yields while Daudawa yields were the least.

Technical optimum of N-usage

The technical optimum level use of N correspond to the
level at which the yield of maize is highest. This cannot be
determined from Table 4.13 since the N-levels were increasing
by 50 units. The first derivative of the predictive equation
for each village was taken and equated to =zero and
thereafter, the value of N in each equation were determined.
At the optimum level, the marginal physical product is zero.

Thus, for;

Y -0.5

Samaru; - = =0.0077 + 0.0752N "*7 = 0; N = 95.25 kg
aN
Oy -0.5

Daudawa; - = ~-0,0071 + 0,0733N "*°" = 0; N = 106.58 kg
ON
oy -0.5

Maigana; — = -0.,0113 + 0.1146N "*2 = 0; N = 102.85 kg
dN
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Fig. 1: The predicted response ocurve of malze to nitrogen fertilization
in three villages In NGS, 1900-1991.
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Chapter 4 Results and Discussions

The technical optimum N-regquirements were 95 kg/ha, 107 kg/ha
and 103 kg/ha of fixed levels of 40kg P ha’l respectively for
Samaru, Daudawa and Maigana. The corresponding yields of
maize were 3429 kg/ha, 2655 kg/ha and 3674 kg/ha at Samaru,
Daudawa and Maigana respectively. In all the villages, the
technical optimum N-level obtained was below the 120 kg N/ha
recommended by the Institute for Agricultural Research (IAR)
Samaru for maize in the zone. This suggests that the
recommended rate was on the high side. At these rates, the
mean response of maize to N-fertilization at Samaru was 36
kg, at Daudawa, it was 25 kg while at Maigana it was 36 kg
maize per kg of N nutrient. Samaru and Maigana have the same
mean response while Daudawa had the least response. Although
these values differ from the mean values obtained in Table
4.12 they are however similar in pattern., Samaru and Maigana
have similar responses to N-fertilization which are higher

than at Daudawa.
Economic optimum level of N-usage

The economic optimum 1level of fertilizer is often
different from the technical optimum level of fertilizer use.
While the technical optimum emphasised the level at which the
obtained yield is highest, the economic optimum emphasises
the level at which the wmarginal revenue from the extra use

of fertilizer equates the cost of the fertilizer used.
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Chapter 4 Results and Discussions

One approach is to egquate the marginal value product of
the crop with the unit price of the fertilizer nutrient.
Another is simply to compare the marginal revenue at each
level of fertilizer use to the marginal cost. In this study,
since for each variable level of N, there is a fixed level
of P and K-nutrients, the marginal value approach cannot be
used because there is no single price for the nutrients,
Conseguently, the second approach was used and the result is
shown in Table 4.14. The table clearly shows that at the
level of 100 kg N/ha for Samaru and Daudawa and the fixed
level of 40 kg P/ha and 60 kg K/ha, the marginal cost of the
fertilizer (N3.60) exceeded the marginal returns of N2.08 and
N2.B0 respectively. At this level, for Maigana, the marginal
returns of N4 exceeded the marginal cost of N3.60. The protit

level for each fertilizer level is also shown in the table.

The price level of N-for which the marginal returns (MR)
equals the marginal cost (MC) is given in Fig. 2. From the
figure, the economic levels of N for Samaru was 110 kg/ha,
114 kg/ha for Daudawa and 120 kg/ha for Maigana and their
corresponding yields were 3424 kg/ha for Samaru, 2655 kg/ha
for Daudawa and 3667 kg/ha for Maigana. In all the villages,
the levels of N obtained using both technical and economic
optimum criteria fall within the recommendation of 120 kg/ha
N by IAR, Samaru. The mean responses were 31 kg, 23 kg and

31 kg per kg N at Samaru, Daudawa and Maigana respectively.
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Fig.2: The marginal returns and marginal cost from nitrogen fertilization

of maize in three villages in NGS, 1990,
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Chapter 4 Results and Discussions

4.4.2.2 Phosphorus response

The yield data was fitted to the response models
specified in eguations 3.10 to 3.12 for 1990, 1991 and the
two years combined. For each year and the combined years, the
best fitted function is reported in Table 4.15. An analysis
of variance was performed to test the equality of the
variances of the two year data in each viliage (Appendix Bl
to B3). In Samaru and Maigana, the tests were statistically
significant at 1% level of probability while in Daudawa, it
was not, This means that the two years' data in Samaru and
Maigana cannot be said to come from the same population and
thus, cannot be combined in a pooled regression and the
result used to represent either of the two years. The reason
is attributed to the variations in the rainfall amount and
distributions for the two years as shown in Table 4.11.
Therefore, like the N-response data, the 1990 data and
response curves were used to determine the response levels

of maize to P-fertilization.

The response functions for each village was given by:

Samaru; Y = 2.998 0.0084P + 0.134190'5 ........ (4.4)
Daudawa; Y = 2.081 + 0.0091P - 0.00008P2 ......... (4.5)
Maigana; Y = 2.407 - 0.0311P + 0.4299p0-% . .. .... (4.6)

In Samaru and Daudawa, the responses were not signifi-

cant. The amount of variability in maize yield accounted for
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Chapter 4 Results and Discussions

by wvariation in P-level was only B% in Samaru and 9% in
Daudawa. In Maigana the response level was statistically
significant at 1% level of probability while 37% of the
variability in yield of maize was attributed to variability
in P-levels. It should be noted that while the P-levels were
varied, N and K-levels were fixed at 100 kg/ha and 60 kg/ha
respectively. At the used rates, the mean responses were 54
kg, 35 kg and 55 kg maize per kq P,0g for Samaru, Daudawa and

Maigana respectively.

The corresponding predicted yields for each level of
PyOy in each village for each year are shown in Table 4.16.
For 1990, there is a response in yield of maize up to &0
kg/ha of P,0g in each village (Fig. 3). For 1991 and the
combined years (Fig. 3) there were similar responses in
Samaru and Maigana while Daudawa seemed to have exhibited a

linear response function.
Technical Optimum Level of P,0y Usage

The technical optimum P,0g requirement for each village
was calculated by taking the first derivative of each

predictive equation with respect to P. Thus:

oy -0.5
Samaru; - = =0.,0084 + 0.0674P "*~; P = 64.4 kg/ha
oy
Daudawa; 5} = 0.0091 - 0,00016P; P = 56.9 kg/ha
oy 0.5
Haigana; Fr = =0,0311 + 0.2150P "'-; P = 47.8 kg/ha.
P
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Fig.8: The predicted response ourve of malze to phosphorus fertilization

In three villages In NGB, 1990-1901.
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Chapter 4 Results and Discussions

The optimum yields when these values are used in the
predictive equations are 3538 kg/ha at Samaru, 2340 kg/ha in
Pandawa and 3892 kg/ha at Maigana. In all the villages, the
technical optimum rates were close to 60 kg/ha POy
recommended by IAR for maize in the zone. The study however
shows that yield response was obtained up to 64 kg P,0¢/ha.
Given the above rates and yields, the mean responses to P.0g
in Samaru, Daudawa and Maigana were 55kg, 32kg and 8lkg of

maize yield per kg of P,04 nutrient applied respectively.
Economic Optimum Level of P,04 Usage

The marginal returns at each level of P,04 usage was
compared with the direct marginal cost of the fertilizer
(Table 4.17). The result shows that in all the villages, and
up to 40 kg onslha, the marginal returns exceeded the
marginal cost of the fertilizers. At 60 kg/ha P,04, the
marginal cost exceeded the marginal returns in all the
villages which shows that the economic optimum level lies

between 40 kg/ha and 60 kg/ha.

The precise point was obtained by using the marginal
return and marginal cost curves in Fig. 4. The precise point
is that point where the falling marginal return curve cuts
the marginal cost curve. From the curves, the economic
optimum level of P,05 was obtained at 42 kg/ha at Samaru, 56
kg/ha at Daudawa and 50 kg/ha at Maigana. In all these cases,

the levels were closed to the recommended rate of 60 kg/ha
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Fig.4: The marginal returns and marginal cost from phosphorus fertilization
of maize in three villages in NGS, 1980,
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Chapter 4 ' Results and Discussions

of Py0g for maize. The corresponding yields were 3518 kg/ha
at Samaru, 2340 kg/ha at Daudawa and 3892 kg/ha at Maigana.
The economic optimum level yields for Samaru was lower than
the technical optimum vield while in Daudawa and Maigana, the
vields were the same. The mean responses were 84 kg at

Samaru, 42 kg at Daudawa and 78 kg at Maigana per kg PZOS‘
4. 4. 2.3 Potassium response

The data were fitted with the egquation specified in
models 3.13 to 3.15 for the years 1990, 1991 and the combined
years. The parameters of the best fitted eguation in each
year and the combined years are shown in Table 4.18. ‘the
result of an analysis ot wvariance performed to test the
equality of the variances of the two years data is shown in
aAppendix Cl - C3. The results show that for Bamaru and
Maigana, the variances were statistically significant at the
1% level of prohability. For Daudawa however, it was not
statistically significant. This result waz similar to that
obtained for phosphorus data analysis and as such, the 199%0
data will be used for subsequent analysis for consistency in
analysis and for the fact that the year was a better

reflection of the normal years in terms of rainfall.

The overall equations for Samaru and Malgana in 1990
were not statistically significant at 5% level of proba-
bility. The RZ in both cases were very low. For instance, in

Samaru only 7% in the variability of maize was attributable

ﬂ‘Wi?aw
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Chapter 4 Results and Discussions

to variations in K,0 level while in Maigana the variability
in yield was attributed to only 9% variations in K0 levels.
In Daudawa, the response was significant at the 5% level with
28% of the wvariability in maize yield being caused by
variation in K,0 level. Except in the case of Daudawa, the
coefficient of K in all the equations were not statistically
significant at the 5% level. However, the signs were

consistent and correct.

The predicted response functions were:

Samaru Y = 3.090 - 0.0092K + 0.1406kK"2 ........... (4.7)
Daudawa Y = 1.672k9-0°% .. .. .. R R (4.8)
Maigana Y = 3.051 - 0.0064k + 0.1018k%% . ........ (4.9)

In deriving these tunctions, N- and P- were kept tixed
at 100 kg/ha and 40 kg/ha respectively. The mean response to
K-fertilization at Samaru was 36 kg, at Daudawa it was 21 kg

and at Maigana it was 35 kg yield per kg nutrient.

The predicted yields using the function for each village
are given in Table 4.19. In Samaru and Maigana there were
responses of up to 60 kg k/ha in 1990 while in Daudawa it was
not possible to determine the level due to the asymptotic
nature of the Cobb-Douglas Production function used. The
square root and the gquadratic functions which could have been
used to predict the optimum yield did not show the correct
signs. The response curves for the various years in each

village are shown in Fig. 5. In 199}, responses to K,0 were
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Fig.5: The predicled response curve of malixe (o polaseium ferilization In three villages in NQS,

1990-19891.
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Chapter 4 Results and Discussions

obtained up to 120 kg/ha at Maigana. The mean responses for
1990 were 36 kg at Samaru, 20 kg at Daudawa and 35 kg at

Maigana per kg of K;,0. The mean K-usage was 95 kg/ha.
Technical Optimum Level of K,0 Usage

The 1990 predictive equations were used to determine the
technical optimum level of K,0 for each village by taking the
first derivative of each equation. It should be noted that
as explained earlier, the technial optimum for Daudawa cannot
be determined because of the function which does not exhibit

maximum yield. For Samaru the technical optimum is given by;

%;f‘ ~ -0.0092 + 0.0703K °® - 0; k = 58.4 kg/ha

and for Maigana it is given by:

%;t". - -0.0064 + 0.0509K°% = 0; k = 63.3 kg/ha

Thus, Samaru required 58 kg/ha while Maigana required 63
kg/ha K,0. Their predictive yields were 3627 kg/ha for
Samaru and 3456 kg/ha for Maigana. At these rates of K;0
application and yield responses, the mean responses were 63
kg for Samaru and 55 kg for Maigana per kg of K,0 applied.
This suggests that the response to K-Fertilization is higher

at Samaru than HMaigana.
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Chapter 4 Results and Discussions

The Economic Optimum Level of K,0 Usage

In order to determine the economic optimum level of K-
fertilization, the Marginal returns from each 1level of
fertilization was computed and compared with the direct
marginal cost of the fertilizer used (Table 4.20). The Table
shows that for each village, the marginal returns was
positive up to the 60 kg K;0/ha level. However, to determine
precisely the levels at which economic optimum is reached,
Fig. 6 was used. In using the figure, the economic optimum
level correspond to the level at which the marginal return
curve (MR) intersect the marginal cost (MC) curve. From the
Figure, the economic optimum level was obtained in Samaru at
78 kg/ha, in Daudawa at B6 kg/ha and in Maigana at B2 kg/ha.
At these rates, the economic optimum yields were 4614 kg/ha
in Samaru, 2089 kg/ha in Daudawa and 3438 kg/ha in Maigana.
The corresponding mean responses were 46 kg at Samaru, 24 kg
at Daudawa and 42 kg at Maigana per kg K,0 applied. Thus,
Samaru has the highest response to K,0, followed by Maigana
and the least was Daudawa. These results suggest that the
present recommendation of 60 kg k,0/ha for maize is small and

should be increased to 90 kg/ha.

In summary, the 1990 response of maize to single
nutrient fertilization show that the recommended rate for
nitrogen in maize production is still valid (Table 4.21). The

table shows that although the technical levels are much lower
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Fig.6: The marginal returns and marginal cost from potassium fertilization
of maize in three villages in NGS, 1990.
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Chapter 4 Results and Discussions

than the economic levels, they are close to within the
recommended rate of 120 kg N/ha. Similarly, in the case of
phosphorus, both the technical and economic rates were close
to the recommended rate of 60 kg P,0; ha. The rate therefore,
is also still valid. The potassium recommendation rate is 60
kg K,0/ha. While the technical optimum levels were close to
this rate, the economic optimum levels were far above it and
close to 90 kg/ha. The recommendation should therefore be

increased to 90 kg KQO/ha.

For a comparison with 1990, the predicted equations for
1991 were used to predict the technical optimum levels of
each nutrient for each village. In the case of N- response,
the technical optima were 340 kg/ha, 258 kg/ha and 65 kg/ha
for Maigana, Samaru and Daudawa respectively. There was an
abnormal response in each village in 1991. For phosphorus
response, the technical optimum levels were 53 kg/ha, 60
kg/ha and 1400 kg/ha at Maigana, Samaru and Daudawa
respectively. The Daudawa response was abnormal. With respect
to potassium response, the optimum levels were 116 kg/ha, 86
kg/ha and 64 kg/ha at Maigana, Samaru and Daudawa
respectively. Again Lhe response at Maigana was abnormal. The
abnormality in 1991 was caused by irregular rainfall which
led to replanting of maize and application of fertilizers
many times leading to over fertilization. Thus, 1990 data was

used for the response analyses in the study.
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Chapter 4 Results and Discussions

4.4.3 Response to multiple nutrients (NPK)

The multiple nutrient response models specified in
equations 3.16 to 3.18 were fitted with the data for each
year and the two years combined. As was done for the single
nutrient data, an analysis of variance was done to determine
the equality of the variances of the two year data (Appendix
D1-D3). The results show that for each village tested , the
variances were statistically different at the 1% probability
level. This suggests that the pooled data cannot be us | as
a good representation of every year response behaviou tor
each village. A correlation analysis was also performed on
the data to determine the nature of relationships between the
nutrients, the villages and between the nutrients and
villages (Table 4.22). The table shows that the Pearson
correlation coefficient (r) in all the cases was positive and
statistically significant at the 5% level of probability. In
terms of nutrient, the degree of association between N and
P is 44.2%, between N- and K- is 43.6% and between P- and K-
is 43.7%. In terms of nutrient and yield in each village, the
degree of association between N and yields in Samaru was
25.6%, between N and yields in Daudawa was 32.2%, and between
N and yields in Maigana was 27.4%. The response to N at
Samaru and Maigana was similar and less than Daudawa. The
degree of association on the other hand between P and yields
at Samaru was 36.3%, between P and yields in Daudawa was

26.2% and between P and yields in Maigana was 37.5%. This
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Chapter 4 Results and Discussions

suggest a similar but higher respecnses of maize to P in
Samaru and Maigana than Daudawa. For potassium, the degree
of assoclation between it and yields in Samaru was 30%,
between it and yields at baudawa was 31% and between it and
yields in Maigana was 23%. Thus, Samaru and Daudawa have

similar response to potassium.

In terms of the relationship between the yields in the
villages, the study shows that the degree of association
between yields in Samaru and Daudawa was 46%, between Samaru
and Maigana was 53% while that between Daudawa and Maigana

was 42%.

In using models 3.16 and 3.17, multicolinearity problems
were discovered. This arose, tirst, bhecause oaf the high
degree of asgsociation between the nutrients and secondly,
hecause some of the variables in the models were simply
multiples of the variables already in the model. Tc overcome
the multicolinearity problems, those variables that were
highly corxrelated weyre dropped from the models,
Consequently, the NP, NK and PK interactions did not appear
in the functions (Tables 4. 73 and 4. 742 The best fitted
quadratic and double logarithm functions for each year was
repoxted in the Table 4.232 while that of the best fitted
square root function for each year was reported in Table

4.24. The predicted egquations for 1980 are given by:
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Chapter 4 Results and Discussions

Samaru Y = 1.713 - 0.0091N - 0.0072P - 0.0063K + 0.1674N> +
0.11739'-? + 0.0879K'° + 0.ooosn‘o-gp‘("’]d3 cerneee.(4.10)

Daudawa Y = 0.964 + 0.0032N + 0.0121P + 0.0045K - 0.0000068N
+ 0.000099 + 0.00007K! + 0.00000008NPK ........ (4.11)

e X = T A b
In each village, the overall equation was statistically
significant at the 5% probability level and the signs of the
coefficients were correct. However, not all the coefficients
were statistically significant in Daudawa and Samaru. In
Samaru only K- was statistically significant at 5% level. The
R? was 0.32 which meant that only 32% of the variability in
the yield of maize is attributed to variability in NPK
nutrients. In Daudawa, the R2 was 0.25 which was an
indication that only 25% of the variability in the yield ot
maize was attributed to application of the NPK fertilizers.
In addition, only the coefficient of K in the model was
statistically significant at 5% level of probability. In
Maigana, the coefficients of all the parameters in the
equations were statistically significant at the 5% level of
probability while the RZ of 0.58 shows that 58% of the
variability in yield of maize was caused by the application

of NPK fertilizers.

These results suggest that in addition to the
application of NPK fertilizers, other factors such as the
soil properties, crop management practices, rainfall, etc.

were also responsible for the variability in the yield of
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maize in the zone. These other factor effects seems stronger

in Daudawa and Samaru than in Maigana.

The predicted yields for the various and combined years
from equations 4.10 - 4.12 are given in Table 4.2%. The table
shows that for 1990, there was response in yield up to the
250-100-150 NPK application in Samaru while in Daudawa there
was response up to the 200-80-120 NPK. In Maigana, there was
response of maize yield to NPK fertilization only up to the

150-60-30 levels.

Technical Optimum Level cof N-P-K Usage

It is difficult to determine the technical optimum level
under the multi-nputrient combination as shown in Fig. 'T.
However, up to the 150-60-90 kg/ha N-P-K, it was observed
that the vyield was increasing at a decreasing rate which
suggest that the technical optimum was somewhere arcund that

combination,.

Economic Optimum Level of N-P-K Usage

Table 4.26 shows the total vyield, total returns,
additional returns, direct totsl and marginal costs and the
profit for each level of combined NPK fertilizers. When the
additional returns were compared with the additional cost,
the economic optimum combination for Samaru was at 150-60-
90, which was the point at which the marginal return (¥210)

was just above the marginal cost (W180). For Daudawa, it was
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Fig.7: The predicted response curve of maize to NPK fertilization in
three villages in NGS, 1980.
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at 200-80-120 and for Maigana it was be at the 150-40-60
kg/ha N-P-K levels. Thus, the precise level or combination
was difficult to determine. Consequently, the profit level
for each combination was determined and the combination at
which profit is maximum was chosen. Using the profit
criterion, the combination of 150-60-90 will be used for
Samaru and Daudawa where profits of N6,085 and N4,051,
respectively were made per ha. For Maigana, the combination
with the highest profit was the 100-40-60 and at this
combination a profit of N6,611 was made per ha. Thus, a
combination of between 100-40-60 to 150-60-90 kg N-P~-K/ha was
suitable for the zone. The profit level shows that profit was

maximized in each village at 150-60-90 kg NPK/ha.

In general, the cost of fertilizer in this study has
been restricted to the actual price of fertilizers used. The
cost could be much higher if the cost of procurement like
transportation cost, cost of extra labour reguired to apply
the fertilizer, extra labour required to weed the weeds
induced by the fertilizer and the extra labour required to
harvest and process the extra yields have been included. In
these cases, the economic rate which is a function ot the
marginal cost might be lower than has been indicated in the
study. It was not possible in this study to estimate economic
rates because these information was not available as the data

used were from on-station research work.
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4.5 Analysis of the Linear Programming Model

The linear programming model was specified in equation
3.19. The model was expected to provide information on the
value of the objective function (net receipts in this case),
optimum enterprise combinations, the resources used with
their respective marginal value products (shadow prices), the
non-optimal activities with the cost of forcing each of such
resources into the solution and the range of wvalues over

which the optimum plan holds.

The validity of the optimum plan uswally is a function
cf the assumption wmade about the prices, technical
coefficients and constrainks. Where realistic assumptions are
made, the optimum farm plan obtained will be valid as the

representative farm.

4.5.1 Optimum farm plan of the representative Farm
g

The features of {+he optimoem farm plan of the
representative farm is shown in Table 4.27. The value of the
objective Euncrtion was MN25,571.62 as against the NW17,780 in
the unplanned farm. It represents lthe net farm income since
it was assumed earlier that the farmers did not possess much
depreciable fixed inputs used on the farm. Out of the seven
crop enterprises specified in the model, five were feasible
and included in the model. These include sole maize, sole

sorghum, sole cowpea, maize/sorghum mixture and sorghum/
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Table 4.27:
and the existing activity levels.

Optimum organization of the representative tarm

Objective function/
Real activity

Existing
Activity Level

Objective function
Total Het Income {N)

Real Activities - Crop (ha)
Sole maize
Sole sorghum
Sole cowpea
Majize/sorghum mixture
Sorghum/groundnut mixture

Human labour hiring {(hrs)
July
August
November

Fertilizer Purchase (kg)
KPK 15:15:15
53F (Supa)
Urea

Seed buying (kg}
Cotion seed

Use of Farmer's owned seed (kg)
Haize seed
Sorghum seed
Cowpea seed
Groundnut seed

Crop selling (kq)
Maize
Cotton

Crop consumption (kg}
Maize
Sorghum
Cowpea

25,571,682

. 282
.101
264
.B23
.000

QoD oW,

283.07%
42.29
247.98

2581.04
29.38
¥30.15

0.00

141.93
7.21
6.6l
0

17224.97
0

830
1096
216

groundnut mixtures. However,

entered the optimum plan at zero levels.

the sorghum/groundnut mixture

The exclusion of

maize/cotton mixtures and maize/sorghum/cawpea mixtures from
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the plan implies that although they were grown by the
farmers, they were not competitive enough given the resources
available to the farmers. Farm planning results in improved
net income from less enterprises. The dominant enterprise was
sole maize which accounted for 81.7% of the land area
cultivated. This was followed by maize/sorghum mixture which
accounted for 12.7% of the cultivated land. Before the farm
plan, sole maize was second after maize/sorghum mixtures in

terms of plot devoted to each enterprise (Table 4.7).

In terms of fertilizer purchases, the optimum farm plan
derived its N,P and K nutrients by purchasing 2581.04 kg of
15-15-15 NPK compound fertilizexr, 29.38 kg of single
superphosphate (supa) fertilizer and 830.15 kg of urea
fertilizers. Even though calcium ammonium nitrate (CAN)
fertilizer was specified as one of the sources of N, it did
not enter the optimum plan. This means that it was not as
economical as the other sources (1 kg of N is N2.6 in urea,
H2.67 in NPK 15-15-15 and N3.08 in CAN). The survey showed
that 76% of the sources of fertilizer used was NPK, 6% was
urea and 2% was SSP. The total cost of the fertilizer was
estimated to be WH4,116.93. This excludes transportation and

other handling charges.

Although seed buying activities were specified for all
the crops grown, only cotton seed buying was feasible.

However, because cotton production activities did not enter
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the optimum plan, the cotton seed buying activity entered the
plan at zero level. All the farmers therefore used their own
seeds of maize, sorghum, cowpea and groundnut. This practice
is consistent with the practices among farmers in the area.
The farm survey shows that for maize, sorghum, cowpea and
groundnut crops, between 80 - 100% of the seeds planted were
from the previous year's harvest of the farmers. They rarely
buy seeds from the market unless when such a crop is new to

them.

In the model, all produced crops were offered tor sale
although in the cases of maize, sorghum and cowpea sales
were allowed only after the minimum family consumptions were
satisfied. Of the crops that entered the optimum plan, only
maize was sold. A total of 17,224.97 kg of maize was sold
yielding a total revenue of N32,555.19. The sale of seed
cotton was feasible but since its production did not enter
the plan, the level of sale was 2zero. Thus, the goal of
farmer's production for cash generation was met by the

production of maize only in the representative farm.

The consumption requirements specified for maize,
sorghum and cowpea were satisfied. All the sorghum and cowpea
produced were consumed (1096 kg and 216 kg respectively)
while in the case of maize, only 830 kg of the 18,054.97 kg
produced was consumed. In practice, some farmers sold their

sorlghum and cowpea in the market in order to obtain cash
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necessary to buy other non-farm goods even where the
quantities produced were not sufficient to feed the household
for the year. The farmer who obtained the optimum farm plan
was thus, able to satisfy the food security as well as the

cash security goals of his production.

The labour profile of the optimum farm plan (Table 4.28)
shows that a total of 4,489.30 man-hour, were used on the
farm. This was made up of 3,915.56 man-hour of family labour
representing about 87% of the total labour used and 573.36
man-hours of hired labour which represented about 13% of the
total labour used on the farm. At the N5/per hour wage rate
used in the model, the cost of the hired labour for 1990 was
N2,866.70 while the opportunity cost of the family labour

amounted to N19,579.80.

Table 4.28: Resource use levels in the optimum farm plan.

Resource Unit Resource Level
Land ha 6.47
Labour:

Family hr 3915.96

Hired hr 573.34

Total labour hr 4489. 30
Revenue from maize sale N 32,571.62
Net farm income H 25,571.62
Cost of fertilizers N 4,116.93
Cost of hired labour N 2,866.70
Cost of family labour N 19,579.80
Operating capital N 14,248.56
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Labour was a constraint to production in the months of
July, August and November. The family labour supply was not
able to cope with the demand for labour during these periods
and so the family labour had to be augmented by hiring
labour. The July-August months correspond to one period of
peak demand for labour needed for weeding of maize and
sorghum fields and planting of cowpea while the November
month correspond to the peak labour demand for harvesting

maize, cowpea and sorghum.

The objective function value of HN25,571.62 represents
the difference between the revenue from the sale of maize
(M32,555.19) and the total variable cost consisting of the
cost of fertilizers (WM4,116.73) and the cost of the hired
labour (N2,866.70). The amount was the return to owner's
land, labour, management and operating capital in excess of

satisfying the family food needs.

The operating capital in the optimum plan was
N14,248.56. The return to farmers land, labour and management
was HW11,323.06. This is much lower than the cost of family
labour of N19,579.80. Since most of the household members do
not offer themselves for wage labour, this return is still
reasonable in the sense that the cost of the food crops used

in the home have not been included.

The maximum available land of 6.47 ha was used up in

producing four crop enterprises defined earlier.
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4.5.2 Resource Use Efficiencies

The efficiencies of the farm resources were evaluated
by comparing their marginal value products with their unit
costs where possible (Table 4.29).

Table 4.29 Marginal value products (MVP) and unit cost of
the resources in the optimum farm plan.

Row Resource Unit Marginal Value Unit Cost
Product (M) (W)
1 Land Ha 2969.41 0
2 FL Jan-Apr Ha 0 5
3 FL May Ha 0 5
4 FL Jun Hr 4.12 5
5 FL Jul Hr 5 5
f FL Aug Hr 5 4
7 FL Sept Hr 0 5
8 FL Oct Hr 0 5
9 FL Nov Hr 5 5
10 FL Dec Hr 0 b
11 Operating Capital N 0 0.30
12 N- kg 2.61
13 P- kg 4.44
14 K- kg 0.95
15 MZ-Balance kg 1.89 0
16 8G-Balance kg 2,355 0
17 CpP-Balance kg 6.11 0
18 CT-Balance kg 3 3% 0
19 GN-Balance kg 8.43 0
20 MZ-Cons kg -1.89 0
21 SG-Cons kg =205 0
22 CP-Cons kg -6.1% 0
23 MZ-Seed kg 1.89 0
24 S8G-Seed kg 2.55 2,05
25 CP-Seed kg 6.11 4.93
26 CT-Seed kg 5.00 3.35
27 GN-Seed kg 3,35 5.33

The marginal value products of the resources which were
also the dual values of the solution were the same as the

shadow prices on the disposal activities of the linear
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programming model. The shadow prices of the disposal
activities show the resources that could best be expanded in
order to increase the income from the farm. The shadow prices
show the productivity of each resource and thus, how the
total income can be expanded by utilizing an additional unit
of the resource. The values were zero for excess (slack)
resources and positive for the limiting or constraining
resources. According to Etuk (1979), the more limiting a

resource is, the higher is the marginal value product.

Land resource in Table 4.29 had a very high marginal
value product of N2,969 which meant that land was a limiting
factor in production. It also shows that an additional use
of 1 ha of land would increase farm income by N2,969. Land
rentage as a means of acquiring an additional land was not
a common practice in the zone and therefore, it was ditficult
to compare the marginal value product of land with its unit

cost in the study area.

The marginal value product of labour for June, July,
August and November were positive meaning that labour was a
constraint in these months. For June, the marginal value
product (MN4.12) was less than the unit cost of labour (N5)
while for the months of July, August and November, they were
equal in each case. In these months, labour was a
constraining factor and an additional use of labour by hiring

would add H5/hr to the total income of the farmer. The months
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of January-April, May, September and October were the months
when farmers have excess family labour (labour was under-

valued in such months).

The marginal value product of capital in the area was
zero whereas the interest on borrowed capital was 30%. This
shows that there is no market for agricultural capital in the
zone. Indeed, there was no capital borrowing from formal
credit institution observed in the area. Where borrowing
occurred, it was usually from relations and no interest was
paid on such loans. The implication of this on farm credit
pelicy is that more farmer education is needed to change this

attitude which has itg foundation on religion.

The use of additional unit of nitrogen fertilizer would
increase farm income by HWH2.61 while the use of additional
phosphecrus fertilizer would increase the income by H4.44. On
the other hand an additional unit of K-fertilizer would
increase the income by H0.95. These show that all the
nutrients (N, P and K) were limiting factors ¢to crop
production in the zone. The P-nutrient was more limiting than
N-nutrient while the K-nutrient was the least limiting. This
result was consistent with previous fertilizer response
studies which show that the unit response to K was highest
in most of the sites. However, it was difficult to compare
the marginal value product of the nutrients with their unit
costs since the unit costs would depend on the type of

fertilizer used as the source of the given nutrient,
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4.5.3 Penalties for forcing into the optimuem plan excluded
activities

The crop enterprises excluded from the optimum plan
include those designated as non-basis in the primal solution,
They included maize/cotton mixture and maize/sorghum/cowpea
mixture. These enterprises were the least profitable and
forcing them means a penalty on the objective function in
form of a reduction in the net income. The penalty for
forcing a unit of maize/cotton mixture on the plan was that
the net income would be reduced by N661.90 (net return value
in the primal solution wvalues) while forcing a unit of
maize/sorghum/cowpea mixture would have reduced the net
income by MW1,562.22, 1f labour was hired in April-May,
September, October and December, the income would have
reduced by M5 per hour while in June i1t would have reduced

by NO.BB per man-hour.

Borrowing of a unit of capital would have lowered the
net income by 30% or NO.3 per Naira borrowed. Purchasing of
Calcium Ammonium Nitrate would have reduced the net income

by H0.12 per unit.

1f buying of maize seeds were included, the objective
function value would be reduced by N3.1l1 per kg while the
inclusions of buying sorghum seeds, cowpea seeds, and
groundnut seeds would have reduced the net income by N2.45,

HB.89 and H16.65 respectively.
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If a unit of sorghum produced was sold, the net income
would have increased by NO0.50 while a unit of cowpea sold
would have increased the net income by N1.18. On the other
hand, a unit of groundnut sold would have increased income
by N3.10. The purchasing of maize for consumption from the
market would have reduced the net income by N0.70 per unit
while that of sorghum would have reduced net income by NO0.60

per unit,

4.6 Sensitivity Analysis

The initial farm plan was subjected to four parametric
models as described in Table 4.30. The results of the

analyses are presented as follows:

Model 3.5.3.1

In this model, the prices of urea, NPK (15:15:15), CAN
and S8P were each raised by 150%. That raised the prices of
NPK and urea from the initial H60/bag each to W150/bag each
while the prices of 8SSP and CAN rose from N40/bag to
N100/bag. The price at which maize grains was so0ld was also

increased by 68.8% from N1BY9/baq to N319/bag.

The optimum plan under this wmodel showed a
reorganization of the farm activities and resource use
levels. The new plan (Table 4.31) showed that the net farm
income increased from HN25,571.62 to HW43,664.98. This

represented about 71% increase in the net farm income.
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Table 4.30 Sensitivity models and the levels of price
changes in fertilizers and maize used.

Fertilizer Prices Maize %
Models (N/kg) selling increase
Price
NPK & sSSP & % {H/kg)
Urea CAN Increase
Initial Plan 1.2 0.8 1.89
34031
3.0 2.0 150 3.19 68.8
3:943,2 4.8 3.2 300 3.19 68.8
3.5.3.3 6.0 4.0 400 3.19 68.8
3.5.4.4 6.0 4.0 400 4.0 111.6

The new plan contained three feasible crop enterprises
namely sole maize, sole cowpea and sorghum/groundnut mixtures
instead of the five in the initial plan. The level of maize
production was increased from 5.282 ha to 6.206 ha. The
level of sole cowpea production remained at the same level
of 0.264 ha. Although the cultivation of sorghum/groundnut
mixture was feasible, no sorghum and groundnut were produced.
Sorghum was a mandatory crop for food consumption and it was
allowed in the plan to be produced and/or bought using the
income derived from the farm. The plan showed that the family
had to purchase all the sorghum required for consumption
(1,096 kg) at the rate of W315/bag of 100 kg. The logic here
was since maize command higher price and higher yield per ha,
it was economically wiser to produce maize, sell it and use

the revenue from the sale to buy sorghum grains.
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Table 4.31: Optimum farm organization and existing activity
levels when the prices of fertilizers were
increased by 150% and that of maize by 68.8%.

Objective function/ Existing
Real activity Activity Level
Objective function
Total Net Income (N) 43,664.98
Real Activities - Crop (ha)
Sole maize 6.206
Sole cowpea 0.264
Sorghum/groundnut mixture 0
Human labour hiring (hrs)
June 42.07
July 345.11
August 50.69
November 315.65
December 6.43
Fertilizer Purchase (kg)
NPK 15:15:15 2517.50
33P (Supa) 29.38
Urea B09.43
Seed buying (kg)
Cotton seed 0.00
Use of Farmer's owned seed (kqg)
Maize seed 155.00
Sorghum seed 0.00
Cowpea seed 6.61
Groundnut seed 0.00
Crop selling (kg)
Maize 19,108.65
Cotton 0.00
Crop consumption (kg)
Haize 830
Sorghum 1096
Cowpea 216

Crop buying (kqg)
Sorghum 1096

The new plan however shows that the increase in maize
production would introduce more labour bottleneck to the

household labour. Instead of hiring labour in June, July and
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August as in the initial plan, labour would be hired in June,
July, August, November and December. This means more
operating expenses on the part of the farmers. For instance,
the cost of hired labour would increase by 32.6% from
N2,866.70 to N3,800 per farm plan. The total labour use would
be 4,645.5 man-hours consisting of 3885.5 hrs of family

labour and 760 hours of hired labour (Table 4.32).

The same table also shows that the total variable cost
would be MN13,839.40. This would be made up of N10,039.4 spent
on fertilizer purchases and N3,800 spent on hiring labour.
In addition, a totai of N3,452.4 would be spent in buying
sorghum grains for family consumption. This would reduce the
net farm income since the money spent would be part of the

income earned from the farm.

The marginal value product of the land in the model
increased from N2 ,969.40 to N5598.17. Similarly, the marginal
value product of N, P and K increased from M2.61/kg, H4.44/kg
and N0.95/kg to N6.52/kg, N11.1/kg and N2.37/kg respectively.
The marginal value products of thecse resocurce being positive,

shows that they are limiting factors in production.

Model 3.5.3.2

In this model, the price: of fertilizer were allowed to
increase by 300% from the initial plan prices while maize

price remained constant at N319/bag. That brought the prices
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of NPK and Urea to K3U00/bayg each and that of CAN and S$3F to

N200/bag each.

Table 4.32: Resource use levels when lertilizer prices
weres increased by 150% and malze by 68.8%.

Resource Unit Level ot Usaqge
Land ha 6.4
Labour:

Family hy 1885.5

Hired hr To0.0

Total labour hr 46455
Reverniae H B0, Y80 .60
Cost of fertilizer M T ,039., 40
Cost of hired labonr ] 3,800.00
Operating capital M 14,85, a0
Nel Farm Llocome H 43,064 .98

The resuuliting optimam farm plan {tabie 4.33) 15 simblar
o Lhat  obtained 1In model $.9.3.1. The teastbile  orop
anterprises are the same and they are at the same lovel ot
production. A1l othor activities are similar and at the same
leve s, tn verms of resoupee usade (Yable 4.354),  Lhe
resaurces and their levels remained the same exceptl. expondi-
ture on tertilizer which incteased from H1G,039 to Hlb, 047,
This represeonted abouwt 44% iaorssss 1o Lhy Ltubtal varlable
cost over model 3.%.3.1. The net farm income declincd fi1om

the previous year value ftao H2T, 647,
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Table 4.33: Optimum farm organization and existing activity
levels when the prices of tertilizers were
increased by 300% and maize remained constant
at H319/bag.

Objective function/ Existing
Real activity Activity Level

Objective function

Total Net Farm Income (H) 43,664.98
Real Activities ~ Crop (ha}

Sole maize 6,206

30le cowpea .264

Sorghum/groundnul; mixturo 0. 00

Human labour hiring {hrs)

June 4% U
July 345,14
Auqust S50.6Y4
WLFTENUEFIS RN " .
Pecember [T

Fertilizer Purchase (ky)

HEK 15%:15%:15% Z2H17 50
S5 (Bupal R
rea H0O9 4

Seaed buying (kaq)
Cottuen seed .o

UUse of Farmer's owned secd (k)

Mailze seed 15 .14
Sorghum seed .00
Cowpea onced H.61
Grogndnul seed .U

Crop selling (kq)
Maize 19,108.65
Cattan .49

Crop consamption (kq)
Mot e RAH
Sorghum 1096
Cowpea 216

Grain buying {kg)
Sorghum 1096
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Table 4.934: Resource use levels when Lhe prices of
tertilizer were increased by 100% and mailze

remained at Nil9/baqg.

Resource Unit Kesource Use
Level
Land Ha 6.4
Labouy ¢
Famiiy hr ABHYS N
Hired hir Teh,u
Total labour hr 464% . an
Kevents 1 rom moa) Ze H Gl ,9%6 .60
fast of rertilize) ) LS LR
Cost ot hired labour N 3,H00.00
e} vVl ’ ")II!'." " : “y .
Lol Fati incowe I L BRI TR 3 R Y
H S LR ST | $i st hiyoangih tay. L F ]
" i ’ 1 ]t i e o S8 T R T Y ] JEs ) igpai? ¥ L
| -EE ST P 18 N T 5 I IR i { 1
ty i ' »t i e PrLete: il ftertyllzer W et -

mrryevponding increase in the Hhyice of matze will reonit gn
(L% T e ! SO W (N FERERY (1= e : frem iy b !
it iwity ant resonree s remAl ned e soame .
Model 1.%.3.3
e B model , Lhe prices of lerb il el s wére 1neredtiod

by 200% trom the initial plag pricer wntle that of walwe
calos remarned constant. That meant that vreas and NPE wers
sold at KZ240/bag, CAN and S3P were ecach sold at B160/baqg
while wmalee wan sold gt Nsly/baqg,
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The resulting optimum farm plan (Table 4.35) is similar
in all respect to that obtained in models 3.5.3.1 and
3.5.3.2. However, the net farm income would be decreased
further as a result of the further increase in the prices of
fertilizers. The net farm income would be N33,625.45 instead

of the N37,647.14 in model 3.5.3.2.

There was 11% reduction in the net farm income over
model 3.5.3.2 as a result of the 25% increase in the total

cost of fertilizers from N16,057 to W20,079 (Table 4.36).

The marginal value product of land fell from N4,643 to
H4007 while that of potassium dropped from W4.90/kg to
N3.05/kg. On the other hand, the marginal value products of
N and P increased from N10.43 to N13.04/kg and from N16.67

to H22.22/kg respectively.

The marginal value product of labour remained the same
at N5/man-hour. The factors of production that were limiting
production in the last model were also limiting production

in this model.

Model 4.5.3.4

In this model, the price of fertilizer remained at
N300/bag each for NPK and Urea and KW200/bag for CAN and SSP
while the price of maize was increased from HW3l9/bag to
N400/bag. This increase was 112% over the initial plan prices

and 25.4% over the last model price.
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Table 4.35: Optimum farm organization and existing activity
levels when the prices of fertilizers were
increased by 400% and maize remained constant at

N319/bag.
Objective function/ Existing
Real activity Activity Level
Objective function
Total Net Farm Income (M) 33,625.45
Real Activities - Crop (ha)
Sole maize 6.206
Sole cowpea 0.264
Sorghum/groundnut mixture 0.00
Human labour hiring (hrs)
June 42.07
July 345.11
August 50.69
November 315.65
December . 47

Fertilizer Purchase (kqg)

NPK 15:15:15 2517.50

8SP (Supa) 29.4

Urea 809.4
Seed buying (kg)

Cotton seed 0.00
Use of Farmer's owned seed (kg)

Maize seed 155.14

Sorghum seed 0.00

Cowpea seed 6.61

Groundnut seed 0.00
Crop selling (kg)

Maize 19,108.865

Groundnut 0.00
Crop consumption (kq)

Maize B30

Sorghum 1096

Cowpea 216

Grain buying (kg)
Sorghum 1096
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Table 4.36: Resource use levels when the prices of
fertilizer were increased by 400% and maize
remained at N319/bag.

Resource Unit Resource Use
Level

Land Ha 6.47
Labour:

Family hr 3885.5

Hired hr 760.0

Total labour hr 4645.5
Revenue N 60,956.60
Cost of fertilizer H 20,079.00
Cost of hired labour N 3,800,00
Operating capital N 14,854.39
Het Farm Income H 33,625.45

The new optimum farm plan (Table 4.37) is similar in all
respect to the last model optimum plan. The enterprises and
other real activities remained the same while the resource
usage was also the same (Table 4.38).

However, the net farm income would Iincrease from
H33,625.45 to K49,103.46. The rcevenue would increase by 25%
from N60,956 .50 to N76,434.60 while the net farw income would
increase by 46% over the last model. The marginal value
product of land would increase from HN4,006.76 per ha to

N6,609.39 per ha.

The same factors of production that 1imited production
in the last model were also limiting production in thi:

model.
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Table 4.37:0ptimum farm organization and existing activity
levels when the prices of maize was increased
by 111.6% while fertilizers remained at K300/ bag
for NPK and urea and W200 for CAN and SSP.

Objective function/ Existing
Real activity Activity Level
Objective function

Total Net Farm Income (N) 49,103.46
Real Activities - Crop (ha)

Sole maize 6.206

Sole cowpea 0.264

Sorghum/cotton mixture 0.00
Human labour hiring (hrs)

June 42.017

July 345.11

August 50.69

November 315.65

December 6.43
Fertilizer Purchase (kqg)

NPK 15:15:15 2517.50

88P (Supa) 50.69

Urea 315.65
Seed buying (kg)

Cotton 0.00
Use of owned seed (kqg)

Maize 155.14

Sorghum 0.00

Cowpea 6.61

Groundnut 0.00
Crop selling (kqg)

Maize 19,108.65

Groundnut 0.00
Crop consumption (kqg)

Maize 830

Sorghum 1096

Cowpea 216

Grain buying (kqg)
Sorghum 1096
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Table 4.3B:Resource use levels when the prices of maize was
increased by 111.6% while that of fertilizers
remained at N300/bag for NPK and Urea and N200/bag
for CAN and SSP.

Resource Unit Use Level
Land Ha 6.47
Labour:

Family hx 3885.5

Hired hr 760.0

Total labour hr 4645.5
Revenue H 76,434.60
Cost of fertilizer N 20 _N79 NN
Cost of hired labour 3 3,800.00
Operating capital H 507.07
Net Farm Income N 45,103.46

Under an assumption of limited available farm land for
production, the total mean hectarage of all the enterprises
in Table 4.7 which is 2.76 ha was used for the initial plan.
The results of the optimum farm organization (Table 4.39)
show that the net income of the farmer was reduced from the
H25,571 to N8 ,783. The feasible enterprises were reduced trom
five to four. There was no labour limitation as family labour
provided all the needed labour force on the farm (Table

4.40). In terms of the available land, all was used up.

This result shows that under a land constraint, labour

is not a constraint to production, in a small holder
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agriculture however because of low capital input, the net

farm income is always very low?

Table 4.39: Optimum organization of the representative farm
and existing activity levels under a land

constraint, NGS, Nigeria, 1990.

Objective function/real activity Existing
activity
Objective function
Total Net Income (HN) W8 ,782.56
Real Activities
Crop (h)
Sole sorghum 1.950
Sole cowpea 0.545
Sorghum/groundnut mixture U.<u4
0.0
Fertilizer purchased (kq)
NPK 15:15:15
SSP (Supa) 931. 71
Urea 29.38
292,32
Real Buying (kg)
Cotton seed
0.00
Use of Farmer's owned seed (kg)
Maize seed 48.776
Sorghum seed 8.18
Cowpea seed 6.61
Groundnut seed 0.00
Crop selling (kg)
Maize 5436.46
Cotton 0.00
Crop consumption (kqg)
Maize 831
Sorghum 1096
Cowpea 216
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Table 4.40: Resource use levels under a limited land
constraint, NGS, Nigeria, 1990.

Resource Unit Use Level
Land Ha 276
Labour:

Family hr 1864.15

Hired hr 0.00

Total labour hr 1864.15
Revenue N 10,274.90
Cost of fertilizer N 1,492.34
Cost of hired labour N 0.00
Total operating capital N 6,177.40%

* include cost of spraying, handling and transportation charges on
fertilizer and seed treatment.

The results from the linear programming analysis show
that a farmer who plans his farm properly would utilise his
resources better in terms of income and operating expenses.
Thus, through farm planning, the farmer's income was more
than when it was unplanned. His operating expenses was also
lower because resources were more efficiently used. The
sensitivity analysis also showed that, the farmers' net
income is highly dependent on the prices of fertilizer and
cash crops. Thus, a substantial increase in the price of
fertilizers would reduce farmers income drastically while an
increase in the price of the produce will increase it. There
is therefore, a need to balance the issue of fertilizer
subsidy removal with the market prices of the major cash

crops.
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Chapter 5

SUMMARY, POLICY IMPLICATIONS, LIMITATIONS
AND SUGGESTIONS FOR FURTHER STUDY
5.1 Summary
The average size of the farm household in the study area
was nine people and the farm labour force was provided mainly

by the farm family.

The main form of land ownership among the respondents
was by inheritance. However, some land borrowing from
relations and very 1little purchase was practised. The
implication of this finding is that commercial production
will be rare, since farm expansion through land acquisition
by purchase is almost impossible. This is aggravated by the
customary tenure system prevalent in the area and the highly
fragmented :nd scattered holdings which results in waste of

time spent travelling between farms and the homes.

It was observed that not all farms cultivated were owned
by the cultivator/operator. This was attributed to the gandu
system in which gandu members other than the head may not
operate farms of their own unless they are adults and
married. The maxim'm iland devoted to any crop enterprise in
the study area was 6.47 ha while the minimum was 0.01 ha.
However, the total mean hectare devoted to all the crop crop

enterprises was 2.76 ha.
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Seventeen crops were grown in the study area in 98 crop
enterprises and out of the crop enterprises, twenty-six (26)
were malze-based while sixteen were sorghum-based. The crop
enterprises which were common to at least four of the five
study villages were sole maize, sole sorghum, sole cowpea,
maize/sorghum, sorghum/groundnut and maize/sorghum/cowpea
mixtures while maize/cotton mixture was very important in

three of the five study villages.

The physical factors which determine the type of crops
grown were rainfall pattern and distribution, the type of
anil in Yerms nf nhveicral nronertie=s and fertilitv, and the
availability of fertilizers. The rainfall pattern was only
important for short season crops like cereals, legumes and
vegetables such that in bad years (drought) sorghum was
always preferred as the alternative crop to maize by farmers
because of its relative drought tolerance. The dominant soil
types are loamy and sandy loam soils which are suitable to
the crops grown. The relatively more fertile soils were
devoted to the production of maize in the absence of
fertilizers to apply while the relatively poor soils were
used to grow millet and sorghum which were found to be less

demanding in nutrient requirement.

The social factors which determined crop choice was the
need to be self-sufficient in feeding one's household.

Towards this goal, all the farmers grew their own food crops

148



Chapter 5 Swmmary and Suggestions for further Study

mainly sorghum, maize and some cowpea. Sorghum meals were
preferred over maize meals (especially tuwo) for ease of
preparation, better taste, more energy, better storage and
more flour. However, maize was said to have more usage in
terms of meal types and also better appeal. In addition,
maize was regarded as the crop that ‘quench hunger' since
those grown early in the season is the main source of food
between the months of July and November when the old sorghum
stock would have been exhausted. Cowpea was grown mainly to
supplement protein reguirement of the households since meat,
egg and milk were consumed occasionally, usnallv at feativsi

and ceremonial times and when special visitors arrived.

Political considerations did not feature much on the
crop choice decisions in the study area. However, when the
campaign for wheat programme was on, a few of the farmers
participated in order to get fertilizers for their use on

other crops.

The main economic factors which affected crop choice was
availability and prices of inputs and the products. For the
seeds, most of the farmers used improved varieties (over
50%). However, most of them used previous year's harvest for
the next season and therefore rarely buy seeds for which they
have stock. Labour was hired only at peak periods when family
labour could not cope with the competing demands for farm

work. The ever increasing cost of hired labour (wage) has
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made farmers to drop highly labour Iintensive crops 1like
groundnut and cotton. Fertilizer was bought and used by all
farmers in the study area. However, the level of usage was
hampered by non-availability rather than by the prices.
Although crop price was an economic factor that determined
crops to be grown, it was the unanimous view of the farmers
in the study area that for food crops like scrghum and maize
that price factor was not important because if the crops
produced were not sold, they would be kept for consumption
in the following year. However, the prices of cash crops like
cotton, pepper, sugarcane etc. in the previous season
determine whether or not and how much of the crop to produce
the following year. Credit availlability determined crop
choice in the area only to the extent of financing immediate
farm operations. Most farmers relied on the sale of last
season's harvest either in piecemeal or in whole to finance
farm operation when the need arises. There was hardly any
borrowing of funds which involved interest payment among the
farmers. Where the need became inevitable, farmers have sold
one or two domestic animals especially bulls, sheep and goats
and used such money or offered themselves for wage labour
(gandu members and smalli-scale farmers) or borrowed from

relatives at no interest charge to finance farm operations.

Agronomic characteristics of crops was one of the main
determinants of fertilizer requirements of a crop. Farmers

believed that shallow rooted crops like cereals, vegetables
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and legumes regquire more fertilizers than deep rooted crops
like tubers because the nutrient level of the surface soil
was lower than that of the sub-surface soils. Not only that,
they also believed some crops cannot do well without the
application of fertilizers. For this reason, they always
applied fertilizer to maize in form of organic, inorganic or

both.

The fertility status of the so0il which was mostly judged
by its colour was often considered in determining the amount
and type of fertilizer to apply. Black and red soils were
said to be more fertile than stony and white soils. The
supposedly more fertile soils received less fertilizers per
crop and often in the form of organic fertilizer than the
poorer soils. However, the farmers were found not to bother
about the recommended rates of nutrients applied. They relied
on the observed performance of the growing crop based on past
experience with the crocp to know whether or not sufficient
quantity oz tertilizer has beel appliled. hld Siilaciuil,
often lead to over or under application of fertilizers in
crop production among farmers. Economic consideration in
fertilizer use by farmerc in the zone was concerned mcre with
availability than the unit prices. Farmer accorded the
highest priority to the problem of availability at the right
time. This was followed by the problem of capital to purchase
them while the least preoblem identified by the farmers was

the price per unit. It was arqued that since they have to
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farm, they must use fertilizers and they can only use them
if they are available for sale. 1f they must farm therefore,
they must find the money to buy them. However, they all
agreed that high prices would reduce the scale of fertilizer
application and consequently, the type of crop grown and the

size of land cultivated.

The supplementary relationship between organic and
inorganic fertilizers was fully utilized by farmers in the
zone to cut down cost of fertilization and to reduce the
problem of scarcity of inorganic fertilizer. Towards this
end, all farmers used organic fertilizer in the form of farm
vyard manure consisting of cow dung, house sweeps and other
animal droppings on small or nearby sorghum, millet and
sugarcane fields. On maize fields where they were used,
inorganic fertilizers were often used in addition which
suggest that the sustainability of maize production in the
zone depends solely on the continued availability and use of

Ldiivigaliile Lol Lilbiaciho.

The physico-chemical properties of the study villages
showed that all of the sites fell into the low nitrogen level
status using the total N. For phosphorus status, baudawa and
Samaru fell into the medium fertility while Maigana fell into
the low fertility status when the Bray-I1-P was used as the
measure, In terms of potassium status, the exchangeable

cation measure indicated that all sites fell into the low
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status. Conseguently, reasonable responses to N, P and K were

expected for maize in all the sites.

For nitrogen response, the mean N-level used for each
village was 150 kg/ha. However, the technical optimum level
were 95 kg/ha for Samaru, 103 kg/ha for Maigana and 107 kg/ha
for Daudawa while the economic optimum levels were 110 kg/ha
for Samaru, 120 kg/ha for Malgana and 114 kg/ha for Daudawa.
In the case of phosphorus response, the mean level of usage
was 64 kg/ha for all sites although the technical optimum
usage were 64 kg/ha for Samaru, 57 kg/ha for Daudawa and 48
kg/ha for Maigana while the economic optimum levels were 42
kg/ha for Samaru, 56 kg/ha for Daudawa and 50 kg/ha for
Maigana. In all cases, the rates obtained were close to the
60 kg/ha recommended for maize by IAR. The mean level of
potassium usage was 95 kg/ha for all the sites. However, the
technical optimum level was 58 kg/ha for Samaru, and 63 kg/ha
for Maigana while the economic optimum levels were 78 kg/ha
LUL waliaid, wo AY/lia LUL Vaudawa dild 04 AY/id LUL mailyalia.
In the case when all the three elements, N,P and K were
varied simultaneously the technical optimum was found to be
between 100-40-£0. and 150-60-90 kg/ha but the economic
analysis showed that the profit was maximized for each

village at 150-60-90 kg/ha of N,P and K respectively.

The linear programming solution of the farm model shows

that the average farmers who had 6.47 hectare of land could
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grow sole maize, sole sorghum, sole cowpea, and maize/sorghum
mixtures and obtain a net farm income of N25,572.00, However,
where he has only 2.76 hectare, he would cultivate the same
sole maize, sole sorlghum and sole millet and obtain a net

farm income of N8,782.56.

The sources of N, P and K fertilizers used by farmers
in the model were NPK 15-15-15, single superphosphate and
urea most of which were bought from the open market. Farmers
used seeds preserved from previous year's harvest for all the
crops grown. Maize was the only crop sold and therefore the
cash crop of the farm households. The food requirements of
the farm households consisting of seven consumption unit were
met by consuming 830 kg of maize (8 bags), 1096 kg of sorghum
(11 bags) and 216 kg of cowpea (2 bags) per year which were

all produced from the farms.

The farm household relied mainly on family labour (87%)
for farm activities and only augment by hiring labour (13%)
at the peak of labour needs in the months of July, August and

November .

The initial operating capital is often small. However,
as the farming season progresses, revenue from maize sales
of previous year is injected into the capital base of the

farm.

The limiting resources to crop production in the zone
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were land which has high shadow prices, and June, July,
August and November labours. Fertilizer nutrients were also
limiting factors to crop production especially for maize. The
marginal value products of N, P and K were N2.61, N4.44 and
NO.95 respectively compared with the unit price of maize
which was N1.89. This gave nutrient crop price ratios of
1.4:1, 2.35:1 and 0.50:1 for N, P and K respectively which
except for Pwas far lower than the ratio of greater than 2:1
suggested by Vachhrajani (1990). An increase in the prices
of N, P and K sources through an increase in the prices of
all brands of fertilizers and an increase in the price of
maize grains would result in a lower net farm incom« and
higher nutrients-crop price ratios. Increasing the pric . of
fertilizers would result in the production of sole maize and
sole cowpea enterprises while sorghum would no longer be
produced by the farmer but purchased from the market for
household consumption. More maize would be produced which
wovnld increase the net farm income of the household. However,
the increase in maize production would introduce additional
labour constraint in the months of June, and December. Thus,
to improve the net farm income substantially calls for
reorganization of farms along sole cropping line, a situation

which is different from existing practices.

For instance, with 400% rise in the prices of the
fertilizers and 112% rise in the price of maize grain the net

farm income increased to ®49,104 while the nutrient crop
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price-ratios declined slightly to 3.26:1 for N, 5.56:1 for

P and 1.18:1 for K.

5.2 Policy Implications of the Study

There are many findings from the study which have policy

implications.

1.

The finding that the average household size was nine
and that 54 per cent of the respondents were dependent
have implications for farm technology usage and the
orientation for production. The basic goal of the farm
household has to be how to produce enough food crops to
feed the househo.d members. Since the working popula-
tion is low, improved production technologies must be
used to produce over and above what is required in the
home. In addition, policies which will reduce family
size, train and create skills among household members
will reduce dependency ratio. 1t was not therefore
JULPLivisny ohat the wo.culecu ciops growi iu Lhc arLea
were dgrown in as much as ninety-eight different crop
enterprises in order to provide a wider choice of food
varieties., While maize and sorghum crops formed the
basis for the focod crops, maize was the dominant cash
crop in the zone. Economic considerations, especially
crop prices were hardly considered by farmers when it
comes to the choice of food crops. This implies that

specialization of crop production among farmers which
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is being advocated by government will continue to
suffer setbacks because price which is normally the
driving force behind specialization is ignored by the
farmers for their own food crops.

The finding that farm ownership through inheritance and
borrowing from the family members accounted for 97 per
cent of land transactions implies that land fragmenta-
tion and small size of holdings are still much
practised in the zone. This is out of tune with the
land use act of 1976 which allowed land ownership
through lease within the customary land tenure system
(which is the dominant form of land tenure in the
area). The farmers are not utilizing the opportunities
for increase Iin farm size and farm consolidation
offered in the act by leasing or buying farm lands. 1In
deed, there was neither market for farm land nor any
form arrangement for land consolidation such as
cooperative farming in the study area.

Farm credit borrowing from commercial sources to
finance farm operations was rare among the farmers in
the zone because of religious rather than economic
reasons. This has implication for farm si1ze ana
investments in that only farmers who are already rich
can probably expand their farm and carry out new
investments and initiatives. The poor farmers, for lack

of enough investment capital, and the unwilling-ness to
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borrow credit on interest payment basis, would continue
to operate small farms basically for subsistence and
make little income for other family needs from the farm
i.e. they will remain in the vicious cycle of poverty
and Nigeria will continue to face food problems as a
nation. Thus, for these categories of farmers to
benefit from credit policies, their production goals
and religious orientation towards investment credit

must be changed or in the alternative establish an

interest-free Islamic banking - a profit sharing
arrangement.
4. The findings that continuous land cultivation was a

major practice in the zone and that the practice has
been sustained through soil fertility maintenance by
using organic and inorganic fertilizers have implica-
tions. The iirst implication is that both organic and
inorganic fertilizers must be made available for
production to be sustained. In the case of organic
fertilizers in form of farm yard manure, compost and
animal droppings, the scale of usage is limited to
small farms, usually to those near homes because of
their bulkiness and by the fact that they are slow to
act due to the time taken to decompose and release the
nutrients into the soil. In the case o0f 1inorganic
fertilizers, its availability is the main constraint to

its usage and the farmers were willing to use it
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irrespective of the prices especially on maize, for
which they know they will sell and make money to cover
their cost. The second implication is that the on-
station recommendation for fertilizer rates currently
in use for maize in the zone needed re-validation. The
result shows that the current economic levels of N and
P were satisfactory at 120 kg/ha and 60 kg/ha respec-
tively given site location differences in the =zone.
However, the economic rate for K, needs to be increased
from 60 kg/ha to 90 kg/ha. The technical rates for N,
however was lower than the recommended rate.

Bie The low nutrient fertilizer-crop price ratios in use by
farmers in Nigeria was confirmed by the result of the
solution to the initial LP model in which the nutrient-
crop price ratios for maize were 1.38:1 for N, 2.35:1
for P and 0.50:1 for K which except for P were all
lower than the recommended ratio of greater than 2:1
for any crop. The implication is that the prices of the
fertilizers needed to be increased which 1s why the
subsidy on them is being suggested to be reduced. The
sensitivity analyses showed that this suggestion might
have some merit in that raising the ratios up to 3.25:1
for N, 5.56:1 for P and 1.18:1 for K by selling NPK and
Urea at N300/bag each, CAN and SSP at HW200/bag each and
maize grain at KR400/bag, the farmers can still make a

net farm income of N49,104 from using 6£.47 ha (or
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M17,030 from 2.76 ha). The farmer, in spite of this
high net farm income would have been able to feed the
household members of nine people with the minimum
requirements of maize and cowpea produced on the farm
and would also have purchased with the income earned
enough sorghum from the market for the family consump-

tion throughout the year.

5.3 Conclusion

The conclusions from the study are that food and cash
needs were the main determinants of crop choice among farmers
in the area. To this extent, food crops were grown without
consideration of their market prices while cash crops were
grown based on the performance of their prices in the
markets. Inorganic fertilizer use was and would remain the
main driving force behind maize production in the zone. The
present nutrient-crop price ratios for maize were low and
shows that they are inefficiently used, This calls for a
reduction in the subsidy level on fertilizers. However,
because this study was based on a year's data, it cannot
recommend the level o0of subsidy to be maintained by
government. Farms were not efficiently organized presently
and reorganization would result in lesser enterprises but
higher income as a result of more efficient utilization of

the farm resources.
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5.4 Limitations of the Study and Suggestions for Further

Studies

The validity of the results of a study depend much on
the accuracies of the data used and the assumptions made
about them. In this study, many hands, some whom have to
depend on interpreters were used in collecting the various
data. This may introduce individual biases arising from
interpretation and measurement errors into the data. These
biases were assumed to be randomly distributed and the
effects cancelled out one another. Similarly, the farmers
sampled cut across different categories of farmers with their
own biases. Again, these biases were assumed to be random and
cancelled out one another such that in the end, the data were

as accurate and as representative as possible.

The fertilizer response data were based on a two vyear
experimental trials. However, for climatic reason, the second
year data were not used because it differed significantly
trom the tirst year data and Lhe resulls were guite difrerent
as shown. The limitation therefore is that this analysis
cannot adequately describe the response of maize to
fertilization in the zone as average response over the vears
would have been preferred. Besides, farm level response was
not determined since farm level fertilizer use data were not

available. There is need to do this in the future.
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S

The 1linear programming model was based on the
representative farm which in reality is non-existent. The
interpretation of the results and their applications on a
wider basis would have to be done with caution. For instance,
some of the technical coefficients were adjusted to reflect
average input-output coefficients obtained in the zone from
previous studies rather than using what was obtained in this
study. The initial linear programming analysis was based on
a static equilibrium analysis whereas in practice or in the
real world, the farmer is faced with a dynamic situation in
which many economic and non-economic variables are changing.
For instance, the sensitivity analyses were based on the
assumptions that it 1is either the price o0f maize or
fertilizers or both that change at once while the other
prices remained the same. This assumption 1ignores <the
competitive, complementary and supplementary relationships
between the crops and other inputs involved. These
relationships need to be investigated in a future study. In
spite of all these limitations, the results from the study
have provided useful insights into the crop choice and crop
fertilizer use decisions of the farmers, the importance of
maize in the cropping system as well as the role cf inorganic
fertilizers in sustaining maize production in the northern

guinea savanna of Nigeria.

Fertilizer response studies are continuous for the sake

of updating information available on soils and therefore it
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is suggested that further work should be done on it. The data
for one season cannot accurately show the impact of subsidy
on a crop production because of the continuous price changes
in both input and output. Therefore, a research covering
several years may be needed to reach a conclusion on the

impact of subsidy removal.
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Appendices

APPENDICES

The appendices in this study are concerned with test of
variances between the 1990 and 1991 fertilizer response data
for the N,P,K and NPK treatments respectively. In this test,
we tried to establish if there was a uniformity between the
data sets of 1990 and 1991 for each village and treatments.
The test of equal variance is given by

Ul—U,-do
and
" (%, - X) - d,
1 1
—— + e 5
Slg 1 ()
and
2 2
52 (n,-1)8,+{n,-1)8,
. (n,+n,)-2
where

U, and U, are the means for the two populations 1 and 2.

do is the variance

t = is the appropriate student t at a chosen probability
level(s) and a given degree of freedom (V). » is either 5%
or 1%,

X, and ;é are sample means for sample 1 and 2 respectively.
ny = the sample size of the 1st population

n, = the sample size of the 2nd population

2

8,1 = variance of the 1lst sample
2
S, = variance of the 2nd sample.

P = the pooled data.

Ho : Uy - Uy =0 (null hypothesis)
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Ha : U; - U, = d, (alternative hypothesis).

Decision Rule: Reject Ho if tc o V < ¢t

where tc = calculated ¢t

t = table value.

Let the maize yields in Samaru in the 1lst year be Cll and
Samaru in the 2nd year be C12. Also let the maize yield in
Daudawa in the 1lst year be C21 and in the 2nd year be C22
while the yields in Maigana in the first year be C31 and in

the 2nd year be C32.

t 0.05, 40 = 2.021
t 0.01, 40 = 2.704

*
* %

non

Significant at 1% level of probability.
Significant at 5% level of probability.

APPENDIX A. This represents the variances in nitrogen data.

Appendix Al (Samaru).

3.191-2.784 _ 0.407

Cu ~ €z teyy ~ Cy

1 1
BT W s
’J(21) {21)
- 20(0.732)% + 20(0.736)% _ 0.539
SP 40 L
t = —2-497 . 793
0.734 x 0.308
Decision Rule: Accepts Ho and Reject Ha.
Appendix A2 (Daudawa)
2.441 - 1,591 0.85
Cun = Car Eo 5,/0.095 S, x 0.309

g . 20(0.583)% + 20(1.591)* _ 6.798 + 50.63
P 40 40

S,0.309
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A = 1.436

s, = (T.436 = 1.198

_ 0.85

t > 601
Carer 1.198 x 0.309 s
Decision Rule: Reject Ho and Accept Ha.
Appendix A3 (Maigana)
¢ . 3.332-2.076 _ 1,256
o - en 5, 0.309 s, 0.309
g2 . 20(0.511)% + 20 (0.992)? _ 5,222 + 19.68
J 40 40
2
S, = 0.623
5, = J0.623 = 0.78%
1.256 1.256
t = = = ) a‘
o e 0.789 x 0.309 0.244 R

Decision Rule: Reject Ho and Accept Ha.

APPENDIX B. This represents the Y
phosphorus data.

W
5]
Y
A
n
n

to.ub‘ 34 - 2.04

to-olf 34 - 2.?5

in
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Appendix Bl (Samaru)

3.411 - 2.357  _  1.054 _  1.054

tert-enn ™

1 1 2
P TETTEY 2 S,y0.333
5 (18) (18) Spfls »
s? 17(0.702)’;417(0.766)’ 0.54
Sp - JO.54 - 0.73
6, 1.054 _ 4.34*

0.73 x 0.333

Decision Rule: Rediect Ho and Accept Ha.

Appendix B2 (Daudawa)
2.216 - 1.893 _ 0,323

tear-c22 ~ s, 0.333 s, 0.333
st - 17;0.363)’;417(0-811)’ - 0.395
S, = 0.395 = 0.63
b = 0.322 - 1.54

0.63 x 0.333

Decision Rule: Accept Ho and Reject Ha.

Appendix B3 (Maigana)

. _ 3.456 - 2.566 _  0.89
cs1 - ez S, 0.333 S, 0.333

17(0.831)% + 17(0.704)* _ 4 593

2
Sp 34
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5, = 0.593 = 0.770

) 0.89 _ :
fc © 5,770 x 0.333 el

Decision Rule: Reject Ho and Accept Ha.

APPENDIX C: This represents the variances in
potassium data.

to'“' 34 - 2.04

to-ol' 34 - 2-95

Appendix Cl1 (Samaru)
3.424 -12.351 N 1.075

teir -en Spﬂ%)*(—l%) m
5} - 17(0:693) + 17¢0.647)7 . o.449
5, = J0.449 = 0.67
e * 0.6'}':705.333 " ¥

Decision Rule: Reject Ho and Accept Ha.
Appendix C2 (Daudawa)

2.001 - 1.845 _ 0.161
2 S, x 0.333
8./ (= P

te2r-ca2 ™

17(0.581)? + 17(0.407)°
5: - ( ) i ( ) = 0.256

the
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S, = 0.256 = 0.506

0.161
t, = = 0.
c 0.506 x 0.333 s

Decision Rule: Reject Ho and Accept Ha.

APPENDIX D: This measures the variances in the yield data
for N,P and K combined.

to.oss 148 = 1.96

Appendix D1 (Samaru)
3.322 - 2.352 _ 0.967

1 1 S . 0.163
S;qug) + (7§) P

t!‘.‘]l -c2

74(0.781)%+74(0.930)? 0.74
148 ’

2
Sp =

S, = J0-74 = 0.624

0.967
= = 9-48
°” 0.624 x 0.163 *

Appendix D2

. . 2,140 -1.722 _ _ 0.418
e - a2 5, x 0.163 5, x 0.161

g2 . 14(0.714)7 + 74(0.622)* _ , .
P 148

S, = J0.45 = 0.67

173



hppendices

01418 o 3.33.

B ™ =l
e 0.67 X 0.163

e: reject HO and accept Ha-

pecision Rul
pdix D3 (Maiga

na)
3.361'-2.166 . 1.195
Sp x 0.163

tey-o2 ~ Sp ¥ 0.163

2 2
. . 74(0.733) . 74(0.353)" = 0.33
148

Appe

SP
s, - V0-3% ° 0.58
10195 = 12-640

t =
¥ 0D.58 X 0.163

pecision Rule: reject Ho and Accept Ha .
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GNS
SMZ
S5G
SCP
SCT
SGN
CMZ
CSG
CCP
BMZ
BSG

cons
cons
cons

APPENDIX E

LIST OF ABBREVIATIONS IN THE LP MODEL

Family labour
Hired labour
Maize

Sorghum
Cowpea

Cotton
Groundnut

Nitrogen nutrient
Phosphorus nutrient
Potassium nutrient
Maize consumption
Sorghum consumption
Cowpea consumption

Buy nitrogen nutrient
Buy phosphorus nutrient
Buy potassium nutrient
Buy NPK fertilizer

Buy single superphosphate fertilizer
BU} calclum amuuuiiiuln s

Buy urea fertilizer

Buy maize see

Buy sorghum seeds
Buy cowpea seeds

Buy cotton se

Buy groundnut seeds

Use own maize seeds

Use own sorghum seeds
Use own cowpea seeds
Use own groundnut seeds

Maize balance
Sorghum balan
Cowpea balanc
Cotton balanc

Groundnut balance
Maize seed balance
Sorghum seed balance
Cowpea seed balance
Cotton seed balance
Groundnut seed balance
Sell maize grains

Sell sorghum grains
Sell cowpea grains

Sell seed cot
Sell groundnu

Consume maize grains
Consume sorghum grains
Consume cowpea grains

Buy maize gra

Buy sorghum grains.

ds

eds

ce
e
[

ton
ts

ins

Lialc

Lertiiy

ci
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