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FOREWORD
More than in any other region of the world, agriculture south of the
Sahara is in crisis. High rates of population growth and little
application of improved technology have resulted in declining food
production per capita, escalating food deficits, deteriorating
nutrition and environmental degradation.
This holds also true for Ethiopia. To break the vicious circle, my
Government seeks to intensify agricultural production mainly
through human resource development in the agricultural sector,
better land use, research in diversification of types of crops and
seeds, fight against pests and deseases, and also through a better
access to fertilizers.
Therefore I welcome the initiative taken by the Dutch fertilizer
industry to invite independent research institutes to examine the
relationship between plant nutrients, food production and the
environment and to determine the place of fertilizer in sustainable
agriculture in Sub-Saharan Africa.
To restore hope to the African farmer it is absolutely required that
local Governments, the donor community, scientists and industry
collaborate. Only when the support for and the believe in the
development potential of the African agriculture is shared by all
parties involved - albeit for different motives - success is within
reach.

Brussels, October 1993

Dr. P. G. Robleh
Ambassador of Ehtiopia

Vll

EDITOR'S PREFACE
It is well-known that food crop production has to be increased in
Sub-Saharan Africa. Many people are concerned about the impact
of the modern agricultural production techniques that will be
needed to achieve such an increase. One particular concern is in
respect of threats to the environment. Some consider fertilizer use
to be one of the major causes of agriculture's environmental
problems.
To give an objective assessment of the role of plant nutrients for
sustainable food crop production in Sub-Saharan Africa, a number
of scientists was invited to review the subject from different angles.
We invited these scientists at the request of the members of the
FAO/Fertilizer Industry Advisory Committee (FIAC), Rome, and the
Dutch Association of Fertilizer Producers (VKP), The Hague.
FAO/FIAC and VKP financed the study and left the editors and
authors to deal with the contents of the book.
Part 1 of this book provides general information. Part 2 contains
two case studies at country level, providing details of Malawi and
Ethiopia.
The book reports the findings of the scientists in the different
chapters, each chapter being the sole responsibility of the
respective author(s). It is clear that scientists have different ideas
and ways of writing, so uniformity of presentation could not fully be
reached. This means, for instance, that against the editor's
preference to use the elemental form of nutrients, i.e. N, P and K,
in some chapters the traditional N, P205 and K 2 0 was used, mainly
because of available statistical material.
Some chapters have 'boxes' containing detailed information, but
these are not essential to a basic understanding of the written text.
Attention is drawn to the Annexes with their useful information on
countries in Sub-Saharan Africa and on organic and mineral
fertilizers.
The book is intended for those with an interest in sustainable food
crop production in Sub-Saharan Africa. The contents give ample
opportunity for policy makers to decide on a course of action to
increase food production in a sustainable fashion.
Although some familiarity with science and environmental topics
would facilitate the reading of the text, all users of this book
should be able to grasp the subject by reading the synthesis in
chapter 1.1.
We thank the copyright-holders for permission to reproduce their
material in photographs, figures and tables. For review of the
papers we acknowledge with thanks dr. W.A. Blokhuis
(Wageningen), mr. R. Coster (The Hague), mr. D. Koole
IX

(Brussels), prof.dr. P.L.G. Vlek (Gottingen), as well as the authors
who read each other's drafts. We would like to thank specifically
the authors dr. B.H. Byrnes and dr. E.M.A. Smaling for their critical
remarks.
Mr. J.A. Farmer and Mrs. J. Farmer (Whitchurch) were very helpful
in checking the English and logic of Part 1 and Mr. M. McLarney
(Oslo) corrected the English of Part 2.
Finally we thank the Board of VKP and members of FAO/FIAC, as
well as the staff of NMI for their co-operation in publishing this
book.

Wageningen, October 1993
H. van Reuier
Agricultural University
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W.H. Prins
Nutrient Management Institute NMI

A B S T R A C T of Part 1
Food production in Sub-Saharan Africa (SSA) has not kept pace
with population growth and food shortages are common. The
question arises how self-sufficiency for food can be reached in a
sustainable way. Up to now any increase in food production was
mainly achieved by bringing new land into cultivation but further
extension is limited. Therefore it is now necessary also to increase
the productivity per unit of land with proper management tools.
This option is justified by the difference in average yield of cereals
in SSA 1 ton per ha versus about 2.3 ton per ha in other
developing regions.
Water and nutrients are the main factors determining crop
performance in SSA. Additional water for irrigation is only locally
available and in most regions it is easier to increase the nutrient
availability through nutrient application. Some people oppose
nutrient application because of the assumed negative
environmental aspects. However, this notion is based on
experiences in industrialized countries.
All countries in SSA have a negative nutrient budget, indicating
that the nutrient outputs are higher than the nutrient inputs. The
soils are mined for nutrients and sooner or later yields will
continually decline. For a sustainable production it is necessary
that the nutrient budget is at least near equilibrium. Non-productive
nutrient outputs e.g. through erosion should be avoided. Export of
nutrients through harvested crop products should be replaced.
Most soils in SSA are chemically poor and the nutrient availability
needs to be increased to obtain higher yields. Nutrients can be
applied as organic or mineral fertilizers. Organic fertilizers supply
nutrients and add new organic material to the soil. The latter is
important for maintaining the soil organic matter content. However,
it is not possible to cover all nutrient requirements through organic
fertilizers. Farmers have to aim at integrated nutrient management
which is the combination of organic and mineral fertilizers. Organic
fertilizers are of local origin and they are generally very bulky.
Mineral fertilizers may be produced locally or regionally, or
imported from other countries.
The major part of food crop production in SSA can be
characterized as low external input agriculture. In 1990 less than
10 kg of plant nutrients (N+P205+K20) in the form of mineral
fertilizers per ha were applied in SSA, while in industrialized
countries applications of over 500 kg per ha are not uncommon.
Recently in many countries the subsidies on mineral fertilizers
have been reduced. Consequently prices of mineral fertilizers have
gone up substantially. Therefore any increase of fertilizer use
should be combined with locally adaptable practices for increasing
the efficiency of fertilizers.
In industrialized countries the environmental problems may be
1

caused by application of more nutrients than the plants need. This
in sharp contrast to SSA where soil degradation is caused by soil
mining. Both systems are not sustainable.
For the greater part the knowledge exist to minimize the possible
negative effects of fertilizer use. Once the farmer has acquired this
knowledge he should be stimulated to use the right type of fertilizer
in the right amount on his farm. The environmental consequences
of continued low use of organic and mineral fertilizers are more
devastating than those anticipated from increased use of fertilizers.
Further conclusions are:
- Intensification should first be realized through optimizing the use
of locally available resources.
- Food production in SSA can only be increased substantially
through application of externally derived plant nutrients.
- Introduction of fertilizers requires a good infrastructure and
education of farmers.
- High external input agriculture should be limited to high potential
areas, i.e. those with production and location advantages.
- In marginal areas low-input/low-output agriculture should be
practised.
- Nutritional demands of crops can best be met by integrated
nutrient management, i.e. the combination of nutrients from
organic and mineral sources.

2

C H A P T E R 1.1 The role of plant nutrients for sustainable food crop
production in Sub-Saharan Africa

Synthesis
H. van Reulera) and W.H. Prinsb>
a>

Agricultural University, Department of Soil Science and Plant Nutrition,

P.O. Box 8005, 6700 EC Wageningen, The Netherlands
"' Nutrient Management Institute NMI, Agro Business Park 20,
6708 PW Wageningen, The Netherlands

Agriculture in industrialized countries and
Sub-Saharan Africa
Agriculture in most industrialized countries is characterized by:
high degree of mechanization, use of plant nutrients at
economically optimal levels, use of plant protection chemicals, use
of high-yielding varieties, highly productive livestock systems, and
low input of labour. A large variety of food is produced in abundant
quantities. The average yield of cereals in Europe is 4.51 per ha
[16], with extremes of over 101 per ha [13]. However, the
environmental consequences of this type of agriculture have been
heavily critized. As a result presently many measures have been
initiated to curb the production of surplus commodities and to
reduce the environmental degradation of the water and
atmospheric resources from these agricultural practices. The
nutrient budget of these countries is generally positive and
environmental problems are caused by application of more
nutrients than the crops can utilize. The nutrients are applied as
organic fertilizers (e.g. animal manure), and/or mineral fertilizers.
Agriculture in Sub-Saharan Africa (SSA) presents a completely
different picture. The degree of mechanization is very low, no or
low quantities of fertilizers and plant protection chemicals are
applied. Yields of cereals are approximately 1 t per ha [16].
Generally the nutrient budget is negative [11]. Soils are mined for
nutrients which lead to the negative environmental consequences
of soil degradation and erosion. In southern Mali about 60% of the
farmers income is based on soil mining [14]. Yields continuously
decline with such a system, until the soils no longer can support
plant growth. Moreover, food production has not kept pace with the
population growth. This means that in the last decade the food
production per capita has decreased (Annexes 7 and 8).
In order to become self sufficient in food, the production in SSA
needs to be increased. This can be achieved by: extending the
area used for food crop production as has been done in the past
and/or increasing the production per ha.

3
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Possibilities for the extension of the agricultural area are limited,
since the best land is already cultivated. Only marginal and
forested lands remain, and they would better be conserved for
ecological reasons. Therefore, increasing the production per ha
offers the best option for feeding the population and reducing the
environmental degradation.
SSA can be divided into three major agro-ecological zones (AEZ):
semi-arid, sub-humid and humid. There is a strong correlation
between the rainfall regime and the dominant soil type of each
AEZ. Generally it can be stated that in the semi-arid zone soils
have a relatively high chemical fertility and a poor physical fertility,
while in the humid zone the physical fertility is relatively high and
the chemical fertility low. The soils in the sub-humid zone have
intermediate characteristics [1].
The soils used for food crop production in SSA generally have a
low chemical fertility. This means that low amounts of nutrients,
available for plant growth, lead to low yields. The physical
properties (e.g. water holding capacity, permeability) of the soils
vary from poor to good.
Shifting cultivation
In SSA the traditional agricultural system used for food crop
production is shifting cultivation. After having slashed and burnt the
vegetation food crops are planted. The cultivation period previously
lasted 1 to 3 years, then fields were abandoned and the natural
vegetation could regrow. During fallow periods of up to 20 years
the soil fertility could, at least partially, be restored.
4

Increased population pressure has forced farmers to shorten the
fallow period, by increasing the cultivation period. With shorter
fallow periods in the slash and burn system, the soil fertility
regeneration is less. Also marginal soils with low chemical fertility
are brought into cultivation. The overall consequence of these
developments is that the fertility of these soils decreases and
yields will continue to decrease.
With the agricultural system of SSA, plant nutrients are exported
through harvested products, erosion and other processes, resulting
in a substantial negative nutrient budget. For sustainable
production it is essential that the nutrient budget should not be too
negative. This can be achieved by decreasing the non-productive
nutrient output processes (e.g. crop remains, losses through
erosion and leaching) and/or by increasing the nutrient input.
Improving the nutrient budget can be done by adapting cropping
systems to cause less loss by erosion and leaching, and more
biological nitrogen fixation. Ultimately the soils will also require
application of organic and/or mineral fertilizers.
Soil is lost through wind and water erosion. In chemically infertile
soils of SSA, the supply and conservation of fertility depends on
the organic matter of the topsoil. Therefore erosion control
measures such as contour cropping, terracing, wind breaks, and
maintaining soil cover should be implemented to minimize soil
losses.
Before making investments in nutrient application, other
agricultural practices should be optimized. Timeliness of clearing
activities should enable planting at the onset of the rains. Crop
management should also include proper storage and use of
appropriate varieties of seed, weeding, protection against animal
damage (birds, rodents), minimizing losses by pests and diseases,
use of cover crops, and water conserving measures.
Any attempt of increasing the food production per ha should
start with an optimal use of the locally available resources.
Improvement of the cropping system
Improvement of the cropping system aims at maintenance of the
soil organic matter together with an elevated level of soil nutrients.
Improvement in organic matter can be accomplished in different
ways. After having abandoned the fields in case of shifting
cultivation, trees and shrubs, preferably legumes, can be planted
for speeding up the regrowth of the fallow vegetation with desirable
species rather than weeds. Another possibility is to replace the
natural fallow vegetation by rotations of a green manure crop. The
green manure crop is worked into the soil before planting the next
crop.
5

During cultivation, food crops may also be grown mixed with
legumes. The aim of this mixed (or inter-) cropping is that the food
crop benefits from the atmospheric nitrogen fixed by the legume.
However, field evidence of this effect is limited [12] mainly because
other nutrients need to be added, and the legume accumulates
nitrogen for itself and provides little nitrogen to the food crop.
Another improvement is through agroforestry, which is the
combination of agricultural crops and trees. An example is alley
cropping where a food crop is interplanted with rows of trees.
Possible benefits of such a combination may be: increase of the
amount of available nutrients, erosion control, plant support, fruit
harvest, fire and/or timber wood production, whereas prunings may
be used as cattle feed. If a legume tree is planted, additional
nitrogen can be imported into the cropping system through biological
fixation of atmospheric nitrogen. This nitrogen can become available
for the food crop when prunings are applied as mulch. Through
these prunings other nutrients absorbed by the trees from the subsoil
may become available for the food crop. The deep rooting trees may
also act as a safety net for nutrients which are leached.
The major problems with alley cropping are competition between
the trees and the food crop for light, water and nutrients. For
instance the potential of agroforestry in the semi-arid agroecological zone is limited [6]. Additional nutrients can only become
available for the food crop when conditions for nitrogen fixation are
favourable and other nutrients, particularly phosphorus, are
available for the legume growth. Other disadvantages are the high
labor requirement and land occupied by the nonfood plants.
All methods aiming at improvement of the cropping system
need to be locally specific. Moreover, such improvements are
all more management intensive and require more farming
skills than the traditional farming system.
Application of organic and/or mineral fertilizers
Nutrients can be applied through organic and/or mineral fertilizers.
For the plant there is no difference from which source the nutrients
originate. Both sources have their advantages and disadvantages.
Mineral fertilizers have a known nutrient composition, and
application can be made when the plants need the nutrients.
However, mineral fertilizers are frequently not available and are
generally expensive to the farmers of SSA. Nitrogen fertilizers can
acidify the soil. When fertilizers are not managed correctly, they
may cause pollution.
The main advantage of organic fertilizers (e.g. animal manure) is
their contribution to soil organic matter content rather than as
6

nutrient source. It is almost impossible to meet the nutrient
demands of crops through organic fertilizers [5]. The main nutrient
applied through organic fertilizers is nitrogen, but much of this
nitrogen is lost. Nutrients are released from organic fertilizers
through decomposition. This process depends on many factors
and therefore the periods that nutrients will become available for
the plant cannot be controlled. The chemical composition of
organic fertilizers is also variable and the bulky character of the
organic fertilizers is a problem when they have to be transported.
The main problem in SSA is that there are not enough organic
fertilizers available for application to crops.
There are many examples frorrvSSA that continuous application of
only mineral fertilizers ultimately results in yield declines, while with
a combination of mineral and organic fertilizers the yield levels can
be maintained [9]. Therefore the nutritional demand of crops can
best be met by combined application of mineral and organic
fertilizers, together with methods to conserve organic matter. Such
a strategy is often called integrated plant nutrient management [5].
FAO [3] uses the term BISA - balanced input sustainable
agriculture. Balanced refers not only to mineral and organic inputs
but also to the balance between the major nutrients nitrogen,
phosphorus and potassium.
Present use of mineral fertilizers
The present level of nutrient application, expressed as
N+P205+K20 through mineral fertilizers, is in SSA less than 10 kg
per ha. This is extremely low when compared to the rest of the
developing world or to industrialized countries, where applications
of over 500 kg per ha are not uncommon [16].
At present 80% of the fertilizer consumption in SSA is imported. In
1990 about one-third of these imports were financed by aid. For 21
of the in total 45 countries in SSA all fertilizer imports were
financed through donor programs [4].
According to the quantities of external inputs applied often the
indications Low External Input Agriculture (LEIA) and High External
Input Agriculture (HEIA) are used. When deliberate action is taken
for Sustainability one speaks of LEISA and HEISA. According to
Kieft [7] application of 2 bags of mineral fertilizer, which means 100
kg of product per ha, can still be considered as LEI(S)A. However,
the terms LEI(S)A and HEI(S)A have only relative meanings. Low
input in Western Europe would be considered as high input in SSA.
Fertilizer use in SSA can be made more attractive by alleviating
constraints regarding education, supply, pricing, policy, marketing
and distribution.
7
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Which strategy should be followed in SSA?
According to Sanchez and Salinas [10] low-input technologies
should be used on soils with a low chemical fertility where,
because of soil properties, landscape position and market
accessibility, low-input technology has a comparative advantage
over high-input technology. The best land in terms of soil
productivity, irrigation potential, proximity to markets and access to
transportation can be managed more efficiently with higher
external input technologies than land which lacks these
advantages.
In marginal areas continued research investments directed at
these marginal environments may lead to new, cost effective
methods to restore and to maintain soil fertility that can support
low-input/low-output forms of agricultural production [15].
Low-input agriculture has been equated with sustainable
agriculture by some. However, by today's consensus this definition
is not correct. The application rates of nutrients must be high
enough to compensate for the nutrient outputs, otherwise the soil
fertility declines to unsustainable conditions. In order to overcome
this environmental degradation it is essential to invest in
maintaining and improving soil fertility.
Economic aspects of fertilizer use in SSA
In the slash and burn agriculture of SSA, farmers strive to produce
enough food to sustain their families until the next harvest. Without
a credit system that promotes the use of fertilizers on food crops
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farmers are often not willing to invest in fertilizers. Such credit
systems exist for export crops like coffee, tea, sugarcane, cotton,
and oil palm, and most fertilizer is used on these crops.
Fertilizers are generally expensive in SSA because of lack of
infrastructure and economic disincentives to use. Transportation
expenses are often three times that of the rest of the world. It is
often stated that fertilizer use is attractive to farmers when the
Value/Cost Ratio (VCR) (incremental value of the production
divided by the incremental costs of fertilizer use) is at least 2 [4].
The price of fertilizer is usually known at the beginning of the
growing season, but crop yield depends largely on seasonal
weather and the price at harvest fluctuates. When weather is
favourable, yields for all farmers of an area are high and prices
drop. Therefore it is often very difficult for farmers to predict the
economic returns from expenditures for fertilizers [15].
Any increase of fertilizer use should be combined with locally
adaptable practices for increasing the efficiency of the fertilizers.
This increase can be achieved through fertilizer management
practices and other management techniques that make fertilizer
use profitable.
In many countries of SSA, structural adjustment programmes have
been implemented. One of the measures currently being taken is
the reduction of fertilizer subsidies. Consequently, prices of mineral
fertilizers have increased substantially [8]. However, it is
anticipated that the farmers will receive higher prices for their
products. An additional effect might be that the higher fertilizer
prices will lead to an even more efficient use.

9

Environmental consequences
In industrialized countries nitrogen and in some cases phosphorus
have polluted groundwater and surface water. At the present level
of fertilizer application in SSA such problems are there not to be
expected. If fertilizer application rates are increased continuous
monitoring of the positive and negative effects will be required and
measures should be taken to reduce any negative effects.
However, one should keep in mind that the environmental
consequences of the continued low use of fertilizers are more
inevitable and devastating than those anticipated from increased
use of fertilizers [2]. SSA land degradation is linked to the depletion
of nutrients. The often irreversible degradation results in loss of
productivity.
It is important to realize that for the greater part the knowledge
exists to minimize possible negative effects of fertilizer use.
Conclusions
- The present methods of food production in SSA are not
sustainable because of negative nutrient budgets.
- The best option for increasing food production is
intensification of agricultural production on the most
productive soils.
- Intensification should first be realized through optimizing
the use of locally available resources.
- Food production in SSA can only be increased substantially
by application of externally derived plant nutrients.
- Introduction of fertilizers requires a good infrastructure and
education of farmers.
- High external input agriculture should be limited to high
potential areas, i.e. those with production and location
advantages.
- In marginal areas low-input/low-output agriculture should be
practised.
- Nutritional demands of crops can best be met by integrated
plant nutrition i.e. the integration of nutrients from organic
and mineral sources.
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Summary
Plants need air, light, water and nutrients for their growth. Farmers can
relatively easily influence the quantities of nutrients and, sometimes,
water. There are 16 essential nutrients for plant growth and 13 of these
must be supplied from the soil. In general it can be stated that the inherent
fertility of soils in Sub-Saharan Africa is lower than that of soils in the
temperate zone.
In case where only nutrients limit growth, the amount of the respective
nutrients that is available determines the yield that can be obtained. The
yield can be increased by application of the respective nutrient(s).
The nutrient budget is a balance sheet showing different nutrient inputs
and outputs. Such a budget can be made at different scales, e.g. field,
farm or country. A positive budget indicates nutrient accumulation in the
soil, part of which may cause environmental damage. A negative budget
indicates environmental degradation through mining of soil nutrients. For
sustainable development it is necessary that the budget is near
equilibrium. The differences between agriculture in industrialized countries
and in Sub-Saharan Africa is illustrated by comparing the nutrient budgets
of two representative countries. This comparison between a positive
budget and a negative budget shows that in both regions adaptations are
required.
Introduction
Food shortages are common in large areas of Sub-Saharan Africa
(SSA) 1 . Sometimes famines are caused by catastrophic climatic
events such as prolonged droughts or they may be caused by civil
wars or social upheaval. However, a more structural problem is
that the food production in SSA per capita has decreased during
the past decade, this in contrast to all other developing areas [1].
During the past thirty years the agricultural production has
increased with only 2 % per year, while an annual increase of the
food production of 4 % was necessary to keep up with population
growth [7].
There are two options to increase the agricultural production:
- increase the area under cultivation; and
13
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TABLE 1. Contribution of increases in areas and in yields to growth of cereal production in developing
countries and in high-income countries, 1961-1990 [8].
Country group

Current
production
1988-1990,
average 10 6 t

Sub-Saharan Africa
East Asia
South Asia
Latin America
Middle East and
North Africa
Europe and former
USSR
World

Increase since 1961-1963, %
Attributable
to yield increase

Current
yield
1988-1990,
t ha"1

Total

Attributable
to area increase

57
499
261
105

73
189
114
111

47
6
14
30

52
94
86
71

1.0
3.7
1.9
2.1

41

68

23

77

1.4

336
1,858

76
100

-13
8

113
92

2.2
2.6

- increase the productivity of the area under cultivation.
Most of the changes in cereal production for the past thirty years in
SSA relative to other developing regions have been through
expanding the amount of land under cultivation (Table 1). Up to
1990 the increase in agricultural production in SSA was
approximately equally divided between the area extension and
increase of yield per ha. This in contrast to other regions where the
increase was mainly attributable to increased yields per ha, i.e.
intensification.
According to a recent FAO study cited in [7] only 30% of the
African soils can sustain rainfed agriculture. At present one-quarter
of this area is utilized. The major part of the unused area consists
of rain forest and ecologically fragile lands which should be
conserved for ecological reasons. In many areas the shortening of
the fallow periods and increased cropping intensity have caused
soil exhaustion. The result is that soils have lost productivity. The
intensification of practices offers the only possibility to increase
food production.
Intensification can take place in several ways. Examples are
improvement of agricultural practices, planting of several crops
during the growing season, use of improved crop varieties, use of
better agricultural implements and use of external inputs like
pesticides, organic and mineral fertilizers. The average application
rates of mineral fertilizers in different development regions of the
world have increased greatly, while the quantity applied in SSA
continues to be very low (Table 2).
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TABLE 2. Use of fertilizers (weighted averages of plant nutrients, kg ha"1) in lowand middle-income countries in different regions of the world [8].
Country group

Sub-Saharan Africa
East Asia and Pacific
South Asia
Latin America and Caribbean

Year

1970-71

1989-90

3.3
36.4
13.5
20.1

8.9
190.3
68.9
46.8

Many have advocated that higher amounts of nutrients must be
applied in order to increase crop production to avoid food
deficiencies and soil degradation. However, this idea is opposed by
people who envision negative environmental aspects of fertilizer
application. The latter notion is often based on experiences in
industrialized countries.
In this introductory chapter, principles of plant nutrition will be
discussed as well as contrasts between the agriculture in the
industrialized and SSA-countries.
Plant growth and nutrients
Essential nutrients
Plants need air, water, light and nutrients for their growth. Some of
these needs can be influenced relatively easily. However, the
farmer can only change the quantities of nutrients and at times
water. The availability of water can be increased through irrigation
where water is available and to an extent by controlling rainfall run
off. Plant nutrients can be influenced by adding the needed
nutrients. There are 16 essential nutrients for plant growth (see
also Annex 3). Carbon (C), hydrogen (H) and oxygen (O) are
supplied to plants from air and water. The remaining 13 nutrients
must be supplied from the soil. They are subdivided into macronutrients and micro-(or trace-) nutrients, in relation to the relative
quantities required. The chemical symbols and the names of the
essential nutrients and the forms in which they are absorbed by the
plants are shown in Table 3. In addition, some plants require
nutrients like sodium (Na), silicon (Si) or cobalt (Co).
Yield and nutrients
The influence on growth of the quantity of essential nutrients
available to plants is illustrated by Liebig's Law of the Minimum
15
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FIGURE 1. Crop yield
cannot be higher than
the most limiting soil
nutrient permits [2].

(Figure 1). This illustration is only valid if soil nutrients limit growth,
i.e. other factors like water availability and crop management (e.g.
weed control) are not limiting growth. The staves represent the
different nutrients needed by plants. The yield of a crop is
determined by the stave which is the shortest and therefore limits
yield. In Figure 1 that is nitrogen (N). Plants require different amounts
of nutrients and the lengths of the staves indicate which nutrients
most often limit growth. The yield level can only be increased by
increasing the amount of the limiting nutrient (increasing the length
of the stave). The yield will then increase to another level at which
another nutrient or other factor becomes limiting.
TABLE 3. Nutrients supplied by the soil which are essential for plant growth. The
general form in which the nutrients are absorbed by plants is in parentheses.
Macro-nutrients

Micro-nutrients
or trace-nutrients

N -Nitrogen (N03" and NH4
P -Phosphorus (H2P04)
K -Potassium (K+)
Ca-Calcium (Ca2+)
Mg-Magnesium (Mg2+)
S -Sulphur (S0 4 2 )

Fe-lron (Fe2+)
Cu-Copper (Cu2+)
Zn-Zinc (Zn2+)
Mn-Manganese (Mn2+)
B -Boron (H2B03)
Cl-Chlorine (CI)
Mo-Molybdenum (Mo042)
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Nutrients can be added in organic or inorganic forms. Examples of
organic fertilizers are: animal manures, night soil, compost, plant
materials and sewage sludge (Annex 4). Inorganic fertilizers are
produced as fertilizers which contain only one nutrient (N or P or
K), and compound or mixed fertilizers which contain more than one
of these three nutrients. Inorganic fertilizers are also called
chemical, artificial or mineral fertilizers (Annex 5). In this
publication the latter name will be used. Organic and inorganic
sources of nutrients each have their advantages and
disadvantages. However, for the plant it is not important whether
the source of the nutrients is organic or inorganic, since it absorbs
the nutrient in the same form from either (Table 3).
Soil-plant system
The nutrient fluxes or movements in the soil-plant system are
schematically shown in Figure 2. The nutrients can be transported
dissolved in water or on soil particles with erosion. The soil-plant
system represents here a field with a certain crop or natural
vegetation, but such a system can also be made at different
scales, e.g. for a farm, region, country or continent.
12.
FIGURE 2. Nutrient
inputs and outputs in
the soil-plant system
(adapted from [4]).

1+2. deposition

wind erosion

3. biological
N fixation

gaseous
losses

6 + 7. fertilizers

4. sedimentation
10. products

8. erosion

5. capillary rise

In Figure 2 the following input and output processes are
indicated:
Input processes
Atmospheric inputs
1. wet deposition, which means nutrients derived through rainfall
2. dry deposition, e.g. dust originating from the Sahara desert, or
volcanic ash
17

Plant nutrients and food production

3. biological N fixation, the conversion of atmospheric N to plant
usable compounds.
Other inputs
4. sedimentation, soil material eroded from higher areas is
deposited on lower areas
5. capillary rise of groundwater which carries nutrients to the
surface
6. manure, when animals are fed materials derived from outside
the farm
7. mineral fertilizers.
Output processes
Outputs
8. erosion losses
9. leaching losses
10. harvested products, in crop materials and as meat.
Outputs to the atmosphere
11. gaseous losses, mainly nitrogen and sulphur
12. wind erosion, e.g. dust storms.

Soils
The inherent soil fertility
The inherent fertility of soils can be defined as the capacity to
provide plants with nutrients, water and oxygen. Therefore the
inherent soil fertility can be divided into a physical fertility and a
chemical fertility.
The physical fertility is the capacity of soils to provide the plants a
rooting area, water and air. Improving the physical soil fertility is
sometimes possible, e.g. the drainage of waterlogged soils can be
improved by ditches or drainage tubes. The water holding capacity
of soils depends mainly on the soil texture (particle-size
distribution) and organic matter content. It is very difficult to
improve the water holding capacity.
The chemical fertility of soils is the capacity of soils to provide
plants with needed nutrients without having high concentrations of
compounds that are detrimental to growth. The amount of nutrients
that circulate in a soil-plant system depends on the quantities of
each nutrient which are present in the soil.
Nutrients are present in organic material, absorbed or contained in
minerals, and in soil solution. The largest amount of these nutrients
is present in forms which are unavailable to plants at any particular
time. Through breaking down organic material (decomposition) and
minerals (weathering) the nutrients become available to plants.
18
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FIGURE 3. Absorption
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These processes are generally relatively slow, with weathering
being much slower than decomposition, but they are important in
protecting nutrients from losses. The plants can only absorb
nutrients which are dissolved in the soil solution. This is
schematically presented in Figure 3.
Soils of the temperate regions and SSA
Large areas of the temperate regions were covered by glaciers
during the Ice Ages. The glaciers eroded much soil material but in
large areas also new parent material was deposited e.g. loess.
Consequently, the soils of the temperate regions of most
industrialized countries are relatively young compared to the soils
of most tropical regions, particularly in SSA. The age of the soil
material, combined with intensive weathering in the tropics due to
warm temperatures and rainfall, has resulted in large differences in
the inherent fertility and productivity between tropical and
temperate soils. Main characteristics of tropical soils are:
- low content of weatherable minerals;
- high content of iron/aluminium compounds;
- high acidity (low pH);
- clay minerals with a low capacity to adsorb nutrients (Box); and
- low organic matter contents.
Weatherable minerals have been degraded to clay minerals
(kaolinite) with a low capacity to adsorb and supply nutrients.
Exceptions are the soils which received fresh minerals recently e.g.
flood plains of rivers or volcanic ash deposits. These soils are more
fertile and productive than the much more dominant highly aged
soils in SSA.
In soils with a low chemical fertility the soil organic matter plays a
very important role as a source of nutrients and for retaining
nutrients. The iron/aluminium compounds bind individual soil
particles into aggregates. The arrangement of these aggregates is
called the soil structure. This structure influences the water
movement through the soil, the capacity to retain water and the
resistance to root penetration.
Summarizing, the majority of the soils which are important for crop
production in SSA have a low chemical soil fertility. The physical
properties depend strongly on the soil texture and structure. For a
19
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BOX
In the soil solution negatively charged surfaces of clay and organic matter bind positively charged
nutrients (cations). These nutrients can be exchanged for other positively charged ions. The amount of
cations that can be bound is indicated by the Cation Exchange Capacity (CEC).
Iron/aluminium compounds may also bind nutrients. The charge of these compounds is pH dependent
and is therefore called variable charge. Sometimes also part of the charge of organic matter is variable.
Generally the pH of tropical soils is so low that the charge is positive and negative charged nutrients
(anions) can be bound. This Anion Exchange Capacity (AEC) is quantitatively much smaller than the
CEC. The most important negative charged nutrients to be bound is phosphorus-H2P04".
Phosphorus may also react with iron aluminium compounds or calcium, thus becoming less available for
plants.

good performance plants need a good chemical as well as a good
physical fertility. Improving the physical fertility is in most cases
difficult and costly. The chemical fertility can be improved with
application of nutrients.
Agriculture in Western Europe and Sub-Saharan Africa
A nutrient budget is a balance sheet showing nutrient inputs and
outputs. Such budgets can be made at different scales (continent,
country, region) for all nutrients. The differences between the
agriculture in industrialized countries and SSA will be illustrated by
comparing nutrient budgets. Only nitrogen and phosphorus are
considered because these nutrients are in most cases limiting crop
growth. If in excess, they are the main pollutants of groundwater
and/or surface waters.
Dust storm in Mali.
Photo: Royal Tropical
Institute (KIT),
Amsterdam
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The budget for nutrients can be positive, zero or negative. If
positive, then nutrients accumulate in the soil, if negative, the soils
are becoming depleted. This mining of nutrients ultimately leads to
soil degradation and yields continually decline.
As an example of a nutrient budget in industrialized countries, a
budget of former West Germany is presented (Table 4).The
surplus of nutrients (sum of inputs minus output through products)
amounts to 218-51 = 167 kg N and 36.7-12.7 = 24 kg P per ha per
year, respectively. This surplus results in potential losses of
nutrients into unwanted locations in the ecosystem, causing
environmental resource degradation. In the West German
example, per ha about 120 kg N and 2.6 kg P, being 55% and 7%
of the inputs respectively, are lost to the environment. P is only lost
through soil erosion and the remaining part is bound by the soil. In
contrast, N loss to water resources account for about 51 kg per ha,
and 69 kg N per ha is lost to the atmosphere. The balance of the
budget, 47 kg N and 21.4 kg P per ha, is accumulated in the soil
[3]. Part of these nutrients may also get lost to the environment.
In countries where intensive livestock production is an important
activity, the surpluses of nutrients are much higher because of the
high nutrient input through imports of animal feeds. In The
Netherlands respective surpluses amounted in 1986 to 367 kg N
and 38.4 kg P per ha per year. The major part of the N surplus was
lost to the environment [3]. The P surplus is accumulated in the soil
but in some areas the binding capacity of the soil is exceeded and
P leaches to the groundwater.
The conclusion is that strong measures are needed to reduce the
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TABLE 4. Nutrient budget, kg ha'1 year'1, for former West Germany in 1986 (adapted from [3]).

Input of nutrients
Mineral fertilizers
Animal manure (derived from imported feeds)
Wet and dry deposition
Biological N fixation
Other

Output of nutrients
Animal products
Plant products
Losses with water (leaching, run off)
Gaseous losses

Balance

126
47
30
12
3

26.6
9.6

218

36.7

28
23
51
69

9.6
3.1
2.6

171

15.3

+47

+21.4

0.4

surpluses of nutrients in the agriculture of the industrialized
countries to reduce the waste of resources and the contamination
of air and water.
In contrast to the budget presented for an industrialized country,
the nutrient budget of Rwanda gives a totally different picture
(Table 5). Very low amounts of organic and mineral fertilizers are
applied. The main nutrient inputs are through natural processes
(atmospheric deposition, N fixation and sedimentation). The
nutrient output is dominated by the export of nutrients through
harvested products and erosion. The nutrient budget is in the red,
and each year the soil is mined of 54 kg N and 8.5 kg P per ha.
Although only N and P are included in Table 6, 47 kg K per ha is
mined each year as well [6,5]. This depletion of nutrients leads to
soil degradation and yields will continue to decline. The ultimate
outcome is that the soils are so depleted that they can no longer
support any plant growth.
It is realized that on a country scale the nutrient budget may
obscure local situations. However, the examples illustrate the
tremendous differences between agriculture in the industrialized
countries and in SSA: surplus of nutrients through high external
inputs of nutrients versus a negative nutrient budget because of
lack of inputs.
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TABLE 5. Nutrient budget, kg ha'1 year"1, for arable land in Rwanda for 1982-1984 [6, 5].
N
Input of nutrients
Mineral fertilizers
Organic manure
Atmospheric deposition
Biological N fixation
Sedimentation

P

0.4
1.6
5.0
8.8
1.8
17.6

Output of nutrients
Harvested products
Residue removal
Leaching
Gaseous losses
Water erosion

22.0
5.3
3.8
11.5
28.8
71.4

Balance

-53.8

Sustainable agriculture
The Consultative Group of International Agricultural Research
(CGIAR) defined sustainable agriculture as the successful
management of resources for agriculture to satisfy changing
human needs while maintaining or enhancing the quality of the
environment and conserving natural resources. The nutrient
budgets of former West Germany and Rwanda both show that
neither country is practicing sustainable agriculture.
Unbalanced agricultural systems require adaptations. In some
areas with large positive nutrient budgets, measures have been
taken to reduce the surplus of nutrients. The following chapters
give more detailed information on the situation in SSA and the
steps which must be taken to improve that situation, now leading to
costly and irreversible environmental damage as well as human
misery.
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Overview of the agricultural sector
in Sub-Saharan Africa
F. Makken
Agricultural Economic Research Institute, P.O. Box 29703, 2502 LS The Hague,
The Netherlands
Summary
The population in Sub-Saharan Africa (SSA) is growing faster than
elsewhere and there are no signs of this growth slowing down. The
relatively low inherent fertility of most African soils, in combination with the
vagaries of the climate often make agricultural production a risky
undertaking. Food production has also been negatively affected by
unprofitable, often subsidized, market prices and, currently, its growth rate
cannot keep pace with the growth rate of the population. The per capita
food production in SSA is falling.
Short-term measures by SSA governments to remedy food shortages including price fixing, producer and consumer subsidies, imports and
overvaluation- have led to substantial government involvement in food and
fertilizer markets. These measures did not provide long-term solutions, but
in fact aggravated the structural problems. In a majority of the SSA
countries, the long-term structural problems are now being tackled by
structural adjustment programmes instigated by IMF and the World Bank.
Adjustment programmes have several aims, including market
liberalization, privatization, realistic exchange rates and reduced
government spending. The results of these measures usually affect the
poorest members of the society as food prices tend to rise and
government expenditure on such items as health and education decline.
Special programmes are therefore required to cater for the needs of the
poor during adjustment. But producer prices will rise, as will the prices of
imported inputs, and in a free market, food producers may be able to
make profits in spite of their increased costs. This may allow them to
invest in the long-term fertility of their soil, e.g. through anti-erosion
measures, so as to stem the present tide of large scale soil deterioration
which is rooted in poverty.
Introduction
In Sub-Saharan Africa (SSA), the agricultural sector generates the
lion's share of Gross National Income. Its performance is of
paramount importance to the national food supply and the supply
of export crops. The main determinant for the performance of the
agricultural sector, however, are the weather and soil fertility. The
inherent soil fertility is generally low in SSA and agriculture is
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predominantly rainfed. Rainfall can vary substantially from year to
year and from region to region, hence substantial fluctuations in
agriculture production occur from year to year.
Fertilizer is mainly used for the production of cash crops in the
more fertile areas with stable rainfall patterns, contrary to the
production of food grains for which fertilizer is used only on a very
modest scale. Fertilizer use is particularly low in the more marginal
areas, discouraged by the vagaries of the weather and the low
response of indigenous food grains to fertilizer, which make
fertilizer a risky and unprofitable proposition. This situation has led
to a rather unstable supply of indigenous food grains. In rural
areas, temporary shortfalls are, where possible, compensated for
by alternative crops such as roots and tubers, whereas the urban
areas usually resort to the import of food grains readily available on
the world market, such as rice and wheat. National agricultural
policies also have sometimes resulted in a preference for imported
food grains, to the detriment of local food grain production. This, in
turn, has led to certain imbalances, such as large and fluctuating
import bills for food grains and a declining food grain production
per capita, which are now being remedied by so-called structural
adjustment programmes.
This chapter covers the declining food grain production per capita
in SSA and the economic measures that are now being taken. First
the population growth will be discussed, followed by various
aspects of food grain demand and food grain supply (production) in
SSA. Finally the structural problems inhibiting food grain
production and their possible remedies will be considered.
Population growth

FAO Agrostat is the
Agricultural Statistics Data
Base of the Food and
Agriculture Organisation
of the United Nations.
Data sets of 1991 and
1992 have been used for
this paper.

The world population is, in absolute terms, growing at an
unprecedented pace, despite the fact that the overall growth rate
has declined from 2.1 % per year in the sixties to 1.7% in the late
eighties (FAO Agrostat)1. It is expected that the present world
population of more than 5.2 billion people will exceed 6 billion by
several hundreds of millions at the turn of the millennium; if so,
world population will have doubled within 40 years. Contrary to the
rest of the world, where population growth is either stabilizing or
even declining, the growth rate of the population in SSA is still
increasing: from an already high 2.7% in the 1960s (three year
moving average) to a rate of 3.1% in the 1980s. The SSA
population more than doubled between 1960 and 1990: from some
200 million in 1960 to nearly 500 million in 1990 (see also Annex 6).
Yet, at a global level, the growth in food production has so far
outpaced the growth of world population, mainly through important
technical improvements (fertilizers, high yielding varieties,
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irrigation, pesticides) which boosted productivity in food production.
Between 1966 and 1980, global food production grew on average
by 2.8%, whereas world population increased by an average 2%
per year in this period; i.e. a theoretical rise of 0.8% in the amount
of food grains available per capita [1,3]. These world growth
figures, however, conceal the fact that food production increased
three times faster in the developed countries than in the developing
countries. Also the rise in consumption per head occurred mainly in
the developed economies where population growth is stable or
even negative. Economic growth in these countries has led to an
increased demand for animal products, such as meat, accounting
for an increased consumption of grains in the form of animal feed.
The growth of world population is slowly catching up with the
growth in world food production and it is feared that the balance
will tilt the other way towards the end of the century. So far the total
food supply is theoretically still sufficient to feed world population,
but the fact remains that there are each year 90 million more
mouths to feed, mostly in developing countries, so once again the
ghost of Malthus is posing a threat to hundreds of millions of poor
and vulnerable people.
In SSA, population growth has already overtaken the growth in
food production and the continent relies on the availability of, so
far, relatively cheap food grains on the world market to cover,
sometimes only partly, the import gaps (Annex 7).
Food demand in Sub-Saharan Africa
In SSA, there are 15 million more mouths to feed every year and
this annual increment itself is still rising: it is projected that by the
year 2000 the yearly population increase will be around 24 million.
This growth automatically leads to increased food needs. Since the
staple food in virtually all SSA countries consists of grains, food
needs are usually being measured in terms of food grains,
although it should be kept in mind that grain meals are often
supplemented or even substituted by starchy staples, such as
cassava, when grain is short. The minimum grain requirements per
person per year vary per country, depending on the availability of
other foodstuffs, but generally the figure of approximately 180 kg
per head per year is used to estimate the total food grain needs for
a country.
Figure 1 shows that there is a growing gap in SSA between the
projected food grain needs up to 1989 and the projected food
available from domestic production plus the balance between
exports and imports. The widening gap between food grain
requirements and food grain production is increasingly difficult to
bridge with imports, mainly due to foreign exchange problems. As
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a result, the average calorie intake per capita in most of SSA is
declining: presently it hovers on average around 2100 kcal per day
(FAO Agrostat), which means that many people have an intake
well below this average level. The WHO has calculated that,
compared to other developing regions, SSA has the lowest dietary
energy supply per capita [7]. This conclusion is further sustained
by WHO figures in the same report, which show for the eighties an
at best static or increased prevalence of child underweight for the
nine SSA countries that were discussed in the report.
Food demand is not only determined by population growth but also
by income. Increased incomes stimulate the demand for food and
many developing countries show very pronounced growth rates for
their Gross Domestic Product, indicating expanding economies.
TABLE 1. Changes in Gross Domestic Product (average annual growth rates, %) in
the period 1980-1990 [Source: World Bank (World Tables)].

All developing countries
Per capita
Sub-Saharan Africa
Per capita
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1980-1985

1985-1990

3.3
0.7
1.5
-3.8

3.5
2.2
2.5
-9.6
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Again, SSA is a sad exception, with a very low average GDP
growth rate compared to the averages for all lower and middle
income countries (Table 1).
These figures disguise the fact that there are marked differences
between SSA countries and within countries. In the urban areas
particularly, there is substantial purchasing power. This is apparent
from the fact that commercial imports of convenience food grains,
such as rice and wheat, still continue when the domestic
production of traditional food grains is adequate.
Food production in Sub-Saharan Africa
Most of the food in SSA is produced by subsistence farmers. The
three main staple crops in this respect are sorghum, millet and
maize, although the latter could also be regarded as a cash crop in
several countries. The three crops constitute respectively 24%,
17% and 33% of the total cereal production in SSA (FAO Agrostat).
Food grain production in SSA is still increasing either through
expansion of the area planted to food crops or through increased
Food preparation in
Zimbabwe.
Photo: Norsk Hydro,
Oslo
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productivity per hectare, but, inter alia due to the explosive growth
of the population, food grain production per capita is falling, as is
demonstrated clearly in Figure 2.
The absolute increases in food production in SSA have
predominantly been realized through area extension; the growth
rates of the area harvested for the three main subsistence grain
crops are substantially higher than their growth rates for
productivity in the period 1980-1990 (Table 2).
In the past few years the growth rate of the extension of total
arable land has slowed down considerably, indicating the fact that
the limits are being reached. Further extension means the tilling of
ecologically fragile areas more frequently and more movement into
areas with marginal soils. In future, production increases should
therefore be realized through intensification of production in the
more fertile areas, for which there seems to be ample scope. The
current average cereal yields in SSA are the lowest in the world;
only 1 t per hectare as compared to 2.31 for all developing
countries in 1988-1990 (FAO Agrostat). The very low yield figures
can partially be explained by the fact that many food crops are
already being grown on marginal or degraded soils.
In terms of agricultural production, there has been much more
attention to cash crop production, e.g. cocoa and cotton, in SSA
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TABLE 2. Growth rates (%) in area extension and productivity for sorghum, millet
and maize in Sub-Saharan Africa in the period 1980-1990 [Source: FAO Agrostat].

Area extension
Productivity

Sorghum

Millet

Maize

2.9
-1.0

2.4
1.3

3.7
0.9

rather than to food crop production. The growth rates for
productivity in the period 1980-1990 were respectively 3.5 and
4.3%, whereas the growth rates for area expansion were very
modest, namely 0.5 and 1.6% (FAO Agrostat). The figures indicate
that in these sectors increased production was mainly realized
through intensification.
It can thus be concluded that there is little investment in SSA food
grain production other than labour, unlike the cash crops, whereas
the gap between food supply and demand is widening. This
apparent contradiction will be discussed below from the standpoint
of some macro-economic developments which have worked
against increased food production in SSA.
Structural problems
Since most of the food crops are produced under rainfed
conditions, the aggregate food supply fluctuates with the yearly
variations in rainfall amounts and distribution. This is particularly
the case for regions where subsistence agriculture prevails and
only occasional surpluses are marketed for ready cash. Bad
weather leads immediately to a drop in food supply on the markets
and a subsequent rise in prices. Those who depend on the market
for their food supply are affected first. In SSA, most people spend
more than half of their income on food items, in urban as well as
rural areas. A rise in food prices therefore directly affects the
income situation of those depending on the market for food. If a
drought is particularly grave or persistent over several years, the
subsistence food producers will also suffer since they lack the
purchasing power to obtain food in the markets.
In order to prevent these disruptions in food supply and the
subsequent human suffering, many Sub-Saharan governments
have, since independence, pursued a policy of low, often panterritorially fixed food prices to protect consumers, particularly the
very vocal urban wage earners. Production shortfalls have been
compensated for by imports, either commercial or funded by aid,
mainly to stabilize the urban markets.
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The policy of subsidized consumer prices has had serious
consequences for domestic food production in various countries
and has ultimately led to interventions -known as structural
adjustment programmes- by the International Monetary Fund and
the World Bank, in approximately three-quarters of the 45 SSA
countries (Annex 1).
Artificially low food prices discourage farmers from producing for
the market since they cannot recover their production and transport
costs. Moreover, private traders are discouraged from engaging in
food trade in case both producer and consumer prices are fixed
throughout the year, as they cannot then benefit from seasonal
price fluctuations to offset transport, storage and interest costs [4].
As a result, governments have begun food procurement and
distribution systems through marketing boards or parastatals
(public sector enterprises), which were forced to operate at a loss
because of the prevailing price structure. They moreover lacked
sufficient working capital to absorb the entire supply of food
products against the guaranteed floor price. This often resulted in
traders procuring the surpluses at well below the official floor price,
which provided a disincentive for next year's food production.
The resulting decline in the flow of traditional food grains to urban
areas forced governments to resort to imports, usually in the form
of wheat and rice (so-called convenience foods because of the
limited processing and cooking time (bread, rice) as compared to
traditional food grains such as millet and sorghum and the rootcrop
cassava).
Due to population growth and urbanization, governments not only
saw their import bill rising steadily, but also their budgets being
increasingly drained by the mounting costs of producer and
consumer subsidies. Absolute bankruptcy has for a long time been
kept at bay by the very low food prices on the world market,
resulting from subsidized production in the EEC and North
America. Also food and fertilizer donations have enabled
governments to maintain a policy of low prices simply by releasing
the donated grains and inputs on the local markets (e.g. Zambia in
the 1980s). Another short-term way to cope with the financial
problems is the policy of deliberate overvaluation of the national
currency: the inflation caused for instance by budgetary problems
(money creation) is not reflected in the exchange rate of the
national currency vis a vis e.g. the US dollar. Overvaluation makes
imports artificially cheap and exports artificially expensive, which
aggravates the balance of payments problems of the food
importing country in the long run.
Also, the sharply fluctuating international food stocks and
impending (gradual) abolition of trade barriers in the framework of
GATT negotiations will maintain or even increase the volatility of
world market prices; in other words, price fluctuations may
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increase. Countries depending heavily on imports will, in fact,
import this instability, either through fluctuating subsidy payments
to support low prices or through fluctuating food prices on the local
market for imported food grains in the absence of subsidies. This
will further encourage governments to shield their economies from
the vagaries of the world market through subsidies and trade
barriers.
The structural adjustment programmes are designed to prevent
this delinking from the world economy and intended to open
countries up to the realities of international trading. The
instruments are usually: budget cuts, abolition of subsidies,
liberalization of food and fertilizer markets, export promotion and
import restriction through devaluation (except for the former French
colonies in West Africa with FCFA currency, which has a fixed
exchange rate to the French franc, the coastal countries in
particular now suffer from severe overvaluation, e.g. Cote d'lvoire)
as well as anti-inflationary measures, all aimed at equalizing the
balance of payments. The programmes did not always achieve the
expected results in the 1980s; low income food deficit countries in
particular, such as Uganda, Guinea and Benin [2], encountered
great difficulty in escaping from the subsidy trap. Other countries,
such as Nigeria, have banned wheat imports to promote local food
grain production, thus substantially cutting imports. In the same
vein, Mali closed its borders to imported rice from Thailand to
improve the economic conditions for rice production in the Niger
delta.
The most apparent negative effects of the adjustment programmes
Cassave is one of the

pav?«^.
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are: inflation resulting from devaluations that were not
accompanied by anti-inflationary measures, social disturbances
(e.g. Malawi) caused by soaring food prices and budget cuts in
such areas as education and health programmes (e.g. Ghana [5]).
The challenge ahead
SSA is presently facing a multitude of problems. Its population is
growing faster than anywhere else in the world and per capita food
production is declining, resulting in a worsening nutritional status,
particularly for vulnerable groups, despite substantial food imports.
A considerable amount of its food production takes place on
marginal lands under very harsh climatic conditions, while
economic dependence and instability resulting from inadequate
food policies are being remedied through structural adjustment
programmes which affect 'the social fabric' of African Society. The
term social fabric means the social organisation of production, the
associated patterns of ownership and distribution, various forms of
social differentiation and the cultural milieu [6, p 1-7].
There is also a growing awareness that the solutions must come
from the SSA countries themselves, although it is acknowledged
that external conditions, such as price levels for imports (energy,
inputs, food) and exports (export crops) are important determinants
of the economic performance of a country. All countries have
vowed to invest more in agricultural production, a much neglected
sector in the past decades, whereby a higher degree of self
sufficiency or self reliance in food will be pursued.
Although there is still scope for area expansion to increase food
production in land abundant Africa, it should be noted that these
new areas usually have a low inherent soil fertility, hence needing
very long fallow periods (sometimes up to twenty years). It would
be undesirable to devote other areas such as the remainder of the
tropical rain forests and national parks to agriculture, although
poverty continues to push agriculturalists into these areas. Labour
productivity and wages are low on poor soils, causing able bodied
workers to migrate. Low producer prices and land tenure problems,
moreover, discourage producers from investing in anti-erosion
measures and inputs to regenerate the degrading soils. As soon as
some of the key economic bottle-necks (infrastructure, marketing
facilities, availability of inputs and credit, extension, etc.) are solved
and profitable prices for foodstuffs can be obtained, there will be
ample scope for substantial increases in food production in SSA. A
lack of concerted action by governments in this direction will
therefore lead to continued soil depletion resulting in erosion,
deforestation and desertification.
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Once the profitability of agricultural production increases,
investment in sustainable forms of production and soil and water
conservation will be more attractive, since the present process of
soil degradation in Sub-Saharan Africa can be regarded as a result
of poverty and insecurity.
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Summary
Sub-Saharan Africa (SSA) can be divided into different agro-ecological
zones (AEZ). These zones are characterized by rainfall and temperature
regime. The most important climatic variation in SSA is the moisture
supply to the crop, which determines the length of growing period (LGP).
There are three major zones: the semi-arid zone (LGP 75-179 days, 34%
of total SSA area), the sub-humid zone (LGP 180-269 days, 38% of total
SSA area) and the humid zone (LGP > 270 days, 28% of total SSA area).
There is a strong correlation between the rainfall regime and the dominant
major soils of each AEZ. In the semi-arid zone Lixisols cover 33% of the
total surface and Arenosols 26%. In the sub-humid zone Ferralsols (32%)
and Lixisols (29%) are equally important. In the humid zone Ferralsols
cover the largest share (60%) followed by Acrisols (12%). In respect of
crop production, a distinction can be made between soils with a low
chemical fertility (Ferralsols, Acrisols and Lixisols) and soils with a poor
physical fertility (Arenosols). In the sub-humid and humid zones in
particular, soils are chemically very poor and crop production can be
efficient only if balanced amounts of plant nutrients are applied on a
regular basis. However, the input strategy needs to be adapted to the
specific soil characteristics. The selection of an adequate fertilizer strategy
in terms of mode and timing of application will determine its success.
While a balanced plant nutrition strategy is required to ensure economical
production levels on a sustainable basis, an equally important issue is the
preservation of soil resources e.g. through erosion control, minimizing
nutrient leaching and the maintenance of organic matter content.
Introduction
The African continent, straddled across the equator between 34°N
and 37°S, is the most tropical of all continents. A great variability
exists, however, in its climate, which is determined to a large
extent by the Intertropical Convergence Zone (ITCZ). In this zone
the sun is overhead, strongly heating the earth's surface and
causing humid air masses to rise. Condensation in the upper, cool
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Air temperature
decreases with altitude at
a rate of 1 "Cper 180 m
level difference. In order
to avoid confusion and to
come to a more
straightforward climatic
classification,
temperatures of elevated
areas are recalculated to
temperatures at sea
reference level.
2

The length of growing
period is defined as "a
continuous period during
the year when the
precipitation is greater
than half the potential
evapo-transpiration,
calculated by Penman's
method, plus the number
of days required to
evaporate an assumed
100 mm of soil water
stored at the end of the
rains" [11]. The 100 mm
water refers to the storage
capacity of4hat part of the
soil profile which is
functional for root
development.

layers of the troposphere generates the typical afternoon tropical
rain showers and over land, new air masses move towards the
ITCZ - the so-called 'trade winds'. Other factors which strongly
determine the rainfall patterns on the African continent are the
presence of sea currents and continentality. An example of the
former is the cold Benguela current which brings cold, dry air
masses to the coast of Namibia and Angola, resulting in the
Kalahari and Namibian Desert. Continentality implies reduced
marine influence. East Africa, for instance, is drier than one would
expect, for the simple reason that some parts of it are affected by
the rainshade of Madagascar. The central part of Africa is typically
tropical with mean temperatures, adjusted to sea level1, higher
than 18°C in all months. Mountainous areas along the equator are
still classified as tropical after recalculation of temperatures to sea
reference level. Another characteristic of Africa is that it comprises
large areas of aridity. Over 50% of Africa has a length of growing
period (LGP2) of less than 75 days, which is considered the bare
minimum for growing millet.
In this chapter, Sub-Saharan Africa (SSA) is defined as the area
south of the isoline of 75 days length of growing period. The isoline
runs from east to west through southern Mauritania, central Mali,
Niger, northern Chad and Sudan. The total land area in SSA is
estimated at 1,510,743,600 ha. From the soil fertility point of view,
the area is far from homogeneous. The heterogeneity is
determined by variations of climatic conditions, landscape, geology
and soil development.
The landscape of much of SSA tends to be monotonous. The
average altitude varies from 1500 m in the south-east to 300 m in
the north-west. The landscape in East-Africa is characterized by
the East-African Rift Valley which stretches from the horn of Africa
to Malawi. Geologically most of the African continent is very old
and most minerals containing plant nutrients have disappeared
through weathering. However, more fertile soils, in which these
minerals are still present, have developed on younger geological
formations. Examples include the volcanic ash deposits in the Rift
Valley, marine deposits in coastal areas of East and West Africa
and the depressions surrounding lakes.
Agro-ecological zoning in Sub-Saharan Africa
The resource endowment and physical setting of an area are major
determinants of its biological and socio-economic environment.
The nature of the physical resources determines many of the major
constraints of production systems which may then be reflected in
the need for various types of agricultural inputs, likely returns and
sustainability. A logical way to assess soil fertility problems in SSA
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FIGURE L S o i l
associations of SubSaharan Africa based
on FAO-UNESCO Soil
Map of the World [5,9].
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in the light of sustainability is to stratify SSA on the basis of agroecological zones [5]. An evaluation of the major constraints of
various agro-ecological zones (AEZ) can then be elaborated upon,
and management strategies to overcome the constraints
formulated.
The methodology for zoning SSA on an agro-ecological basis has
been adopted from FAO. To this end an overlay is made of two
layers of information:
- The soil map at 1/25,000,000 [9] (Map 1)
- The agro-ecological zones map at 1/25,000,000 scale [5] (Map
2).
The soil map of Africa consists of 17 soil associations. Each of the
mapping units represents a dominant soil unit, which covers the
larger part of the area, and a few inclusions. It should be noted that
the generalization level of Map 1 is very high. This means that
each of the mapping units represent a wide grouping of soils, the
dominant one of which is given by the name of the unit. The soils
which are discussed below are taxonomie units which compose the
cartographic units represented on Map 1.
The agro-ecological zones map of Africa contains information on
the length of growing period (LGP) and on the thermal regime. In
order to simplify, the following breakdown of the length of growing
period is adopted here:
arid: LGP < 75 days; semi-arid: LGP 75-179 days; sub-humid:
LGP 180 - 269 days; humid: LGP > 270 days.
The lowest limit of 75 days is now most commonly used, though it
is very low indeed. Only some pearl millet varieties can grow under
these dry conditions. Therefore in other studies 90 days is often
used as the lower limit. In this period some maize varieties can
mature. Different crops, and even cultivars of the same crop, have
an optimal LGP. If this critical number of days to maturity is not
met, yield levels will be sub-optimal. Long growing periods are
more likely to be associated with pests and diseases and the
choice of the crops might be governed by the need to avoid pests
or to resist diseases and the ability to mature and dry, rather than
by the desire to maximize the yield potential inherent to long
growing periods [1]. In areas with long growing periods the
cropping options become wider: perennials, tree crops, improved
pastures and single or multiple cropping all become viable options
which can be planned at local level by using local crop/variety
characteristics.
The thermal zone determines the temperature regime. The isoline
of 18°C (monthly mean temperature) separates the tropics from the
sub-tropical belt. Within the tropical belt a distinction is made
40

Soil fertility and environmental problems in different ecological zones of the developing countries in
Sub-Saharan Africa

between the warm, cool and cold tropics, depending on the altitude
of the area. The definitions are therefore as follows:
- Tropics: all months with monthly mean temperatures, corrected
to sea level, above 18°C;
- Warm: 24-hr mean temperature during the growing period more
than 20°C;
- Cool: 24-hr mean temperature during the growing period
between 5° - 20°C;
- Cold: 24-hr mean temperature during the growing period less
than 5°C. Night frost is common.
It should be noted that only growing period temperatures are taken
into consideration. From the agro-ecological zoning (Map 2), it is
clear that cold tropical areas are very scarce in SSA, with only a
few pockets occurring in the Ethiopian Highlands. Cool tropical
zones are mostly associated with the East African rift zone in
Ethiopia, Kenya and Tanzania. Therefore SSA can be classified as
warm and tropical. The most important climatic variations are those
of moisture supply for the crop. This is why in Table 1 the
breakdown is given of SSA on the basis of LGP and major soil
associations, by overlying Map 1 and Map 2.
According to the length of the growing period, SSA can be divided
(Table 1) into three major zones: the semi-arid, sub-humid and
humid zones, accounting for 34%, 38% and 28% of the total SSA
area, respectively. Table 1 also gives the relative proportions of the
various soil associations within each AEZ. As could be expected,
there is a strong relationship between the dominant major soils and
the rainfall regime. In the humid zone, for instance, the Ferralsol
association accounts for 60% of the land surface, followed by the
Acrisols which take 12% of that zone. Less important in this zone
are the Arenosols (9%), the Nitisols (8%) and the Lixisols (5%).
The sub-humid zone is characterized by a predominance of equally
important Ferralsols (32%) and Lixisols (29%). Of lesser extent are
the Acrisols (9%), the Arenosols (10%) and Nitisols (8%). In the
semi-arid zone the Lixisols have the larger share (33%), followed
by the sandy Arenosols (26%) and the Vertisols (10%).
Soil-related constraints of the major agro-ecological
zones in Sub-Saharan Africa
The actual soil patterns in the three major AEZ's of SSA are
determined by differences in age, parent material, physiography
and present and past climatic conditions, which even in the tropics
show considerable variation. Map 1 and Table 1 show only the
major soil associations found in the tropical environment. However,
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FIGURE 2. Major
agro-ecological zones
map of Africa [5].
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TABLE 1. Distribution of the major soil associations in the different agro-ecological zones of Sub-Saharan
Africa, arranged according to length of growing period (LGP) in days.
Soil association

Semi-arid
75<LGP<179
km2

Sub-humid
180>LGP<269
km2
%

%

Acrisols
Andosols
Arenosols
Calcisols
Ferralsols
Fluvisols
Gleysols
Leptosols
Lixisols
Nitisols
Planosols
Podzols
Solonchaks
Vertisols
Lakes
Sand

170,753
2,518
1,320,892
306,291
175,298
382,560
235,505
1,721,266
209,156
4,269
1,108
69,561
528,567
21,323
21,955

7
5
33
4

Total

5,171,022

100

-

The soils are classified
according to the
FAO/Unesco Soil Map of
the World [9]. Equivalents
in USDA Soil Taxonomy
are given in parentheses.

3

26
6
3

-

-

530,603
7,061
580,433
12,710
1,847,898
12,642
203,725
183,522
1,666,151
435,931
35
16,535

1
10

-

Humid
LGP>270
km2

%

10

484,268
21,296
364,782

12
1
9

-

-

-

32

2,492,949
52,357
158,685
17,530
213,696
322,618

60
1
4

9

-

4
3
29
8

-

-

158,785
97,533

3
2

-

-

5,753,564

100

8
54,661

4,182,850

5
8

1

100

other soil groups, much smaller in area, are equally important
features of SSA. A brief description of the characteristics and
potential environmental problems with respect to plant nutrition is
summarized below by major soil grouping: Ferralsols, Acrisols,
Nitisols, Lixisols, Arenosols and Vertisols. The discussion will focus
on the inherent soil fertility, and environmental aspects of these
soils and the following topics will be highlighted:
- geographical representation in SSA (Map 1);
- mineralogical and chemical properties which determine the
capacity of the soil profile to provide the plants with nutrients;
- physical soil fertility, which is the capacity to provide plants with a
foothold, water and air;
- some conclusions which are pertinent for sustainable soil fertility
management.
As only 2% of the arable land in SSA is irrigated, the discussion
focuses on rainfed agriculture.
Ferralsols (Oxisolsf
The Ferralsols occupy a considerable part of Central Africa (Zaire,
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Angola, Zambia, Rwanda, Burundi, Uganda, South Sudan, Central
African Republic and Cameroon). In West Africa, large tracts of
Ferralsols occur in parts of Liberia and of Sierra Leone. The
eastern part of Madagascar is also largely characterized by the
Ferralsol association. Characteristic of Ferralsols is advanced
weathering, which results in soil material consisting of kaolinite,
quartz and hydrated oxides. The capacity to supply nutrients to
plants and the capacity to retain nutrients (CEC) are both low.
From a soil fertility point of view, this low retention capacity has
marked consequences for fertilizer management. For example,
quantities of fertilizer, especially nitrogen, should be applied in
rather small amounts at any one time to avoid leaching. Phosphate
fertilizers are fixed by free iron and aluminium oxides with high
fixing capacity. In addition the capacity of Ferralsols to retain plant
nutrients depends on the pH, being higher in neutral soils than at
the more usual acidic pH of field conditions. Therefore increasing
the soil pH through liming will result in a distinct increase in plant
nutrient retention. Other mineral constraints of Ferralsols can be
summarized as follows [13]:
- deficiency in bases (Ca, Mg, K) and incapability to retain bases
applied as fertilizers or by other means;
- presence of aluminium in acid Ferralsols (with pH in water below
5.2). This element is toxic for many plant species and highly
active in the fixation of phosphates;
- presence of free manganese in acid Ferralsols, likewise toxic for
a number of species;
- deficiency of molybdenum, especially required for the growth of
legumes; hazards of iron and manganese toxicity in paddy-rice.
Since very little paddy rice is grown on Ferralsols in SSA, this
problem is not yet acute.
Physically, Ferralsols are excellent soils, well drained and with a
good structure and deep profile. Rooting depth is almost unlimited
and this makes up for their relatively low water holding capacity - a
point of particular importance for deep rooting crops including
many perennials.
4

pp = pro parte, i.e. the
two terms correspond
only in part

Acrisols (Ultisols, ppf
Acrisols occur in the southern part of the sub-humid zone of West
Africa and comprise southern Guinea, most of Cöte d'lvoire,
southern Ghana, Togo, Benin and Nigeria, and central Cameroon.
In East Africa large tracts of Acrisols occur in the humid parts of
Tanzania (Map 1). The agricultural potential of Acrisols bears some
resemblance to the potential of Ferralsols. Acrisols are
characterized by an enrichment of clay in the subsoil (textural B
horizon). This horizon has a high water holding capacity but the
higher density may limit the biological activity and root penetration.
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Although Acrisols are less weathered than Ferralsols, the mineral
reserve is low. Nitrogen tends to leach and trace elements are
deficient (boron and magnesium). Aluminium is present which may
lead to phosphate fixation. The structure of the surface soil is very
weak and internal drainage may be hampered by the compact
textural B horizon. Special care is therefore needed to protect
Acrisols from soil erosion. The addition of lime and organic matter
may be needed to ensure sustained production.
Nitisols (Paleudults, Paleustults, Paleudalfs, Paleustalfs, pp)
Although the surface area of Nitisols is rather limited in Africa, they
are included because of their high agricultural potential. The most
important occurrences are in Ethiopia, Kenya, Tanzania and eastZaire, all related to volcanic activity in the Rift Valley zone. Nitisols
are highly weathered soils with a subsurface horizon enriched with
clay which stretches deep into the subsoil. Furthermore, this
horizon is characterized by a good soil structure which brings them
into a higher fertility level than Acrisols. The nutrient deficiency
status of Nitisols is considered to be comparable to that of
Ferralsols, though less acute. Many Nitisols of the East-African Rift
Valley have been enriched by volcanic ash, which makes them
fertile. A typical example is the Nitisols on the southern slopes of
Mount Kilimanjaro, one of the most productive areas of Africa.
The key to the high fertility level of the Nitisols is the clay in the
subsoil which can retain considerable amounts of plant nutrients.
Furthermore, organic matter very deep in the soil profile
accentuates this positive effect in certain Nitisol units [2].
Phosphate fixation is common and manganese toxicity may be a
problem in the more acid Nitisols.
The water holding capacity of Nitisols is favourable because of the
high clay content in the subsoil, and these soils have a typically
open structure which allows crop roots to penetrate very deeply
into the profile.
Lixisols (Alfisols, Oxic Kandiudalfs, pp)
Lixisols form a belt in West Africa between the Acrisols and the
Arenosols, and other important areas occur in south-east Africa
and in Madagascar. They have a clay accumulation horizon with a
low capacity to store plant nutrients, but which is well saturated
with cations. The soil-pH of Lixisols is therefore medium to high
and aluminium toxicity does not occur. Because of the low storage
capacity for cations, Lixisols may become depleted rather quickly
under agricultural use, though their physical fertility is generally
better than that of Acrisols.
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Arenosols (Psamments, pp)
Arenosols form an almost continuous belt in West Africa, stretching
from northern Senegal, Mauritania, central Mali and southern
Niger, through Chad to eastern Sudan. Another important Arenosol
area in south-western Africa includes parts of Botswana, Angola
and south-west Zaire (Map 1). As the name suggests, the soil
material of Arenosols is mainly composed of quartz, with a low
water holding capacity and nutrient content, a low nutrient retention
capacity and deficiencies of minor elements which are normally
bonded to clay or organic matter (zinc, manganese, copper and
iron). Deficiencies of sulphur and potassium are common, while
fertilizer efficiency is hampered by severe leaching, especially of
nitrogen and potassium.
Arenosols tend to be weakly structured, which explains compaction
of the subsoil and water/wind erosion of the topsoil. In dry areas
Arenosols contain more bases, but the poor water holding capacity
places a severe limit on crop growth and performance.
Vertisols (Vertisols)
The largest share of Vertisols occurs in the semi-arid and subhumid zones of Sudan and Ethiopia, and in Tanzania close to Lake
Victoria. Vertisols are characterized by a high content of swelling
clay. During the rainy season they expand and surface flooding
becomes a problem. In the dry season the clay shrinks and large
deep cracks develop. Tillage is hampered by stickiness when wet
and hardness when dry. A very narrow range exists between
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TABLE 2. Major soil-related crop growth constraints in Sub-Saharan Africa.
Soil unit
Constraint
Chemical
Nutrient
retention capacity
Mineral reserves
N losses
P fixation
Physical
Moisture
availability
Flooding
Erosion
Rooting depth
Key:

Ferralsols Acrisols

Arenosols Nit

XX

X

X

X

XX

XX

X

X

XX

XX

XX

XX

X

-

-

XX

X

X

-

-

-

xx severe problems

X
X

X

XX

x problems likely

X
XX

- constraint not very important

moisture stress and water excess. The permeability of Vertisols is
low when moist, making them sensitive to erosion in the absence
of vegetative cover. The physical condition of Vertisols is greatly
influenced by the level of soluble salts and/or adsorbed sodium [2].
The chemical fertility of Vertisols is usually high, though
phosphorus availability is generally low [3]. Because of the flooding
in the rainy season the efficiency of nitrogen fertilizer applications
may be very low. This is related to a high nitrogen losses under
waterlogged conditions.
The types of constraints which can be expected in the major SSA
soils are summarized in Table 2.
Management options to overcome soil fertility
constraints in Sub-Saharan Africa
The total extent of SSA land is 1,511 106 ha having a LGP > 75
days. Of this area some 82% (1,239 106 ha) is suitable for crop
production. FAO [8] estimates that 148 106 ha (12%) are presently
cultivated under arable and permanent crops, of which - taking into
account requirements for fallow - only 60% is harvested yearly.
This low percentage suggests that there is ample space for
extension of the agricultural area, though this extension is limited
by several constraints. For instance, the high population supporting
capacities of central Africa coincide with a Ferralsol area. These
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soils are fragile and can be productive only if appropriate quantities
of plant nutrients are added to the system regularly. On the other
hand, over much of the area a sound equilibrium will need to be
established with another important natural resource, the tropical
rain forest. Therefore intensification of the land already used for
agricultural purposes is preferred. Average yields are between a
third and a quarter of those that could be obtained with medium to
high levels of inputs. According to the World Bank [15] the average
yield of cereals in SSA is 1.01 per ha which is low compared with
yields obtained in other regions.
It should be noted here that the figures for areas given above are
approximations. Land statistics in Africa are of limited accuracy, yet
they give a reasonable order of magnitude.
The majority of soils in SSA has a low chemical soil fertility, and
plant nutrients have to be applied to achieve an economically
sound production level. From the discussion on soil constraints
however, it can be concluded that the input strategy will have to be
adapted to the specific characteristics of the different soil
associations.
With the exception of the Vertisols and some Nitisols, the soil
groups discussed have a low capacity to retain plant nutrients. In
most cases, especially in the sub-humid and humid zones, these
soils are extremely depleted and crop production can only be
efficient if balanced amounts of plant nutrients are applied on a
regular basis in conjunction with management to conserve organic
matter. In most cases plant nutrients in these ecosystems are
concentrated in the surface horizon. With continuous recycling, a
modest crop performance can be expected. However, if this fragile
environment is to be preserved for future generations, balanced
amounts of plant nutrients from external sources (e.g. mineral
fertilizers) are a necessity, both to restore the right balance on the
exchange complex and to compensate for exports through crop
yields. Phosphate fixation is a common problem which may be
overcome by the use of well placed small amounts of phosphate
fertilizers at regular times and/or by regular applications of small
amounts of lime.
Another common feature of these soil units is the pH dependency
of the nutrient storage capacity of Ferralsols, Acrisols, Lixisols and
some Nitisols. Regular, small applications of lime could raise the
pH of the rooting zone. This in turn would counteract aluminium
toxicity, reduce phosphate fixation and increase the nutrient status.
The selection of a suitable fertilizer strategy in terms of mode of
application and timing will determine its success.
The management of Vertisols to increase production starts with
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improving their physical condition through surface drainage. Then
regular applications of the correct, small quantity of mineral
nitrogen, along with a basic dressing of phosphate in the seedbed,
will produce good results.
At present, there is little need of external potassium input in SSA.
This can be explained by the reasonably favourable supply
situation of the soil and/or by the low average yield levels.
Potassium supply in the root zone exceeds demand in most cases.
It should be noted here that a large fraction of the available
potassium is contained in crop residues. Proper management of
crop residues can therefore contribute to potassium conservation
in the soil profile. It is expected that, as the technology level of SSA
agriculture rises, yield performance will improve and potassium will
become a limiting factor.
In order to be efficient, soil fertility management must take specific
crop requirements into account. For instance, many root crops
need a lot of potassium; pineapple and tobacco thrive on acid soils
and bananas seem to prefer a high humus status of the soil profile
[12].
Conservation of the soil as a primary resource for agricultural
production is of utmost importance for sustainable agricultural use.
Through misuse such as poorly managed deforestation,
overgrazing and inappropriate agricultural practices, fertile land
can be converted to an anthropic desert in a short time. Land
degradation can be caused either by physical loss of soil fertility
through soil erosion by wind and water or through depletion of
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plant nutrient reserves in the absence of sufficient plant nutrient
inputs. The Acrisols and to a lesser extent the Lixisols are
susceptible to soil erosion, unless their mineral fertility status is
kept up to optimum levels. Special conservation measures are also
needed for Vertisols which can erode severely if located on slopes.
Soil fertility conservation is necessary on Ferralsols, Nitisols and
Arenosols. At present, losses of arable land to land degradation in
SSA are most acute in the semi-arid and sub-humid zones.
Conclusions
This discussion has been limited to the major soil associations
occurring in SSA. A lot is already known about plant nutrient
management of the major soils of SSA. Great progress could be
made towards self reliance for food if this knowledge could be put
into practice. The capacity of the soils to supply nutrients to rainfed
crops strongly depends on the soil characteristics and AEZ's as
described in this paper. As well as the major soil groups discussed
above, the soil associations also comprise other soils as
associated soil or as inclusions. Soil associations therefore mask
great variations in the types of soil, the pattern of their distribution
and the management required to produce sustainable yields. A
distinction was made between soils which typically develop mineral
deficiencies (Ferralsols, Acrisols, Nitisols and Lixisols), and soils
which have physical limitations such as Vertisols (flooding) and
Arenosols (low water holding capacity).
The soil in SSA is a non-renewable natural resource which has to
be protected against irreversible degradation at all cost. It is
therefore most important, in national land use policies, to introduce
a system of environmental accounting which includes the cost of
land degradation [10].
The response of crops to fertilizers and other management
practices should not be overlooked. For example, cassava or
cashew nut tolerate soil acidity whereas crops such as cotton, rice,
tomato and onions will still produce under alkaline conditions. To
any soil fertility parameter in the soil profile, crops or cultivars
respond in a different way. It is the task of soil fertility research to
unravel these effects and their interactions. Research on nutrient
management should endeavour to assess the scope of the use of
soil management practices which could greatly contribute to
fertilizer efficiency.
This paper has highlighted the fact that soils in SSA have scope to
support good crop production levels, given a balanced plant
nutrition supply. Soil fertility research has an important role to play
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in SSA if this fragile environment is to be preserved for future
generations. On the one hand a balanced plant nutrition strategy is
required to ensure economical production levels on a sustainable
basis. On the other is the important issue of the preservation of soil
resources through erosion control, minimizing of nutrient leaching,
preservation of soil organic matter and avoidance of nutrient
losses.
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Summary
Semi-quantitative assessments of the amount of the plant nutrients N, P
and K entering and leaving the root zone of arable soils of Sub-Saharan
Africa were performed. Land use systems were characterized by nutrient
inputs (mineral fertilizer, organic manure, atmospheric deposition,
biological nitrogen fixation, sedimentation) and nutrient outputs (removal
of harvested crop parts and residues, leaching, denitrification, water
erosion), and the balance between the two. It is shown that outputs
exceed inputs all over the subcontinent. As scale-inherent simplifications
were inevitable, two regional studies are presented for Kenya and Mali,
with similar results.
The alarming figures call for agronomic and policy interventions to reduce
the soil nutrient depletion. A number of recent interventions at the regional
level (Kenya) are discussed, including zero-grazing, agroforestry, soil
conservation measures and increasing fertilizer use efficiency. A major
nutrient conservation effort in Kisii District reduced nutrient depletion by
approximately 50%, but still does not entirely correct the N and K in
balance. To achieve the latter without reducing crop production, 75% of
the district would have to be converted to a rotational system of maize and
green manure cover crops, whereas 25% could remain under tea. As the
soils are largely P deficient, modest amounts of P fertilizer may double
crop yields, thus securing farmers' food production on only 50% of the
area.
Introduction
Whereas a country like The Netherlands, with its feed imports for
livestock, faces increasing problems of soil and groundwater
pollution due to over-application of mineral fertilizers and surpluses
of animal manure, the very opposite is true for Sub-Saharan Africa,
where soil nutrient depletion is developing into a major constraint
to agricultural and animal production. Because of mounting
demographic pressure and the widespread conversion of bush
fallow and shifting cultivation systems to (semi)-permanent
agriculture, soils no longer have time to recuperate after a period of
cropping, and are therefore more prone to land degradation
processes. In other words, the sustainability of Sub-Saharan
African agriculture is at stake. The Consultative Group of
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International Agricultural Research (CGIAR) defined sustainable
agriculture as 'involving the successful management of resources
for agriculture to satisfy changing human needs while maintaining
or enhancing the quality of the environment and conserving natural
resources'.
Maintenance of chemical soil fertility is a prominent indicator of
sustainable agriculture. Several authors have contributed to the
understanding that at present most cultivated land in Sub-Saharan
Africa loses more nutrients than it gains [17, 8,15,16]. Whereas
catastrophes like droughts, flash floods and locust invasions take
place suddenly, soil nutrient depletion is a gradual process and as
such, not so noteworthy. The UN Food and Agriculture
Organization (FAO) recognized the growing importance of this
problem, and initiated the work reported on in this chapter, i.e.
quantifying soil nutrient depletion at different scales, and
monitoring the effect of interventions aimed at slowing down this
process.
Calculating the nutrient budget
Supranational scale
Studies were conducted on the nitrogen (N), phosphorus (P), and
potassium (K) budget in the arable soils of 38 Sub-Saharan African
countries [13]. The area concerned is 201 million ha, of which 54%
was actually harvested in 1983. This area was divided into agroecological zones, representing rainfed, naturally flooded and
irrigated land, for which FAO provided yields and acreages of the
35 crops [1]. Rainfed land was further divided on the basis of the
length of growing period, and the FAO Soil Map of Africa, at a
scale of 1 : 5,000,000 [3]. A further stratification into land use
systems (LUS) was made on the basis of cropping pattern, levels
of fertilizer and manure application, management of crop residues
and erosion control. The nutrient budget of a LUS is the difference
between
the sum of inputs, i.e.
application mineral fertilizers
organic manure
atmospheric deposition
biological nitrogen fixation
sedimentation

- IN 1
- IN 2
-IN 3
- IN 4
- IN 5

and the sum of outputs, i.e.
removal of harvested crop parts
removal of crop residues
leaching
denitrification
water erosion

- OUT 1
-OUT 2
-OUT 3
- OUT 4
-OUT 5

This nutrient budget acts as a black box model, and does not
include fluxes of nutrients within the soil that are a result of
mineralization, immobilization and surface retention and
desorption.
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To estimate nutrient input and output values, the different
determinants of IN 1-5 and OUT 1-5 have to be calculated,
estimated or assumed. Some data are easily measured or
obtained from agricultural statistics, but others relate to more
complex processes. For IN 2, for example, the type of data
required is livestock numbers and systems, the amount of manure
reaching the arable field, and its nutrient content at the time of
application. Similar information is needed on household waste and
urban and industrial refuse, if applicable. With the necessary effort,
this can all be measured. For OUT3, however, primary data for all
LUS are seldom available. N leaching can be predicted when data
are available on rainfall, initial and field capacity moisture content,
inorganic soil N content and fertilizer rates [2]. The required data
are all measurable, but the relation between leaching and these
determinants is an empirical 'pedotransfer function' [18], resulting
from regression analysis on scattered point observations. Hence,
the value for OUT 3, obtained when entering the collected primary
data in the transfer function, is only an estimate.
Average nutrient depletion for Sub-Saharan Africa, i.e. the sum of
outputs minus the sum of inputs was found to be 22 kg N, 2.5 kg P
and 15 kg K per ha per year for the period 1982-1984. The figures
were obtained by aggregation of the nutrient budgets for different
crops to the levels of LUS, agro-ecological zones, countries, and
finally the subcontinent. Figure 1 shows the degree of nutrient
depletion in the arable land of each country. Countries with a highly
negative budget lie in densely populated, erosion-prone eastern
and southern Africa. Countries with the lowest depletion rates are
mainly in semi-arid environments, with predominantly flat land and
low-fertility soils, which have fewer nutrients to lose anyway.
Regional scale
At the supranational scale, the use of assumptions, estimates,
simplifications and aggregations was inevitable. Other limitations
were the uneven distribution of LUS data among and within
countries, and the use of a discrete soil fertility classification (low,
moderate, high). Regions in which inventories of soils, climate,
TABLE 1. Nutrient budget (kg ha"1 yr"1) in the Kisii District, Kenya.

N
P
K

55

IN1

IN 2 IN3

IN4

OUT1 OUT 2 OUT 3 OUT 4 OUT 5 TOTAL

17
12
2

24
5
25

8

55
10
43

6
1
4

6
1
13

41
0
9

28

37
10
36

-112
- 3
- 70
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FIGURE 1.
Classification of the
soil nutrient budget for
the arable land of SubSaharan Africa [13].
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FIGURE 2. Location of
the Kisii District,
Kenya.

FIGURE 3. Location of
the study area in
southern Mali.

MOMBASA

and land use have been carried out provide more 'hard data' fof
the calculation of the nutrient budget. Of recent date are regional
studies in the sub-humid Kisii District in Kenya (Figure 2) [11], and
in the semi-arid region southern Mali (Figure 3) [15,16].
For the Kisii District (2,200 km2) and southern Mali (12,230 km2)
primary data were available on climate, soils and land use, mineral
fertilizers and farmyard manure, crop yields and residues and their
nutrient content, and to a lesser extent on erosion. Kisii soils are
predominantly well drained, very deep and rich in nutrients, with
the exception of P. Mean annual rainfall ranges between 1350 and
2050 mm. Major food crops in the district are maize and beans
{Phaseolus vulgaris), often grown in association. Major cash crops
include tea, coffee and pyrethrum (Chrysanthemum
cinerariaefolium). Most farm holdings also have small improved
pastures for livestock. Less than five percent of the land is left
fallow during a year.
In southern Mali, millet (20%), sorghum (17%) and cotton (15%)
are the major crops of the region. Smaller areas of maize and
groundnuts are grown. Approximately 29% of the arable land is left
fallow each year. The Mali case is also discussed by Van der Pol
[16].

TABLE 2. Nutrient budget (kg ha" yr ) in southern Mali.

N
P
K
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IN1

IN 2

IN 3 IN 4

OUT 1+2

OUT 3

OUT 4

OUT 5

TOTAL

7
2
2

3
1
3

10
2
6

23
3
14

4
0
4

12

9
2
13

-25
0
-20

3
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TABLE 3. Unfertilized maize yields (kg ha"1), organic-C content (g kg"1), pH(H20), and exchangeable-K
content (mg kg'1) in three Tanzanian soils [5].
Period

1981-84
1985-88
Change (%)

Rhodic Ferralsol

Intergrade soils

Chromic Luvisol

Maize Org.
yield C

pH

Exch. Maize Org.
K
yield
C

pH

Exch. Maize Org.
K
yield C

pH

Exch.
K

724
677

23
16

5.9
5.3

168
140

2253
1245

25
15

5.7
5.2

416
264

6.4
6.0

308
184

-6

-30

-17

-45

-40

-7

-40

-10

-9

-37

4174
2625

36
22

-37 -39

The nutrient budget calculations revealed that depletion in the Kisii
District was 112 kg N, 3 kg P, and 70 kg K per ha per year (Table
1), whereas in southern Mali, the values were 25 kg N, 0 kg P, and
20 kg K per ha per year (Table 2). In Kisii, removal of nutrients in
harvested products (OUT 1) was the strongest negative contributor
to the budget, followed by water erosion {OUT 5) and, for N,
leaching {OUT3). Use of mineral fertilizers and manure is much
lower in Mali than in Kenya, but crop production is also lower,
reflected in lower values of the output of above-ground crop parts
(OUT 1 + 2). Because of less rainfall and flatter topography, losses
due to leaching, denitrification and erosion were also smaller in
Mali.
At crop level, conclusions drawn from the Kisii study revealed that
pyrethrum causes the most nutrient depletion (-147 kg N, -24 kg P,
-96 kg K per ha per year), whereas tea has the most favourable
nutrient budget (-67 kg N, +6 kg P, -30 kg K per ha per year).
Pyrethrum receives little mineral or organic fertilizer, has a high
nutrient content per unit of harvested product and provides poor
surface protection against erosion. Tea, however, receives
substantial amounts of mineral fertilizer and offers good protection
to the topsoil. In Mali, millet removes the most nutrients (-47 kg N, 3 kg P, -37 kg K per ha), whereas cotton has the most favourable
nutrient budget (-21 kg N, +7 kg P, -9 kg K per ha). Millet receives
virtually no mineral or organic fertilizer, and has a high nutrient
content per unit of harvested product compared to sorghum.
Cotton, as an export crop, receives substantial amounts of
fertilizer.
Validation
Validation of the outcome is difficult due to the absence of
independent data sets that satisfy all the input requirements. Long58
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FIGURE 4. Maize
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term trials in Tanzania, Kenya and Nigeria show trends which to
some extent follow the calculated results. Table 3 shows that in NE
Tanzania, unfertilized maize gave yields of up to 4 tons per ha
during the first four years of cultivation [5]. Over the next four years
average yields were 40% lower. Organic matter content, pH and
available K deteriorated accordingly. A similar drop in unfertilized
maize yields was recorded in Kenya, as shown in Figure 4 [9].
During ten cropping years, maize received mineral fertilizers,
manure and crop residues. Only if a combination of these inputs
was applied was the mean yield in years 5-8 12% higher than the
mean yield over years 1-4. In SW Nigeria (Figure 5), yields of
continuous maize declined gradually under both fertilized and
unfertilized conditions [6].
FIGURE 5. Effect of

8i-

nutrient inputs on
maize yield in a
maize-cowpea rotation

6 -

on a Nigerian Alfisol.
Adequate rates of N,
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Future options: laissez-faire or intervention?
Basically, there are two options to be looked into. Either we carry
on depleting soil fertility or we try to monitor the nutrient budget
and suggest agronomic and policy interventions. Both options are
discussed below.
Laissez-faire
The 'laissez-faire' scenario entails continued nutrient mining, with
no improvements aimed at sustainable land use. The nutrient
reservoir of the soil is exploited causing continued negative values
of the nutrient budgets. A soil with 2000 kg N per ha and an annual
mineralization rate of 2%, for example, releases 40 kg soil-N per
ha to equilibrate the N budget. In 20 years time, however, this soil
will contain only 0.9820 * 2000 = 1335 kg N per ha and only release
27 kg soil-N per ha annually. Hence, it becomes increasingly
difficult for the soil to restore the nutrient budget. The implication is
that the negative budget will be reduced according to the
replenishing capacity of the soil, and reduction of crop yields will
continue {OUT 1).
Agronomic and policy interventions
Interventions aimed at redressing a distorted nutrient budget imply
the development of integrated nutrient management systems,
conceptualized here as the judicious manipulation of the nutrient
input and output processes. These determine whether agricultural
View of the densely
populated Kisii District,
Kenya.
Photo: E. M. A.
Smaling, Wageningen.
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production will be high, and at what level of fertilizer use
(productivity), and whether production in the particular land use
system can remain high overtime (sustainability). It is self-evident
that any proposal of new, alternative LUS needs to be based on
thorough understanding of the process by which farmers adjust to
a changing external environment. This chapter merely addresses
improved soil nutrient management as a result of changing land
use and management, disregarding the required changes in capital
and labour input.
A supranational intervention is 'structural adjustment' and the
subsequent abolition of fertilizer subsidies and artificially low
consumer prices for the major food crops [7]. This will affect the
entire LUS, and in the nutrient budget, mainly IN 1 (mineral
fertilizers) and OUT 1 (removal of harvested crop parts).
Zero-grazing programmes constitute a regional intervention in Kisii.
The virtual absence of idle land limits the scope for increasing
stocking rates, and zero-grazing units are a sound, though labourintensive, alternative. The implications are an increase of IN 2
(manure) because of better storage opportunities, and a reduction
of OUT 5 (water erosion) when fodder grasses are planted on
contour bunds.
Agroforestry practices may increase IN 4 (biological N fixation),
reduce OUT3 (leaching) and OUT5 (water erosion), and recycle
nutrients from layers not accessible for the roots of annual crops.
In Kisii, Calliandra calothyrsus, Sesbania sesban and Leucaena
leucocephala are highly valued. Grevillea robusta is popular too,
but is not a leguminous species.
Soil conservation in Kisii utilizes catchments collaboratively built by
entire villages to protect their land. Control measures include cutoff drains, terraces, stonewalls and waterways, but the emphasis is
on low-input farm operations such as ploughed strips, grass strips,
cover crops, intercropping and mulching. As well as reducing OUT
5 (water erosion), the latter practices may also increase IN 4
(biological N fixation) and reduce OUT 2 (removal of crop
residues).
Tables 1 and 2 show that most nutrients leave the system in the
harvested crop (OUT 1). In a situation of land scarcity as in the
Kisii District, lowering this output is tantamount to lowering crop
production. Next, farmers only increase IN 1 (mineral fertilizers)
when they expect OUT 1 (removal of harvested crop parts) to
increase as well. Even when sustainability is an objective of
farmers, the choice of a technology or a change in management
practices will largely be determined by its contribution to the
farmer's welfare. Still, the correlation between IN 1 (mineral
fertilizers) and OUT 1 (removal of harvested crop parts) is not
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TABLE 4. Current interventions in the Kisii district, ameliorating the soil nutrient
budget (Scenarios 1 and 2).
IN1

IN 2 IN 3 IN 4

IN 5 OUT1 OUT 2 OUT 3 OUT 4 OUT 5 TOTAL

Scenario 1*
N
17
24
K
2
25

6
4

12
0
NR*** 0

55
43

5
10

26
5

28
NR

28
27

-83
-54

Scenario 2**
N
17 30
K
2
31

6
4

12
NR

55
43

5
10

26
5

28
NR

9
9

-58
-30

0
0

* Scenario 1: agroforestry programme in 50% of the district
** Scenario 2: soil conservation programme in 100% of the district; zero-grazing
units in 50% of the district
*** NR = No Record

entirely production-driven. If applications of type and amount of
fertilizer are made according to the prevailing soil and climatic
conditions in an area, the efficiency of fertilizer use can be greatly
increased, as a plant does not respond to a treatment perse, but
to the soil's response to that treatment [10, 14]. The resulting
increases of OUT 1 (removal of harvested crop parts) at certain
rates of IN 1 (mineral fertilizers) and the concurrent improvements
in minimum value/cost ratios will positively influence farmers'
attitudes to modest investment in mineral fertilizer. In addition, high
fertilizer use efficiency is not only advantageous to the farmer's
wallet, but also to the national economy (i.e. foreign exchange
spent on procurement of IN 1 -mineral fertilizers leads to increased
OUT 1 -removal of harvested crop parts, replacing food imports). In
addition, there are benefits to the environment, i.e. it increases
crop cover and root development, reduces leaching (OUT3) and
erosion (OUT 5), and, if production in one area can be increased
by efficient fertilizer application, other areas initially due for
cultivation may be left to recuperate.
Impact of interventions
The impact of certain interventions is presented in the following
example for the Kisii District, where scenarios are developed to
elucidate what would be required to achieve sustainable
production. The starting point is the nutrient budget of Table 1, with
little emphasis on integrated nutrient management.
Scenario 1 encompasses agroforestry practices in the 50% of the
district that is occupied by annual crops and pastures. The
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TABLE 5. Example of an intervention needed to entirely redress the soil nutrient
balance in the Kisii district (Scenario 3).
IN1

IN 2 IN 3 IN 4

IN 5 OUT1 OUT 2 OUT 3 OUT 4 OUT 5 TOTAL

Scenario 3a*
N 43
0
K
5
0

6
4

8
0
NR*** 0

70
35

0
0

10
2

14
NR

9
9

-46
-37

Scenario 3b**
I. Maize
N
0
36
K
0
37

6
4

16
NR

0
0

41
12

19
24

10
2

28
NR

9
9

-49
- 6

II. Green manure
N
0
36 6
K
0
37 4

85
NR

0
0

0
0

0
0

10
2

28
NR

9
9

+80
+30

Scenario 3a: tea in 25% of the district
** Scenario 3b: annual crop/green manure rotation in 75% of the district
*** NR = No Record
Balanced status: 0.25 * BAL,ea + 0.75 (0.5 * BALannualcrop + 0.5 * BALgreen manure) = 0

changes in the nutrient budget for this area are assessed at:
- biological N fixation (IN 4): +100% (inclusion of leguminous tree
species),
- removal of crop residues (OUT2): -50% (tree mulch partly
replacing residues as fuel/fodder),
- leaching (OUT3): -75% (interception of leaching nutrients and
pumping up of nutrients not accessible to roots of annual crops),
- water erosion (OUT 5): -50% (lowering of erodibility, slope length
and crop cover).
In these circumstances, the overall district nutrient budget is
improved to -83 kg N, 0 kg P and -54 kg K per ha per year (Table 4).
Scenario 2 includes not only the previous scenario, but also a
successful catchment-based soil conservation programme, and
increased adoption of zero-grazing units. This implies changes in:
- organic manure (IN 2): +50%, in 50% of the district (more
efficient use of animal manure), -water erosion (OUT5): -75%,
for the entire district (successful catchment approach).
In these circumstances, the nutrient budget is further improved to 58 kg N, +5 kg P and -30 kg K per ha per year (Table 4).
Although the improvements in scenarios 1 and 2 are considerable,
there is still annual N and K depletion from the nutrient stocks in
the arable land. After how many years will the soil no longer be
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able to supply the nutrients required to maintain crop yields at the
targeted level? One of Kisii's major soils has approximately 5000
kg N per ha, and is able to supply 150 kg N per ha at an annual
mineralization rate of 3%. This is still sufficient to replenish the
negative nitrogen budget figures arrived at in Scenarios 1 and 2.
Nitrogen will apparently not limit crop production on this soil for a
period of years, defined by the equation (5000 - BALN/0.03)/BALN,
in which BALN is the absolute value of the nitrogen budget. For
Scenarios 1 and 2, BALN is equivalent to 83 and 58 kg ha"1,
implying that this particular soil will require periods of 27 and 53
years respectively to attain equal inputs and outputs of nitrogen.
In Scenario 3, an attempt is made to reach a balanced situation in
the district with respect to N and K (Table 5). It is postulated that
25% of the district will remain in tea, a major foreign exchange
earner. Data on N and K fertilizer use and crop production in tea
cultivation were taken from a regional agricultural survey [19].
Because tea is a deep-rooting, soil protecting perennial crop, it is
further assumed that leaching (OUT3) and erosion (OUT5) are
only 25% of the mean value for the district as given in Table 1, and
denitrification (OUT4) is reduced by 50% as rain water reaches
the surface gently, reducing the incidence of ponding and local
saturation inside aggregates.
The other 75% of the district is converted to a 1:1 rotation of
annual crops and green manure cover crops (Table 5), and has
Scenario 2 as a starting point. The annual crop in this scenario is
maize. Figures for IN 1 and OUT 1 + 2 were measured in the field
[10]. At 50% maize stover removal, the N and K budgets for maize
equal -49 kg N and -6 kg K per ha. To equilibrate these budgets,
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the green manure should fix 69 kg N per ha, on top of the N fixed
by the leguminous tree species of Scenarios 1 and 2 (16 kg N per
ha). A well-established green manure crop, such as Mucuna or
Pueraria species, reputedly fixes up to 100 kg N per ha and more
[4, 6]. The average budget for the rotation system is then +15.5 kg
N and +12 kg K per ha per year. As this system comprises 75% of
the total cultivated area, it offsets the -46 kg N and -37 kg K that is
realized in the tea-based system (Table 5).
The area under maize in Scenario 3 is only 50% of what it is in the
previous two scenarios. However, it may still appeal to farmers, as
fertilizer trials on the Kisii soil showed that unfertilized maize yields
were 2.1 t per ha, whereas up to 4.91 per ha was recorded on
applying 22 kg P per ha. In other words, yields can be doubled by
applying relatively small amounts of P fertilizer. Phosphorus is
severely limiting production, and by applying it in mineral fertilizers,
more efficient use is made of the nitrogen and potassium reserves
in the soil. The rotation system does not have to be temporal. A
farmer can accommodate 50% of both components at the same
time, swapping them after every year. Once well-established, part
of the protein-rich green manure may be harvested and fed to
housed or penned livestock, with the manures applied back. Tea
should also be included in the rotation when a stand has reached
the end of its productive life cycle.
Conclusions
In almost all 38 countries in the supranational study, S IN - S OUT
is negative. In order to equilibrate the nutrient budget, the soil
nutrient pool is exploited every cropping season, making less
nutrients available each year. At some time, the soil can no longer
offset the negative budget and crop production (OUT 1) will
decrease greatly.
In the supranational study [13], the nutrient budget for the agroecological zone in which the Kisii District is located amounted to
approximately -75 kg N, -5 kg P and -56 kg K per ha per year. All
soils are in fertility class 'moderate', with 1 g N and 0.2 g P per kg
soil. The regional study [11] gave a budget of -112 kg N, -3 kg P,
and -70 kg K per ha per year, but it also revealed that soils have
1.6-4.0 g N and 0.9-1.5 g P per kg soil. It shows the difference
between the supranational scale, which uses a discrete
classification, based on estimates, and the regional scale with its
more reliable measured data. In addition, pyrethrum with its high
nutrient losses in Kisii was not included in the supranational study
due to lack of spatial importance at that scale.
Many of the interventions in the nutrient budget discussed in this
chapter for Kisii are feasible by virtue of the favourable soil and
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climatic conditions. The potential for agro-forestry and zero-grazing
systems, for example, is much higher in Kisii than in semi-arid and
low-fertility southern Mali.
Agricultural production systems are in a permanent state of
change. As far as nutrient management is concerned, the direction
and magnitude of this change is dictated by changes in any one or
more of the nutrient budget determinants. The concept of nutrient
budget applies at each hierarchical level in the agro-ecosystem,
from the crop (field) to the region or the country and, finally, the
continent. Since nutrient budget determinants are scale-neutral,
they can be used for monitoring purposes at each level, and, when
geared towards a balanced nutrient status in agricultural LUS [13],
can become a dynamic tool for land use policies.
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Summary
The transition of agriculture in many parts of Sub-Saharan Africa (SSA),
from systems based on long periods of fallowing to more permanent
cultivation systems, is placed in a historical perspective. In Europe, soil
exhaustion and heavy investments in fertilization occurred simultaneously
during this period, in order to keep the soils in production. In Africa the
situation is even more difficult. The problem is illustrated by valuing
nutrients removed from the soil, and comparing the value with the farmer's
income. The fraction of the farmer's income which can be considered as
obtained through soil nutrient depletion is used as an indicator for nonsustainability of the farming system. For farming systems in Mali, this
fraction varies between 25 and 100%, with an average of about 30% in
1991. Taking into account all nutrients needed for production, the already
low added-value of African agriculture is reduced even more, in a number
of cases to negative values.
Increasing the real added-value of African agriculture is a main option for
development. This needs an enabling environment, including proper price
structures and protection from various dumping practices. But the addedvalue of production systems can also be improved by increasing their
nutrient efficiency. This efficiency, which is considered as the second
important criterion for sustainability, is discussed with regard to a number
of options frequently mentioned for African agriculture: agroforestry,
integration of animal husbandry in cropping systems, and mineral fertilizer
+ soil conservation. It is concluded that the perspectives of low-input
systems can be widened by increasing the efficiency of externally applied
nutrients, and turning this into profit.
Nutrients, a central issue for sustainable agriculture in
SSA
Although the question of nutrient supply for crops can be seen from
various angles, and gives rise to different views (especially by
advocates of high- and low-input farming), a common conclusion is
that the maintenance of soil fertility is a major key to making
agricultural production in SSA more sustainable.
Nutrient depletion is characteristic of land use in many parts of

69

Analysis and evaluation of options for sustainable agriculture, with special reference to southern
Mali

SSA and is not an easy problem to solve. In the first place,
because it is widespread. Most of the nutrient budgets for different
countries appear to be negative [e.g. 23,21,33,29,32]. Hence the
problem should be regarded as a general problem, and not as one
restricted to some localities. In the second place, solutions are
difficult to find because of the size of the problem: in many cases
less than 50% of the total quantity of nutrients used for agricultural
production is replaced by fertilization and other input processes like
soil weathering (estimated from [29]). Depleting the nutrient
reserve of the soil provides an important fraction of the farmer's
income [32]. It can be safely stated that correction of nutrient
deficits will not be easy, and will require more than minor
modifications in existing farming practices.
The analysis of the present situation of nutrient budgets gives us a
pessimistic, but at least a clear picture. It is more difficult to
analyze and evaluate the technical options and the general policies
that should lead to improvements in the present situation, and it is
in this respect that most of the divergence of opinions exists.
The first obstacle is the question 'Towards what kind of
sustainability should the options lead?' Several criteria have been
proposed [e.g. 34,5,7]. Most definitions state that sustainable
development should not compromise the ability of future
generations to meet their own demands. In this paper the ability to
meet future demands will be translated through the productivity
criterion. Non-sustainability then means the decline of production
per ha, under and as a result of a given set of farm practices. In the
discussion on sustainability often 'low external input agriculture'
(LEIA) and 'high external input agriculture' (HEIA) are distinguished.
Sometimes LEIA is postulated as a characteristic of sustainable
agriculture [e.g. 11]. This fundamental linkage between sustainability
and LEIA will not be made here, and is discussed later in this paper.
A disadvantage of the productivity criterion is that productivity can
decrease as a result of various other factors: unfavourable climatic
conditions, or market developments. These factors are not
considered as intrinsic properties of farmer practices, and are not
treated in this paper. Productivity trends which are related to
farmer practices are those affected by the above mentioned
fluctuations in rainfall and market opportunities. These trends
themselves react only slowly to soil degradation, especially to soil
depletion, because initially the effects of depletion on yields are
masked by the nutrient reserve of the soil forming a buffer.
Therefore, the nutrient budget can be considered as an early
indicator, signalling non-sustainability of systems prior to the
productivity decrease itself. The underlying assumption is that a
decrease in the nutrient content of soils will, in the long run, lead to
lower productivity levels. In the following paragraphs the use of
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nutrient budgets in the analysis and evaluation of options for
sustainable farming will be shown. Most calculations used as
examples will be drawn from a case study in southern Mali [32].
The historical perspective: development of nonsustainable systems
Before discussing solutions to the nutrient problem, a framework is
sketched placing the various options in a comprehensive context.
For that purpose, agriculture in SSA is considered to be in the
transition phase from fallow based systems to more permanent
farming. Traditionally, the plant nutrients needed for agricultural
production were provided free by natural processes such as
weathering, deposition by rain and dust, deposition of sediments in
flooded systems, and biological fixation. These processes produce
a steady inflow of nutrients which were collected and stored in the
soils and in the natural vegetation during fallow periods. This
allowed for a short (2-3 years) cultivation period with an acceptable
production level. The yearly production levels, averaged over the
complete cycle of fallow and cultivation, were low: less than about
200 kg per ha grain (e.g. three years with 800 kg grain per ha
followed by 9 years of fallow). As long as the average yield
remained below the level of freely provided nutrients, by allowing a
sufficient duration of fallow, agriculture was sustainable.
An increase in production levels beyond the above mentioned
average of about 200 kg per ha requires extra nutrients, which
have to be paid for or are removed from the soil nutrient reserve.
The latter results in poor soils and poor farmers: poor soils
because rural society is not providing the funds necessary to
maintain soil fertility, and poor farmers because decreasing yields
affect their income.
The characteristics of such a transition period are not unique to
Africa. A study on the transition of fallow-based agricultural
systems to permanent systems in Flanders (Belgium), which took
place around 1700, reveals that farmers had to search for
materials that could prolong the use of their fields. As well as
manure, shells, seaweed, marl, mud from city canals, bones and
blood were applied as sources of nutrients. The huge quantities
required forced farmers to invest heavily in labour and transport.
Farmers were said to have spent over 45% of their gross income
on fertilization [25]. Long-term trials in southern Mali show that a
sustainable cotton rotation can be obtained with an investment of
about 40% of the farmer's income in soil fertility. In practice,
however, the rotation is applied with about 20% investment, while
the region as a whole is farmed with only about 10% investment in
soil fertility maintenance [32].
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The exploitation of free, renewable nutrients in agriculture may
have been the reason for the classification of agriculture as
belonging to the primary sector, but this is true only as long as free
nutrients are sufficient for production. If nutrients are to be paid for
at market prices, or can only be obtained by additional labour
inputs, as is the case for organic manure production, agriculture
should be considered as a part of the secondary sector, just as
industrial activities are. Agriculture in many African countries
appears to be passing from a system belonging to the primary
sector, with free access to finite resources, into a system belonging
to the secondary sector, transforming nutrients into products.
As well as changes in technology, transition to these more
intensive systems requires drastic changes in the economic and
legal context [18]. Readiness to invest in nutrients will, apart from
any additional yield, depend on factors such as the price of inputs
and outputs and land tenure systems. Evaluation of the
sustainability of farmers' practices must, therefore, be based on
both economic and physical criteria.
Criteria for assessing sustainability
Physical criteria
Two processes account for declining soil fertility: depletion of plant
nutrients, sometimes combined with acidification, and loss of
organic matter. Thus, two criteria should be met for sustainable
farming:
- The cropping system should have a balance between nutrient
removal and supply. Where losses and export of nutrients are
inherent to agricultural systems, nutrients thus extracted from the
soils will have to be replaced. Where acidifying fertilizers are used,
such as ammonium sulphate or urea, their effect should be
neutralized by application of lime.
- The organic matter content of the soils should be kept at an
acceptable level. Besides the positive contribution of organic
matter to the structural stability of soils and to the waterholding
capacity, a crucial aspect is its contribution to the soil's cation
exchange capacity (CEC). The capacity to retain nutrients
determines the efficiency of the use of organic and mineral
fertilizers. If the capacity of a soil to hold nutrients is too low, and
leaching or erosion are dominant forces, then annual crops like
cereals that do not provide adequate soil cover will not respond
efficiently to fertilization. Janssen [13] states that when cation
exchange capacity values are below 3-4 meq per 100 gram soil,
continuous cultivation of annual crops becomes economically
unviable.
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In practice, both criteria are strongly intertwined: a systematic
nitrogen depletion will automatically result in the loss of organic
matter and organic carbon (C), while loss of organic matter will
result in increased nitrogen (N) losses: the C/N ratio in the soil will
remain fairly stable. The actual depletion process is a gradual
decline of the soil's organic nutrient reserve. During this process,
nutrients are still provided by net mineralization of organic matter,
until a critical minimum level is reached. Below this level (about
0.6% for West African soils), rapid physical deterioration of the soil
and accelerated erosion occur [22]. The consequence is a sudden
and rapid yield decline, which, with common agricultural practices,
and depending on soil properties, will take place after 20-50 years
of cultivation [32]. With adequate and balanced fertilization, there is
no reason why the organic matter content of soil should drop below
the critical minimum level.
Removal by crops and losses through erosion, leaching,
volatilization and denitrification form the main processes of nutrient
export. Imports are mainly through atmospheric deposition,
weathering, fertilization and restitution of crop residues.
Figure 1 provides information on the importance of the various
import and export processes which influence nutrient budgets in
southern Mali. The upper hemisphere of each 'pie graph' shows
imports; the lower hemisphere shows exports. Notice the 'gap'
between imports and exports: the extent of nutrient depletion.
Through this type of analysis the potential impact of various
options for improving sustainability of farming systems can be
evaluated.
In respect of innovations meant to improve the sustainability of
agricultural systems, one might question how far these innovations
can help to bridge the gap between input and output of nutrients. A
first and rough impression can be obtained from the pie graphs.
Table 1 summarizes the positive effects on N and K deficits that
TABLE 1. Estimated effects of various measures to reduce the nutrient deficit in
southern Mali [32].
Measure

Reduce erosion losses by 50%
Increase restitution of crop residues by 50%
Double manure application
Double mineral fertilizer application

74

% reduction of deficit
N

K

18
5
11
28

33
25
16
10

Analysis and evaluation of options for sustainable agriculture, with special reference to southern
Mali

might be expected from four types of intervention: reducing erosion
losses by 50%; increasing the restitution of crop residues by 50%;
doubling the application of organic manure; and doubling the
application of mineral fertilizer. As Table 1 shows, drastic options
were chosen, but no option alone bridges the nutrient deficit to a
substantial degree. Even a combination of all four would not fully
meet the nutrient deficit.
Economic criteria
The economic implications of soil nutrient depletion are more clear
when they are expressed in monetary values. A method to do so is
cost-benefit analysis. In such an analysis, the cost and benefits of
a soil depleting situation are compared to a situation where
measures are taken to prevent soil mining.
Most literature on the economics of soil degradation is confined to
the cost and benefits of erosion control measures [27,28]. The
starting point is that the major cause of degradation is erosion,
which can be minimized by soil conservation. However, even in the
case of 100% efficiency of soil conservation measures, there is still
export of nutrients caused by crop output, denitrification,
volatilization and leaching. The prevailing agricultural system could
not be made sustainable by minimizing erosion losses. By
themselves, soil conservation measures are not sufficient to
achieve the goal of sustainable agriculture. Additional nutrient
imports are required.
Making a cost-benefit analysis on issues related to soil fertility
involves asking a number of difficult questions (Van der Geest and
Van der Pol, pers. comm.). For example, what is, the cost of lost
nutrients and foregone benefits when soil nutrients are depleted?
What is, for instance, the benefit of conserving 5% more nitrogen in
the soil? Such benefits are the results of complex soil-cropmanagement-climate relations. They accrue mainly in the long
term and are therefore difficult to assess.
To assess benefits and costs which are difficult to quantify, two
valuation methods are generally used:
'Productivity' method
In this approach, the future loss of production due to degradation is
estimated. As an example the work of Bishop and Allen [2] is
mentioned. They estimated the effect of soil loss on crops under
permanent cultivation in southern Mali. The yield declined, during a
period of 10 years of continuous cultivation, from an initial yield of
1500 kg per ha to 400-800 kg per ha (i.e. from 2% to 8% per year).
The variability in the outcome of different studies is large.
Keddeman [15] compared various studies dealing with valuation of
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soil degradation in the same area of southern Mali. The recorded
cost of degradation varied between 1,000 and 25,000 FCFA per ha
per year (1 FF = 50 FCFA). The outcomes of the 'loss of
productivity' method are strongly dependent on price levels for
products.
'Replacement cost' method
The costs incurred to replace damaged productive assets, such as
depleted soil nutrients, are estimated [6]. The depleted nutrients
are considered to have an economic value equal to the market
value of an equivalent amount of fertilizer. In valuing each element,
we must take into consideration its net nutrient deficit or surplus
per hectare and the price of fertilizer per kg.
It is important to know which prices are used: world-market or
farm-gate prices. When world-market prices are used, the outcome
will represent the costs of nutrient depletion incurred by the
agricultural sector at the national level. Farm-gate prices will
represent the cost of depletion from the farmers' point of view.
Whether assessed through the 'productivity' or the 'replacement
cost' approach, the cost of nutrient depletion may be used as an
indicator for the non-sustainability of farming systems. But how
easy, or difficult, is it for a farmer to compensate for nutrient
depletion? An indication can be obtained by relating the cost of
replacement to his income. This provides the fraction of the income
that can be regarded as based on depleted nutrients, obtained
through soil mining (value of nutriertfdeficit/farmer income). The
complement, the fraction of farmer income that is not derived from
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soil mining, can be regarded as the sustainable fraction that would
remain if all removed nutrients were to be purchased [32]. This
fraction is proposed as an additional indicator for sustainability of
agricultural practices (Farmers Income Sustainability Quotient:
FISQ = 1 - value of nutrient deficit/farmer income).
Application to the case of southern Mali
The above mentioned indicators have been calculated for southern
Mali. The market value of the nutrient deficit has been calculated
as the sum of the values for the specific elements, N, P and K, plus
the cost of lime that would be required to prevent acidification
(Table 2).
Results depend mainly on price levels for inputs. The prices used
are farm-gate prices. Recent price reductions in Mali have changed
the picture to some extent. Results also strongly depend on the
values assigned to the various physical processes (losses by
erosion, denitrification etc.).
TABLE 2. Nutrient Deficit Market Value (NDMV) calculated for southern Mali, with optimistic and pessimistic
estimations [32].
Groundnut-millet- millet

Cotton-maize-sorgh j m
P

N

K

Lime

P

N

K

Lime

Depletion 1989
in kg ha"1
- optimistic
- pessimistic

-27
-16
-42

0
3
-2

-18
-7
-31

-35
-28
-42

-34
-21
-50

1
3
-1

-28
-14
-42

-4
-3
-5

Price 1989 FC FA kg"1
Price 1991 FCFAkg"1

315
217

250
203

325
237

60
60

315
217

250
203

325
237

60
60

NDMV in FCFA ha"1
probable
- optimistic
- pessimistic

8,610
5,040
13,230

-108
-683
492

5,742
2,167
9,967

2,100
1,680
2,520

10,857
6,657
15,792

-258
-750
267

8,992
4,658
13,758

240
192
288

NDMV in FCFA ha"1
probable
- optimistic
- pessimistic
1991 price level

All elements
16,000
8,000
26,000
12,000

All elements
20,000
11,000
30,000
14,000

Note: all monetary values in FCFA ha"1 year"1,1FF = 50 FCFA; 1,000 FCFA = 3.6 US $
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TABLE 3. Comparison of sustainability characteristics of rotations in southern Mali (1989/1990) [32].
Average for
the region

Cotton-maize-sorghum
'Actual'

Groundnut2x millet

Milletfallow

Recommended

15,100

16,300

3,000

19,900

18,600

40,144
34,200

75,313
60,162

60,977

38,333
32,625

18,750
18,750

% Income based on soil mining
range

44
20-70

27
10-40

5
0-20

61
70-100

99
40-100

Investment in fertilizer
% of gross income

4,500
11

11,800
16

21,600
25

5,700
15

0
0

Market value of losses

17,900

19,000

19,000

18,600

9,800

Total market value (NDMV)
Gross income from
agricultural activities
Gross margin

Note: all monetary values in FCFA ha"1 year"1,1FF = 50 FCFA; 1,000 FCFA = 3.6 US $

The value of depletion appears to be large compared with farmers'
incomes. On average the sustainable fraction of the income (FISQ)
is only 0.6, indicating that 40% of that income is based on soil
nutrient depletion.
The same indicator (FISQ) can also be used to assess the
possibility of making various crop rotations more sustainable. A
comparison of the sustainability characteristics of different rotations
in southern Mali shows that, in absolute terms, nutrient deficits are
approximately equal for all rotations in the region (Table 3). The
cotton-maize-sorghum rotation does not deplete the nutrient
reserves of the soil much less (or much more) than other rotations.
The value of the nutrient deficit for this rotation (about 16,000
FCFA per ha) is slightly worse than the average value (just over
15,000 FCFA per ha) for the region as a whole, where lower
deficits for fallow land reduce the mean value. It also is only slightly
better than the yearly deficits for the groundnut-millet and milletfallow systems. The potential for sustainability of the cotton-based
systems is much better, because of their higher earnings. The
cotton system as it is recommended, however, with a dose of 7
tons organic manure, cannot be applied by the majority of the
region's farmers. The actual cattle population, which is already
overgrazing the pasture area, can supply only one third of the
needed manure.
The cost of nutrients depleted by the groundnut-millet rotation
(almost 20,000 FCFA per ha) is high with respect to farmer income
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under this rotation (about 33,000 FCFA per ha), producing a
sustainability quotient of only 0.4 (calculated as 1-20,000/33,000).
It is questionable if earnings from groundnut or millet can defray
the cost of replacing the soil's contribution to this rotation.
Sustainability potential of the millet-fallow system is even less
favourable. The value of the depleted nutrients equals
approximately the value of the crop. In fact (with a sustainability
quotient of about 0.01) the production system is based purely on
soil mining.
Bottom line questions
If agriculture is considered as a part of the secondary sector, then
just as for other systems in that sector, two important questions
arise:
- what is the added-value of the production to the raw materials?
- how much of the earnings will have to be re-invested into raw
materials, or, in other words, what fraction of the earnings can be
regarded as real net income?
As has been indicated before historical evidence exists showing
that, in any transitional situation, the answer to both questions is
only small added-values. Table 4 summarizes some of the
outcomes of the southern Mali study in this respect. The figures

TABLE 4. Added value, needed and actual re-investment in agriculture in southern
Mali (1989-1990) [4].
Rotation

Average
S. Mali

Cotton-maize Groundnut-sorghum
2x millet

14,958
1,123
10,344
26,426

20,568
1,649
12,445
34,662

20,454
1,358
14,665
36,477

11,964
834
9,391
22,189

Gross income (FCFA ha1) 40,144
Added-value (FCFA ha1)
13,718
34
%

75,313
40,651
54

38,333
1,856
5

18,750
-3,439

46
16

95
15

all

Value of nutrients used
- Nitrogen
- Phosphorus
- Potassium
Total value (FCFA ha1)

Re-investment %
- Needed on gross income
- Actually applied

66
11

Milletfallow

0

Note: all monetary values in FCFA ha ' year 1 ,1FF = 50 FCFA; 1,000 FCFA ••
3.6 US $
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show only low added-values obtained through agricultural
production in relation to the market value of the nutrients
necessary for production. In a number of cases, the products are
worth little more than the nutrients used to make them. As long as
nutrients can be acquired free of charge there is no problem, but if
production must be based on bought inputs, there certainly is one.
In this region, the low added-value relates to both nutrients bought
as mineral fertilizer and nutrients added as organic matter.
Research on the production of organic manure shows that under
practical farm conditions, the production costs amount to about 3-4
FCFA per kg of dry manure (as applied before the start of the rainy
season), and transportation costs are 3-6 FCFA per kg (3). The
nutrients in the manure represent a value of about 8 FCFA per kg
[32]. So, nutrients in organic manure are not cheaper than nutrients
in mineral fertilizers, as is frequently assumed, and the production
possibilities are limited.
In fact, the low added-value leads to unacceptable returns from
agricultural labour inputs, and thus motivates farmers to deplete
their soils. The low added-value also encourages farmers to limit
the use of fertilizer to one or two elements. Unbalanced fertilization
accelerates soil degradation rather than preventing it, thus giving
rationale to the observation that fertilizers 'burn' the soil.
Confronted with the low, or even negative added-value of
production with respect to nutrients, it seems profitable to reduce
production rather than to increase it. Opting to exchange
production for nutrients, which questions the viability of agriculture
as a production system, obscures the fundamental causes of the
low added-values and offers no long-term solution to sustainability
problems.
The low added-value is caused by two factors:
1. Inefficient use of nutrients
In any production process, the inefficient use of prime materials
leads to low added-values. In African agriculture, inefficient use of
nutrients may be connected with the fact that nutrients used to be
free of charge. Total losses in SSA, calculated from Stoorvogel and
Smaling [29], represent about 50-75%. This was also the case in
the traditional fallow-based systems where, by burning after fallow,
large quantities of nitrogen, and also phosphorus and potassium,
were lost, the ash being taken away by the wind [19]. Subsequent
cultivation caused further losses by erosion and leaching. These
losses, however, were not obvious in financial terms. But if
fertilizers are applied, any losses severely affect their profitability.
Most traditional crop varieties are well adapted to the poor nutrient
status of the soils, but fail to respond efficiently to improved
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conditions. Irregular rainfall enhances this effect, as varieties which
respond well to improved conditions are, as a rule, more sensitive
to drought.
Nutrients are also used inefficiently because of farmers' relatively
limited experience of different nutrient sources, especially the use
of mineral fertilizers. The extension services standardize timing
and doses of fertilizers as blanket recommendations for whole
regions, though they should be specific to local areas or conditions.
Normally, adaptations to the specific soil and weather conditions
on each farm should be made by the farmers themselves, but
because of their lack of knowledge of, and limited experience with,
fertilizers, their decision abilities in this respect are low. Thus
farmers are not able to take full advantage of modern agricultural
technology, which seems not to be 'internalized' by African rural
society [17].
2. Unfavourable pricing policies
Another aspect of the low profitability of fertilization is caused by
price setting in many SSA countries. Food prices are often kept
low, while commercial margins and levies on products and inputs
are high. For the farmers, this leads to a relatively high consumer
price for fertilizer, and a low producer price for harvested products.
Price stabilization is essential to increase use of inputs under the
fluctuating climatic conditions in many parts of SSA. Theoretically,
returns on investments should be high enough in good years to
compensate for financial losses in bad years. The problem is that
in good years prices of agricultural products tend to be lower.
The macro-economic benefits of sustainable agricultural practices
need to be translated into incentives (e.g. subsidies) at farm level,
in order to ensure their adoption. A main question is the
determination of the value of incentives for various practices. It is
necessary to make a clear distinction between practices sustaining
land use, that could be subsidized, and those only increasing
yields. The outcome may vary from case to case [31]. The effect of
various fertilizers on sustainability of land use is variable. Nitrogen
fertilizer, for instance, may enhance the rapid establishment of a
vegetative cover, but also stimulates the decomposition of soil
organic matter [22]. Its net effect is therefore site specific.
Evaluation of options for sustainable agriculture
With the historical perspective and criteria indicated in the
preceding paragraphs in mind, one can evaluate various farming
systems with respect to their sustainability. Three options,
frequently mentioned in the discussions about sustainability, are
discussed here:
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Agroforestry (and other mixed cropping systems)
Multistorey multicropping can reduce erosion and leaching.
Optimal recycling of nutrients is feasible under such systems,
which is why they are often regarded as fitting perfectly into low
external input strategies [26]. However, there is growing
awareness that the potential of agroforestry to contribute to
sustainable land use has been overemphasized in the past,
particularly where it concerns drier areas [16]. Sanchez [24] has
already pointed out the fact that descriptions of the well-known
success stories [9] on Faidherbia albida {= Acacia albida) contain
few or no studies at all in which soil fertility was measured before
and after planting the trees. Higher levels of soil fertility under trees
may be the result of a redistribution of the limited nutrient
resources available, at the expense of treeless sites, as suggested
by Kessler and Breman [16].
Although agroforestry has potential to enhance the nutrient use
efficiency of agricultural production, by itself the integration of
perennial species does not guarantee a nutrient supply. Nigerian
farmers, in their search for nutrients, used the potting soil of
seedlings, freely distributed in an afforestation programme, as
fertilizer, apparently valuing the nutrients more than the trees [1].
Both perennial and annual species may fix nitrogen, and thus are
not very different in this respect.
Considering agroforestry as fitting in low input strategies is an
underestimation of the potential of the system. Instead of looking at
agroforestry as a 'low-input' strategy, we propose to use the
efficiency argument as a basis on which to develop viable fertilized
systems. In this way agroforestry may contribute to increasing the
added-value of agriculture with respect to nutrients. The same
holds for mixed cropping systems. Studies in Cameroon [12],
revealed that mixed cropping of maize, macabo and taro made
better use of fertilizer than the corresponding mono-crops, in terms
of production of caloric value as well as in terms of economic
return per kg of fertilizer.
A fundamental disadvantage of agroforestry is the long growing
cycle. Research programmes are slow, and it is difficult to adapt
agroforestry systems to rapid changes in the price of agricultural
products, so a stable, long-term system is required.
Integration and animal husbandry in cropping systems
Cattle play a role in concentrating scarce nutrients and transporting
them to selected places. For this reason, many researchers regard
cattle as a crucial component in maintaining the fertility of farming
systems. While the concentration of nutrients increases the area
from which free nutrients can be collected, it offers no solution to
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the low added-value problem of the agricultural system itself. As
soon as land becomes more scarce, overgrazing occurs, and the
system becomes less efficient. Cattle actually cause nutrients to
move faster through the agro-ecosystem, as digestion liberates
nutrients for another use. Consequently, there is a higher risk of
losing precious nutrients. Further, if natural vegetation and crop
residues are fed to animals, they can no longer protect the soil.
Integration of animal husbandry in cropping systems should not be
regarded as an option for producing nutrients.
As is the case of agroforestry, the potential of integrating animal
husbandry in cropping systems lies on the high-input side.
Phosphate fertilized fields with fodder crops that last for several
years (fodder banks) constitute a system that is nutrient efficient.
First, because they permanently cover the soil, and thus protect it
from nutrient losses through erosion. Second, because when
fertilized, the leguminous species used for fodder, are efficient
nitrogen fixers. After ending the fodder bank, the residual effect of
the applied fertilizer is still important [e.g. 30]. So the introduction of
fodder banks in a cereal rotation may increase the efficiency of
externally applied nutrients. The usefulness of the system depends
largely on the prices of cattle feed and animal products.
The high fertilizer input + conservation option
Adequate fertilization and proper rotations will, in some
circumstances, allow the sustained intensification of monocropping. Some discussion exists on the need to apply organic
manure or to incorporate crop residues into the soil. Matlon and
Spencer [20] stress that incorporation of large quantities of organic
material is necessary to maintain and improve the soil's organic
matter content. Pieri [22] links the efficiency of fertilizers to the
organic matter content of soils, but indicates also the positive
effects of mineral fertilizers on soil organic matter content.
Physical measures for soil conservation are necessary on sloping
land, to reduce erosion and loss of nutrients. Cost-benefit analysis
of erosion control measures rarely takes the prevented nutrient
losses into account [27,15]. Controlling erosion could well be
regarded as a more cost effective way of maintaining soil fertility
than the application of fertilizer. The cost-effectiveness of erosion
control in terms of nutrients depends on the use of mineral and
organic fertilizer. The more nutrients used, the more erosion
control pays. This is one reason for the reported failure of erosion
control programs in low input areas [10].
A general problem of the high input + conservation option is the
financing of the required inputs, and the spreading of the increased
risks these inputs entail. Cash crops might provide the means to
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finance inputs. Risks on input use can be reduced considerably
under irrigated conditions. Financing inputs and spreading risks
can also be achieved by means of complementary activities such
as out of season jobs in cities or in rural towns. Thus, contrary to
permanent migration, which often causes labour shortages at peak
periods, stimulation of off-farm employment might contribute to
sustainable land use.
Conclusions
Nutrients are a key issue in making agriculture in SSA more
sustainable. This is illustrated by comparing their value to those of
other agricultural inputs and outputs. The transition of fallow-based
agriculture to permanent agriculture, actually taking place in the
majority of SSA countries, is regarded as a transition from
agricultural production based on finite quantities of free nutrients to
agricultural production based on nutrients which are paid for in
cash or labour. The fact that farmers do not provide the required
labour or cash inputs leads to the actual soil-mining practices, and
this is seen as an important threat to the sustainability of
agriculture in SSA. If the added-value of agricultural production is
examined, and if the cost of nutrients depleted from the soil are
included in the analysis, then the viability of agriculture as a
production system can be seriously questioned. In a number of
cases negative added-values can even be calculated, making
reduced production economically profitable.
The low added-value is partly caused by the price structure of
Drought in the
Sahelian region.
PhotoiPouradier/
Sunshine, Almere.
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inputs compared with outputs. As a consequence, the use of
nutrients for agricultural production in Africa is very limited. The
average application of nutrients in SSA was less than 10 kg per ha
in 1990 compared to about 210 kg in Europe, 90 kg in North
America and 120 kg in Asia [8]. Whereas the per hectare use of
nutrients more than quadrupled in Asia between 1970 and 1990, it
only doubled in SSA. Thus SSA's share of nutrient use declined
over time from what was already a very low level.
In order to sustain productivity, policy makers should reckon with at
least a doubling of actual investments in the maintenance of soil
fertility. This should be achieved by promoting both nutrient application and nutrient saving measures. The incentives needed could
apply to specific fertilizers (e.g. to balance the existing preference
for nitrogen fertilizer), to erosion control measures, and also to
nutrient saving cropping systems, such as those including tree
crops. The incentives may relate not only to subsidies and price
setting, but also to restrictions and to compliance with rules. They
should allow the rural society to move towards permanent systems
without irreversibly reducing the productive capacity of the land.
It follows that a larger part of SSA national budgets should be used
to create an environment that allows higher investment in nutrients.
In this respect the Low External Input Agriculture advocates do a
disservice, convincing SSA policy makers of the possibility of
developing agriculture without the necessary investment in the
maintenance of soil fertility. To transpose the perceptions of
environmental problems encountered in developed countries to
developing countries is a tragedy [17].
The second reason for the low added-value of agricultural
production is the low efficiency of nutrient use. Given the present,
inefficient, ways of cereal cultivation, agriculture in SSA cannot be
competitive with more efficient grain producers. Resource poor
African governments cannot compete with the heavily subsidized
western agricultural sector. (Subsidies on products from agriculture
and animal husbandry allow Dutch farmers to waste 71% of
applied nitrogen to water, air and deeper soil layers [14]).
Increasing the efficiency of nutrient use is the only way for SSA
agriculture to increase its added-value in a sustainable way. It is
important to evaluate options in this respect. Techniques
advocated as part of Low External Input Agriculture could score
better on nutrient efficiency than the current 'High Input'
technologies and this is reason enough to intensify research on the
response of agroforestry and mixed farming systems to increased
fertilizer use. Thus a synthesis in the debate between HEIA and
LEIA supporters could be to 'use LEIA techniques in order to make
HEIA techniques more efficient with nutrients'.
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Equally important for increased nutrient efficiency is the
improvement of the decision making capacity of farmers through
education and training. This should apply to both individual
decision making on adaptation of techniques to actual farm
conditions (e.g. timing and doses of fertilizer application), and to
collective decision making on erosion control and use of communal
natural resources. In the twentieth century, development of the
agricultural sector cannot be expected from poorly educated
farmers, even if given standard recipes for the new technologies.
Improvement of lower and middle levels of agricultural education
will contribute to the sustainable development of this sector.
References
1. Anderson D (1987) The economics of afforestation: A case study in
Africa. World Bank Occasional Papers, new series no. 1.
Baltimore/London: John Hopkins University Press
2. Bishop J and Allen J (1989) The on-site cost of soil erosion in Mali.
World Bank Environmental Paper no. 21
3. Bosma RH and Jager EJ (1992) Le fumier, production dans les pares
et valeur. DRSPR, IER
4. Budelman A and Van Der Pol F (1992) Farming systems research and
the quest for a sustainable agriculture. Agroforestry Systems 19:187206
5. Colby ME (1989) The evolution of paradigms of environmental
management in development. Strategic planning and review
discussion paper 1, October. Washington, D.C.: The World Bank
6. Dixon JA and Huffschmidt MM (1986) Economic valuation techniques
for the environment, a case study workbook. East-West Environment
and Policy Institute, Baltimore/London: John Hopkins University Press
7. FAO Council (1988), cited in FAO Netherlands Conference on
Agriculture and Environment on 15-19 April 1991 at 's-Hertogenbosch,
Elements for Strategies and Agenda for Action, 1991
8. FAO (1991) Fertilizer yearbook Vol 41, FAO statistics series No 106.
Rome: FAO
9. Felker P (1978) State of the art: Acacia albida as a complementary
permanent intercrop with annual crops. USAID Grant no. 211 (d).
Department of Soil and Environmental Sciences. Riverside USA:
University of California
10. IFAD (1986) Soil and water conservation in Sub-Saharan Africa: issues
and options. Rome: IFAD
11. Ileia NN (eds) (1988) Towards Sustainable Agriculture. Leusden, The
Netherlands: AGRECOL/ILEIA
12.1 RAT (1974) Rapport annuel de 1972. Agronomie Tropicale 4
13. Janssen BH (1983) Organische stof en bodemvruchtbaarheid Caput
selectum. Wageningen, Netherlands: Vakgroep Bodemkunde en
Plantevoeding Agricultural University,
86

Analysis and evaluation of options for sustainable agriculture, with special reference to southern
Mali
14. Kalverkamp DG and Hoytema DN (1989) Op zoek naar een duurzame
landbouw. Berenschot study for Jonas Journal and Triodos bank,
October, Utrecht, The Netherlands
15. Keddeman W (1991) Cadre d'evaluation socio-economique et
d'environnement au Sahel (C.E.S.E.S.), study for CILLS, NEI,
Rotterdam
16. Kessler JJ and Breman H (1991) The potential of agroforestry to
increase primary production in the Sahelian and Sudanian zones of
West Africa. Agroforestry Systems 13:41-62
17. Lele U (1991) Pursuit of sustainable development: global debates and
local agricultural management systems in Africa. Paper presented at
the International Symposium on Sustainable Development in Africa, at
The Royal Tropical Institute, Amsterdam, The Netherlands (October
28-November 1,1991)
18. Lele U and Stone SW (1989) Population pressure, the environment
and agricultural intensification. Variations on the Boserup hypothesis.
MADIA discussion paper 4, November. Washington, D.C.: The World
Bank
19. Mannetje L 't (1984) Pasture development and animal production in
Queensland since 1960. Tropical Grasslands 18:1-18
20. Matlon P and Spencer DSC (1984) Increasing food production in SubSaharan Africa: Environmental problems and inadequate technological
solutions. American Journal of Agricultural Economics, December
21. Pieri C (1983) Nutrient balances in rainfed farming systems in arid and
semi-arid regions. In: Proceedings of the 17th Colloquium otthe
International Potash Institute, Bern, pp 181-209
22. Pieri C (1989) Fertilité des Terres de Savannes. Bilan de trente ans de
recherche et de développement agricole au sud du Sahara.
Montpellier: Ministère de la Cooperation et CIRAD-IRAT
23. Roose EJ (1981) Dynamique actuelle des sols ferrallitiques et
ferrugineux tropicaux d'Afrique occidentale. Travaux et documents de
l'Orstom N 130
24. Sanchez PA (1987) Soil productivity and sustainability in agroforestry
systems. In: Steppler HW and Nair PKR (eds) Agroforestry, a Decade
of Development, pp 202-223. Nairobi, Kenya: ICRAF
25. Slicher van Bath B (1987) De agrarische geschiedenis van West
Europa. Utrecht, Netherlands: Spectrum
26. Steppler HW and Nair PKR (1987) Agroforestry, a Decade of
Development. Nairobi, Kenya: ICRAF
27. Stocking MA (1986) The cost of soil erosion in terms of loss of three
major elements, FAO consultants working paper 3
28. Stocking MA and Abel (1989) Labour costs: a critical element in soil
conservation, Paper to the 6th International Soil Conservation
Conference, Addis Ababa, Ethiopia, November 1989. United Kingdom:
University of East Anglia
29. Stoorvogel JJ and Smaling EMA (1990) Assessment of soil nutrient
depletion in Sub-Saharan Africa, 1983-2000. Report 28. Wageningen,

Analysis and evaluation of options for sustainable agriculture, with special reference to southern
Mali
The Netherlands: Winand Staring Centre
30.Talineau JC, Hainnaux G, Bonzon B, Fillonneau VC, Picard D and
Sicot M (1976) Quelques consequences agronomiques de
I'introduction d'une sole fourragere dans une succession culturale du
milieu tropicale humide de la Cote d'lvoire. Cah. ORSTOM, Ser. Biol.
11:277-290
31. Van der Pol F (1985) Rapid production increase and sustainability.
Proceedings of the conference of ministers on the realization of
Africa's potential for food production. Ede, The Netherlands: CTA
32. Van der Pol F (1992) Soil Mining. An unseen contributor to farm
income in southern Mali. Bulletin 325. Amsterdam, The Netherlands:
Royal Tropical Institute (KIT)
33. Van Duijvenbooden N (1990) Sustainability of West-African cropping
systems in terms of nutrient elements. A study for the 5th region of
Mali. Wageningen, The Netherlands: CABO
34. World Commision on Environment and Development (1987) Our
Common Future. Oxford: Oxford University Press

88

Integrated nutrient management:
the use of organic and mineral
fertilizers
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Summary
Nutrients can be applied as organic or mineral fertilizers. Organic fertilizers
also add new organic matter to the soil. The organic fertilizers are
converted by micro-organisms and their nutrients, mainly N, P and S, are
released through mineralization. This process depends on many factors
and it is difficult to supply the complete nutrient requirements of plants
through organic fertilizer application. The more easily organic fertilizers
decompose, the less remains as soil organic matter. The two main
functions, to supply nutrients and organic matter cannot be optimized at
the same time. Several indices are used to characterize the
decomposability of organic fertilizers, e.g. chemical composition, half-life
value, humification coefficient.
Soil organic matter plays a role in both physical and chemical soil fertility.
Every year part of the soil organic matter disappears and the addition of
fresh organic material is needed to compensate for the losses. Because of
the large quantities of fresh material required, maintenance of the soil
organic matter content in agricultural soils is often difficult.
Integrated nutrient management involves the combined use of organic and
mineral fertilizers in such a way that the required nutrients are applied and
the soil organic matter content is maintained. The optimum combination
depends on the target yield and the desired soil organic matter content, as
well as on the situation of a particular farm.
Introduction
To maintain the chemical fertility of soils nutrients can be applied
as mineral or organic fertilizers. Organic fertilizers also contribute
to the provision of organic matter in soils and consequently to the
maintenance of physical soil fertility.
Organic and mineral fertilizers are not competitors, they are
complementary. Integrated nutrient management implies that all
nutrient sources are taken into account, not only both types of
fertilizers, but also supplementary sources such as atmospheric
deposition and biological nitrogen fixation. This paper, however,
only discusses integration of organic and mineral fertilizers, and it
is necessary to know the performance of both types. An example
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at farm level will demonstrate how farmers can take advantage of
the interactive nature of organic and mineral fertilizers.
Classification, properties and effects of organic
fertilizers
< see also Annex 4.

Organic fertilizers may be classified as1:
- human wastes and animal manure;
- municipal refuse, raw or processed into compost;
- earthy material, such as dredgings, peaty mud, sewage sludge;
- plant residues, which can be fresh residues (green manure or
prunings of green manure crops, wastes from vegetables and
fruits) and mature or old residues (cocoa shells, peanut pods, peat,
and others).
Organic fertilizers may or may not be ploughed into the soil. When
applied to the soil surface, it is termed mulching. The main purpose
of mulching is to protect the topsoil from direct sunlight, thus
preventing rapid soil drying and too high soil temperatures. Further,
a mulch layer protects the soil from the destructive action of
intense rain. Green manure crops or cover crops, which are
sometimes used as live mulches, also protect the soil, e.g. from
compaction by farm traffic (grass strips in plantations).
In general, organic fertilizers are applied for two reasons: to supply
nutrients to the crop and to add new organic matter to the soil. The
significance of an organic fertilizer as a supplier of nutrients is
determined by the rate of nutrient release, which in turn depends
on the rate of decomposition of the organic material and on the
nutrient content. Also the quantity of new organic matter that is
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added to the soil depends on the tendency of the organic fertilizer
to decompose. The more easily organic fertilizers decompose, the
less remain as soil organic matter. In other words, the two main
functions of organic fertilizers, i.e. to provide nutrients and increase
the organic matter content, cannot be optimized at the same time.
Another effect of organic fertilizers is the improvement of growth
conditions for soil fauna and soil microflora. When predators of
pathogens are among these organisms, organic fertilizers may
suppress pests and diseases. On the other hand, pathogens are
sometimes introduced into the soil in organic fertilizers.
As well as the effects already mentioned, an 'additional effect' is
often attributed to organic fertilizers. According to some
researchers, organic materials excrete 'physiologically active
substances' that stimulate plant growth. Others take the gradual
release of nutrients from organic fertilizers as the main cause of
the 'additional effect'. Such a release may better meet the plant's
demands than the rapid release from soluble mineral fertilizers.
Organic fertilizers as suppliers of nutrients
A large portion of the nutrients (N, P and S) in organic fertilizers
are present as constituents of organic molecules and in that form
are not available to plants. The organic compounds are converted
to plant available form by micro-organisms (bacteria and fungi),
BOX A
Calculation of the N, P and S mineralization per % soil organic matter (SOM).
Data
soil depth, cm
bulk density, kg dnr3
SOM content, g kg 1
C content in SOM (mass fraction)
C/N (mass ratio)
C/P (mass ratio)
C/S (mass ratio)
fraction mineralized
Calculated mass of topsoil, kg ha-1
mass of SOM, kg ha 1
mass of C, kg ha 1
mass of N, kg ha-1
N mineralized, kg ha 1
mass of P and of S, kg ha 1
P mineralized, S mineralized, kg ha-1
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0-20
1.3
10(=1%)
0.58
10
100
100
0.01
2,600,000
26,000
15,080
1,508
15
151
1.5
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TABLE 1. Properties of some organic fertilizers. Dry matter is expressed in g per kg
fresh material, and organic matter, carbon and nitrogen in g kg-1 (dry matter). The
other properties are fractions.
Prunings

Dry matter
Organic matter
Organic carbon
Total nitrogen
Nm
Ne
Nr
Org. C/org. N
Humification coefficient

250
900
450
45
0.0
0.80
0.20
10
0.2

Farmyard manure
Rich

Poor

215
650
325
25
0.1
0.45
0.45
14.4
0.5

650
720
360
10
0.1
0.45
0.45
40
0.5

which use the organic compounds for two purposes: as 'fuel'
(energy source) and as building materials for their own tissues. In
other words, the substrate is partly dissimilated and partly
assimilated. During dissimilation, C0 2 and H 2 0 are formed:
C6H1206 + 6 0 2 --> 6 C0 2 + 6 H20 + energy
In the first instance, the micro-organisms use the N, P and S from
the substrate for assimilation; if more N, P and S is present than is
needed for that purpose, the remains are converted into inorganic
ions: NH4+, N03", H2P04" and S042". The conversion of organic
molecules into inorganic molecules is called mineralization.
Box A shows an example of the conversion of an organic substrate
by micro-organisms.
When the substrate does not contain sufficient N, P or S to cover
the assimilation needs of the micro-organisms, inorganic ions of N,
P or S present in the soil solution are used. This process is called
immobilization. Many materials used as organic fertilizers have a
low N content relative to carbon (and consequently a high C/N
ratio). Application of such materials results in N immobilization
leaving less N (temporarily) available to plants. Such materials
need pre-treatment in a manure hill or compost heap before
application to the field. During the composting process, the mass
and volume of the organic materials decrease through the loss of
C0 2 , which does not necessarily also cause a loss of nutrients.
The decrease in volume is one of the targets of composting. The
structure of the organic material also changes during the process.
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While the original substance is usually heterogeneous and difficult
to handle, during composting it gradually turns into a
homogeneous, manageable and loose material. Composting is not
necessary when the organic fertilizers have a low C/N ratio. Such
materials may be ploughed directly into the soil.
Many organic fertilizers contain mineral N (NH4+ and N03") as well
as organic N. The organic N is partly in easily decomposable
organic compounds and partly in compounds that are resistant
against microbial attack. Sluijsmans and Kolenbrander [7]
introduced the denotations Nm, Ne and Nr for these fractions. Nm is
already present in mineral form, Ne is mineralized within one year
after application in temperate regions or within 3 months in lowland
tropics (this is explained below), and Nr thereafter. The data on
animal manure in Table 1 are representative of the upper (rich
farmyard manure) and lower (poor farmyard manure) values of the
range found in the extensive literature. The values for prunings
were estimated on the basis of data from Budelman [1] and Tian et
al. [8].
Organic fertilizers as raw material for soil organic matter
Every year, part of the soil organic matter (SOM) decomposes if
soil temperature and moisture are conducive to microbial activity.
To compensate for the losses, new organic matter should be
added. Fresh organic materials, like straw, leaves and farmyard
manure, are decomposed at a higher rate than SOM, which is quite
resistant to microbial decomposition. The decomposition rate of
organic materials gradually decreases, mainly because the easily
decomposable components in fresh organic materials (FOM) are
affected first, leaving increasingly resistant residues. This is
discussed in more detail below.
Environmental factors such as temperature and humidity have
large effects on the decomposition rates of FOM and SOM. From
studies [3,5] it can be deduced that a rise in temperature of 9°C
doubles the relative decomposition rate. So, the fraction
decomposed per year is at 18°C twice and at 27°C four times as
high as at 9°C.
Apart from environmental factors, the rate of decomposition is
determined by the chemical composition of the FOM, especially by
the contents of lignin and polyphenols, and by the C/N ratio. High
C/N ratios imply poor nitrogen provision to the micro-organisms
concerned, resulting in a reduction of microbial activity. Lignin is
more resistant to microbial attack than other compounds found in
organic matter, such as cellulose, hemicellulose and proteins.
Polyphenols act as bactericides. In agricultural practice, however,
lignin and polyphenol contents are seldom or never determined.
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Instead, one uses decomposability indices considered to be
characteristic for a particular (group of) FOM. The values of the
indices have been determined in field or laboratory experiments.
One of the indices is the half-life value, being the time required to
decompose half the quantity of organic material. The half-life value
depends not only on the properties of the organic material itself,
but also on external factors like temperature and humidity, and
therefore varies in different ecological zones. Figure 1 shows that
the half-life values for green material, straw, farm-yard manure
(FYM) and sawdust are 0.4, 0.6, 1.2 and 3.8 years in temperate
climates (9°C) and 0.1, 0.15, 0.3 and 0.95 years in lowland tropical
climates (27 °C).
Another index is the humification coefficient (h). It is the fraction of
organic matter remaining after a specified period of time. In
temperate climates, this period is arbitrarily set at one year. By that
time, FOM is supposed to have changed into SOM. In other
climates, the time required for a similar conversion of FOM is
inversely related to the relative rate of decomposition. For instance,
in lowland tropics it is 3 months (Figure 1). So, it is not the value of
the humification coefficient itself that is affected by external
conditions, but the period to which it applies. The values of the
humification coefficient for green material, straw, FYM and sawdust
are 0.2, 0.3, 0.5 and 0.75, respectively (Figure 1).
The product of the humification coefficient and the amount of
added FOM gives the so-called effective organic matter (EOM):
EOM = h * FOM.
94

management: the use of organic and mineral fertilizers

Soil organic matter affects both chemical and physical
soil fertility
Soil organic matter and physical soil fertility
The significance of SOM for physical soil fertility is due to its
positive effects on water-holding capacity and on the stability of soil
aggregates, and hence on soil porosity and aeration. In heavy
soils, the main impact of SOM is probably the improvement of soil
aeration, whereas in sandy soils the increase in water holding
capacity is the most important effect (one percent by mass of SOM
roughly corresponds to a water holding capacity of 3 to 4.5 percent
by volume). Clayey soils require higher SOM contents than sandy
soils to assure good workability and water permeability. When soil
aggregates are not stable and so fall apart, smaller soil particles fill
part of the soil pores, and soil aeration deteriorates. By increasing
the stability of aggregates, SOM thus improves soil aeration. A
direct stabilization mechanism is the chemical linkage between
clay platelets and organic matter molecules resulting in clayorganic matter complexes. Most of the effects of SOM on aggregate
stability, however, are indirectly brought about through stimulation
of root growth and of soil fauna and microflora, especially the
rhizosphere microflora. Soil particles may be held together by roots
and by microbial products. (Soil) organic matter is a feedstuff for
soil animals like earthworms and termites. Earthworms especially
greatly improve both the stability of soil aggregates and soil porosity.
So/7 organic matter and chemical soil fertility
The significance of SOM in chemical soil fertility is based on the
capacity to retain cations (Ca2+, Mg2+, K+, Na+) and on the capacity
to supply N, P and S.
Although SOM originates almost entirely from plant residues, it
does not contain elements in the same, relative proportions as the
plant itself. There are two major reasons for this. First, the organic
material that enters the soil differs from the organic material of
living plants because a major part of N and P is translocated from
the leaves and stems to the fruits and seeds during ripening of the
crop. Secondly, plant material starts changing as soon as it falls on
the soil. The majority of the soluble compounds leave the plant
residues by leaching. Hence, the significance of SOM as a source
of nutrients is limited to the organically bound elements N, P and S
that are not easily leached. Through mineralization, the organically
bound nutrients are converted into inorganic ions, and only in this
form are they available to plants. In general, not all mineralized
nutrients are taken up by plants. Part of the plant available N and S
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BOXB
Schematic diagram of assimilation and dissimilation during the conversion of
600 g organic substrate. C content is 50%, C/N is 10, C/P and C/S are 100.
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leaches as N03" and S042", or volatilizes as NH3, N2, H2S, while the
phosphate ions H2P04" and HP042" may be fixed in the soil.
Because a large part of SOM is intensively bound to clay minerals,
the decomposition rate of SOM is low. The chemical composition
of SOM is complex. The most important components are
polymerization products of phenolic and N-containing compounds,
originating mainly from micro-organisms. In micro-organisms, as
well as in SOM, the mass proportions of the elements C, N, P and
S are 100 :10 :1 : 1 , so that the rates of mineralization of N, P and
S can be calculated rather simply (Box B). Deviations from these
proportions, however, are often found as the result of differences in
the nature of vegetation, climate, land use, age of the SOM and
other factors.
Maintenance of soil organic matter
As said above, new organic matter should be added to
compensate for the decomposition losses of SOM. The rate of
decomposition depends on a number of factors including
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TABLE 2. Required additions of organic material to maintain SOM at desired levels.
Loamy sand

Clay

Desired SOM, g kg"1
tha' 1

15
45

35
105

Fraction decomposed, yr"1
Quantity decomposed, t ha"1 yr"1
Required root and stubble, t ha"1 yr"1 (DM)
Required green manure, t ha'1 yr'1 (DM)
Required green manure, t ha"1 yr"1 (fresh)
Required FYM, t ha"1 yr"1 (DM)
Required FYM, t ha"1 yr'1 (fresh)

0.06
2.7
7.7
10.8
54.0
5.4
36.0

0.04
4.2
12.0
16.8
8.4
8.4
56.0

temperature, pH, aeration, moisture content, soil fertility, nature of
the vegetation and the agricultural system. The fraction of SOM
that is decomposed per year is about 2% in temperate regions and
about 8% in tropical lowlands. This causes maintenance of SOM in
tropical soils to be difficult.
When the decomposition of the existing SOM is counterbalanced
by the addition of effective organic matter (EOM), the content of
SOM does not change (steady state). In formula:
k SOM = EOM
Because EOM = h FOM, the required annual amount of FOM is
found by:
FOM = k SOM/h
where h = humification coefficient;
k = fraction of SOM that is decomposed annually.
Table 2 shows how much FOM is needed to maintain SOM at
desired levels which are dictated by soil structure requirements
and by decomposition rates. Clayey soils have higher SOM
requirements and lower decomposition rates than sandy soils [6].
The amount of green manure that should be applied to maintain
SOM at the required level is too large to be produced on the field
concerned. The required quantities of root and stubble, and of FYM,
are smaller because these materials are more resistant against
decomposition. Nevertheless, it will often be very difficult to obtain
the required input of organic matter in tropical soils, as is shown below.
Integrated nutrient management; combined use of
organic and mineral fertilizers
An 'ideal' combination of organic and mineral fertilizers does not
exist. The optimum combination depends on the targets and the
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TABLE 3. Properties of the cereal crop and the green manure crop used in the
calculations for the subsistence farm.
Straw

Grain
Cereal crop
Relative dry-matter distribution
N mass fraction, g kg-1 (DM)
Relative N distribution
Humification coefficient

0.4
15
0.6
n.a.

0.4
6
0.24
0.35

Roots

0.2
8
0.16
0.4

Fig. 2. Calculated
effects of continued
application of mineral
fertilizer, prunings, rich
farmyard manure and
poor farmyard manure
at a rate of 100 kg N
per ha per season. A.

Green manure crop
Dry-matter production t ha"1
Organic matter, g kg-1 (DM)
N mass fraction, g kg"1 (DM)
N content, kg ha 1
Humification coefficient

Leaves

Twigs

Roots

4
900
45
180
0.2

4
900
15
60
0.6

1.5
900
10
15
0.4

Soil organic matter
content (SOM).
Relative
decomposition rate of
SOM is set at 0.03 per
season. B. Grain yield.

situation of the particular farm. The targets refer to the levels of
SOM and yield that are attainable, within the managerial and
economical constraints of the farm. Because each situation is
unique, the optimum mixture of organic and mineral fertilizers is
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always farm-specific. Many factors are involved. Other sources of
nutrients (dry and wet deposition, biological N fixation) play a role.
Crop production and SOM levels are not independent of each
other, implying that some of the effects of fertilizers on crops and
SOM are indirectly brought about via crop-SOM interactions.
Another complication is that fertilizers have residual effects, the
consequence of which is that their influence on yield and SOM
changes with time until steady state has been reached.
It is beyond the scope of this article to describe all these relations
in detail. For simplicity, only nitrogen is considered and the
discussion is based on the findings of a model which calculates the
differences in grain yield and SOM content between fertilized and
non-fertilized fields. A detailed account of the model will be
published separately [2]. A model is used to avoid the
complications and imperfections that inevitably confuse the
interpretation of results in the real world.
Table 3 gives the relevant data of the cereal main crop and the
shrub-type green manure crop used in the calculations. The
fertilizers that are compared are mineral fertilizers (MF), and the
organic fertilizers of Table 1: prunings (PRUN), rich farmyard
manure (RFYM) and poor farmyard manure (PFYM).
Effects of fertilizers on SOM content and yield
Figures 2A and 2B show the effects of continued application of the
four fertilizers at a rate of 100 kg N per ha per season on SOM
content and yield, respectively. More precisely, the graphs show
the differences in SOM content and yield that arise between fields
that do and do not receive the fertilizers. It is assumed here that
there are two cropping seasons per year and that the relative
decomposition rate of SOM is 3% per season. Further it was
assumed that in the soil solution first the N requirements for
immobilization are satisfied, and that the remaining N is allocated
to leaching and absorption by the crop in a 40:60 ratio. SOM is
quickly built up in the case of FYM having high values for
humification coefficient and C/N, and slowly in the cases of MF and
PRUN, containing easily decomposable organic material. On the
other hand, yields start at high levels for MF and PRUN, and at low
levels for FYM. After approximately 100 seasons, about 95% of the
eventual steady state is reached. In steady state the SOM contents
are 18, 31, 61 and 1381 per ha for MF, PRUN, RFYM and PFYM,
respectively. The high priority to immobilization causes negative
yield responses to PFYM application (Figure 2B). The yield at
steady-state is 2655 kg grain per ha per season, or 26.55 kg per kg
N applied. The yield is independent of the fertilizer type because, in
the model, it is assumed that the effect of the organic fertilizers on
99

Integrated nutrient management: the use of organic and mineral fertilizers

the yield is only a nitrogen effect and that there are no 'additional'
effects.
Relation between crop production and SOM formation
When no organic fertilizers are applied, the raw material for SOM
consists of crop residues in the form of root and stubble, and the
SOM content is related to crop production. If the crop response to
fertilizer is linear and the allocation of dry matter to the different
plant parts is not affected by the rate of fertilizer, then the SOM
content is linearly related to fertilizer rate. From Figure 2B it follows
that in steady state 0.181 SOM has been built up from roots and
stubble per kg N applied as mineral fertilizer.
In Figure 3 the steady state SOM content has been plotted against
mineral fertilizer N and grain yield. The relationship between the
quantities along the two X-axes is 26.55 kg grain per kg fertilizer N
(see above). When straw is ploughed under, 0.491 SOM is built up
per kg N or 18.331 SOM per t of grain. This implies that a yield of
2455 kg per ha per season would be sufficient to maintain SOM at
451 per ha (15 g per kg soil), being the target value for sandy
loams (Table 1). If there are no other N sources, the corresponding
rate of mineral N would be 92 kg per ha per season.
It may therefore be concluded that, at least in theory, it is
eventually possible to maintain SOM at an adequate level without
the use of organic fertilizers, even under annual crops. This seems
Fig. 3. Calculated
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contradictory to the reality of the African situation. The data
gathered by Pieri [6] show decreasing yields when only mineral
fertilizers are applied. There are a number of reasons for this
apparent discrepancy. One is that the above calculations refer to
steady state obtained after about 100 seasons while most data by
Pieri refer to periods of less than 10 years, following the clearing of
primary or secondary forest. On cropped land SOM contents are
inevitably lower than under forest and, during the first 10 years
after the start of mineral fertilizer application, the impact on SOM is
still very restricted (Figure 2A). Another reason is that, in practice,
farmers rarely meet the model conditions of two crops per year,
use of fertilizers and incorporation of all the straw in the soil.
Moreover, in sub-humid and semi-arid conditions, low rainfall may
make it impossible to have two crops per year each yielding about
2.51 per ha. The result is that often sufficient organic matter cannot
be produced to maintain SOM content at 15 g per kg soil, without
fallow, green manure crop rotations or application of animal manure.
Fertilizer rates for target soil organic matter (SOM) content and
yield
In steady state, yields are not influenced by the type of fertilizer
(Figure 2B), but SOM contents are (Figure 2A). Figure 4 shows the
relation between steady-state SOM contents and fertilizer N or grain
yield for mineral fertilizer and the three organic fertilizers of Table 1

Fig. 4. Calculated
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TABLE 4. Fate of organic matter and nitrogen present in fodder.

Used by animal, % of feed content
In dung, % of feed content
Lost during storage, % of dung content
Applied to soil, % of dung content
Applied to soil, % of feed content

Organic matter

Nitrogen

50
50
50
50
25

20
80
33
67
54

(in this case it is assumed that the straw is removed from the field).
The required fertilizer rates for a given target (increase in) SOM
content can be read from this graph, as well as the corresponding
yields. For instance, a SOM content of 15 g per kg soil (451 per ha)
can be obtained with application rates of 253,145, 74 and 33 kg N
per ha for mineral fertilizer, prunings, rich farmyard manure and
poor farmyard manure respectively. The corresponding yields would
be 6750, 3857,1964 and 871 kg per ha. These yields range from
unrealistically high to unsatisfactorily low. Usually one also sets out
to obtain a certain yield. A target yield of 2400 kg per ha per season
would require 90 kg N per ha. None of the four fertilizers is suited to
the simultaneous attainment of these targets of yield and SOM.
Hence, it is necessary to make combinations. Possible solutions for
two fertilizers (in rounded figures) are:
- 23 kg N from mineral fertilizer and 67 kg N from rich FYM;
- 66 kg N from mineral fertilizer and 24 kg N from poor FYM;
- 33 kg N from prunings and 57 kg N from rich FYM;
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- 74 kg N from prunings and 16 kg N from poor FYM.
Combinations of three or four fertilizers can also be made. So there
are many ways of attaining the objective of 2400 kg grain yield and
451 SOM per ha.
Maintenance of SOM in subsistence farming
The example given above shows that, in addition to roots and
stubble, other sources of organic material are required to maintain
both the SOM content at 15 g per kg and the yield at 2400 kg per
ha per season. The most obvious farm sources are farmyard
manure and prunings, provided that some animals are kept to
supply the farmyard manure, and that there is a piece of land to
produce a green manure crop for prunings. The SOM content in
this field should also be maintained at 15 g per kg. The animals are
supposed to feed on the straw and leaves of the green-manure
crop. Data on the green manure crop are given in Table 3 and on
the fate of feedstuffs in Table 4. Details of the calculations will be
published separately [2].
Figure 5 shows the diagram for a farm comprising 1 ha planted to
cereals twice per year, and 0.83 ha for the production of prunings
(as green manure and fodder). Straw and prunings supply fodder
for 3.4 livestock units (LSU). An attempt was made to close the
cycles of organic matter and nitrogen as far as possible and to
minimize the quantity of mineral fertilizers used. The 1 ha field
Fig. 5. N flows on a
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producing 2400 kg grain per season must receive 90.4 kg N per
season, of which 30.2 will come from animal manure, 36.6 from
prunings and 23.6 from mineral fertilizers (it is again assumed that
there are no other nitrogen sources in the grain field). So, a rather
low rate of fertilizer N would suffice. This is because the green
manure crop imports nitrogen into the farm by the process of
biological N fixation. For the other nutrients, however, such
processes do not exist and so relatively higher fertilizer rates are
required. Assuming an optimum N/P of 8, the uptake of P by the
cereal crop is about 7.5 kg per ha per season or 15 kg per year,
and that by the green manure crop (0.83 ha) is 26.4 kg, a total of
41.4 kg P for the entire farm. Given a recovery fraction of fertilizer
P of 10%, this would work out at 414 kg fertilizer P per year for the
whole farm of 1.83 ha. Fortunately, the required P rate gradually
decreases due to the residual effect of fertilizer P and of the cycling
of P in the green manure crop and in the staw. Eventually, a rate of
approximately 15 kg P per year (compensating for the annual
withdrawal plus some losses) would be sufficient for the 1.83 ha.
The values of the nitrogen flows in Figure 5 depend, of course, on
the desired levels of yield and SOM. When the target grain yield is
set at 4000 kg per ha per season, the related straw production in
combination with the prunings (which are required to obtain good
quality fodder) allows for more cattle (5.7 LSU instead of 3.4). The
quantity of FYM that can be produced is more than sufficient for
the target SOM content. The higher grain yield, however, would
require a higher rate of mineral fertilizer on the grain field (100 kg N
per ha per season instead of 24 kg).
Conclusions
Financial, managerial and labour conditions, and the targets to be
achieved, determine the appropriate nutrient management. The
careful integration of mineral and organic fertilizers requires much
knowledge of all the processes involved. When fertilizer prices are
known, (computerized) optimization procedures may be applied to
find the most appropriate fertilizer combination. It is likely that in
many situations a number of options would do equally well. It
would not be surprising, if it turned out that some of the farmers'
actual practices were already among the best options. Wittingly or
unwittingly, farmers may have integrated by practical experience all
the processes that scientists try to explicitly incorporate in
sophisticated models. On the other hand, it is possible that
farmers' practices may be economically optimum in the short term,
but that more investments are necessary to sustain continuous soil
fertility [9].
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Summary
In 1990, fertilizer use in Sub-Saharan Africa (SSA) amounted to 8.4 kg per
ha. Within SSA great differences exist, ranging from 1.1 kg per ha in
Central Africa to 14.6 kg in southern Africa. Six countries (Nigeria,
Zimbabwe, Kenya, Sudan, Ethiopia and Zambia) account for about threequarters of total fertilizer use in SSA.
Annual fertilizer consumption in SSA increased 3.4% over the period
1975-1990 but in the second half of the 1980s growth stagnated. In many
countries, subsidies on fertilizers have been abolished through the
implementation of structural adjustment programmes. Farmers often
complain that fertilizers have become too expensive for use in food crop
production. Slightly more than half of the fertilizer consumption in SSA is
used on cereals, particularly on maize.
Fertilizer production in Africa is located in regions where raw materials
and/or sources of energy are locally available. The main fertilizer
producing countries in SSA are Nigeria, Zimbabwe and Senegal. Whereas
fertilizer production increased in the late 1980s, fertilizer imports
decreased to 80% of the total consumption. Many countries rely on aid
support to finance their fertilizer imports but the part of aid-financed
fertilizer imports diminished to one-third in 1990. Therefore, many
countries depend more and more on their own foreign exchange for
fertilizer imports. There is a need to develop national procurement and
marketing structures.
Introduction
This paper gives an overview of the fertilizer sector in Sub-Saharan
Africa (SSA), including the demand (growth levels, fertilizer use by
crop, and returns to farmers from fertilizer use), the supply
(developments in fertilizer production, and reforms in fertilizer
marketing systems) and finance, with special emphasis on the
share of fertilizers procured with donor assistance vis-a-vis
commercial imports.
SSA is defined as Africa minus North Africa (region 1) and South
Africa (region 7). In this paper we have used the FAO classification
of African countries in agro-ecological regions [5], as shown in
Table 1.
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TABLE 1. Classification of African countries in agro-ecological regions.
Region nr.

FAO name

Name in this paper

1.

Mediterranean and arid North Africa

North Africa

2.
3.
4.
5.
6.
7.

Sudano-Sahelian Africa
Humid and sub-humid West Africa
Humid Central Africa
Sub-humid and mountain East Africa
Sub-humid and semi-arid Southern Africa
South Africa

Sudano-Sahel
Coastal West Africa
Central Africa
East Africa
Southern Africa
South Africa

Most of the data used in this paper was collected through the 20
national correspondents of the African Fertilizer Trade and
Marketing Information Network (AFTMIN), a network coordinated
by International Fertilizer Development Center-Africa (IFDC),
Lomé, Togo.
In this paper, fertilizers relate to mineral fertilizers, and fertilizer
nutrients are defined as N+P205+K20, where N = nitrogen, P205 =
phosphate, and K 2 0 = potassium. Fertilizer statistics reported in a
fertilizer year are attributed to the first year: 1990/91 data is
attributed to 1990.
Fertilizer use in SSA
Worldwide, the average use in 1990 was 93 kg of fertilizer nutrients
per ha arable land and land under permanent crops. In developing
countries, the 1990 average was 81 kg per ha in 1990. In that
same year fertilizer use in SSA amounted to 8.4 kg of fertilizer
nutrients per hectare of arable land and land under permanent
crops, as against 59.6 kg per ha in North Africa, 59.3 kg in South
Africa, and 19.1 kg in Africa.
Total fertilizer consumption in SSA was less than one third of
Africa's consumption, and amounted to 1,230 thousand t of
fertilizer nutrients in 1990, equivalent to around 75,000-80,000
truckloads of 351 each. Coastal West Africa consumed 460
thousand t, Southern Africa 354 thousand t, and East Africa 230
thousand t. Fertilizer consumption in the Sudano-Sahel region
amounted to 167 thousand t in 1990, much higher than the
consumption in the humid zones of Central Africa: 19 thousand t
(Table 2).
Fertilizer consumption is highly concentrated in a few countries.
Nigeria, Zimbabwe, Kenya, Sudan, Ethiopia, and Zambia account
for about three-quarters of total fertilizer use in SSA (Appendix 1).
Nigeria consumed 400,0001 of fertilizers in 1990, which is more
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TABLE 2. Fertilizer use and trends in fertilizer consumption 1975-1990 per region in Africa.
Region

2. Sudano-Sahel
3. Coastal West Africa
4. Central Africa
5. East Africa
6. Southern Africa

Fert. use

Fertilizer consumption in Africa from 1975-1990

1990

1975

kg ha"1*

'0001

1980

1985

1990

Annua I growth

%**

'0001

5.3
10.4
1.1
8.0
14.6

158.1
129.9
27.6
108.5
268.5

128.1
251.0
45.6
142.3
391.4

173.1
397.3
73.7
216.7
359.6

167.5
460.0
19.1
229.8
353.6

0.9
4.9
2.6
4.8
1.7

1.6
22.8
0.5
11.1
6.1

8.4

692.6

958.5

1220.4

1230.0

3.4

42.0

1. North Africa
2. South Africa

59.6
59.3

878.3
772.7

1273.4
1064.3

1598.8
865.3

1566.0
780.6

4.0
-1.1

62.0
8.6

Africa

19.1

2343.6

3296.2

3684.6

3576.6

2.7

95.4

Sub-Saharan Africa

* Use per hectare is calculated by dividing fertilizer consumption in 1990 in nutrients tonnes by hectares of
arable land and land under permanent crop in 1989 (these are both latest statistics available)
** Growth calculated over 1990 consumption level

than 80% of consumption in Coastal West Africa. Zimbabwe's
consumption amounted to 170,5001, which is around 50% of
consumption in Southern Africa. Kenya and Ethiopia consumed
just over 100,0001 in 1990, together accounting for more than 80%
of consumption in East Africa. Sudan consumes more than 50% in
the Sudano-Sahel.
Fertilizer use was 5.3 kg per ha in the Sudano-Sahelian region in
1990, and 1.1 kg per ha in Central Africa. With the exception of
Senegal there is no production of fertilizers in these regions. The
majority of the countries in these regions are clearly in the
introduction stage of fertilizer use, when fertilizers are being
introduced to farmers, but farmers do not know the benefits and
the proper use. Extension services and infrastructure are weak and
underdeveloped. At this stage fertilizer use is low, generally below
10 kg per ha. There are often regions within a country that
consume much higher levels of fertilizer, i.e. those where cash
crops are abundant, and there are also regions which use virtually
no fertilizer.
Coastal West Africa and Southern Africa are in the beginning of the
take-off stage, when an awareness of the benefits of fertilizer use
has been created and commitments to the development of the
required physical and institutional infrastructure have been made.
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In these two regions 90% of fertilizer production in SSA takes
place. Nigeria, following 10 years of intensive campaigning to
increase fertilizer consumption and local production, has now
entered the take-off stage. Malawi is also moving in that direction.
Trends in fertilizer use in SSA
Fertilizer use continues to increase in some countries, such as
Burkina Faso, Ethiopia, Nigeria and Malawi. Other countries, with a
relatively high fertilizer consumption, seem to have already
reached a plateau, and fertilizer use has remained constant since
1985: e.g. Kenya (44 kg per ha), Zimbabwe (60 kg per ha).
Future levels of fertilizer consumption can be estimated by
extrapolating historical growth levels. Fertilizer consumption data
from 1975 to 1990 for each of the regions, is analyzed in the IFDCAfrica Fertilizer Information Data base by means of a linear
regression model (Table 2 and Appendix 1). The correlation
between the calculated and real data is indicated by the correlation
coefficient (R2). A high value means that the model calculates the
values well. In some countries, one notices a linear trend in
fertilizer use. The model shows high R2 for these countries.
Fertilizer use trends in other countries in SSA show wide annual
fluctuations, and the model shows a low R2. Economic, political,
institutional, and climatic changes appear to be the cause of these
fluctuations.
The annual consumption of fertilizers in SSA increased 3.4% over
the period 1975-1990, representing an average of 42,0001 per
year, but in the second half of the 1980s growth ceased. Annual
growth was almost 5% in Coastal West Africa and East Africa.
There was no growth in the Sudano-Sahelian region and in Central
Africa, and annual growth in Southern Africa was about 2.0%.
Nigeria's fertilizer consumption increased by 23,5001 annually
between 1975-1990, i.e. 5.9% per year calculated over 1990
consumption level. Nigeria's fertilizer use level increased from 0.5
kg per ha in 1973 to 10 kg per ha in 1988, and 12.8 kg per ha in
1990. The average annual increase in fertilizer consumption in
Kenya was 5,4001 and in Ethiopia 4,300 t. Fertilizer use in Malawi
increased from 7 kg per ha in 1971 to 12 kg per ha in 1976, and to
19.9 kg per ha in 1990.
Fertilizer consumption in Central Africa almost tripled (from 28,000
t to 74,0001) over the period 1975-1985, but decreased in the late
eighties to 19,0001 in 1990, mainly because of a drop in coffee
prices in Cameroon. Fertilizer consumption in Cameroon depends
primarily on international coffee prices: 60% of fertilizers is used on
coffee. In 1989 official producer prices for coffee dropped by 50%.
These low producer prices, coupled with the non-payment of
arrears owed to coffee producers by the National Produce
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Marketing Board, negatively affected the demand for fertilizers.
Because of farmers' cash flow problems, much less fertilizer was
purchased for use on food crops [7].
Fertilizer use by crop
International Fertilizer Association (IFA), IFDC and FAO have
recently conducted surveys on fertilizer use by crop in countries
throughout the world. The results for approximately 80 countries
were published in October 1992 in a joint report entitled Fertilizer
Use by Crop [6]. Unfortunately, participation by SSA countries was
low, but results from the 14 countries that did participate give an
indication of fertilizer use in SSA. Total fertilizer use in these
countries represented about 550,0001 (Table 3) or about 43% of
the actual usage in SSA. However, because the countries included
were not randomly selected, these figures give only a rough
indication of usage patterns. It should also be pointed out that
official data on use by crops is not available so data for each
country is based on knowledgeable estimates. However, despite
these limitations, it is the most complete information available on
fertilizer use by crop in Sub-Saharan Africa.

TABLE 3. Fertilizer use by crop in 14 countries, representing about 43% of SSA.
%of area planted
that received

Application rates
kg ha"1

Quantity used
'0001

N

N

P205

K20

N

P2O5

K20

Total

P2O5

K20

'0001

%

Maize
Millet
Sorghum
Rice
Wheat
Groundnuts
Vegetables

17
13
16
11
51
4
35

18
13
22
12
50
4
35

16
13
22
12
14
4
26

74
20
35
45
117
10
66

30
11
11
19
17
26
32

16
3
4
12
57
26
40

86
9
34
14
64
1
6

31
5
8
6
11
1
3

15
1
3
4
4
1
2

131
14
45
24
78
3
12

24
3
8
4
14
1
2

Cotton
Oil Palm
Soybeans
Sugarcane
Tobacco
Other crops

63
NA*
60
100
96
NA

62
NA
60
100
94
NA

81
NA
60
100
96
NA

56
24
20
113
59
NA

28
41
55
39
100
NA

20
50
49
115
88
NA

56
1
1
27
7
23

22
1
2
9
11
13

16
2
2
23
10
19

93
4
4
59
28
55

17
1
1
11
5
100

NA

NA

NA

326

124

100

550

100

Total
NA = No data available
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IFDC-Africa statistics show that, compared to the amount of
nitrogen sold, only 57% as much phosphate and 30% as much
potash were sold in SSA in 1990/91. The same statistics, based on
estimates for these 14 countries, indicated that 38% as much
phosphate and 3 1 % as much potash were applied compared to
nitrogen. This indicates that the consumption ratios in the sample
of 14 countries may include crops that are low phosphate users
relative to nitrogen. Slightly more than half of the fertilizer used in
these 14 countries is applied to cereals, and maize receives almost
one-half of that amount. Although the area of millet and sorghum is
also large, very little is fertilized and application rates are low.
These statistics indicate that the crops which have the highest
percentage of their area fertilized include sugarcane, tobacco and
cotton. A high percentage of maize, sorghum, groundnuts, millet
and rice is not fertilized.
Returns to farmers from fertilizer use
Many governments in SSA are implementing structural adjustment
programmes, and have phased out fertilizer subsidies [11]. As a
consequence, many farmers complain that fertilizers are too
expensive for intensifying the agricultural system, and in particular
the food crop areas.
Often it is stated that the Value Cost Ratio (VCR), defined as the
incremental value of production divided by the incremental costs of
fertilizer use, should be at least 2 in order to interest farmers in
fertilizer use. The VCR depends on the quantity of fertilizer used,
the price of the fertilizers, the expected incremental output of the
crop and the price of the crop. In other words, the VCR is just the
crop response (kg output/kg fertilizer nutrients) multiplied by the
price ratio (price of crop/price of fertilizers).
The physical crop response at farmer level (how much extra output
a farmer gets per unit of fertilizer) is often not measured, because it
depends on many environmental (soil type, climatic, other inputs)
and crop management factors. Crop responses are normally
provided by research stations in data ranges. For instance the
maize response to 15-15-15 on station X in a given year ranges
from 5-10, and such crop responses are often used for fertilizer
recommendations.
The fertilizer/crop price ratio is much easier to calculate. Fertilizer
retail prices are often uniform throughout the country and
determined at the beginning of the agricultural season. Whereas
cotton prices are fixed throughout the country and the year, cereal
prices vary considerably during the year, with the lowest trough just
after harvest. We have used average cereal prices in our analysis.
Table 4 shows the fertilizer/crop price ratio (in local currency) for
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the major crops in some countries in SSA: Burkina Faso, Mali,
Rwanda, Senegal, Sudan, Togo, and Zambia. (These data were
obtained from the AFTMIN correspondents in 1991). A value of 2.9
(Burkina Faso, maize, 14-23-14+6S+1B) means that 1 kg of major
nutrients supplied (N+P205+K20) in this fertilizer is almost 3 times
as expensive as 1 kg of maize.
The VCR is the crop response multiplied with the price of the crop
and divided by the costs of fertilizers applied, or the crop response
is the VCR multiplied by the price of fertilizers and divided by the
price of the crop. Hence, if a farmer wants to have a minimum VCR
of 2, then he needs at least to obtain a crop response which is
twice the fertilizer/crop price ratio. An important assumption is
necessary in order to estimate the profitability of fertilizers: a
physical crop response of 6 kg of crop output per kg of nutrient is
TABLE 4. Fertilizer crop price-ratio in 1991 in local currency per kg crop output/nutrients (N+P205+K20)
[Source: AFTMIN].
Burkina

Mali

Rwanda

Senegal

8.5

2.8

2.8

Sudan

Togo

Zambia

2.4

2.2
2.6
3.7
2.0
2.6
1.5

Urea
Maize
Millet
Sorghum
Cotton
Rice
Groundnut
Wheat

3.0

3.5
2.6
3.0

3.5
1.1
2.2

2.8
2.8
2.0
2.4

1.1

2.2
1.5
2.2

15-15-15
Maize
Millet
Sorghum
Rice

4.2
4.2
4.2
3.3

3.6

2.2
2.2

Cotton
formulae

14-23-14+ 14-22-12+
6S+1B
7S+1B

12-22-12+
5S+1B

Maize
Millet
Sorghum
Cotton
Rice
Groundnut

2.9
2.9
2.9
2.0
2.4
2.9

3.3

3.0
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not easy to obtain under farming conditions. This means that
fertilizer nutrients cannot be more than 3 times as expensive as the
crop if the farmer wants a VCR of 2. A fertilizer/crop price ratio of 3
is considered here as the critical limit.
Some conclusions can be drawn from Table 4:
- Fertilizer prices are lowest in relation to cotton prices in SSA,
generally below 3 (except Mali).
- Because of high logistical costs, the returns from fertilizer use in
Mali are marginal as fertilizer is more than three times as
expensive when compared to crop output.
- In Burkina Faso, relative cost of fertilizers is critical with values
approaching 3, but still much lower than in Mali.
- In Senegal, where fertilizers are locally produced, almost all
fertilizers are three times as expensive as crop prices.
- In Togo relative fertilizer prices are lower than in other countries
in the region. However, the cotton fertilizer used on maize is
expensive.
- In Rwanda relative fertilizer prices are high for maize, sorghum
and rice, but low for groundnuts, wheat and beans.
- In Zambia, relative fertilizer prices are not very high.
Supply of finished fertilizers in SSA
Only 13 of 50 countries in Africa produced fertilizers in 1990. South
Africa, and five countries in North Africa, account for 78% of the
continental production. In these regions raw materials and/or
sources of energy are locally available. North Africa (Algeria,
Morocco, and Tunisia) produces large quantities of P fertilizer
(DAP) for exports outside Africa, and N fertilizer (urea) in Egypt
and Libya (Table 5).
Whereas SSA consumed only one-third of fertilizers used in Africa,
it imported almost two-thirds of Africa's imports. Imports in SSA
were almost 80% of total consumption. This does not mean that
production was only 20% of consumption levels, because some of
the imports were used for manufacturing fertilizers. Fertilizer
consumption in SSA almost doubled from 1975 to 1985, but
remained static in the late 1980s (Figure 1). Fertilizer imports
increased to 90% in 1985, but since then have gradually
decreased to around 80%. Local fertilizer production decreased to
15-16% in 1985, but tripled to 46% in 1990! Exports (including
trade in the region) increased in the late 1980s to around 10-20%.
Which of the macro-elements are responsible for this effect? The
changes in consumption, imports, production and exports of
nitrogen fertilizers, phosphate fertilizers, and potassium fertilizers
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are shown in Figures 2, 3 and 4. Relative stagnation in
consumption in the late 1980s is observed for nitrogen, phosphates
and potassium. SSA already produces two-thirds of its 1990
nitrogen consumption. The gap between production and use of
phosphate fertilizers has narrowed because phosphate production
doubled in the late 1980s while demands remained static. Imports
of both nitrogen and phosphate fertilizers decreased in the second
half of the 1980s.
All countries in SSA depend on the importation of fertilizer (raw
materials). Although at least 29 countries in SSA have phosphate
sources [9], only 3 countries use these phosphates for local
fertilizer production. Senegal and Zimbabwe still need to import
nitrogen and potassium. Nigeria produces a large quantity of
nitrogen, and imports potassium and phosphates, as local
production of phosphates cannot meet the demand. There is no
production of potassium in SSA, nor has the use of potassium for
the production of complex fertilizers been considered.
The production of fertilizers in SSA increased considerably in 1988
with a new ammonia-urea plant in Nigeria: nitrogen-production
increased from an average of 24 thousand t in 1986-88 to 284
thousand t in 1990. Before 1987 most fertilizers in Nigeria were
imported (Box and Table 6).
Fertilizer trade and aid
Many countries in SSA depend on fertilizer imports to meet their
domestic fertilizer requirements. Although a country-level analysis
of imports might throw some light on the annual fluctuations in
fertilizer imports, the general slow down in imports in the 1980s
compared with the 1970s would suggest that foreign exchange
shortages and debt crises played a more important role in this
deceleration than world fertilizer prices because fertilizer prices
were generally lower in the 1980s than in the 1970s [1].
To the extent that fertilizer imports are constrained by foreign
exchange shortages, aid-financed fertilizer and other kinds of aid
can play an important role in relieving this constraint in the short
run. However, the long-run solution may be either to improve the
production base or to increase foreign exchange availability or
both[1].
Furthermore, many countries were able to use mineral fertilizers in
the mid-1980s simply because these were made available through
aid. Even an oil-exporting country like Nigeria had to rely on a
World Bank loan in 1983 to finance its fertilizer imports during the
1983-86 period.
The ratio of aid-financed fertilizers to total imports is calculated
from data provided by Fertilizer Economic Studies, Limited,
Fertecon (Table 7). Almost two-third of imports in SSA were
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FIGURE 1. Evolution
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financed by aid in 1985. The ratio dropped to one-third in 1987,
regained a little in 1988 and 1989, but dropped again to around
one-third of fertilizer imports in 1990. The statistics for the larger
TABLE 5. Consumption, exports, imports and production of fertilizers in '000
nutrient t (N+P205+K80) per region in Africa 1990* [Source: data from FAO and
AFTMIN obtained from IFDC-Africa Fertilizer Information Database].
Region

Production

Imports

Consumption

Exports**

2. Sudano-Sahel
67
3. Coastal West Africa 350
4. Central Africa
0
14
5. East Africa
6. Southern Africa
139

180
251
33
242
236

167
460
19
230
354

36
122
0
3
4

Sub-Saharan Africa
% Africa

570
12

942
63

1230
34

165
6

1. North Africa
2. South Africa

3562
810

409
132

1566
781

2338
174

Africa

4942

1484

3577

2677

* Production and imports is not the same as availability, since stock levels in the
beginning and at end of the year are not taken into consideration
** Exports includes trade between African countries
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importing countries are relatively accurate, and determine to a
large extent the reliability of the SSA ratio. Most of the smaller
fertilizer consuming countries do not report all their imports, and
their ratio of aid-financed fertilizers should only be considered as
indicative.
Although the ratio of fertilizer aid to fertilizer imports for SSA
decreased from 1985 to 1990, dependence on fertilizer aid
remained high for many countries. For 21 of these countries all
fertilizer imports were financed through donor programs. Another
five small consuming countries received donor funding for more
than 50% of fertilizer imports. Some of these countries were
Burkina Faso, Chad, Gambia, Ghana, Madagascar, Sudan,
Tanzania, Togo, and Zaire [1].
Of the larger fertilizer consuming countries, only the three countries
without a fertilizer production capacity (Sudan, Kenya, and
Ethiopia) received more than 50% of imports in aid. Ethiopia in
particular received much more aid in 1989 and 1990 than in the
period 1985-1988. The other large countries-received less than
10% of their imports in aid. These fertilizer producing countries
(Nigeria, Zimbabwe, Senegal, Cote d'lvoire, and Zambia) hardly
benefited from fertilizer aid at the end of the 1980s. Nigeria
received all its fertilizers as aid in 1985 and 1986, but since the
establishment of the NAFCON plant has to find its own foreign
exchange for the importation of raw materials (mainly potassium)
and spare parts for the fertilizer production plant. Although
NAFCON cannot yet satisfy the local market, it is obliged to export
fertilizers in order to obtain hard currency.
A major problem in connection with loans and grants for fertilizer
has been the different procedures adopted by some bilateral and
multilateral donors and agencies. Conditions imposed by fertilizer
aid donors (e.g. limitations to origins, transporters, and certain
fertilizer products) may lead to excessive marketing costs and
margins [4].
A future perspective
Fertilizers contribute to increased food security in SSA, as more
than half of the 75,000-80,000 truckloads of fertilizers is used on
cereals. After a period of steady growth from 1975 to 1985,
fertilizer use in SSA stagnated at 8-9 kg of fertilizer nutrients per
ha. This level is largely insufficient to replenish soils with the
nutrients taken away by plants, erosion and other factors. Regional
comparison demonstrates, however, that Coastal West Africa and
East Africa performed better than the Sudano-Sahelian region,
Central Africa and Southern Africa.
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TABLE 6. Fertilizer production ('000 nutrient t) in seven African countries, 1986-1988 average and 1990.
[Source: data from FAO and AFTMIN obtained from IFDC-Africa Fertilizer Information Database].
Country

Cöte d'lvoire
Mauritius
Nigeria
Senegal
Tanzania
Zambia
Zimbabwe
Total

N

P206

1986-1988

1990

1.7
10.2
24.3
11.2
4.3
9.9
71.7

6.1
12.0
284.0
20.7
1.1
3.8
83.3

133.3

411.0

1986-1988

Total
1990

1986-1988

1990

50.2
43.1
1.5
7.9
41.1

3.8
10.2
29.3
45.4
4.3
9.9
117.5

16.0
12.0
334.2
63.8
2.6
11.7
124.7

154.0

220.4

565.0

9.9

-

87.1

The fertilizer production capacity of SSA increased considerably in
the late 1980s, with the establishment of a granulation plant and
several bulk blending units in Nigeria. The scope for more worldclass fertilizer plants in other countries is rather limited, since the
BOX
There were two chemical fertilizer plants (Port Harcourt and Kaduna) and 5 bulk blending units in 1991
in Nigeria. The Federal Superphosphate Fertilizer Company (FSFC), Kaduna and the National Fertilizer
Company of Nigeria (NAFCON), Onne, Port-Harcourt, constitute the two main fertilizer producing plants
in Nigeria and have combined capacity for 800,0001 of product. NAFCON has the capacity to produce
450,0001 of urea, 100,0001 of DAP and 250,0001 of compound fertilizers. Kaduna chemical plant has a
capacity of 100,0001 of SSP. Around 610,0001 of compound fertilizers are bulk blended in Kaduna
(200,0001), Minna (200,0001), Kano (100,0001), Maiduguri (100,0001), and a second unit in Kano
(10,0001) [12]. It is remarkable that NAFCON (Nigeria) exports a lot of urea to Europe, and that other
West African countries import a lot of urea from Europe.
Zimbabwe is the major fertilizer producer in the Sourthem Africa region with 83 thousand t of N, and 41
thousand t of P205 in 1990. It mainly supplies the domestic market.
Senegal's phosphate deposits are mined for the production of phosphoric acid, and the production of a
large variety of custom made cotton fertilizers (NPKSB's) for export to other West African countries, e.g.
Mali, Burkina Faso, Togo, and Benin. Around 30% of fertilizers produced is consumend locally.
Cöte d'lvoire has a granulation plant with a capacity of 300-4001 per day and a bulk-blending plant with
a capacity of 5001 per day. The plants use imported raw material and produce during the fertilizer
campaign (September-April) approximately 160,0001. About 50% of the fertilizer is sold nationally and
50% is exported to West Africa. The bulk-blending products are usually slightly less expensive than the
granulated products.
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TABLE 7. Sub-Saharan Africa: % aid-financed fertilizers in total imports 1985-1990 [Source: Fertilizer
Economic Studies, Limited (Fertecon)].
Country
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Central Afric. Rep.
Chad
Congo
Cöte d'lvoire
Equatorial Guinea
Ethiopia
Gabon
Gambia
Ghana
Guinea Bissau
Guinea
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Niger
Nigeria
Rwanda
Senegal
Sierra Leone
Somalia
Sudan
Swaziland
Tanzania
Togo
Uganda
Zaire
Zambia
Zimbabwe
Sub-Saharan Africa

1985

1986

1987

1988

1989

1990

50
100
0
100
100
2
100
100
100
0
100
27
100
100
67
100
100
32
0
13
100
16
100
100
0
91
100
100
100
0
100
100
100
0
80
100
100
100
0
57

24
54
0
100
97
0
100
64
100
0
100
6
100
64
100
100
100
17
0
100
100
38
100
100
0
100
100
100
100
0
100
100
100
0
97
100
100
100
0
80

8
26
0
100
70
0
100
100
100
0
100
13
100
82
91
100
100
53
77
66
100
100
100
0
100
100
0
100
0
100
100
100
0
68
100
100
100
0
55

38
1
NA'
94
100
44
100
100
100
18
100
21
100
100
82
100
100
56
0
100
47
36
77
100
0
100
67
0
100
0
100
100
100
0
100
82
100
100
43
10

100
100
NA
47
40
64
26
100
85
0
NA
100
100
100
100
100
100
78
NA
95
50
62
100
100
20
100
100
0
100
0
100
100
100
0
97
54
100
99
61
0

23
100
100
100
100
34
100
100
100
11
NA
60
100
100
100
100
NA
52
NA
100
66
57
100
78
0
100
100
0
100
6
100
100
61
NA
79
100
100
100
12
0

65

49

30

44

54

35

' NA = No data available
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domestic demand for fertilizer is currently too small, and the
oversupply of fertilizers on the world market has led to
corresponding low prices. Notwithstanding low world market prices,
returns to farmers from fertilizer use at current prices is a
bottleneck restricting the widespread use of fertilizers in SSA.
Sub-Saharan importers in Coastal, West and Central Africa mainly
import tailor-made and expensive granulated fertilizers in small
quantities from the region, Europe and North Africa. Small
quantities mean higher per unit transport costs. Fertilizer plants in
SSA face severe competition from suppliers outside the region,
especially for larger transactions. Currently, several countries are
experimenting with the cheaper bulk blended NPKs. Fertilizer
plants producing NPKs based on bulk blending as their final
products, cost much less to build and are easier to operate than
comparably sized granulation plants. Local bulk blending has a
comparative advantage for small transactions, because blending
plants offer more flexibility than granulation plants, both in
changing formulations and in the number of grades they can
produce [14].
All countries in SSA depend on the importation of fertilizers and/or
raw materials. The ratio of aid-financed fertilizer imports reduced
from two-third in 1985 to one-third in 1990. Countries that started
fertilizer production in SSA did not benefit from aid for the
importation of raw materials. Special government structures were
set up in the 1970s and 1980s for the distribution of mostly aidfinanced fertilizers (and other agri-inputs) to target areas, in order
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Application of mineral
fertilizer on a rice field
in Zambia.
Photo: R. Gilling/
LINEAIR, Arnhem.
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to raise food production. These structures are primarily responsible
for the timely distribution of these fertilizers, and for transmitting the
level of demands for fertilizer aid to the donor community.
Government involvement often resulted in fertilizer sectors that
were subjected to excessive regulation, including import and
foreign exchange allocation, licensing, price controls and import
monopolies [10]. Few incentives are provided to improve the
management, accountability, and cost-efficiency of these
distribution systems.
The challenge of the 1990s is to make fertilizer use for farmers in
SSA more attractive. This can be achieved by alleviating
constraints regarding education, supply, pricing, marketing and
distribution. The call for a more entrepreneurial approach has
therefore become stronger. More and more countries in SSA are
committed to creating open and competitive fertilizer marketing
systems which respond efficiently to market signals and ensure
that the right kind of fertilizer is available to the farmer in the right
quantity, at the right time, at the right price (and minimum costs),
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and in the right place (i.e., as close to the farmgate as possible) [8].
Restructuring the fertilizer marketing system is a difficult process
that cannot be achieved overnight. If this process is not carefully
planned and supported there is a risk that fertilizer trade will be
conducted in a vacuum, resulting in decreased fertilizer use and
disruption and irregularity of supply. Fertilizer is a politically
sensitive commodity; any serious reduction in consumption during
the transition from a state controlled to a privatized marketing
system can be politically and economically unacceptable,
particularly if it tends to impair food security. Therefore, the
management of transition becomes a crucial issue, and needs to
be accompanied by institutional orientation and training to enable
both the state and private sectors to cope more effectively with the
changes in the market place. This orientation and training should
cover areas such as the legal environment, business planning,
finance and marketing, particularly in economies which are just
beginning to adopt economic reforms. In the fertilizer subsector,
short training programs for private dealers have proved extremely
useful in several developing countries [13].
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APPENDIX 1. Fertilizer use in 1990 and trends in fertilizer consumption 1975-1990 per country in SSA.
Country

Fert. use

Fertilizer consumption in Africa 1975-1990

1990

1975
1

kg ha' *

1980

1985

1990

'0001

Annual growth
%**

'0001

STD"*

R2

2. Sudano-Sahel

5.3

158.1

128.1

173.1

167.5

0.9

1.6

1.5

0.07

Burkina Faso
Cape Verde
Chad
Djibouti
Gambia
Mali
Mauritania
Niger
Senegal
Somalia
Sudan

5.9
0.0
1.8
3.4
13.1
9.5
0.3
3.3
2.6
7.1

1.2
0.1
5.9
0.0
0.8
2.2
1.2
0.6
47.4
3.6
95.1

4.3
0.1
0.9
1.2
2.0
14.2
1.3
2.7
19.4
1.2
80.7

12.1
0.1
7.1
0.0
3.9
26.7
2.0
3.6
20.5
3.8
93.4

21.2
0.0
5.8
0.0
0.6
27.5
1.9
1.0
17.5
2.7
89.3

5.4
NA
-1.7
NA
8.7
5.0
2.4
5.2
-11.5
3.4
1.0

1.1
0.0
-0.1
-0.1
0.1
1.4
0.0
0.1
-2.0
0.1
0.9

0.1
0.0
0.1
0.0
0.1
0.3
0.1
0.1
0.3
0.1
1.5

0.89
0.23
0.08
0.38
0.06
0.59
0.06
0.04
0.72
0.10
0.03

3. Coastal West Africa
Benin
Cöte d'lvoire
Ghana
Guinea
Guinea-Bissau
Liberia
Nigeria
Sierra Leone
Togo

10.4
6.3
5.7
4.2
0.7
1.5
0.8
12.8
0.7
8.9

129.9
2.4
37.7
24.5
1.5
0.3
4.9
54.3
2.9
1.4

251.0
0.9
53.1
12.0
0.3
0.2
3.1
173.9
1.8
5.8

397.3
11.5
41.5
12.5
0.4
0.5
1.5
316.0
3.6
10.3

460.0
11.7
21.0
11.5
0.5
0.5
0.3
400.3
1.3
12.8

4.9
6.3
-4.0
-9.3
-10.6
4.2
-86.0
5.9
-4.4
6.3

22.8
0.7
-0.8
-1.1
-0.1
0.0
-0.3
23.5
-0.1
0.8

1.6
0.1
0.4
0.3
0.0
0.0
0.1
1.4
0.1
0.0

0.94
0.75
0.24
0.45
0.26
0.08
0.44
0.95
0.05
0.97

4. Central Africa
Cameroon
Congo
Gabon
Zaire
Central African Republic

1.1
1.3
11.9
2.4
0.8
0.4

27.6
12.5
2.3
0.4
10.7
1.7

45.6
35.7
0.5
0.1
7.9
1.5

73.7
56.5
4.7
2.8
6.8
2.9

19.1
8.9
2.0
1.1
6.2
0.9

2.6
7.6
3.5
7.9
4.7
5.6

0.5
0.7
0.1
0.1
0.3
0.1

0.9
0.8
0.1
0.0
0.1
0.0

0.02
0.05
0.05
0.22
0.34
0.12

8.0
1.6
5.0
44.1
6.4
262.3
2.6
0.0
0.0

108.5
0.7
31.2
44.5
5.9
24.1
0.3
0.0
1.7

142.3
1.1
43.2
61.6
8.8
26.7
0.1
0.0
0.8

216.7
2.3
66.0
109.1
9.7
28.0
1.4
0.4
0.2

229.8
2.1
70.1
107.0
19.7
27.8
3.0
0.0
0.2

4.8
9.3
6.1
5.0
3.4
1.7
4.3
NA
-32.5

11.1
0.2
4.3
5.4
0.7
0.5
0.1
0.0
-0.1

1.2
0.0
0.7
0.7
0.3
0.1
0.0
0.0
0.0

0.86
0.69
0.75
0.82
0.32
0.46
0.50
0.24
0.39

14.6
2.6
0.7
14.4
19.9
0.8
45.7
9.2
11.7
60.7

268.5
4.1
2.4
1.5
15.0
5.9
9.4
29.7
53.3
147.2

391.4
16.8
1.4
4.5
33.3
27.6
20.3
35.5
78.6
173.5

359.6
20.3
0.5
3.5
34.0
3.8
8.2
38.9
80.2
170.1

353.6
9.5
0.9
4.6
48.0
2.6
7.5
48.4
61.6
170.5

1.7
1.6
11.3
3.3
4.4
46.2
5.9
2.8
1.3
1.9

6.1
0.2
0.1
0.2
2.1
1.2
0.4
1.4
0.8
3.2

2.0
0.5
0.0
0.1
0.3
0.7
0.2
0.3
1.2
1.1

0.39
0.01
0.71
0.40
0.78
0.19
0.23
0.58
0.03
0.39

8.4

692.6

958.5

1220.4

1230.0

3.4

42.0

4.3

0.87

5. East Africa
Burundi
Ethiopia
Kenya
Madagascar
Mauritius
Rwanda
Seychelles
Uganda
6. Southern Africa
Angola
Botswana
Lesotho
Malawi
Mozambique
Swaziland
Tanzania
Zambia
Zimbabwe
Sub-Saharan Africa

59.6

878.3

1273.4

1598.8

1566.0

4.0

62.0

5.1

0.91

2. South Africa

59.3

772.7

1064.3

865.3

780.6

-1.1

8.6

7.7

0.08

Africa

19.1

2343.6

3296.2

3684.6

3576.6

2.7

95.4

11.9

0.82

1. North Africa

* Use per hectare is calculated by dividing fertilizer consumption in 1990 in nutrients t by hectares of arable land and land under permanent crop
in 1989 (these are both latest statistics available).
** Growth calculated over 1990 consumption level.
*** STD = Standard deviation; R2 = R-square.
Note: 0.0 means lower than 0.05; NA = No data available.
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Summary
Agricultural systems can be subdivided on the basis of the levels of
external inputs used. Often Low External Input Agriculture (LEIA) and High
External Input Agriculture (HEIA) are distinguished, while in reality there is
a continuum. In cases where the objective of sustainability is included, the
terms LEISA and HEISA are used. However, it is necessary to realize that
there is a great difference between the level of external inputs applied in
Western Europe and the United States and the level applied in SubSaharan Africa (SSA). In this article any use of up to two bags of fertilizer
per ha in SSA is considered as low input agriculture.
It is estimated that 80% of Africa's agricultural production can be
characterized as LEIA. In the next 20 years production needs to increase
by 60% in order to keep up with population growth. This increase can only
be achieved by a combined intensification of HEIA and LEIA systems. The
level of external inputs applied should be relevant to the agro-ecological
and socio-economic conditions. Case and model studies covering the
production potential of both agricultural systems are discussed. It is
concluded that LEISA should be an essential part of agricultural research
and planning. Based on the model studies it is estimated that in the
present situation in SSA between 4 and 18 of the 44 countries studied
cannot be self-sufficient in food production without substantial imports of
mineral fertilizers. Aid support seems justified if the economic weakness of
the country requires it, the necessary infrastructural measures are taken,
extension services are available for support, and if farming techniques are
sufficiently improved to ensure efficient application of nutrients.
Introduction
Agricultural systems can be subdivided on the basis of the levels of
external inputs (e.g. mineral fertilizers, concentrates, machinery
and pesticides) used. Often Low External Input and High External
Input Agriculture, abbreviated as LEIA and HEIA, are distinguished
while in reality there is a continuum. When the objective of
sustainability is included one speaks respectively of LEISA and
HEISA. The main differences between HEIA and LEIA are
indicated in Table 1.
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TABLE 1. Main differences between High External Input (HEIA) and Low External
input Agriculture (LEIA).
HEIA

LEIA

Location

homogeneous
good infrastructure

heterogeneous
poor infrastructure

Farming system

large scale
market oriented
capital intensive

small scale
self-supporting
labour intensive

Diversity

low

high

External inputs

high

low

Strategy

maximizing
yield/income

minimizing risks

Output

high-medium

low-medium

Most agricultural systems in Western Europe and many within the
United States can be classed as HEIA with application levels of
100-200 kg mineral nutrients per ha [24]. Most food crops grown in
SSA are produced without or with low amounts of external inputs;
the average for the continent is less than 10 kg nutrients per ha
[24], which can be classed as LEIA. In this article, for SSA, we
consider an application of up to 2 bags of 50 kg of mineral fertilizer
(15-15-15) per ha still as low external input. This suggested
terminological 'maximum level' threshold of inputs roughly equals
45 kg of mineral nutrients, a level that can be considered sufficient
to compensate for the current SSA nutrient deficits and maintain
fertility balances under most soil conditions [16,19,20,22,23,15].
In this chapter several aspects of the role of LEIA in food
production are discussed.
Continuum between low and high external input
agriculture
The indications 'Low' and 'High' have relative values only and have
other meanings in Western Europe than in SSA.
In developing countries the so-called 'Traditional agriculture' and
'Green revolution agriculture' represent the extreme poles of the
continuum of low and high. As well as the input perspective, this
continuum also seems to have a time perspective. Agro-production
systems related to growing populations often develop from lower to
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higher input levels. Systems with higher levels of external inputs,
however, have a tendency to be less efficient in resource use
[5,16].
Importance of Low External Input Agriculture in SSA
According to Office of Technology Assessment [15], approximately
80% of Africa's agricultural production is achieved with very low
levels of external input. Some examples for individual crops are:
peanuts and cotton 50%, sorghum 90%, and root crops almost
100%.
Within a country, several agro-ecological zones may occur, each
with different agricultural potential. In the high potential areas high
amounts of external inputs are often used. It is quite obvious that
high external input agriculture, given specific conditions, can
produce higher yields than low external input agriculture, but any
attempt to increase food production in SSA should pay attention to
both types of systems. Concentrating the use of inputs in high
potential areas only may result in migration from low to higher
potential areas resulting in higher environmental stress. Therefore,
when increasing agricultural production, a flexible approach
covering both higher and lower levels of external inputs should be
used to lead to greater sustainability [1].
In any agricultural system, loss of nutrients through erosion,
leaching or export of products, should be minimized. Therefore,
intensification of agricultural production should start with soil and
water conservation together with recycling of nutrients through crop
residues. Often at least one cash crop every 2 or 3 years is
required to make soil conservation efforts cost effective. Nitrogen
can be added to the system by using leguminous cover crops
and/or trees, if necessary with some phosphate fertilization. As
soon as these measures are no longer sufficient to balance the
nutrient budget, other external mineral inputs should be applied.
The processes of agricultural change in SSA are generally slow
[16]. As LEIA is still dominant in Africa it is not realistic to expect
immediate results from an exclusively high input approach. An
increase in the level of external inputs should be introduced
gradually when conditions for higher efficiency have been created.
Such a development seems feasible in close cooperation with
farmers, researchers and extension staff.
Expectations of LEIA and HEIA for Africa's food needs
until 2025
In the next 20 years population in Africa may increase by
approximately 60% to 800 million [25]. With the same food
consumption pattern, food production also needs to increase by
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FIGURE 1. Meeting's
Sub-Saharan Africa's

a. Additional production from HEIA alone, with LEIA
held constant: current HEIA share must increase
four-fold - a pessimistic perspective
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c. Additional production from HEIA and LEIA: current
HEIA Increases two-fold, and current LEIA increases
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60%. Figure 1 gives a generalized view of the current production
shares of LEIA and HEIA in African grain production, respectively
around 80% and 20%. A hypothetic - but presumably quite realistic
- estimation exercise based on those figures is helpful in judging
the perspectives of LEIA or HEIA oriented agricultural development
policies. For the 60% increase in food production to be achieved by
HEIA only, its output would have to increase by 300%. If the same
increase in production is to be achieved by LEIA only, its output
would have to increase by 75%.
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Being dependent on either one of these systems would result in
serious constraints. Each of the presumed policy options has its
own specific problems:
HEIA +300%
Up to now policy emphasis has mainly been on cash crop
production and food production has lagged behind. Introducing
HEIA techniques for food crop production can only be successful
when supported by a good infrastructure and extension services.
Increasing the efficiency of the inputs, e.g. by split application of
nutrients, will increase production but a 300% increase is a high
target.
The application of high amounts of mineral inputs in these areas
may have environmental implications and measures should be
taken to reduce the negative environmental impact.
In some countries farmers' access to mineral fertilizers has
decreased. In the framework of structural adjustments
programmes, subsidies on external inputs like fertilizers are
reduced or abolished. The resulting price increases are for many
farmers a serious constraint. The farm-gate prices of mineral
fertilizers (NPK) in e.g. Burkina Faso tripled between 1980 and
1989, while the subsidy was reduced from 60% to 0% [6].
A positive consequence may be the more efficient use of external
resources but, on the other hand, there are also signs of potential
tension about access to local resources such as village waste and
cow dung or mulching materials.
LEIA +75%
If the 60% increase in food production is to be produced solely by
LEIA, other constraints become apparent. Such an increase can
only be achieved if new land is brought into cultivation.
The level of external inputs used within LEIA should be at a level
that counterbalances the exported or lost nutrients. If this is not the
case, LEIA - through soil-mining - will have a negative
environmental impact in the long run. Most farmers are difficult to
reach due to infrastructural problems, which severely hinder the
transport of inputs and outputs and the work of the extension
services. In addition, the extension services do not appear to be
familiar with LEIA, and it is only recently that extension messages
are beginning to change [13].
The recently developed 'Participatory Technology Development'
approach in which the efforts of farmers, extension workers and
researchers are systematically combined might be a useful tool [3].
Clearly, extreme concentration on either of these two policy options
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will have its specific environmental consequences. Neither can
claim exclusive environmental soundness by definition. It is mainly
a matter of soil fertility management on the farm, using the best
techniques available. Therefore a third policy option comprising
optimum combinations of HEIA and LEIA may be most sustainable.
HEIA +100% complemented with LEIA +50%
A policy aiming to increase of food production by only HEIA or only
LEIA is unsound. A combined intensification of LEIA and HEIA
seems to be a better policy. Its projected results are presented in
graphic form in Figure 1. The level of external inputs should be
related to the existing agro-ecological and socio-economic
conditions. Therefore, within a country one generally needs types
of agriculture ranging over the whole continuum between low and
high external input agriculture. The potential of LEIA will be
illustrated by some case studies.
Some case studies of LEIA
The number of well-documented studies of LEIA is small compared
to HEIA studies. In 'Enhancing Agriculture in Africa' [15] and
'Farming for the Future' [17] summaries of the present knowledge
of LEIA are presented. Both books emphasize the importance of a
combination of traditional and scientific knowledge. However, there
is still a need for quantification of its productivity.
The Information Centre on Low External Input and Sustainable
Agriculture analyzed 60 case studies [7]. The yield increases
obtained by better farm management ranged from 30-50% and
occasionally over 100%. Some examples of agroforestry are given
below (see also Box).
In Niger, the yield of millet increased 20-50% after planting trees
BOX
Agroforestry can be defined as the integration of woody species in cropping systems. The trees or
shrubs may have productive functions (e.g. fruits, fodder, timber), enhance soil fertility and/or protect the
soil against erosion. Negative aspects of such integration are competition with the agricultural crop for
space, nutrients, water and light. Some questions are being raised: which are the best woody species to
be combined with a crop in a specific situation; what are the most effective ways of exploiting trees; how
can trees for forage or fodder be best managed and used?
In West Africa, extensive research has been carried out by the International Institute of Tropical
Agriculture (IITA) on the effectiveness of systems in which annual food crops are planted between rows
of deep-rooting and fast-growing leguminous trees, the so-called alley cropping. The results depend
mainly on the soil characteristics. It was proved that a positive yield increase of the food crop could only
be obtained where the roots of the trees were easily able to penetrate the subsoil. On chemically poor
soils the roots of both the food crop and the trees were concentrated in de topsoil [9].

132

The potential of Low External Input Agriculture in Sub-Saharan Africa

for windbreaks [2], but later studies of the same project reduced
enthusiasm, as results were less clearcut. In 1984, there was a
16% increase in grain yield in protected fields, compared to
unprotected; in 1985 the increase was only 6%. The harvested
wood turned out to be the major benefit of the project.
In Zimbabwe, the yield of sweet potatoes and maize increased by
25% and 10% respectively, when grown in combination with trees
and after establishment of erosion control bunds [12]. Also, in
northern Burkina Faso, erosion control measures influenced millet
yields positively.
In Rwanda, intercropping of sweet potatoes and maize gave 40%
higher yields than monocropping [8].
However, these results are often verified for short periods only and
further data collection is definitely necessary. The nutrient budget
in particular should be closely monitored because when yields are
higher, more nutrients are exported through harvested products
and these nutrients should be replaced.
Model studies
FAO initiated two studies on food crop production, from which
tentative conclusions on LEIA production potential can be drawn.
These studies are briefly discussed below.
Assessment of the soil nutrient depletion in SSA (1983-2000)
[19,20]
On a regionally aggregated basis, present farming systems remove
22 kg N, 2,5 kg P and 15 kg K per ha per year for the period 1982-
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1984. Soil fertility may be conserved by several measures
including:
- applying the right amount of the appropriate fertilizers at the
correct time (e.g. split applications) for the crop and environment;
- using manure and household waste efficiently;
- adopting more nitrogen-fixing species in cropping systems;
- allowing livestock to graze crop residues on the field;
- carrying out appropriate tillage and soil conservation measures.
By applying these measures environmental degradation may be
halted. Such integrated systems also reduce the need for external
inputs and at the same time increase the efficiency of applied
inputs.
Van der Pol [22] found in a study at a regional scale (southern
Mali) approximately the same nutrient exports and arrived at
conclusions comparable to those of Stoorvogel and Smaling [20].
People, land and food production potential in the developing world
[18]
In this study [18], agricultural production in the year 2000 was
estimated for different levels of technology input. This is one of the
very rare studies specifically differentiating output of agricultural
production according to levels of 'technology input' and is therefore
relevant for this article. At global level, the study presented a rather
optimistic view. At regional and country level a more realistic view
is presented. Three levels of inputs are distinguished:
- low level of technology input: roughly traditional techniques
without external inputs;
- medium level of technology input: sound soil fertility management
including 50% reduced erosion, integrated farming methods and
only low amounts of additional mineral fertilizer (hence comparable
to LEIA);
- high level of technology input: high amounts of mineral fertilizer,
use of high yielding varieties, optimum moisture supply is assumed
as well as erosion at an acceptable level.
For SSA the following predictions are made:
- 4 countries will not be able to produce enough food, even with a
high level of technology input: Cape Verde, Western Sahara,
Rwanda and Mauritius;
-10 countries will not reach self sufficiency at a medium level of
technology input, but are expected to produce surplus under a high
level of technology input: Burundi, Lesotho, Somalia, Niger, Kenya,
Mauritania, Comoros, Ethiopia, Nigeria and Namibia;
- All 30 other Sub-Saharan African countries are expected to
produce enough food with medium to low levels of technology input
(comparable to LEIA).
It should be noted that in this study the agronomic potential is
underestimated because fish production and livestock production
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FIGURE 2. Effect of
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maize yields in Kenya
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from crop residues and by-products are not considered, although
grazing land has been reserved for cattle.
However, the potential is also overestimated because all the land,
including the approximately 20% cultivated with non-food crops
and forested areas on slopes <30%, is assumed to be cultivated
with one of the 15 food crops considered in this study. Balancing
the over- and underestimations, the results of those model studies
can be expected to provide a rough guide for policy making.
LEIA yield potential
The model studies combined with the case studies indicate that the
improvement of farming practices may produce substantially higher
yields. The measures proposed in the studies of Smaling et al. [19]
and Van der Pol [22] for producing crops while minimizing losses of
nutrients concur with the medium to low technology level according
to Shah et al. [18]. Therefore we may conclude that LEIA has the
potential to play a substantial role in food crop production and may
gradually increase output by 50%.
The suggested hypothesis that the required increase of food
production within countries could come from carefully identified
combinations of high and low input agriculture in a ratio specific for
each country is not refuted by the results of the two model studies.
Sustainability objective in LEIA and HEIA
It is now generally accepted that sustainability has to be an
objective in LEIA as well as HEIA, so for the remainder of this
paper we will use the terms LEISA and HEISA.
The objective of sustainability may come under pressure in areas
where population is increasing, and also from growing insecurity
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High input food crop
production in Benin.
Photo: Aajoog/
Sunshine, Almere.

and risk due to anticipated climatic change [14]. The best approach
would be to plan (as far as possible in research and extension) a
gradual change of agricultural technology related to population
pressure and the agro-ecological potential of an area. In 30 SSA
countries this would mean the development of LEISA. In 14
countries higher levels of external inputs will be required [18]. In all
countries the efficient use of external inputs depends on
knowledge of soils, agro-ecological conditions and efforts to
promote improved farm management.
Farm management, security and productivity
In Figure 2 the relation between farm management and the use of
external inputs is schematically presented. If current local practices
are taken as the point of reference (yield index being 100), the use
of hybrid seeds and fertilizer would raise the yield index to 160.
Improved management only would raise the index to 250. Combined
practices would increase the index unto 360. Similarly, the profit
index of improved management only is likely to be substantially
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higher than for additional inputs only. Again the index is highest
with combined practices.
Not much of the economic performance of LEISA systems in Africa
has been quantified. Kotscni [12] and Egger [4] report some
positive qualitative statements. In South India a quantified
comparative study lasting two years has been carried out,
indicating comparable incomes and labour demand for high input
(conventional) and lower input (ecological) farming [21]. Such
studies are badly needed in Africa.
Time sequence from traditional to low to medium levels of external
inputs
Efforts to increase food production may start by focusing on a shift
from traditional agriculture towards LEISA. The introduction of
higher levels of external inputs has to be combined with improved
farm management. Only if necessary should an additional move
towards higher levels of external inputs be made.
Harvest residues such as sugarcane pulp and coffee berry pulp
may also be used as external inputs. If so, economical
comparisons need to be completed including presumed additional
labour and transport costs.
Conclusions and recommendations
- LEISA can be expected to play an important part in agricultural
production. Where LEISA is well directed, a production rise of 50-
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70% above current levels is feasible within the coming 20-30
years. If well managed, LEISA may have a positive effect on the
conservation of the environmental production capital.
At farm level there are some positive indications about LEISA's
economic performance. However, more detailed and more overall
quantitative research is needed.
- National agricultural policies in SSA should include LEISA.
A combination of agricultural systems with high and low levels of
external inputs is required within every country. The overall
suggestion of doubling HEISA output and aiming at 50% addition
through LEISA should be adapted to the specific situations in each
country. Choices will have to be based on a combination of agroecological potentials and socio-economic situations.
- International development aid should support LEISA development
where appropriate. Until recently LEISA received relatively little
donor support. As LEISA should be an essential part of agricultural
research and planning, it is proposed that the international donor
community should support research and development of LEISA.
- Aid support for mineral fertilizer imports should only take place
when necessary and when supported by infrastructural measures,
extension services etc. Of the total of 44 countries, at least 4
countries and at most 18 countries cannot be self-sufficient in food
production without substantial imports of mineral fertilizers. Aid
support seems to be justified if the economic weakness of the
country requires it and if farming techniques are sufficiently
improved for efficient application.
Use of mineral fertilizer is supposed to pay for itself. Higher
government priority should be given to policies of conservation of
natural productive resources enabling efficient use of productive
inputs.
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Summary
Increased use of fertilizers is needed in Sub-Saharan Africa to increase
food production, reduce extensive use of marginal lands, and reduce the
depletion of soil nutrients. This 'mining' of soils is a major cause of
environmental damage including desertification, rapid soil erosion, and
deforestation. The adoption of fertilizers may be hindered by lack of
incentives, high risk, inadequate infrastructure, deficient marketing
capabilities, limited education facilities, and land tenure problems. High
use of fertilizers, up to the level of industrialized countries, may cause
environmental damage through nitrate contamination of groundwaters and
soil acidification. Nitrogen fertilizer management to prevent nitrate
leaching is difficult in highly weathered soils and in areas with highly
erratic and intense rainfall. However, these problems can be reduced to a
large extent by good fertilizer and crop management practices. The
environmental consequences of continued low use of fertilizers are more
inevitable and devastating than those anticipated from increased fertilizer
use.
Introduction
The intensification of agricultural production in industrialized
countries has brought great economic and social benefits, but it
has also had its environmental costs. Modern production methods,
based on high capital investment and purchased inputs, imply high
costs, not only in monetary terms but also in the form of
groundwater pollution, eutrophication of surface waters, and
emission of gases. As a result, concern has arisen about the
harmful effects of 'agrochemicals' used for the production of
agricultural crops.
The term 'agrochemicals' is misleading because it classes mineral
fertilizers with insecticides, fungicides, and herbicides, which are
biocides. Fertilizers are much more benign, and they contain
essential nutrients for plant growth. A distinction between the two
groups would help to avoid public misperception regarding the
application of 'chemicals' in agriculture. Furthermore the term
'mineral fertilizers', meaning manufactured fertilizers, is preferable
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to 'chemical fertilizers' because all nutrients are 'chemical', whether
they are of synthetic or organic origin [10].
Environmental effects associated with fertilizer use
Fertilizers have both beneficial and detrimental effects on the
environment [9]. Within individual nutrient sources, their impact
usually depends less on the fertilizer itself than on the amount and
the way it is applied. Detrimental effects are usually due to
application rates in excess of plant needs or to improper
management practices. In industrialized countries, pollution often
arises from intensive livestock production, which generates large
amounts of organic manure. The nutrient content of animal
manures represents, to a large extent, net importation, because
much of the fodder is imported on to the farms. In contrast to the
very large positive nutrient budget of northern Europe, SubSaharan Africa (SSA) has a large nutrient deficit [28,30,31].
Current mineral fertilizer use in SSA averages less than 10 kg per
ha, a level that is far below the amount required to replenish the
nutrients removed by harvested crops [1,28,30,36,38]. The
environmental consequences of this depletion of soil fertility are
quite different from those of pollution caused by excess use. In
addition, most fertilizer is applied to produce export crops and very
little is used on food crops [20].
With the traditional agricultural system of shifting cultivation, some
of the nutrients removed from the field in harvested products are
replenished at surface level during fallow periods by the secondary
vegetation and by mineral weathering. The ash serves as a source
of nutrients (P, K, Ca, and Mg) and achieves some liming effect.
The increasing demands of rapidly growing populations in SSA
have created a situation in which the lengths of fallow periods have
been reduced in shifting cultivation and expanded land use can no
longer sustain the populations unless additional nutrients are
provided [1,3].
In SSA, the long-term effects of low use of fertilizers on the
carrying capacity of the land are probably of much greater
significance to the environment, and to the people, than are the
water pollution problems resulting from high nutrient additions in
industrialized countries.
Positive environmental effects
From the highly weathered soils of SSA, fertilizer use can produce
crop yields that are much higher than those obtained from reliance
on the very low inherent soil fertility [6,8]. By increasing yields on
the better lands (in regard to both productivity and location),
fertilizers can help to prevent encroachment onto more marginal
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TABLE 1. Estimated nitrogen balances (kg N ha"1) in various climatic zones of West
Africa [22].
Climate

Humid

Sub-humid

Semi-arid

Location

Without fertilizer

With fertilizer*

Grain**

Grain+stover

Grain

Grain+stover

Ikenne,
Nigeria

-38

-60

+20

-15

Mokwa,
Nigeria

-18

-27

+38

+17

Sadore,
Niger

-14

-27

+7

-7

* Fertilizer rates of 80 kg N ha"1 for maize grown in humid and sub-humid areas, and
30 kg N ha'1 for millet grown in the semi-arid region. Fertilizer P and K also added
** With grain or grain + stover removed from the field

lands that are susceptible to erosion or other production
constraints. The area of land under cultivation can be reduced and
deforestation and desertification can also be reduced if the
reserved land is maintained with plant cover, which provides wood,
wildlife habitat, and protection from soil erosion. In five villages in
Ghana, for example, the land used for maize could potentially be
reduced by 0.20 to 0.67 ha for each hectare of land fertilized with
100 kg N, 40 kg P205, and 30 kg K 2 0; for four villages in Niger,
from 0.45 to 0.64 ha of land could be saved for alternative use by
fertilizing millet with 45 kg N and 30 kg P205 per ha [36].
Fertilizers can reduce soil erosion by providing more crop cover
and more crop residues. Numerous studies have shown large
beneficial effects from residue and organic matter management on
these soils [22,36]. Nutrients can be applied in the correct
proportions and amounts to improve crop performance, and
nutrients removed in harvested produce can be replenished to
maintain productivity.
Negative environmental effects
With low or no additions of nutrients
The removal of produce without replenishing nutrients exported by
the crop will cause a continued decline of soil fertility. For SSA, this
is estimated to be a net loss of 10 million tons of nutrients per year
[30]. This 'mining' of plant nutrients from already impoverished
soils reduces the ability of the land to support any vegetation.
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Mughogho and co-workers [22] estimated the nitrogen budget for
three climatic zones of West Africa (Table 1). The results are in the
range of other assessments [28,30] and illustrate the importance of
returning crop residues to help maintain the nutrient budget of
these soils.
The degradation of land resources is the major environmental
hazard in SSA [4,21]. Low yields, resulting from low inherent soil
fertility and nutrient depletion, force farmers to cultivate more land,
usually forested areas and marginal lands that are more subject to
erosion and desertification than the better soils. Most of the soils in
SSA are highly weathered and inherently impoverished in
nutrients, organic matter, and water retention capability. They
suffer from acidity, low cation exchange capacity, aluminum
toxicities, and deficiencies in base ions (Ca and Mg) [7,8,28].
Organic recycling can provide some nutrients and exchange
capacity, but such improvements are restricted because the
organic matter produced on such soils is extremely deficient in
plant nutrients [14] and little organic material is produced without
nutrient additions. These soils cannot become more productive
without amendments and externally derived nutrients. The lack of
adequate additions of externally derived nutrients severely limits
the development of agricultural production on a sustainable basis.
With increased nutrient additions
Little information is available from countries in SSA on the possibly
harmful environmental effects of fertilizer use, principally because
there are other, more pressing environmental and health problems.
Also, fertilizer use is currently so low that pollution problems are

144

The effects of fertilizer use on the environment

negligible. This situation may change if fertilizers are more widely
used. Nutrient movement in many of the soils is likely to be rapid,
and the use of practices to minimize nutrient loss and pollution
should be fostered.
Nutrient losses from soils
Not all nutrients are taken up by the growing crop, and those
remaining may either stay in the soil or be removed by leaching or
through run off. In much of SSA, the erratic and intense rainfall
causes more leaching and erosional losses of nutrients than that
which occurs on similar soils in temperate climates [18,26]. The
relative importance of the two types of losses depends on the
relationships between crop growth, the nutrient dynamics, and
water reception and infiltration. The mechanisms of retention and
loss of the major nutrients N, P and K are all different, and the
problems associated with each will be reviewed with regard to
environmental degradation.
Nitrogen (N)
Fertilizer N from ammonium sources can be lost to the atmosphere
by volatilization of ammonia shortly after application. For instance,
when urea is spread on a damp soil surface, it will hydrolyze,
unless rain carries it into the soil, potentially releasing ammonia to
the atmosphere. The amount of ammonia volatilization from urea
or organic sources depends on the concentration of ammonium at
the soil surface, the pH of the soil solution, wind turbulence, and
soil absorption [13]. In a study in Senegal, a 150 kg N per ha urea
application to millet lost 47% of the N through ammonia
volatilization, and only 1% of the N was leached [11].
From 4% to 64% of urea N was lost through ammonia volatilization
in 15N balance studies conducted in various climatic zones [22].
Despite these losses, ammonia volatilization is unlikely to cause
the problems of soil acidification and N enrichment of trees seen in
northern Europe, since use is low and climatic conditions do not
favour NH3 deposition. On well-drained, warm soils, ammonium
from fertilizer or organic N mineralization is fairly rapidly oxidized to
nitrate. Little nitrate is absorbed by soil particles, so it tends to
move quickly through soils with the percolating water. Only a part
of the nitrate present in soils is derived from fertilizer, the
remainder is derived from the mineralization of soil organic matter.
Nitrate N is the most likely fertilizer-derived component to be
leached from soils. However, it is difficult to relate changes in the
nitrate content of drainage waters to changes in the use of fertilizer
N because of the inability to accurately measure the amounts of
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nitrate derived from biological N fixation, the amounts derived from
soil organic N, and the amount of nitrate loss through the reduction
of nitrate to N gases.
The leaching of nitrate depends on water percolation following
periods of time in which nitrate accumulates in the soil profile, not
on the total amount of N addition, water percolation, or plant
uptake [26]. Several studies have measured nitrate leaching from
West African soils (Table 2). As expected, the results are highly
variable, from essentially none to more than 100 kg N per ha year.
They illustrate the high likelihood of nitrate leaching in those soils
with high rainfall intensities [18,26] and low water storage capacity
[12]. The high permeability of the soils and their low organic
content make it very improbable that appreciable denitrification
occurs, as this process requires anaerobic conditions.
A partial remedy to nitrate leaching is improved farming practices
which maximize crop uptake of fertilizer N, and avoid fertilizer
doses in excess of actual crop requirements [5]. The erratic rainfall
TABLE 2. Nitrate leaching losses in various studies in West Africa.
Location

Crop

N rate
kg ha-1

N source

Bambey, Senegal

millet

300

KN0 3
(NH4)2S04

Samaru, Nigeria

maize

168

NaN03

120-230

Bambey, Senegal

millet

150

urea

(unknown)

Umudike, Nigeria

yam/maize
yam/cowpea
yam

200

CAN'(120)
FYM*(80)

Onne, Nigeria

none
none
none

300
300
300

CAN
urea
CaCN2

Onne, Nigeria

maize/rice
150/120
maize/rice
0/0
(following fallow)

Onne, Nigeria

maize/rice

138/92

200
200

1,080

lysimeter
lysimeter

46
9

[2]

field

18-63

[16]

field

1.5

[11]

lysimeter

78
67
111

[24]

column
column
column

255
66
trace

[25]

961
961

lysimeter
lysimeter

106
133

[35]

-

urea

961

lysimeter

145

[34]

CAN = Calcium ammonium nitrate, FYM = Farmyard manure.
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pattern of much of SSA [18] makes management of N inputs
difficult and risky, since it is hard to predict the amounts of N
needed. The timing of N applications relative to intense rainfall
events, which are sometimes 150 mm per hour for 30 minutes, can
have a significant effect on leaching losses.
Substantial increases in nitrogen fertilizer use or more use of
legumes could cause increased nitrate leaching in the higher
rainfall areas of the SSA. These N additions could also cause soil
acidification and thus increase the need for liming agents (Table 3).
The availability of liming material is a problem that needs to be
addressed, not only in Africa but in many other areas as well.
Another problem with nitrate leaching is that associated cations,
usually Ca, Mg, or K, can be leached as well. Accelerated losses of
these cations may cause widespread and severe deficiencies in
the future [23] and, conversely, addition of the cations in liming
materials or fertilizers may cause nitrate leaching losses to
increase [37].
Phosphorus (P)
Most of the water-soluble P of phosphate fertilizers is rapidly
converted into compounds that have a very low solubility, making
TABLE 3. The effect of N sources on the pH of Nigerian soils.
Site

Soil depth
cm

NoN

N source
AS***

Urea

CAN***

Samaru*

0-5
5-20

5.7
5.7

4.6
4.6

4.6
4.6

4.6
4.6

Mokwa*

0-5
5-20

6.2
5.7

5.1
4.8

6.2
5.6

6.0
5.2

Ibadan**

0-5
5-20

6.8
6.8

.
-

5.3
5.8

5.2
6.1

Onne**

0-5
5-20

4.9
4.9

.
-

4.6
4.7

4.9
5.0

* Modified from Jones [15]. Rate of N was 140 kg N ha'1 yr"1 for 3 years. The pH was
measured in 0.01 MCaCfe
** Column studies reported in Mughogho et al. [22]. Changes following four
applications of 300 kg N ha"1. The soil pH was apparently determined in water
*** AS = Ammonium sulphate, CAN = Calcium ammonium nitrate
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phosphate extremely immobile in soils. It is strongly absorbed by
iron, aluminum, manganese oxides and hydroxides, and clay
particles, and it is precipitated by calcium and other ions. In certain
soils in the tropics (e.g., Ferralsols and Andosols) this fixation of
phosphates greatly reduces the response from initial applications
of phosphatic fertilizers [7].
On soils deficient in P, crops may remove as much as 20% of the
phosphate added in the first year, but lower recoveries are more
common. Most fertilizer phosphate is removed from the soil either
in the harvested crop or by erosion. Although only a negligible
amount of phosphate is leached from soils, erosion may carry P
into surface waters in forms adsorbed on soil particles. With erratic
and intense rainfall events, the measured erosion on a 5% slope
has been from 11 to 331 per ha per year, depending on the soil
cover and other factors [18]. The availability of P normally limits
plant growth in fresh waters and its addition through erosion can
cause the plants to proliferate (eutrophication); this proliferation
can adversely, but sometimes beneficially, affect water ecology
and use of the water.
Some phosphate fertilizers contain cadmium, particularly those
manufactured from the sedimentary phosphate rocks of Africa.
Current fertilizer use in SSA presents no immediate hazard, but the
development of processes for cadmium removal in the fertilizer
production process should receive attention [27].
Environmental pollution due to P fertilization in SSA is essentially
non-existent in the current context.

148

The effects of fertilizer use on the environment

Potassium (K)
Although all potassium fertilizers are soluble in water, the K ion is
adsorbed onto the cation exchange sites of soil particles, unlike the
conditions controlling phosphate solubility or nitrate movement. As
the amount of exchangeable K is increased by adding K fertilizers,
some of the K ions move into the silicate layers of vermiculites and
smectites and thus become less accessible to soil solution, a form
referred to as being 'fixed'. Therefore, neither fixed nor
exchangeable K is very mobile in soils containing appreciable
amounts of these less weathered clays. In clay and loam soils, K
rarely moves in appreciable amounts below 50-70 cm depth,
whereas in strongly weathered soils with low cation exchange
capacity, such as is common in much of SSA, K may be leached
more deeply [23,35].
The low cation exchange capacity of many African soils severely
limits their capability to maintain adequate K, Ca, and Mg, as well
as other nutrients. Many of the soils of SSA have cation exchange
capacities of one-tenth to one-half of the exchange capacities of
most temperate climate soils (29). Organic matter is very important
in providing cation exchange capacity in such soils, and the use of
split applications of K to increase efficiency is probably warranted
when rainfall does not severely inhibit yield, though this approach
has not been clearly documented [17,19]. The highly weathered
soils have few minerals left to supply K [23]. Therefore, K
deficiencies will become more prevalent if N and P fertilizers
become more widely used since both leaching losses and plant
removal of K will increase. Leaching of K from tropical soils has
been reported to be from 52 to 185 kg K per ha per year, and has
been shown to be particularly high under 'slash and burn'
agriculture [19].
Under current use, very little fertilizer K would be expected to leach
to groundwaters, and K in water has no known detrimental effects.
Potassium is not normally a limiting factor of plant growth in natural
waters, so concentrations of K do not cause eutrophication.
Necessity of fertilizer use
Fertilizers will be essential to improving yields and maintaining the
sustainability of land in SSA [1,3,10,32,38]. The efficient use of
fertilizers allows more intensive utilization of the better land, so
poorer-quality land can be used for less intensive but essential
uses such as firewood production, animal browse, wildlife habitat,
and erosion control. The efficient use of fertilizers requires the
adoption of accompanying practices that allow the crops to use the
added nutrients efficiently. These practices include the correct
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choice of crop variety and management; adequate disease, insect,
and weed control; and, most importantly, soil conservation and
water utilization techniques.
Most detrimental effects of fertilizer use are linked to excessive
applications or poor management practices. In SSA, land
degradation, by far the most serious environmental problem, is
linked to the depletion of nutrients. In the past, the rapid, and in
many cases irreversible, degradation through loss of vegetation
and soil erosion was ignored until it resulted in severe food
shortages [21].
At present the adverse effects of intensive fertilizer use do not
apply to most countries of SSA because of the very low use of
fertilizers. However, the above considerations would be relevant if
fertilizer use were to expand beyond balanced levels. The
importance of fertilizers for agricultural production and the fragility
of the systems necessitates the continued monitoring of their
positive and negative effects on the environment. The problems of
fertilizer use are much more challenging on the highly weathered
soils of SSA than on the better, younger volcanic and alluvial soils
of the tropics [7]. Suitable action should be taken to avoid these
problems, based on the knowledge of how to reduce losses and
maximize the benefits of fertilizer use. Priority should be given to
enhanced and efficient fertilizer use to meet the increasing
demands for food in the area. The future depends as much on
efforts to protect the soil resource as on the adoption of traditional
yield improvement practices [4].
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It is an oversimplification to believe that increased fertilizer use will
eliminate all the food or environmental problems of the region.
Transportation infrastructure, incentives, and marketing systems
are all needed to increase the availability and use of fertilizers.
Estimates for the costs of internal transport and marketing are
US $80 per ton in SSA versus US $30 per ton for all other regions
[27]. More skills in crop and livestock management will also be
needed to make the use of fertilizers profitable and environmentally
benign. Better management of crops is needed to increase the
organic matter content and soil surface cover, to better utilize
available water, and to conserve nutrients.
Poor livestock management has caused vegetative loss and poor
recycling of nutrients and, along with increased shifting cultivation
and shorter fallow periods, has led to serious soil degradation [32].
Numerous studies in the region have shown the high interaction
between organic material additions and fertilizers, as well as the
importance of soil surface residues to protect the soil and develop
soil fauna activity [33]. Adoption of better management practices
and better defined land tenure will be necessary to bring about
more fertilizer use. Underpinning the potential for change is the
need for increased education of farmers about fertilizer use and
methods to achieve better soil protection.
Conclusion
Intensification of agricultural production has provided great benefits
to mankind throughout the world; it has also had its environmental
costs. These costs have been considered only in a general sense
in this discussion, since the costs to a society of nitrate
contamination of groundwaters and eutrophication are for the most
part value judgments rather than health or economic assessments.
The costs of nutrient losses are more quantifiable in that a value
can be attributed to them and the value of lost production capability
can be approximated. Trying to assess the environmental costs of
man's activities is difficult, in both an absolute sense and in terms
of relative benefits for society.
Costly and irreversible environmental damage has occurred in SSA
as a result of extensive land management, which continues to
'mine' the remaining nutrients. There are many obstacles to
introducing better fertility management practices in much of SSA,
particularly pricing and marketing constraints, lack of farmer
education, lack of infrastructure, land tenure constraints, poor
grazing management, and lack of financial and social incentives.
It is very clear that, although the problems are complex,
management solutions to halt the environmental degradation
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caused by nutrient depletion must be applied. Where the high use
of fertilizers has undesirable environmental consequences, in most
cases the knowledge base exists to minimize these effects. The
environmental damage due to the lack of nutrient inputs in SSA is
much more inevitable and devastating than the damage anticipated
from their use.
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ANNEXES
ANNEX 1. List of 45 countries in Sub-Saharan Africa [Source: World Bank,1989 Sub-Saharan Africa: from crisis to sustainble growth].
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central African Republic
Chad
Comoros
Congo, People's Republic
Cöte d'lvoire
Djibouti
Equatorial Guinea
Ethiopia

Gabon
Gambia, The
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Niger

Nigeria
Rwanda
Sao Tomé and Principe
Senegal
Seychelles
Sierra Leone
Somalia
Sudan
Swaziland
Tanzania
Togo
Uganda
Zaire
Zambia
Zimbabwe

ANNEX 2. Units.
Nitrogen is given as the element N.
Phosphate and potassium are generally given as the element P and K but
sometimes as P205 and K 2 0.
To convert to oxides multiply:
N
P
K

4.43
2.29
1.2

= N03"
= P205
= K20

Area: 1 ha = 10,000 m = 2.47 acres
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To convert to elements
multiply:
NOV -0.23 = N
P205 . 0.43 = P
ICO . 0.83 = K

ANNEX 3. Nutrients required by plants [Source: IFA, 1992-World fertilizer use
manual].
Plants contain practically all (92) natural elements but need only sixteen for good
growth. Thirteen of these are essential mineral nutrient elements. They must be
provided by soil or by organic fertilizer (animal, manure, green manure) or mineral
fertilizer. The thirteen essential mineral nutrients required for growth are:
Macro-nutrients (6) of which the critical contents in plants are 2- 30 g/kg of dry
matter:
Major nutrients (3), applied in fertilizers for almost all crops on most soils:
N = nitrogen
(taken up as N03" or NH4+)
P = phosphorus
(taken up as H2P04" etc.)
K = potassium
(taken up as K+)
Secondary nutrients (3), applied in fertilizers mainly for certain crops on some soils:
S = sulphur
(taken up as S042')
Ca = calcium
(taken up as Ca2+)
Mg = magnesium
(taken up as Mg2+)
Micro-nutrients (7) of which the critical contents in plants are 0.3-50 mg per kg of
dry matter:
Heavy metals (5):
Fe = iron
}
Mn = manganese } (taken up as divalent cation or chelate)
Zn = zinc
}
Cu = copper
}
Mo = molybdenum (taken up as molybdate Mo042")
Non-metals (2):
CI = chlorine
B = boron

(taken up as CI')
(taken up as H2B03", etc.)

Some other mineral nutrient elements have a beneficial effect on some plants but
are not essential:
Na = sodium
Si = silicon
Co = cobalt
CI = chlorine
Al
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= aluminium

(taken up as Na+; can partly replace K for some crops)
(taken up as silicate, etc., e.g. for strengthening cereal stems
to resist lodging)
(mainly for N-fixation of legumes)
(useful for some crops in greater than essential amounts, for
osmotic regulation and improved resistance to some fungi)
(perhaps beneficial for some plants, e.g. tea ?).
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ANNEX 4. Types of organic fertilizers inclusive manures [Source: IFA, 1992-World
fertilizer use manual].
Naturally occurring material, e.g. peat.
Farm wastes:
- crop residues (straw, leaves, etc.)
- animal manures (farmyard manure, liquid manure, slurry)
- compost (mixture of decomposed plant residues etc.)
- green manures (leguminous or other crops incorporated into the soil).
Residues from processing of plant products, e.g.:
- fibres (from paper industry) and pressed cakes (from oilseeds)
- wood materials (bark, sawdust; lignin from paper industry)
- molasses (from sugar industry).
Residues from processing of animals products, e.g.:
- blood-, horn- and bone-meal
- leather dust, etc.
Town wastes:
- composted household refuse
- sewage sludge
Soil inoculants (e.g. living micro-organisms).
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ANNEX 5. Types of mineral fertilizers [Source: IFA, 1992-World fertilizer use manual].
5.1 According to different criteria mineral fertilizers can be divided into:
Method of production:
- "natural" (as found in nature or only slightly processed); e.g. rock phosphate, potassium chloride
- synthetic (manufactured by industrial processes), e.g. most nitrogen fertilizers
Number of nutrients:
- single-nutrient or straight fertilizers (whether for major, secondary or micro nutrients);
- multinutrient (multiple nutrient) or compound fertilizers, with 2, 3 or more nutrients:
Type of combination:
- mixed fertilizers, i.e. either a physical mixture of two or more single-nutrient or multinutrient fertilizers (for
granular products this may comprise a mixture of separate granules of the individual ingredients, or
granules each containing these ingredients);
- complex fertilizers, in which two or more of the nutrients are chemically combined (e.g. nitrophosphates,
ammonium phosphates).
Physical condition:
- solid (crystalline, powdered, prilled or granular) of various size ranges;
- liquid (solutions and suspensions);
- gaseous (liquid under pressure, e.g. ammonia).
Mode of action:
- quick-acting (water-soluble and immediately available):
- slow-acting (transformation into soluble form required).
5.2 Types of nitrogen fertilizers
Nitrogen fertilizers are valued according to their total N-content and different
N-forms:
Ammonium fertilizers:
- ammonia (80% N), ammonium sulphate/sulphate of ammonia (21% N), ammonium bicarbonate (17% N),
all moderately quick-acting.
Nitrate fertilizers:
- calcium nitrate (16% N), sodium nitrate (16% N), Chilean nitrate, all quick-acting and increasing soil pH.
Ammonium nitrate fertilizers:
- ammonium nitrate (about 34% N), calcium ammonium nitrate which is a combination of ammonium nitrate
and calcium carbonate (21-27% N), ammonium sulphate nitrate
(26-30% N).
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Amide fertilizers:
- urea (45-46% N), calcium cyanamide (20% N).
Solutions containing more than one form of N:
- urea ammonium nitrate solution (28-30% N).
Slow release fertilizers:
- either derivatives of urea with N in large molecules, or granular water-soluble N fertilizers encased in thin
plastic film, slow or very slow-acting according to type of plastic or thickness of film: partly including a
quick-acting component.
- or other means of slow release, e.g. sulphur coated urea (SCU)
Multinutrient fertilizers containing N:
- NP
nitrophosphate (20-23% N, 20-23% P205)
monoammonium phosphate (11% N, 52% P205)
diammonium phosphate (18% N, 46% P205)
liquid ammonium polyphosphates (e.g. 12% N, 40% P205)
- NK
- NPK
5.3 Types of phosphate fertilizers
Phosphate fertilizers are divided according to P availability. The P205 content refers to 'available' portion,
except for rock phosphate where it means total content:
Water-soluble types (quick-acting):
- single superphosphate (18-20% P205);
- triple superphosphate (45% P205).
Partly water-soluble types (quick- and slow-acting);
- partly acidulated phosphate (23-26% P205, at least one-third water-soluble)
Slow-acting types:
- dicalcium phosphate (citrate-soluble);
- basic slag (citric acid-soluble).
Very slow-acting types:
- rock phosphate (finely-powdered soft type, e.g. 30% P205), with reactivity indicated by formic acidsolubility; permitted minimum is about one-half of total P205 content.
Multinutrient fertilizers containing P:
- NP
(see N fertilizers 5.2))
- PK
(mixtures very commonly used);
- NPK (may contain about one-third or more water-soluble P for quick supply and two-thirds slow acting P
for continuous supply).
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5.4 Potassium fertilizers
These are mainly derived from geological saline deposits. Although low-grade, unrefined materials can be
used directly, most fertilizer use is now in the form of higher-concentration products, all of which are watersoluble and quick-acting:
- potassium chloride, or muriate of potash (40-60% K20), the lower grades providing Na in addition to K20,
with or without Mg;
- potassium sulphate (50% K20), for Cl-sensitive crops (e.g. potatoes, tobacco);
- potassium magnesium sulphate, also known as sulphate of potash, magnesia or Patentkali (e.g. 40% K 2 0,
6% Mg).
5.5 Secondary nutrient fertilizers
Quick acting magnesium fertilizers:
- magnesium sulphate, in the form of Epsom salts (10% Mg) or kieserite (16% Mg)
- potassium magnesium sulphate (see 5.4) or NMg fertilizers.
Slow-acting magnesium fertilizers:
- magnesium carbonate (dolomitic lime).
Water-soluble sulphur fertilizers:
- potassium sulphate or magnesium sulphate (18% S)
- ammonium sulphate (24% S).
Slower acting sulphur fertilizers:
- pure gypsum (18% S)
- by-product calcium sulphate of superphosphate (14% S).
Calcium is generally applied with liming, to raise the pH. In cases of definite deficiency calcium fertilizers
which do not raise the pH are the quick-acting calcium chloride and de slow-acting gypsum.
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ANNEX 6. Regional population in 1980 and 1990, arable land and land in permanent crops in 1979 and
1989, and arable land and land in permanent crops per capita in 1979 and 1989 [FAO Production Yearbook,
1990].
Region

Population

Arable land and land in permanent crops

Million

'000 ha

1980

1990

Sudano-Sahelian Africa
Humid and sub-humid West Africa
Humid Central Africa
Sub-humid and mountain East Africa
Sub-humid and semi-arid Southern Africa

56
114
40
82
68

75
158
54
111
93

Sub-Saharan Africa
% Africa

360
76

Mediterranean and arid North Africa
South Africa
Africa

161

-1

1989

1979

1989

30,169
42,561
17,254
25,704
25,669

31,619
44,295
17,751
27,308
26,563

0.539
0.373
0.431
0.313
0.377

0.422
0.280
0.329
0.246
0.286

491
77

141,357
79

147,536
79

0.393

0.300

88
28

115
35

24,918
13,294

26,281
13,174

0.283
0.475

0.229
0.422

447

642

179,569

186,991

0.376

0.291

Note: 1989 arable land divided by 1990 population
1979 arable land divided by 1980 population

1979

ha capita
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ANNEX 7. Cereal production, cereal imports and cereal usage per capita by region in 1980 and 1990 [FAO
Production Yearbook, 1990].
Region

Cereal production
'0001

Cereal imports
'0001

Cereal usage
kg capita"1

1980

1990

1980

1980

1990

Sudano-Sahelian Africa
Humid and sub-humid West Africa
Humid Central Africa
Sub-humid and mountain East Africa
Sub-humid and semi-arid Southern Africa

8,404
13,184
1,871
11,759
7,421

9,879
16,627
2,322
13,935
10,922

1,396
3,010
629
968
2,374

1,987
2,127
942
1,087
1,696

169
142
62
154
143

157
119
60
134
128

Sub-Sahara Africa
% Africa

42,639
59

53,685
61

8,377
38

7,839
28

140
75

123
70

Mediterranean and arid North Africa
South Africa

16,482
13,105

22,089
11,977

13,338
160

19,072
877

336
336

357
317

Africa

72,226

87,751

21,875

27,788

188

176

1990

Note: Usage rates represent total grain production plus imports less exports divided by population
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ADD
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AIDB
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Emergency Reconstruction and Recovery Programme
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International Development Association
International Fertilizer Development Center
International Monetary Fund
Potassium
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Malawi
Tobacco Association of Malawi
Tobacco Research Institute of Malawi

ABSTRACT of Part 2
In Sub-Saharan Africa the per capita food production is declining.
The underlying reasons for this development are inter alia the
generally low inherent soil fertility of the African soils, the highest
population growth rate in the world and the lowest fertilizer use per
hectare in the world. Food and fertilizer markets are often disrupted
by excessive government involvement and adverse pricing and
exchange rate policies. Most Sub-Saharan economies are in such
a bad shape that structural adjustment measures are required in
order to reduce the role of governments, to liberalize markets, to
maintain realistic exchange rates and to reduce government
budgets, and so to link the local economy up with international
markets. These adjustments, necessary as they may be, often
come at substantial social cost.
Sub-Saharan Africa is in an extremely difficult position at present.
Population pressure is being felt at a time when population density
is still low compared to other continents, due to the low carrying
capacity of the soils. These low population densities, combined
with the enormous distances involved, are responsible for the lack
of viable markets, notably for fertilizer. Within the framework of
structural adjustment programmes, the private sector has to take
over several responsibilities from government, for example the
marketing of fertilizers. This usually means the abolition of fertilizer
subsidies, and therefore higher input prices, at a time when
fertilizer use is still extremely low. The high prices should attract
private importers and traders to engage in fertilizer trade, while
governments facilitate the trade with adequate measures to
improve the viability of the markets.
In practice the transition from public fertilizer distribution to private
fertilizer marketing and distribution is far from smooth.
Governments regard fertilizer as an essential commodity for
development and are reluctant to hand the responsibility for its
distribution over to the private trader, who may exploit the farmer.
Importers and traders are often reluctant to take up fertilizers in
view of the risks involved and the fear of undue government
intervention. It seems that mutual trust and concerted or
complementary action is required from both public and private
sector.
Part 2 presents case studies of the privatization processes in
Malawi and Ethiopia, which are to a great extent typical of the
problems in fertilizer marketing in Sub-Saharan Africa. The
difficulties of a step by step transition to privatized fertilizer
marketing is described and it is proposed that this process needs
to be closely monitored, in order to respect and reconcile both
public and private interests. The ultimate aim is more efficient
169

fertilizer marketing, so as to reduce its cost and spread its use. In
the Sub-Saharan African context this is of great importance since
the present, traditional food production practice is leading to soil
mining and imminent disaster in view of the mounting population
pressure.
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BACKGROUND, CONCLUSIONS, RECOMMENDATIONS
Background
The level of mineral fertilizer use in Sub-Saharan Africa (SSA) is
the lowest in the world (less than 10 kg per ha arable land),
whereas the growth rate of its population is the highest in the world
(over 3%). The low inherent fertility of the African soils leads to a
rather low productivity, which means that a relatively large area
needs to be devoted to food grains in order to feed a fast growing
population. The limits to extend the area under cultivation are felt,
marginal areas are encroached upon, and the need for
intensification arises. This means that plant nutrients which are
extracted by the crops need to be replenished in an efficient way
so as to avoid undue loss of soil fertility, i.e. degradation of the
soils or soil mining. This is usually done with mineral fertilizers, the
use of which is still low in SSA and concentrated on cash or export
crops.
Most SSA countries depend on imports for their mineral fertilizer
supply and more than half depend for 50 to 100 % on donated
fertilizers. Hence the policies of the donor community with respect
to fertilizer are of paramount importance to the Sub-Saharan
countries. Lately, these policies have been influenced by the
sustainability constraint, reflecting the environmental concerns of
the donors. This condition has also generated a renewed interest
for Low External Input Sustainable Agriculture (LEISA) as opposed
to or in combination with more intensive agriculture. Apart from
ecological sustainability, there is also a keen donor interest in
economic sustainability, embodied in the structural adjustment
programmes which have affected well over half of the SubSaharan countries. These programmes comprise privatization of
parastatals, which in turn affect fertilizer donations from
government to government; the private sector is now supposed to
take over fertilizer imports and trade from an often reluctant
government.
The interest for the LEISA concept from the side of the donors, the
reluctance of governments to let go of the fertilizer trade, the
disappearence of the parastatals that were a natural counterpart of
fertilizer donors, and insecurity about the initiatives of the private
sector might lead to a situation where not enough mineral fertilizers
are imported. In fact, the total fertilizer imports into SSA are
decreasing and so is the per capita food production. This concern
was aggravated when the discussion of the pollutive effects of
excessive or unbalanced mineral fertilizer use, which are
predominantly applicable to parts of the western world, also
entered the discussion on furthering fertilizer use in SSA.
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TABLE 1. Indices of total food production and per capita food production in Malawi and Ethiopia
(1979/81=100) [FAO Food outlook 1992].
1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

Malawi
Total
Per capita

103
100

108
102

98
90

100
88

100
84

106
85

105
80

109
78

104
71

100
65

110
68

Ethiopia
Total
Per capita

98
96

107
103

101
95

93
85

98
88

109
95

103
88

106
88

109
87

112
87

113
85

This study was commissioned to set the record straight. Not only to
demonstrate the agronomic need for plant nutrients, as organic or
mineral fertilizers, but also the effects of privatization on fertilizer
supply and prices. Part 1 of the book concentrated on the
relationship between fertilizer use, food production and the
environment; the need to halt soil degradation through improved
soil fertility levels, and water retention capacity. Part 2 contains two
case studies and an analysis to corroborate the findings of the first
part. For this purpose two countries were sought which would be
representative of the problems in SSA with regard to a fast growing
population, a declining soil fertility and commitment to liberalization
of the fertilizer sector. On this basis it was decided to select Malawi
and Ethiopia, which were visitedmSeptember 1992 and March
1993, respectively. The case studies were to concentrate on the
policy and marketing constraints of fertilizer use, the food supply
situation, environmental issues in relation to fertilizer use and
problems regarding privatization to which particular attention was
to be devoted. The plight of the two countries with regard to their
food supply situation is illustrated in Table 1.
Conclusions
On the basis of the field visits to Malawi and Ethiopia as well as
desk studies, the following general conclusions have been arrived
at:
Soils
- The use of mineral fertilizers on food crops is exceptionally low in
SSA, which has led to low productivity and mining of nutrients;
- Due to a fast growing population in SSA, arable land is getting
scarce and the incidence of soil mining is increasing, particularly
with regard to food crops;
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- The inherent soil fertility of the African soils is responsible for their
relatively low productivity;
- The efficiency of mineral fertilizers depends critically on sufficient
levels of organic matter in the soils. These levels decrease due to
population pressure leading to a too intensive use of soils.
For the longer run, it is important that as much as possible
use will be made of organic fertilizers, in addition to mineral
fertilizers, so as to maintain an adequate organic matter
content of the soil and to obtain optimal efficiency rates of
external inputs. Mineral fertilizers can help to generate more
organic material.
Crops
- Mineral fertilizers are predominantly used on cash or export
crops, with exceptions such as Ethiopia and Zambia, where
fertilizers are used for (marketable) food crops;
- Traditional, low yielding crops are usually not very responsive to
mineral fertilizers, but extremely well adapted to the harshness of
the African seasons;
- This harshness renders the improved, fertilizer responsive crops
a financial risk to the farmers;
- When increasing food needs are to be met with traditional crops
and farming practices, the occurrence of soil degradation is likely,
due to the decreasing length of fallow periods and limited
possibilities to generate sufficient quantities of organic fertilizers.
The low average yields of food grains that are now prevailing
in SSA for food grains can be raised relatively easily by
mineral fertilizers in combination with organic fertilizers and
soil conservation measures.
Fertilizer use
- Due to the often low productivity of traditional food crops, their
low market prices and hence relatively high input prices, small
traditional farmers (responsible for over 80% of food production in
SSA) use no or only part of the recommended amounts of
fertilizers;
- Farmers adopting modern fertilizer-responsive varieties often
keep some traditional varieties on the side for food security
reasons, better storability and taste preferences;
- Unavailability of fertilizers, poor credit facilities, high risk levels,
lack of fertilizer related knowledge among farmers, poor extension
facilities and or messages, inadequate research and poorly
communicated research findings can reduce fertilizer use or
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prevent farmers from adopting fertilizers.
Improved research and extension with regard to fertilization,
both organic and mineral, combined with improved availability
of fertilizers can boost fertilizer use and spread the adoption
of more sustainable farming practices.
Fertilizer marketing
- Poor availability of fertilizers due to poor marketing or distribution
can constitute a strong reason for farmers to abstain from fertilizer
use;
- In those cases where farmers are convinced of the need of or
critically depend on mineral fertilizer use, price considerations are
often to a certain extent inferior to timeliness;
- Parastatals have often considerable difficulty to make fertilizers
available on a cost-effective basis, due to a protective environment
(subventions) and a mixture of commercial and social goals.
Fertilizer use can be improved through admittance of private
traders on the fertilizer market. They can better guarantee the
timely availability of fertilizers at a reasonable price, provided
the government abolishes fertilizer subsidies and facilitates
the emergence of the private sector.
Liberalization
- Privatization of parastatals combined with the emergence of
private fertilizer traders can only be facilitated if the import and
trade of fertilizers are fully liberalized;
- Liberalization implies abolition of fertilizer subsidies, which leads
to higher prices, a phenomenon that is often erroneously attributed
to the admittance of private traders to the fertilizer market;
- The risky nature of fertilizer trade and other constraints may lead
to situations in which private traders are not keen to enter the
fertilizer market;
- Fertilizer traders often also deal in other commodities in order to
spread their risks;
- Liberalization of fertilizer markets will shift fertilizer demand to
those areas where fertilizer use is profitable, which can be
considered as a more efficient allocation of scarce resources.
Liberalization of fertilizer markets must be handled carefully.
The process needs to be monitored and the role of the
government, the private sector and the donor community
needs to be clearly determined.
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Role of the government
- Usually governments are reluctant to privatize overnight: a more
gradual transition to a fully liberalized fertilizer market is preferred;
- During a gradual transition, the threat of undue government
intervention may reduce or even paralyze private sector activity on
the fertilizer market;
- The frequent devaluations that accompany international trade
liberalization can be an important deterrent to private trade in
fertilizers;
- Matters of fertilizer research and extension, demand forecasting,
legislation, quality control and servicing of remote areas should
remain a government responsibility; a responsibility for which
support should be sought in the donor community.
The gradual transition towards market liberalization, preferred
by most governments, creates a situation whereby private
initiative can coincide with occasional government
intervention. This can be very disruptive for the liberalization
process and perpetuate the role of the parastatal.
Role of the donor community
- The donor community supports liberalization, but is still looking
for the most acceptable (accountable) ways to provide untied
financial aid (in stead of commodity aid) that is directly targeted to
the private sector;
- The shift from commodity (fertilizer) aid as a means of balance of
payments support to untied financial aid, within the framework of
liberalization, may lead to a reduction in fertilizer imports due to the
risks involved in private fertilizer marketing;
- Liberalized markets require close monitoring by the government,
special legislation and enforcement thereof, for which it will require
technical assistance from donors.
The desire of donors on the one hand to keep some influence
on aid and its impact contrasts with their push for trade
liberalisation on the other hand, where aid conditionalities
should not figure.
Recommendations
From the conclusions, the following recommendations have been
derived:
1. Governments of SSA need to step up their research efforts with
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regard to balanced fertilisation and fertilizer efficiency, inter alia
through judicial use of organic fertilizers;
2. SSA governments should do what they can for small farmers to
reduce the financial risks that are connected with the use of
mineral fertilizers through improvement of the institutional and
physical infrastructure;
3. SSA governments should also allow the private sector to
operate freely on the fertilizer market once it is clear that they can
operate more efficiently and therefore more cheaply than the
parastatals;
4. SSA governments should stimulate foreign fertilizer producers to
contract agents in their countries to overcome foreign exchange
problems, share risks and further competition. If the parastatal is to
compete on a liberalized market, a joint venture with a foreign
company could be envisaged, provided there is enough scope for
competition on the local market;
5. A gradual transition from a controlled fertilizer market to a fully
liberalized market is only feasible if regulated, monitored and
coached by an independent fertilizer advisory board or similar
entity. Governments should allow such an entity to be established
and should submit their own actions to the rules set by this entity in
order to avoid unfair competition;
6. The donor community should undertake to support SSA
governments financially and technically so as to allow them to
adapt to their henceforth additional role in the liberalized fertilizer
market;
7. Both donors and recipient governments should find ways to
ensure that sufficient quantities of fertilizers are imported to
guarantee sustainable food production, particularly through
reduction of risks (e.g. resulting from devaluations) and earmarking
of foreign exchange for fertilizer imports.
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Summary
Malawi has to face the implications of a growing population pressure
combined with an extensively grown staple crop to which little fertilizer is
applied. Most fertilizers are used on the main export crop, i.e. tobacco.
The subsidized fertilizers for smallholders partly find their way to the
estates since the low profitability of maize production renders fertilizer use
financially risky. The result is monocropping of traditional maize varieties
on more than half of the arable surface, which constitutes a weak food
security base as well as a narrow export base. Soil degradation is broadly
acknowledged in Malawi, by farmers who resort whenever possible to
organic fertilizers and by the government which undertakes to increase the
availability of mineral fertilizer through liberalization of the fertilizer sector.
The first steps of the private sector have shown clearly that this sector is
able to compete favourably with unsubsidized fertilizers prices. The
reason is that the established fertilizer production and distribution
institutions are not functioning efficiently due to the protection they
enjoyed in the past years. The performance of private traders is presently
distorted by (threat of) devaluations and slow supplies of foreign exchange
and lengthy remittance periods.
Introduction
The population of Malawi is growing at an annual rate of 3.7%. The
present population is estimated to be approximately 8.5 million,
excluding the Mozambiquan refugees, which works out at 225
persons per square kilometer on average. This makes Malawi one
of the most densely populated countries of Sub-Saharan Africa.
Malawi has some 2.4 million hectares of arable land with moderate
levels of inherent soil fertility, most of which is currently in use.
Population pressure is highest in the southern part, where also
most of the smallholders with less than 0.7 ha of arable land can
be found. In the central areas about 90% of the arable land is in
use and most of the larger estates are situated there. In the
northern areas the population pressure is lowest and, due to labour
constraints, only some 65% of the arable land is presently
cultivated. Only 1.4% of the cultivated land is presently irrigated.
Of the area under cultivation, approximately 65% is covered by
smallholders who produce only 10-15% of the export crops, but
grow about 80% of the national food production, predominantly
traditional maize varieties. Smallholders are agricultural producers
who dispose of so-called customary land, i.e. unregistered land
allotted to them by village chiefs or elders. Over 50% of the
smallholders have less than one hectare of land, some 40% of
which are female headed households. It is commonly assumed
that an average family of five persons would need at least one
hectare to adequately feed every member of the family.
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Approximately 45% of the smallholders have between one and
three hectares and generally only those holdings larger than 1.5 ha
can be expected to afford the financial risk to use fertilizer. The
remaining 4-5% have 3 ha or more and they also produce for the
market.
Smallholders, even the ones with access to fertilizer, grow
predominantly traditional (flint) maize varieties that are not very
responsive to fertilizer. Hence the limited area devoted to cash
crops, since the low yielding maize (<1000 kg per ha) requires 80%
or more of the available land to satisfy the food requirements of the
household [3]. Adoption rates for hybrid maize (dent varieties)
among smallholders has always been low due to the risks involved,
taste preferences and poor storability.
Estates cover about 35% of the arable land and produce over 80%
of the export crops, but only 20% of the foodcrops. Estates are
situated on registered land that is either leased to or property of the
estate holders. The predominant cash crops grown for export are
tobacco, sugarcane, tea and coffee. The number of small estates is
growing; more than half are smaller than 20 hectares. The estates
are all using fertilizer for cash crops, usually in combination with
crop rotation, such as is the case for tobacco, the main export crop.
The distinction between smallholders and estates has always been
strictly maintained in policy formulation, although of late it has
become more and more difficult to make a clear distinction. The
interests of the two sub-sectors are converging towards each other
in that smallholders are sometimes part of an estate and larger
smallholders are growing exportables that used to be the
prerogative of estates only. The case for a more coordinated policy
towards the two sub-sectors is being reinforced by a substantial
leakage of subsidized fertilizer for smallholders to the estates.
The dual policy has always been more favourable towards estates
than smallholders, since all the productive investments have been
ploughed back into the estate sector, with the aim of creating a
solid export base for Malawi and at the same time increasing the
level of food security. Smallholders were not completely left on
their own: substantial government subsidies on fertilizers and
promotion of hybrid maize seeds were directed towards the
smallholder sector but failed to bring about a lasting level of food
security, both on a national and household level. This became
particularly clear in drought years such as 1979/80, 1985/86 and
1991/1992. In order to set the stage for an analysis of the current
problems of Malawi's fertilizer sector, a rundown of the macroeconomic developments from independence (1964) until now is
given below.
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Macro-economic developments 1964-1990
Ever since its independence in 1964, there has been substantial
state intervention in Malawi to promote agricultural production.
These interventions were particularly designed to favour the
development of the estate sector. The estate production of mainly
tobacco, cotton and tea was supported through two parastatals:
Agricultural Marketing and Development Corporation (ADMARC)
and Malawi Development Corporation (MDC). However, both
entities were under virtual control of a private company: Press
Holdings owned by the Life President, Ngwazi Dr. Kamuzu Banda.
This constellation of intertwined public and private organizations is
unique to SSA, and makes a typical distinction between state
intervention and private initiative extremely difficult.
The favourable policy towards estates and the related agroindustries resulted in a rapid growth of these agricultural subsectors (Table 2). Malawi's gross domestic product increased in
this period by an annual average of 6%, but Malawi's macroeconomic success, based on estate-led growth, had marginalized
the subsistence sector. The lion's share of the domestic savings
had been redirected towards investments in the estate sector,
supplemented by government backed domestic and foreign loans,
which was made possible through the involvement of the mixed
private/public trinity in several commercial banks. This led to a
relative decline in maize production and towards the end of the
1970s, Malawi had to import maize from abroad, even prior to the
drought of 1979/80.
The effects of the neglect of the subsistence sector, the extensive
borrowing for the development of the estate sector, the rising
import bill and an increasing government budget deficit were
exacerbated by a series of exogenous shocks around 1980 [5]: a
deterioration in the terms of trade, particularly as a result of a sharp
decline in world tobacco prices (tobacco being the mainstay of
TABLE 2. Production index of tobacco, tea and cotton in the period 1970-1991
(1970 = 100) [Ministry of Agriculture of Malawi].
Year

Tobacco

Tea

Cotton

1970
1975
1980
1985
1990

100
157
243
316
454

100
143
175
233
227

100
97
126
170
NA
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Malawi's economy, constituting around 40% of the agricultural
exports); rising international interest rates affecting Malawi's
extensive foreign borrowing; civil disturbances in neighbouring
Mozambique, cutting off the most direct transport routes from
ocean ports (Beira and Nakala) to landlocked Malawi; and drought
conditions in the 1979/80 growing season forcing Malawi to step up
its food imports in 1980.
These unfortunate circumstances touched the raw nerves of
Malawi's economy: its narrow export base and its vulnerable food
security situation. Yet, the government tried to pursue its
successful policy of the 1970s and to lessen the impact of the
adverse development through deficit financing and heavy
borrowing. However, the estates, and subsequently ADMARC,
Press Holdings and various banks had already run into such grave
financial problems that the government had to revert to IMF and
requested a stand-by arrangement to cover its current account
deficit. However, the government could not meet the IMF
conditions and a Structural Adjustment Programme became
inevitable.
The conditions for the first Structural Adjustment Loan of the World
Bank (SAL), in 1981, contained some severe restructuring for
Press Holdings and MDC, as well as financial support for
ADMARC which could no longer sustain its operations. The
restructuring, however was mainly a swapping of responsibilities
among the big three as there was no private sector entity ready to
take over certain responsibilities [5].
In spite of the usual SAL conditions, such as price liberalization
and abolition of subsidies, the Government of Malawi raised the
official producer prices for maize in two consecutive years (1980
and 1981) so as to boost maize production following the drought of
the 1979/80 season, as well as to create 180,0001 food security
stock. These measures proved that Malawi's farmers are extremely
price responsive; the production of maize improved significantly in
the 1980/81 and 1981/82 seasons [7]. Table 3 shows, however,
that maize production increases came predominantly from hybrid
maize, mostly grown at the estates, and that the procurement of
shelled maize fluctuated with hybrid maize production rather than
traditional maize production.
The second SAL contained the condition that fertilizer subsidies for
smallholders be phased out by 1986/87. Fertilizer subsidies for
smallholders were initially introduced to offset the effects of the oil
crises in the 1970s, but they were never phased out. The
government did start a gradual phasing out of subsidies, but total
abolition was never reached, due to steep increases of transport
costs following prolonged insecurity in Mozambique; imports now
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TABLE 3. Traditional and hybrid maize production and ADMARC procurement
in the period 1983-1991 (t) [Ministry of Agriculture and ADMARC].
Year

ADMARC

Maize production

procurement

1983/84
1984/85
1985/86
1986/87
1987/88
1988/89
1989/80
1990/91

Hybrid

Traditional

245,391
233,123
201,729
100,366
157,077
244,825
345,022
521,603

1,106,832
1,084,592
1,058,080
1,078,860
1,244,351
1,220,565
963,171
1,041,031

296,292
271,567
112,639
59,466
135,301
233,098
200,681
575,176

had to be effected through the ports of Durban and Dar es Salaam.
Producer prices for maize were frozen in 1983, while from that year
onwards, ADMARC's producer prices were substantially raised for
export crops. This again had an adverse effect on maize supplies
for the market, whereas ADMARC made record purchases for
export crops between 1983 and 1987.
As a result the market supply for maize fell short of demand,
particularly in 1986/87 when again exogenous calamities wreaked
havoc with Malawi's economy: the influx of hundreds of thousands
of refugees from Mozambique (some 740,000), drought conditions
and an outbreak of mealy bug pest in cassava, a security crop in
times of maize shortfalls [7]. ADMARC was forced to import
unprecedented amounts of maize. Table 4 shows that in 1986/87
the ADMARC maize procurement was at its lowest point of the
1980s.

TABLE 4. ADMARC procurement index of maize and cash crops in the
period 1983 -1987 (1983 = 100) [ADMARC].
Year

Maize

Tobacco

Groundnut

Cotton

Pulses

1983
1984
1985
1986
1987

100
121
111
46
24

100
207
224
185
195

100
97
179
519
439

100
240
245
157
160

100
175
535
797
350
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Once again, ADMARC needed to be bailed out, but this time the
government defied the conditions for an additional loan under the
third SAL and suspended a fourth SAL in order to go its own way
as before: raising maize producer prices and reinstating fertilizer
subsidies. The effects were immediate, as can be seen in Table 3:
ADMARC procurement shot up from 1986/87 onwards to a new
record in 1990/91. The drought of 1991/92, however, was so
devastating that again maize imports were unavoidable.
All through the 1980s the estates had not been really touched by
the reforms and Malawi was more than ever relying on its tobacco
exports, constituting 54% of its exports in 1991/92. Stimulation of
smallholder export crop production could be considered a failure,
despite the efforts of the Bank, as output prices paid by ADMARC
were hardly remunerative. Neither have the reforms really touched
Press Holdings, in that its functions were taken over by the
indigenous private sector.
This situation also reflects the strong arm of the government and
the precarious human rights situation which recently led the donor
community to suspend all non-emergency aid to Malawi from 1992
onwards, which thus reduced the aid commitments to bare
essentials such as food and fertilizer. The ban may be lifted shortly
now that the government has formally accepted a multi-party
political system in June 1993.
As a conclusion it can be said that smallholders have hardly
benefitted from macro policies in the past two decades and the
adoption rates of fertilizers and hybrid seeds have remained
extremely low among smallholders owning less than 1.5 ha of
arable land (approximately one million households). This situation
has led to a rather fragile food security basis, particularly at
household level among the smallest of smallholders. If anything,
the low fertilizer use has also led to continuous monocropping
which poses an environmental hazard on Malawi's agriculture.
Government policies that are now designed for the near future,
have therefore to deal with the extremely difficult issue of
promoting the use of hybrid seeds and fertilizers to the majority of
farmers who presently cannot even feed their own families with the
land available to them.
Environmental issues
At present, less than 30% of smallholders use fertilizer and these
farmers mostly have holdings of two hectares or more. There is
also evidence that smallholders who do use fertilizer, apply only 20
to 30% of the recommended rates, spreading it thinly over their
land instead of applying the proper rates to part of their holding.
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This means that 70% is not using any fertilizer at all while
monocropping maize year after year, or, in other words, about
three-quarters of all arable land is either inadequately fertilized or
not fertilized at all.
The monocropping of the country's staple food without fertilizer or
with inadequate quantities of sulphate of ammonia (SA) and
diammonium phosphate (DAP) only, has probably caused mining
of certain micro-nutrients such as boron and zinc. In its field trials,
the Rockefeller Foundation established extremely low efficiency
rates of the regular fertilizers applied, indicating, besides possible
poor management, deficiencies other than nitrogen and
phosphorus. The foundation moreover established that phosphorus
may not be as deficient as generally believed, which means that
farmers applying DAP get extremely little value for money.
Since virtually all arable land is now under cultivation, there is only
limited scope for land expansion to increase maize production.
This means that unless productivity on existing lands is increased,

Transport of fertilizers.
Photo: Norsk Hydro,
Oslo
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fallow periods will be shortened and more fragile, marginal lands
will be taken into production.
In areas where livestock is important, Malawian farmers are
familiar with the use of organic fertilizer. In many villages, one can
see cattle kraals or 'khola'. Farmers claim that their maize yields
will improve in places where the 'khola' was placed and they will
move the pen to another part of their land if maize yields tend to
get lower. Farmers also sometimes plough back crop residues, but
these are usually burnt to prevent the occurrence of pests and to
discourage termites [4].
The application of organic fertilizers is extremely important for
improving and maintaining the level of organic matter in the soil,
which enhances the uptake of mineral fertilizers. Also, some
important micro-nutrients may thus find their way back into the top
soil. However, the nutrient content of animal manure varies widely,
depending on the animals' diet, but is generally so low that as
much as 20 to 301 per ha of manure may be required to fully
replace mineral fertilizers required for more intensive cultivation.
Also maize crop residues contain few nutrients as most of the
nutrients are concentrated in the kernels, which are harvested.
Moreover, the release of nutrients from organic fertilizer is
generally slow and unpredictable, i.e. it may not coincide with the
needs of the crop. Optimal results are therefore obtained with a
combination of organic and mineral fertilizers, since application of
organic fertilizer remains of vital importance for the organic matter
content of the soil and therefore for the efficiency of mineral
fertilizers.
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With the current prices of fertilizer, it remains of vital importance
that the efficiency of mineral fertilizers be optimized and that ways
be found to at least partially replace the chemicals with organic
fertilizers that are available to the farmer at no or little cost.
Particularly for maize growers who use no fertilizer at all, it is
important to adopt at least some ecologically sound practices that
reduce soil mining and hence retard the degradation of the soils.
The Ministry of Agriculture is well aware of the farmers'
predicament and much of their agricultural research is geared
towards the development of 'green' methods.
Maize
For maize, the best results seem to come from agroforestry,
particularly alley cropping. The Chitedze Agricultural Research
Station has conducted experiments throughout the country
whereby maize is grown on plots with hedge rows (Leucaena). The
hedges do not appear to compete with the maize plants for
moisture, as was clearly established during the dry conditions of
the 1991/92 season. The Leucaena leaves, which are rich in
calcium (Ca) and magnesium (Mg), are applied to the top soil,
resulting in significantly better maize yields. The leaves seem to
improve the pH-value (level of acidity) in the top soil, apart from
adding organic material. This is of importance to the generally very
acidic Malawian soils. The leaves also add, among others, organic
N, but the best yields are obtained in combination with inorganic N,
in the form of mineral fertilizer. The researchers caution that: "It
should be born in mind that agroforestry systems will not supply all
essential nutrients and must be appropriately supplemented to
obtain maximum benefits" [4]. Other experiments are conducted to
test different hedge varieties in various ecological zones.
It was also established that too high levels of urea application
deplete the soil of particularly P and other nutrients due to
increased plant growth, and increase the levels of acidity, which
are already high in many parts of Malawi. Particularly a high
analysis fertilizer such as urea (46% N) should be applied with care
so as to avoid these negative effects. Farmers, often still used to
DAP (18% N), need to be informed of the properties of urea since
they may burn the roots of e.g. bean plants that are intercropped
with maize or reduce maize yields through mining of P and
increased acidity. These effects may render urea, in the eyes of
farmers, a poison rather than a nutrient. Yet the government is
determined to promote the use of high analysis fertilizers, such as
urea and calcium ammonium nitrate (CAN) due to the lower
transport and production cost per nutrient kg.
Intercropping experiments are going on for maize with beans
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(dwarf beans, climbing beans and soybeans) and cow peas. The
latter appears to be an excellent green manure for maize
(supplying up to 45 kg N per ha).
At present, subsistence farmers constitute a formidable hazard to
Malawi's environment and jeopardize the production potential in
the long run. The extent of subsistence farming is likely to increase
as the land area-man ratio is rapidly declining: at present an
average of 0.27 ha of arable land is available to one person, the
ratio may drop to only 0.18 towards the end of this century. The
need for more sustainable farming practices is therefore of utmost
importance.
Tobacco
The tobacco estates use fertilizers and practise crop rotation.
Tobacco needs careful management. Too much nitrogen, for
instance, may give curing problems. Special tobacco compounds
are being used (NPK+B) and usually a four year rotation cycle is
maintained: tobacco-maize-rest-rest. However, tobacco's very
profitability may lure farmers into shorter rotations. Also, despite
crop rotation, the soil may lose some important micro-nutrients in
the long run, which affects yields. Tobacco has long time been the
prerogative of estates only, but for several years smallholders have
also been allowed to grow burley tobacco. It is questionable
whether these smallholders will also maintain strict rotation
practices.
Although it may be concluded that tobacco growers are
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' It should be noted that it
is quite possible that the
filler has been depleted of
nutrients without losing its
granular shape.

consciously applying fertilizer and crop rotation, there is still cause
for concern about environmental degradation. The rates at which
the compounds are being supplied lack a sufficient scientific base;
they come from the Ministry of Agriculture and the Tobacco
Research Institute of Malawi (TRIM), but they are generally not
based on soil samples from farmers' fields. In fact, soil samples are
rarely taken. The applied rates of NPK+B are high: approximately
630 to 695 product kg for flue cured tobacco and 725 to 780
product kg for burley tobacco [6]. Smallholders seem to use less
fertilizers because of the costs involved. That application rates may
be excessive appears from the fact that sometimes granules can
still be found in the soil when the matured tobacco plant is
uprooted1. Also, some experiments with lower amounts of fertilizer
in the Southern region did not show substantially lower yields [1].
There are also possibilities to use the stalks of the tobacco plant as
organic fertilizer, since they seem to contain many valuable
nutrients, such as potassium, calcium, phosphorus and the much
needed magnesium. The nutrient content of the stalks can be
enhanced through composting with farmyard or chicken manure.
However, to avoid pests, good composting is necessary. It was
found that with composted stalks, mineral fertilizer use could be
reduced by as much as 40% [1].
Another cause for concern is the fact that tobacco farmers apply
pesticides indiscriminately, based on the recommendations of the
sellers. TRIM is trying to address the high rates of fertilizer
application and pesticide use.
An indirect environmental hazard of particularly flue cured tobacco
growing is the amount of 40 cubic metres of fuel wood necessary
to cure one hectare of tobacco. Alternatives are sought, since the
increasing scarcity of fuel wood is pushing up the production costs
of flue cured tobacco. Some farmers contemplate shifting towards
the production of burley tobacco, which is sun dried. Also the use
of coal is looked into, since there are coal deposits in Malawi.
Another solution would be to use tobacco stalks as fuel; some five t
per ha of dry matter are burnt anyway to avoid pests in the next
crop. Some very conscious tobacco growers maintain their own
woodlots.
Structure of the fertilizer marketing sector
The marketing of fertilizers to smallholders and estates has always
been distinctly separated in Malawi; smallholders are supplied
through the Smallholder Farmers Fertilizer Revolving Fund of
Malawi (SFFRFM) while the estates are provided with fertilizer
through Optichem, a (semi)private fertilizer trader/manufacturer. In
1991, Norsk Hydro entered the market as the third importer, being
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TABLES. Fertilizer sales (product tonnes) in the period 1986/87-1992/1993
[ADMARC, Optichem and Norsk Hydro].

1986/87
1987/88
1988/89
1989/90
1990/91
1991/92
1992/93

SFFRFM

Optichem

Norsk Hydro

69,100
84,000
87,200
102,700
116,100
128,371
131,944

45,860
43,720
49,190
32,550
30,290
25,649
25,575

4,000
8,785

the first sure sign of market liberalization. Norsk Hydro initially
targeted the tobacco estates and was thus seen as a straight
competitor of Optichem. Table 5 shows the quantities traded.
Smallholders
Demand forecasting
Quantities traded have been consistently less than the smallholder
demand forecasts of the Ministry of Agriculture, which in turn are
believed to fall short of the real smallholder demand for fertilizer.
The national fertilizer demand forecast is a compilation of the
estimates generated by the Agricultural Development Divisions
(ADD's). According to USAID, these estimates are extrapolations
of past trends, rather than an elaboration of the number of farmers,
cropping patterns, recommended fertilizers, application rates,
trends in producer prices and input costs, and credit availability.
Smallholder Farmers Fertilizer Revolving Fund of Malawi
(SFFRFM)
All fertilizers need to be imported, either on a commercial or grant
basis. On the basis of the Ministry of Agriculture's estimate on
smallholder demand, SFFRFM will tender for importation of the
required types and quantities of fertilizer, after having ascertained
the donor pledges that are likely to be forthcoming.
SFFRFM started out in 1983 as the Smallholder Fertilizer
Revolving Fund (SFRF) residing as an independent unit under
ADMARC. SFRF was established with joint financing of the
Malawian government, the International Fund for Agricultural
Development (IFAD) and the International Development
Association (IDA). The revolving fund was to operate
independently from ADMARC, so as to avoid possible financial
strains of ADMARC affecting the importation of a strategic
commodity such as fertilizer. SFRF was turned into SFFRFM in
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TABLE 6.1991/92 subsidy levels (%) for selected fertilizers [SFFRFM].
Urea

DAP

23-21-0-4S

CAN

SA

30.23

27.41

17.36

1.03

0

1988, when it became a trust fund under a board of trustees, not
only responsible for the import of all fertilizers for smallholders, but
also to manage the Fertilizer Bufferstock (FBS). The bufferstock,
now targeted at 90,0001, was established with the help of the EEC
and should have a minimum level of 70,0001 by the end of March
so as to guarantee sufficient supply in the coming season.
SFFRFM operates three warehouses, one in each region, with a
total capacity of 155,0001.
Through SFFRFM, the government of Malawi could target its
fertilizer subsidies to smallholders, since the Fund was to provide
fertilizers at a fixed price to farmers, mostly on basis of credit. The
difference between the revenues of the fertilizers sold by SFFRFM
and the total costs incurred constitutes the level of subvention. For
the 1991/92 season, the subsidy levels were as shown in Table 6.
Agricultural Development Marketing Corporation (ADMARC)
Since 1971, ADMARC has been engaged in buying and selling
major foodgrains, as well as inputs such as fertilizer. In 1983, the
latter responsibility was handed over to SFRF, later SFFRFM.
However, all fertilizers procured by the Fund are distributed
through ADMARC's distribution network, which is well spread
throughout the country. ADMARC has 333,9251 of storage space
in 33 locations, 82 area offices, 217 unit markets and 1310
seasonal markets.
ADMARC acts as an intermediate agent for the Fund, which
means that SFFRFM remains owner of the fertilizer while it is in
transit to the consumers. ADMARC arranges transportation of
fertilizers from the SFFRFM stores to its own depots, for onward
transportation to the markets. These movements are carried out
according to the allocation plans drawn up by the Ministry of
Agriculture. As ADMARC has little transport capacity of its own,
fertilizer is hauled by private trucking companies. The real cost of
the storage and transport by ADMARC is reimbursed by the Fund,
without any overhead. ADMARC has already claimed that if they
are to operate on a financially sound basis, a margin of at least
15% above the real cost should be charged. The Ministry of
Agriculture has declined this request for fear of higher fertilizer
prices at farmers' level or an increased subvention from the
government.
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Smallholders wishing to obtain fertilizer on credit have to be
member of a credit club; this club will then receive fertilizer on
behalf of its members and arrange for payment later on. At present
there are some 12,000 credit clubs. The credit is made available by
the Agricultural Development Districts (ADD's) from funds of the
Smallholder Agricultural Credit Administration (SACA).
Assessment
The fertilizer procurement and marketing system for smallholders
has been working reasonably well, but there are certain problems.
First, the imported fertilizer is moved to warehouses of SFFRFM,
before forwarding to the stores of ADMARC. As such it is inevitable
that there is some double hauling and handling, since trucks may
pass some of ADMARC's regional locations for distribution on their
way to the Fund's storage centers. If the Ministry of Agriculture
happens to be late with its allocation plan, ADMARC may have had
to start moving some stocks to prevent congestion, thus running
the risk of having to remove part of the stocks at a later stage in
accordance with allocations.
The movements are effected through private transporters at a
maximum price which has been fixed in advance. Transporters will
obviously make sure to charge this maximum price to ADMARC,
which means that there is no incentive to economize or compete
amongst each other on haulage rates.
Allocation plans, which are mainly based on demand projections at
ADD level, may not always reflect real demand. This sometimes
results in a supply gap in one area, while there may be a surplus in
another area. Unfortunately, the unsatisfied demand goes
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unrecorded, which means that there is no feedback to the Ministry
of Agriculture on the appropriateness of its allocations.
This unrecorded demand can be of a very peculiar nature. Some
small farmers with ready cash go to ADMARC stores to buy
fertilizer, only to hear that the available stocks are reserved for
credit customers. The reasons may be very plausible: some 65%
of ADMARC fertilizer sales are on credit. By the time the credit
documents have been made available to the warehouse manager
through the ADD, they represent a commitment to those farmers or
credit clubs mentioned in the documents. If the stock position is
tight, the warehouse manager will not jeopardize the supply to the
credit clubs by selling to cash customers. However, there remains
unsatisfied demand for fertilizer, which results in lower yields.
The credit clubs are an efficient way to deal with groups of farmers.
They maintain a form of social control among each other with
regard to repayment of debts; loan recovery rates are invariably
well over 90%. However, members of the clubs will probably make
sure that only the well established farmers are allowed
membership, since any defaulter would have to be bailed out by
fellow club members. One may wonder if the credit facilities were
not intended for the more vulnerable farmers, who do not dispose
of cash at the beginning of the growing season. In general it can be
said that credit availability in Malawi's rural areas is grossly
inadequate.
However, smallholders buying fertilizers on a cash basis against
subsidized prices may not use the fertilizer themselves, but carry it
on to the estates; they may even act on behalf of estates. This
leakage has never been quantified and while some play it down,
others think it is substantial.
SACA disposes of MK 70 million to extend loans to smallholders.
The fund was established with the help of the World Bank, EEC
and IDA. This amount, however, is finite and the number of credit
clubs has been stable for several years. Only 13% interest is being
charged, to cover for inflation and non-recovery.
The loans are usually recovered at planting time, since most output
is sold during the off-season. With the present (1993) severe
drought, loan recovery is at an all-time low (some 25%), which has
already jeopardized the issuance of new loans.
Estates
The consumers of fertilizer are allowed to import their own
requirements. However, they are usually reluctant to do so.
Lonhrho, which operates two sugar estates, has imported its own
fertilizer requirement for many years, but others, such as the Tea
Association of Malawi Ltd., would only reluctantly import directly if
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the price difference with Optichem's bid proved substantial.
Optichem was the only private company allowed to import
fertilizers on behalf of estates until 1991.
Optichem
On Malawi's independence in 1964, its colonial tobacco estates
produced some 2 million kg tobacco. Tobacco production now is
around 100 million kg, indicating the enormous growth since then.
The demand for fertilizers and other inputs was handled by the
Agricultural Trading Company (ATC). However, with the growing
demand for fertilizers, Optichem was established in 1969 for
procurement, distribution and manufacturing of fertilizers.
Optichem enjoyed government protection from 1978 till 1988 in
that it was the only company licensed to import fertilizer for the
estate sub-sector.
Optichem caters mainly for the tobacco estates throughout Malawi,
either directly from the gates of the factory or from its store in
Lilongwe. The rest of the distribution is effected through ATC,
which has eight selling points in the country.
Optichem is also the only manufacturer of fertilizer in Malawi. It
operates an NPK bulk blending plant in Blantyre, where tobacco
formulae are produced, the components of which are
predominantly imported from South Africa. Despite the signalled
supply shortfalls, the plant operates only at 50% of its 50,0001
capacity.
Assessment
The main reason for Optichem's slumping supplies (Table 5) and
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under-utilization of its granulation plant is most probably its prices.
In a virtually competition free environment, Optichem has raised its
prices from year to year. The prices are based on projected
production levels, levies and impact of possible currency
devaluations. Yearly, the new price calculations are submitted to
the Ministry of Trade and Industries for approval [2]. The high
prices originate not entirely from a lack of competition but also from
high transport costs: the supplies from South Africa have to make a
detour through Zambia, since the route via Tete in Mozambique is
disrupted. Moreover, South Africa has to import part of the
supplies, such as potassium, before delivery to Optichem.
Moreover, Optichem suffered from loss of reputation when it was
established that there was variation in the weight of the bags and
the nutrient content of its compounds. Although the incidence of
such variations is not known, it certainly had its effect on demand.
The onset of privatization
The call for liberalization of the fertilizer sector became stronger
towards the end of the 1980s. The drawbacks of the existing
system became more and more evident. Malawi's food security
base was weak; its economic well-being was largely dependent on
the revenues from tobacco exports; its smallest farmers were
marginalized, aggravating the process of soil degradation; fertilizer
supply shortfalls limited agricultural production; dual pricing led to
leakage of subsidized fertilizer from the smallholders to the
estates; and the curious mix of private and state owned c.q. ruled
organizations lacked the drive to work at minimal cost which was
reflected in higher prices and further need for government
subventions. With the mounting budget problems, these
subventions were increasingly difficult to sustain and the Bretton
Woods institutions insisted on containing and gradually phasing out
of the fertilizer subsidies in the period 1991/92-1995/96.
Subsidies
By fixing fertilizer prices, SFFRFM runs an annual trading deficit,
which is covered by the treasury. This amount constitutes the
government subvention for fertilizers, while the difference between
the fixed and the real price of the fertilizer forms the economic
subsidy to the smallholder. This arrangement is open ended, in
that higher levels of fertilizer use by smallholders and leakage will
automatically lead to higher subventions.
The high prices charged by Optichem are inter alia based on a
granulation plant working below capacity. Estate farmers are
paying the full price for Optichem's products, hence they are taxed
for Optichem's inefficiencies. The difference with the subsidized
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prices for smallholders is therefore also more pronounced, which
stimulates leakage of government subventions to the more affluent
estates.
In order to ban the growth of subventions, the government of
Malawi has agreed under the current Agricultural Sector
Adjustment Credit (ASAC) to reduce the subvention as a
percentage of its budget from 1.9% in 1990/91 to 1.3% in 1992/93.
The government is further committed to have the subvention
phased out by 1996/97.
These intentions have already led to total abolition of the subsidies
on CAN and SA. The remaining subsidies are on the compound
NPK+S 23-21-0-4S (17.36%) and the High Analysis Fertilizers
(HAF): urea (30.23%) and DAP (27.41%). As of 1 April 1992,
SFFRFM no longer handles tobacco compounds for smallholders
on instigation of the Ministry of Agriculture. The rather heavily
subsidized tobacco compounds were namely extremely
susceptible to leakage to the estates.
Liberalization
With the disappearance of subsidies, it becomes possible for
private traders to enter the market and start competition with the
established importers/distributors. In 1991, the government partly
opened the door to liberalization by issuing an import license to
Norsk Hydro (Malawi), which had already delivered fertilizers to
ADMARC since the 1970s.
The initiative for Norsk Hydro's direct involvement came in the first
place from the Tobacco Association of Malawi (TAMA), whose
small scale tobacco farmers were facing the ever increasing prices
from Optichem. The Reserve Bank of Malawi suggested the
farmers first to explore possibilities of direct imports by themselves,
similar to the coffee, tea and sugar growers. This was considered
to be too cumbersome. A subsequent suggestion to approach the
Agricultural Trading Company (ATC) appeared not to be
practicable because of the formalized link between ATC and
Optichem. As a result, Norsk Hydro applied for an import license in
April 1991, which was finally granted in October 1991 through the
Ministries of Agriculture and Trade and Industries. The same
procedure will now take a maximum of three weeks.
Norsk Hydro started to hire storage space from farmers. It has
presently some 14 depots throughout the country, each of which
can hold up to 2500 t. In its first year, 1991/92, Norsk Hydro
brought a modest 40001 into the country, enough to make the
established companies realize that competition had started. For the
1992/93 season Norsk Hydro aimed at a stock of 18,0001 by the
end of September and further shipments in October. Larger stocks
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are presently too risky in view of the threat of devaluation and
longer lead periods for remittance permits as compared to last
year.
It is interesting to note that some smallholder farm clubs have
made significant cash purchases directly from the Norsk Hydro
depots, where three tobacco compounds: compound D (8-18-15),
super D (10.7-24-20) and super C (8-24-20), urea and CAN were
available. This shows that there is also scope to sell to
smallholders at unsubsidized prices, provided that factors such as
timely delivery, high quality, pre- and after-sale-service are
impeccable and guaranteed.
For the year 1991/92 a price comparison could be made between
Optichem, Norsk Hydro and the theoretical commercial price of
SFFRFM for CAN, urea and Super D (a tobacco compound). In
reality the prices of SFFRFM to smallholders are subsidized. An
overview is presented in Table 7, which shows that, for instance,
CAN is offered even cheaper by Norsk Hydro than by SFFRFM
after subsidy.
TABLE 7. Market prices for three fertilizer products in 1991/92 (Malawian Kwacha
per 50 kg bag) [SFFRFM, Optichem, Norsk Hydro].
Optichem

CAN
Urea
Super D

59.85
67.74
79.95

Norsk
Hydro

46.80
57.30
72.00

SFFRFM
Theoretical
market price

Subsidy

Selling price

61.75
67.60
73.15

29%
50%
26%

48
45
58

Optichem has taken the entry of Norsk Hydro seriously and is well
aware of the fact that not only will it have to offer lower prices, but
that also in the field of non-price factors (e.g. quality and service) a
stiff competition has to be faced. Fertilizer is a commodity that is
worthless when it does not arrive in time; inadequate quality or
quantity will lead to a loss of market share. For the 1992/93
season, Optichem has started to advertise in the national daily
newspaper and the tandem Optichem/ATC is actively working on
its image as an organization that puts the farmers' interest in the
first place. Norsk Hydro has boosted its goodwill among the
farmers' community by providing free hoes, seeds and fertilizers to
some one hundred drought-stricken farmers, sixty of whom were
women, in the Lilongwe region.
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Policy consequences
The government of Malawi, having clearly shown its commitment
towards privatization, still has to deal with the waves caused by the
appearance of private traders on the fertilizer market. Particularly
its own role and the role of the parastatals may have to be
redefined so as to suit the new situation. The most important issue
at present is not to frustrate the process of liberalization; its
momentum should not be jeopardized. To this extent, the
government has already shortened the application procedure for
import licenses, which took four to six months in 1991 and can now
be done in three weeks. At present some 14 import licenses have
been issued, which means that more competitive forces will be at
play in the 1992/93 season.
It is also important that traders have timely access to sufficient
foreign exchange, a condition that has been adequately met by the
government of Malawi through its foreign exchange liberalization
programme, granting smooth and unlimited access to hard
currencies for importers. However, some form of control has been
maintained in that fertilizer import permits are granted on an
individual basis, after checking against a list emanating from the
Ministry of Agriculture, of types and grades of fertilizers that need
to be imported.
A problem that does influence the private fertilizer imports is the
threat of further devaluations. In 1991/92, the Malawian Kwacha
was devalued twice, once by 15% and once by 22%. Traders who
either have stocks or Kwacha from sales will lose money when
they change this money back into foreign exchange. With the
threat of further devaluations still looming over the market, traders
either keep their stocks low or incorporate the risk in the price to
the farmers. This has thus the double disadvantage of smaller
stocks and/or higher fertilizer prices.
The lead time for a remittance permit has more than doubled to 45
days as compared to last year, hence the risk for traders to be
caught in a devaluation has also doubled. A way out would be for
the Reserve Bank to guarantee a fixed exchange rate for a certain
period. Should a devaluation occur in this period and money is
thereafter remitted against the old exchange rate, one could speak
of a (very temporary) hidden subsidy on fertilizer. This has to be
weighed against the disadvantages of lower stocks and higher
prices to the consumers.
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Summary
In Ethiopia the population pressure is concentrated on the highlands, with
little scope to extend the cultivated area into the lower areas. Virtually all
of the food crops are grown by peasant farmers, of which only one out of
seven uses fertilizers, at about half the recommended level. These levels
are 20-year old blanket recommendations which reflect the limited
research that has gone into the issue of balanced fertilization. Also the use
of organic fertilizers is low due to tremendous population pressure, and
research into the realm of LEISA methods is still scanty. The new
government is committed to turn the process of soil degradation around
through increased use of mineral fertilizers, the availability of which it
hopes to stimulate through the liberalization of the fertilizer sector. The
government successfully started liberalization at retail and later at
wholesale level, a process that should culminate in the privatization of the
parastatal now handling fertilizer and free import of fertilizers by private
traders.
Introduction

2

These figures apply to

the names of the
administrative units in the
1980s. In 1989, the
administrative structure
changed, but most
available statistics refer to
the old situation.

The population of Ethiopia surpassed 50 million in 1990, which
makes it the second most populated country in SSA after Nigeria.
The population, which is growing at a rate of 2.9% per annum, is
mainly concentrated on the Ethiopian highlands in the provinces of
Hararghe, Sidamo and Wollo 2 . The population density averages
41 persons per square kilometer, but in the highlands, where about
90% of the population is concentrated, the actual density is around
250 persons per square kilometer. Ethiopia has a potential of 85
million ha of arable land, of which only 8-10 million ha are
cultivated. The soils on the highlands are rather fertile.
It has generally been estimated that annual crops cover an area of
around 8 million ha and perennial crops some 2 million ha, the
remainder being range lands. However, some sources indicate a
much larger cultivated area (e.g. the Economist: 16 million ha,
probably based on the less accurate satellite imagery).
Of the cropped areas, more than 90% used to be farmed by
smallholders or 'peasant farmers' whose share has recently
increased to virtually 100% with the demise of the state farms,
following the fall of the Mengistu government in 1991. The share of
the peasant farmers in the production of cereals and coffee, the
main export item, has always been close to 100%.
The average farm size varies, but is generally very small: around
0.5 ha in populated South Shoa, 1-1.5 ha in Tigray and 2-3 ha in
Wollega. Nomads may occupy up to 20 ha.
The productivity of cereals is generally low to very low, 800 to 2000
kg per ha, with an average of around 1100 kg per ha, due to the
traditional, rainfed farming systems. Out of an estimated total of
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seven million farming families only one million uses fertilizers. The
average dose applied is usually substantially less than the
recommended levels (blanket recommendations are currently valid
for the whole country). The average fertilizer nutrient use amounts
to 7 kg per ha (predominantly NP) as compared to e.g. 48.1 kg in
neighbouring Kenya [13].
Ethiopia has a structural food grain deficit, even in rare years
without calamities. In drought years (e.g. 1991) up to one million t
of food is imported.
The fact that only a fraction of the arable land is cultivated does not
mean that there is immediate scope for extension of the area.
Taking new land into cultivation takes time and would also need
large displacements of people. The previous regime has tried to
resettle people forcefully, without much success. As a result, the
population pressure on the cultivated land is extremely high and
still mounting. Moreover, Ethiopia has enormous cattle herds
totalling some 27 million cattle, 24 million sheep and 18 million
goats; after coffee, hides and skins are Ethiopia's largest export
item [10].
The need for an expanded use of mineral fertilizers is perhaps best
illustrated by the estimates of Dr. Amit Jit Singh Sodhi of the World
Bank. With the present growth rate, the population of Ethiopia will
have increased from 50 million to 70 million by the year 2000. To
provide these new people with 2100 kcal a day, an extra 3.7 million
t of food grain is needed, plus the present structural deficit of one
million t. At present, some 6 million t of food grains is produced. It
is impossible to finance and move such an amount of food grains,
the government and donor finances as well as the infrastructure
would simply not permit it; not to mention the present weariness
among donors to give food aid. To increase the cultivated area is
difficult, because of diseases (malaria, tsetse) in the lowlands and
sociological reasons. At a yield of 1100 kg per ha, some four
million ha of new lands would be required, 7 years from now! Only
intensification with the help of fertilizers and improved seeds will
provide a chance, ideally in combination with the gradual
exploitation of new lands.
The debt service ratio has run up to 76% in 1992 of the export
earnings [11], which makes it extremely difficult for the governmen
to finance the required quantities of food and fertilizer. Export
earnings are likely to decline further following a fall in coffee
exports and their price on the world market. The import of fertilizer
has always been fully covered by donations, and in view of
Ethiopia's external debt situation it is unlikely that the country can
generate enough foreign currency to boost fertilizer imports up to
the projected demand levels, which exceed the present supply by
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several times. The donor community, led by the World Bank, is in
principle willing to come forward with extra support for fertilizer
imports, only if the fertilizer market is liberalized. The first steps
towards liberalization have already been taken and Ethiopia's main
actor in the fertilizer market, the Agricultural Inputs Supply
Corporation (AISCO), will have to undergo a major restructuring to
suit the needs of a liberalized market. In order to understand the
present situation with regard to fertilizer marketing, an overview will
be given of the macro-economic developments since 1974, the
year in which the regime of Emperor Haile Selassi was overthrown
and replaced by a revolutionary government which operated along
Marxist-Leninist lines.
Macro-economic developments 1974-1991
The period 1974-1976 was marked by a continuous power struggle
among the new military rulers, from which Colonel Mengistu
emerged as the most powerful leader. In 1975, the socialist
government nationalized all land and organized the country along
centralistic, proletarian principles, inter alia through the
establishment of so-called 'kebeles' or peasant associations. Civil
wars erupted in Eritrea and the Ogaden in South East Ethiopia,
which constituted an enormous drain on the government budget.
The nationalisations, political upheavals and the transition towards
a centrally planned state brought much insecurity and agricultural
production fell significantly.
Due to the socialist principles of the new government and flagrant
violations of human rights, the donor community substantially
reduced its aid flow to Ethiopia, although it ranked among the
poorest countries in the world. Erratic weather conditions,
combined with the disruptions brought about by civil war, led to
some major famines in Ethiopia during the 1980s, which did
generate humanitarian aid from the West. Soviet and Cuban aid
was predominantly military, to support Ethiopia in its struggle in the
Ogaden and against Eritrea. This resulted in some military
victories, but also in a substantial debt to the Soviet Union.
However, the termination of the hostilities in the Ogaden in 1978
provided some financial breath to the government and in the
following three years the economy picked up slightly.
In 1981, the Ethiopian government launched an ambitious 10 year
plan, which was heavily criticized by the donor community as the
plan opted for increased state interventions to improve the
productivity and living conditions of the people. Famines in 1984
and 1987 wrought havoc with the plan and frequent adjustments
had to be made. Nevertheless, the World Bank started negotiations
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with the government in 1981, which finally led to an agreement for
a loan of US$ 300 million in 1983. In order to please the donor
community, the Mengistu administration decided to release state
control somewhat over grain marketing, which solicited positive
responses of several donors in 1987. This prompted the
government to further release the reins with regard to economic
activity, leading up to an announcement of full market liberalization
in 1990. Although it seemed more than mere lip service to the
donor community, the changes came about slowly and donor
support remained meagre. Political instability increased towards
the end of the 1980s, leading ultimately to the downfall of the
military government in 1991. In this year, also the war in Eritrea
came to an end and Eritrea became independent.
The new provisional government seems now determined to go
ahead with the market liberalization and reduction of state control
[14], which is presently leading to more substantial donor support.
It has already substantially relaxed the price regulations for
agricultural inputs and grains, and with a devaluation of the Birr
against the US$ in 1992, it ended a period of 20 years where the
Birr was fixed at 2.07 against the US$. The grossly overvalued Birr
discouraged formal exports and substantial smuggling of coffee
and livestock was apparently going on [11].
The state farms and the producer cooperatives claimed more than
40% of the government's agricultural budget in the first half of the
1980s [10], but produced less than 5% of the agricultural output.
They also got a major share of the available fertilizers and
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improved seeds. Their current contribution to agricultural
production is believed to be less than 1 %, and they will therefore
remain outside the scope of this paper. The transitional
government has invited private investors, including foreigners, to
revamp the previous state farms into modern private farms or to
occupy land that is still free from claims of farmers or nomads. The
government will provide bank credit and tax benefits for this
purpose [14].
Environmental issues

3

The extra bag of urea is

recommended to
compensate for the low
nitrogen content of DAP:
two bags of 50 kg DAP
(18-46) and one bag of 50
kg urea (= 23 kg N) will
provide an almost
balanced NP dose of 41
kg N and 46 kg P205 (=
19,8 kg P). Also the urea
is applied as a basal
dressing.

It is estimated that only some 15% of the farm households are
using fertilizer, and that virtually all of these households apply only
half of the recommended quantity. This amounts to an average use
of only 5-7 nutrient kg per hectare. The recommended application
rates, two bags (50 kg) of DAP and preferably one bag of urea3,
constitute a blanket recommendation for cereal production in the
whole country. This recommendation, which has not changed since
the early seventies, shows that little effort has gone into the
establishment of the actual nutrient requirements for the various
crops over the years. Only recently, the Ministry of Agriculture
(ADD/NFIU) has established more refined recommendations for
the various cereal crops, taking the soil type into account. This can
be done relatively easy in Ethiopia, since the different soil types
have their own distinctive colour. However, peasant farmers are
still predominantly using DAP and hardly any urea (only 10%), so
there will be a need for a massive extension campaign in order to
introduce more use of nitrogen. As relatively little farming systems
research has been carried out, the farming practices, motives and
objectives of peasant farmers are largely unknown to researchers.
The fact that only a small part of the farming population uses
roughly half the recommended fertilizer quantities indicates that the
soils on the Ethiopian highlands are seriously mined and little
organic material is returned to the soils. The population pressure
has already reduced the fallow periods practiced by the farmers
and the cereal crops are often rotated with other cereals, but also
with legumes and oilseeds. Since farmers are encroaching on the
range lands, the livestock has to graze on more marginal lands and
a substantial part of the crop residues is used as cattle feed.
Manure is predominantly used as fuel, particularly in areas with
severe deforestation. Some manure is used on garden crops as
well as on enset (false banana) in southern and (increasingly)
south-western parts of the country. Enset is a drought resistant
root crop which requires exclusively manure and constitutes the
staple crop for some seven million people.
The fact that farmers have invested little in the long term fertility of
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their lands cannot only be attributed to deforestation, although the
latter has been severe. Some 80 years ago, 50% of Ethiopia's
surface was covered with forests, a percentage that has dropped
to below 4% in recent years. A big culprit has been the land tenure
system under the previous governments. In feudal times, there
were landowners who possessed sometimes up to 800 hectares of
land, providing little incentive for the tenants to worry about longterm fertility. During the socialist reign, these lands were
confiscated and redistributed among small and landless farmers,
though no title deeds were passed. Peasant associations
determined communal use of the lands. This, again, brought much
insecurity and applying cow dung to the fields in order to reap the
benefits in the next season was considered too risky, since the
peasant association could allocate the land to somebody else. In
1990, the first step towards land ownership was made and at
present the transitional government has decided that farmers can
own their land, rent it out, leave it to their children but they are not
allowed to sell the land. The land is therefore not the property of
the farmers and there are still no title deeds. However, the longterm scope is there and also there are already indications that
more manure is applied to the soils: the stage for better soil and
water management has been set, which hopefully will have a
positive effect on the alarming degree of wind and water erosion.
The problems are most pronounced in the drought prone and
rather densely populated north and north east of the country,
where soils have low organic matter contents.
There is general consensus among researchers, government
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officials and donors that there is an immediate need for more
fertilizers, in order to slow down the rampant degradation that is
presently going on. But, as will be described later, there are many
bottlenecks with regard to incremental fertilizer use. In this chapter,
however, it should be noted that recent trials by ADD/NFIU have
shown that the 23-23-0 compound gives better results than DAP
and DAP + urea, for most crop and soil type combinations. This
may be attributed to the fact that the farmer is automatically
fertilizing in a balanced way. There seems to be a lot of resistance
among farmers to use urea (or to apply top-dressings), since it
stimulates weed growth and often causes lodging of the teff crop.
Hence, compared to using only DAP, the 23-23-0 comes out very
positively (see also Table 10).
The environmental effects of increased fertilizer use are perhaps
best summed up by the FAO-IC report [11, p. 69]: "The positive
consequences would be as follows: (a) increased levels and
expanded areas of fertilizer use would lead to higher plant
populations and better crop cover, thus reducing run-off and
associated soil erosion on crop lands; (b) the increased food
production resulting from fertilizer use would mean reduced
pressure to extensify production through incorporating fragile,
marginal soils on steep slopes, thus helping to reduce the problem
of soil erosion; and (c) the increase in crop residues, roughly
proportional to the increase in grain yield, would mean more forage
for livestock and thus, less pressure on the overgrazed communal
grazing and rangelands, as well as more organic material for
improving soil structure.
The only negative consequence (-) is likely to be rather
insignificant. Increased use of inorganic fertilizer could lead to
problems of soil acidity and contamination of ground water (in case
of unjudicious use of nitrogen fertilizers, Makken). However, (-) the
scale of fertilizer use will be extremely low by international
standards and would pose little or no threat to the environment."
However, fertilizer alone will not be a panacea in the long run.
Extension services will have to work hard on matters of soil
management, water harvesting, small scale irrigation, alleycropping, mixed cropping, combined application of mineral and
organic fertilizer, promotion of forage trees, and finding solutions to
the labour intensive traditional farming practices e.g. through
introduction of simple farm implements. Some work is going on.
Tests are carried out with alley-cropping, but the results in the
more arid areas are so far not encouraging since the crops
compete too much with each other for water and nutrients. The
trees in the alleys should also provide fodder for the animals. Crop
rotation and intercropping trials are carried out for cereals, oil
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seeds and legumes. Also, traditional farmers practices are
investigated and promoted, such as the keeping of cattle on the
field for about a week, so as to prevent the labour intensive
collection and transportation of manure. A drawback in all these
efforts is the poor communication and coordination between the
various research institutes and the extension service. In particular
the small farming systems research and socio-economic surveys
that have been going on (Institute for Agricultural Research, IAR)
should be much more integrated in the efforts of other institutes.
Agricultural production
Coffee
Some 350,000 ha (ADD) or 500,000 ha [10] are devoted to coffee,
which constitutes the most important export crop for Ethiopia. The
actual area is difficult to estimate since much of the shade loving
coffee is grown among trees, the so-called bush coffee. The
production, however, has declined since 1984, only to recover
somewhat in 1989/90 and 1991/92. The exported volumes have
decreased enormously in 1990/91, due to drought and diseases,
as can be seen in Table 8.
Despite the fact that coffee is the main foreign exchange earner
(around 50% of the total export earnings) no fertilizer at all is used
by peasant farmers, whereas in other countries fertilizers are
usually directed to cash or export crops. Only some 200 ha of
coffee are well cultivated and some TSP has ever been imported to
promote its growth. It is quite likely that continuous cropping of
coffee may have caused nutrient constraints.
Cereals
In good years, Ethiopia produces around 6 million t of cereals, and
roughly an equal tonnage of pulses. The most important cereals
are teff (a staple unique for Ethiopia), wheat, barley, maize, millet
and sorghum, which are grown in two seasons: the minor Belg
TABLE 8. Coffee production and exports ('000 bags of 60 kg; coffee years
Oct-Sept) (International Coffee Organisation, in: [10]).

Production
Export
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1985/86 1986/87

1987/88 1988/89 1989/90

1990/91 1991/92

2,833
1,220

2,883
1,377

2,909
849

2,974
1,232

2,699
1,400

3,439
1,382

3,600

*~1
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harvest (10%) and the major Meher harvest. A particular role is
played by the indigenous teff, which can be regarded as the major
cash crop of the peasant farmers, as this food grain is a much
preferred staple of the Ethiopians. This may explain the rather
peculiar distribution of fertilizer use over the various cereal crops,
as can be seen in Table 9.
Around 40% of the total fertilizer is consumed by teff, whereas its
yields rank the lowest as compared with the other cereals. This can
only be explained by the fact that there is a sure market for teff,
which provides a guarantee for the farmers that their investment in
inputs can be recuperated. The application of fertilizer to the other
crops should also be seen in this manner: market opportunities will
determine the choice for the use of fertilizer. Maize, with the
TABLE 9. Fertilizer use by crop as percentage of the total and the respective yield
average, after fertilization, in the period 1986/87-1988/89 (MOA and CSA in: [8]).

Teff
Wheat
Barley
Maize
Millet
Sorghum
Others
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Crop share fertilizer
consumption, %

Average yield, kg ha"1

39.3
23.8
20.8
4.5
4.5
1.0
6.1

835
1199
1157
1796
919
1281

TABLE 10. Estimated additional yields, expressed as kg per kg of plant nutrients
applied (N + P205) at various application rates [ADD/NFIU, 1992].
Crop

Teff
Wheat
Maize
Sorghum

Additional yield
DAP + urea

23-23-0

4.7- 7.4
6.9-10.0
8.3-15.6
6.0- 9.0

4.9- 7.6
7.0-11.2
8.5-15.6
5.1 - 8.3

highest yield, and also the highest absolute production
(approximately 30% of the total cereal production) is a typical
subsistence crop.
Recent research by ADD/NFIU also established the response of
the various crops to fertilizer. Table 10 shows in general terms the
results: the response of teff to fertilizer is lower than of the other
food grains, but the use of fertilizer on teff can nevertheless be
justified, since the increase is from a rather low base and the
application of medium to high rates could double the production
per hectare. In all cases but one (sorghum), in terms of additional
yields, the use of the compound was superior or equal to the use of
DAP+urea, but never significantly less. This means that a strong
plea is justified for the promotion of NPK compounds, and the
promotion of more balanced fertilization, since peasant farmers do
not like to use urea. At present, farmers' practice is to use fertilizer
(DAP) only as basal dressing, which leads to unbalanced
fertilization and reduces actual yields. However, the extension
services must educate farmers to properly apply top dressings.
Finally, it can be observed that average cereal yields are still very
low, ranging from 835 kg for teff to 1796 for maize. This means that
a relatively large area is required to grow a sufficient amount of
cereals to satisfy the food requirements of the Ethiopian people.
The fertilizer response ratio's are encouraging, and an increased
use of fertilizers would ease the pressure on the available land and
generate more biomass, which would increase the possibilities to
return organic material to the soils. Further production increases
can be realized by fertilizers in combination with improved seeds,
small scale irrigation and improved fertilizer and farm
management.
Structure of the fertilizer marketing sector
Ethiopian farmers were first acquainted with mineral fertilizers in
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1967, when FAO's Freedom From Hunger Campaign started to
introduce fertilizers within the context of the existing extension
'nis paragraph has
system4. In 1970, the Extension and Project Implementation
been extracted from [8].
Department (EPID) was established under the Ministry of
Agriculture, which started an organized supply of fertilizers in some
selected areas (at this time some 20001 were traded annually),
and provided also the required credit facilities. During the 1970s,
the supply of fertilizers was further institutionalized through the
establishment of the Agricultural Inputs and Marketing Services
Share Company (AIMS) for the procurement and wholesaling of
fertilizers. AIMS resorted to the Agro-Industrial Development Bank
(AIDB), which, till date, is responsible for credit provision to farmers
groups. The retailing of the fertilizer as well as the drawing up of
credit agreements remained with EPID of the Ministry of
Agriculture. In 1978, the functions of AIMS were taken over by the
newly established Agricultural Marketing Corporation (AMC), which
was primarily responsible for the procurement and distribution of
foodgrains. By this time, the traded quantities had increased to
about 34,0001 annually. It was expected that trucks carrying grains
for AMC would deliver fertilizers on the way so as to economize on
freight and storage costs. This never worked out satisfactorily,
since the grain transports took most of AMC's attention, such as
the securing of compulsory deliveries of grains to AMC by farmers
in surplus areas. (Private trade was forbidden, enforced by road
blocks). Moreover, the cumbersome procedures with respect to the
establishing of fertilizer demand and import procedures caused
great inefficiency. It appeared not feasible to synchronize fertilizer
and grain hauling, causing high transport and storage costs for
fertilizers.
Agricultural Inputs Supply Corporation (AISCO)
In 1984, AISCO was established to take over the input supply
functions of AMC. AISCO, resorting under the Ministry of
Agriculture, was also to improve the hitherto unsatisfactory input
demand forecasting as well as to procure the fertilizers from
abroad.
Based on demand forecasts, AISCO will order the required
quantities of fertilizer towards the end of the calendar year. The
goods are received, stored and dispatched from the main port
Assab by the Marine Transit Service Corporation (MTSC). The
actual transport from the port to AISCO's central stores is
contracted to the Ethiopian Freight Transport Corporation (EFTC).
At present AISCO disposes of several central or transit
warehouses in Addis Ababa, Nazareth/Mojo and Kombolchia.
As AISCO has no retail network of its own it has to lean heavily on
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the facilities of the Ministry of Agriculture. The fertilizers are
therefore transported from the transit stores to some 750 Marketing
Centres (MC's) of the Ministry of Agriculture from which the goods
are forwarded either directly to the farmers or to Service Centers
(SC's) for further distribution to member farmers. In the 'AISCO
period' the fertilizer distribution has developed as shown in Table
11.
Despite impressive growth, albeit irregular and from a low base,
there are certain drawbacks to the present system that most
certainly have hampered a more vigorous growth of fertilizer
consumption.
The demand estimation process is cumbersome and unreliable.
AISCO collects demand estimations through the staff of the
Ministry of Agriculture, which means that special forms have to be
filled out at Peasant Association (PA) level for transmission to
SC's. AISCO collects the forms from the SC's for aggregation in
November. On the basis of these estimates imports will be
planned, which will have to reach Assab by March/April in the
following year. The 1992/93 carryover stock of approximately
100,000 t indicates that either demand is overestimated or that the
shipments have come too late to be of use to the farmers. The
general contention is that fertilizer consumption in Ethiopia is
supply-driven and that potential demand is much higher than actual
supply.
Late deliveries from Assab are a fact of life. In April/May the port is
generally congested due to its limited handling capacity: 1000 to
maximum 15001 of fertilizer per day, provided no other urgent
cargo, such as food grains, are also lined up. The two
organizations responsible for port handling and transport, MTSC
and EFTC, are also parastatals, independent from AISCO. The
military operations in the 1980s have diverted much transport
TABLE 11. Peasant sector fertilizer consumption (t) by year and type for the period
1984-1990 [AISCO].
Year

DAP

Urea

1984
1985
1986
1987
1988
1989
1990

42,147
22,296
74,347
88,335
85,327
99,060
76,185

4,737
1,823
8,918
9,774
9,920
13,294
24,028
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capacity away from food and fertilizer imports, and AISCO's own
43 trucks, some of which in poor repair, have not been able to
compensate for this, nor can they impose their needs on the other
parastatals.
The very long marketing channels are cumbersome and inefficient,
as at MC or SC level the quantities hardly ever exceed 1001. The
goods have to be handled many times before they finally reach the
farmer: port-temporary storage-transit store-MC-SC-farmer, which
increases the risk of losses and late delivery and also increases
the handling, storage and transport costs.
A further drawback is the fact that farmers can only obtain fertilizer
on credit provided by the SC's which obtain funds for this purpose
from the AIDB. There were some 4000 SC's, but only some 100
branches of AIDB throughout the country. Obtaining credit was
thus a rather difficult procedure. Even farmers who disposed of
cash would have to organize themselves to pool their funds for
deposit at a branch of AID. The fertilizer could then be obtained
from the nearest SC.
Peasant Agricultural Development Programme (PADEP)
PADEP has been introduced in 1985, to stimulate food production
in the Ethiopian highlands. The programme also had as its
objective the strengthening of existing institutions that were
responsible for food production and input supply, such as the
Ministry of Agriculture, AISCO, AIDB as well as the Institute of
Agricultural Research (IAR). PADEP has been subdivided over
seven different areas, and each sub-programme has been adopted
by a donor. At present the following donors are involved: the World
Bank (I and II), the African Development Bank (III), Italy (IV), IFAD
(V, together with the World Bank), EEC (VI) and SIDA (VII). All
donors have put different emphases on their programmes,
according to the needs of the specific region. Some of these
donors, such as the ADB, World Bank, Italy and the EEC, also
provide fertilizers, and it can be assumed that these fertilizers are
targeted for their respective project areas. Other fertilizer donors
are the Netherlands and incidentally Japan.
The onset of privatization
In the absence of any private sector involvement, the government
fixed pan-territorial prices for fertilizers. Prices are on a cost-plus
basis, reflecting the costs incurred by the parastatals to get the
product to the farmers. As there is no incentive in such a system to
economize on the costs through efficiency improvements, it has
been asserted that fertilizer prices have been unduly high in
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Ethiopia. Also, nobody could be held accountable for late delivery
or quality loss of carry-over stocks. Transport and marketing costs
in Ethiopia of fertilizers have always been among the highest in
SSA, as was e.g. demonstrated by Coster [9] on the basis of IFDC
data for the period 1986-1989. This also led to high retail prices.
Moreover, due to yearly congestions in the port of Assab before
the growing season, it is necessary to start stock building well in
advance of the season in order to avoid shortages at the beginning
of the season; a situation that may become slightly more
complicated due to the Eritrean independence. However, no real
problems are foreseen in this respect. Inability to plan these
arrivals properly leads to sometimes substantial carry-over stocks.
In principle, important cost reductions can be realized through a
more efficient marketing of fertilizers.
Direct subsidies to the implementing agencies, such as AISCO and
the AMC, were phased out towards the end of the 1990s as well as
preferential prices for members of cooperatives. Since the price to
the farmer reflects the real costs incurred, AISCO has not run
deeply into debt. The only indirect subsidy that is still in place after
1989 is constituted by the fact that many facilities of the Ministry of
Agriculture, including personnel, are used free of charge by
AISCO.
During the last years of the Mengistu administration, the first steps
towards market liberalization were taken. The transitional
government of President Meles Zenawi, that took over in 1991, has
continued vigorously to stimulate liberalization as a means to
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escape from the extreme food insecurity that resulted from the
drought and war ravaged economy in the 1980s. Cereal market
prices have been deregulated and the Ethiopian Birr has been
devalued, as was mentioned before. The unofficial rate is now
stable at around seven Birr for one US$, and, surprisingly, the
inflation has not skyrocketed.
Privatization of the institutions that deal with fertilizer has become a
stated aim of the government; in its Emergency Recovery and
Reconstruction Programme (ERRP) the private retailing of
fertilizers has been permitted as a first step towards full
liberalization of the fertilizer sector.
The present drive for liberalization comes at a moment when:
fertilizer use is still at rather low levels; part of the distribution
infrastructure (MC's and SC's) has been damaged by the war or
simply collapsed with the demise of the socialist system; fertilizer
use is concentrated in the more fertile and well watered areas such
as Gojjam, Shoa and Arsi, which nevertheless still suffer from food
insecurity; there is hardly an experienced private sector to take
over from the government, due to the systematic discouragement
by the previous government; there is insecurity about whether
sufficient foreign exchange will be available to import the required
quantities of fertilizer; there is no legislation nor enforcement body
to control adulteration in private trade; Eritrea has become
independent, thus rendering Ethiopia a landlocked country
depending on foreign ports for its imports; and there has been a
recent devaluation which will render new fertilizers more
expensive. In view of these odds, the government has decided to
follow a step by step approach rather than to abolish the existing
system.
Under the ERRP [15], FAO has assisted the Ethiopian government
in the design of a New Marketing Strategy (NMS). A gradual
privatization was proposed, whereby AISCO would have to be
reorganized so as to be able to compete with the private sector as
well as to keep a complementary responsibility in the field of
fertilizer marketing (price monitoring, buffer stocks, etc.). In surplus
production areas, where markets are well developed, efforts should
be made to hand the retailing over to private dealers. In areas
where production potential is not yet realized, the role of private
trade would probably be limited, which would mean a relatively
greater role for AISCO and the SC's. In deficit areas, the private
sector is not likely to become active and here the activities of the
government should be more pronounced, e.g. through the
provision of subsidized fertilizers rather than providing food aid.
As recommended, the first privatization efforts started at retail level
in surplus producing areas where fertilizer use was already an
accepted practice by the farmers (Gojjam, Shoa and Arsi). Besides
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promoting private trade, Service Cooperatives (SC) were also to be
strengthened. In this way, farmers would be able to buy from either
private retailers or SC's, while the continued presence of AISCO
through the SC's would keep a check on prices. In regions where
no SC's were present, nor AlSCO-appointed private retailers, it
was decided to appoint wholesalers (see Table 12). These first
steps where implemented when the 1992 selling season was
already well under way. Nevertheless the response of the private
sector was promising, as appears from Table 12.
Not only was the response of the dealers positive in 1992, but
farmers were also quite pleased with the fact that they could simply
buy fertilizers for cash money. Fertilizers were near their farms
which was also considered very positive by the farmers, since they
had often complained about the late arrival of inputs. It seems that
timely availability, not too far from the homestead, is of prime
importance to farmers. The price and availability of credit seem to
come second, provided of course the price is not excessive. Higher
prices as such should be weighed against the (liberalized) price
obtained for the output. The traders indicated that they would
prefer higher margins to cover for transport costs beyond 15 km
[8].
For the 1993 season, AISCO is registering even more dealers and
four to five thousand SC's and active private dealers are expected
at retail level for the 1994 season. At wholesale level, there are
presently some 60 dealers registered who await a selection
process. The dealers appointed by AISCO also receive a short
period of training before obtaining their license. The trading margin
has been set at seven Birr, to be corrected for transport costs. This
can be seen as a first move away from pan-territorial pricing.
TABLE 12. Number of Service Cooperatives (SC's) as well as private retailers and
wholesalers appointed by AISCO in selected areas, and their respective traded
quantities (t) in 1992 [AISCO].
Region

SC's

East & West Gojjam 48
East Shoa
29
South & West Shoa 0
Arsi
Hararge
Total

214

77

Retailers

67
17
30

114

Quantity
traded

Wholesalers

Quantity
traded

5
2

758
150

7

908

1031.4
420
203.9

1655.3

Although the actions of the private retailers and wholesalers will be
monitored through questionnaires, AISCO is willing to let go of
these levels of activity when it proves to be successful. It will then
take care of the importation of fertilizers through Assab, their
temporary storage in Bure (a planned central depot on Ethiopian
territory to avoid excessive storage costs in Assab) and onward
forwarding via the three central stores to 44 strategically selected
sales and distribution centers. Also the credit problem has been
relaxed somewhat, since the National Bank of Ethiopia (NBE),
broke the monopoly for rural credits of the AIDB, by allowing the
Commercial Bank of Ethiopia (CBE), with its much wider network
of branches, to extend credit for agricultural inputs [13].
Monitoring by AISCO could be a good start for some realistic
demand estimation, now that: the retailing is free, there has been a
devaluation, there are free output prices, there has been a good
rainy season in the previous year, the transport facilities should be
better after the war, more bank branches can extend input credits
and farmers can buy for cash.
The consensus and early action at retail and wholesale level
contrasts with the lack of it at import level. AISCO and its FAOadvisers are of the opinion that AISCO should remain responsible
for the importation of fertilizers for several years to come, so as to
safeguard supply in the country. It is claimed that there are no
private importers with sufficient experience to import fertilizers.
There is also no agreement on the amount of fertilizers that AISCO
should continue to import once private importers have entered the
market; in other words, the size of a security stock to prevent price
hikes on the local market. Nevertheless, some 20 traders have
received a license to import fertilizers directly or to buy fertilizers on
behalf of AISCO, i.e. to act as an agent for a foreign supplier.
Most of these traders are just a mailbox without any capital to back
them up. It is feared that some of them only want to make a quick
profit without being concerned with their long-term reliability. Five
of the 20 traders can be considered serious potential importers,
who are also interested in the eventual distribution of the fertilizers.
They represent foreign fertilizer manufacturers such as Norsk
Hydro, US Agrichem, Saudi Arabia Fertilizer Company, Jordania
Phosphate Mines Company and BASF. These agents and
manufacturers share the risk of the fertilizer imports, since huge
amounts are involved in every shipment.
USAID has decided to force private importation by making five
million US$ available to the private sector for fertilizer imports. The
potential importers, who meet regularly under the aegis of the
Chamber of Commerce, decided not to use this credit line because
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of the recent devaluation. The newly imported fertilizer will
therefore be more expensive and AISCO is still sitting on a carryover stock of approximately 100,0001 obtained at the old exchange
rate, and government had not indicated at which price the stock
would be released. Surprisingly, one trader did eventually come
forward to use the complete credit for importation of DAP from the
United States. He is either taking a big risk, or has obtained the
DAP at a very low price since there seem to be considerable
stocks in the USA. The government is not likely to set the new
fertilizer price at a too high level, for fear of reduced demand.
Policy intentions
The actions so far undertaken under the NMS show considerable
willingness from the Ethiopian Government to liberalize the
fertilizer marketing sector. These actions, however, are anticipating
the policies that are yet to be outlined in a National Fertilizer
Project, for which the FAO-lnvestment Center, the branch of the
World Bank in FAO, prepared a first draft. This document was
finalized in July, 1992 (rated confidential) and seemed to have
obtained reasonable government support. The proposal, however,
is now reviewed by a pre-appraisal mission, led by the World Bank,
which indicates that the support for the proposal may not have
been adequate.
The gist of the proposal was to establish a new fertilizer council,
under the Ministry of Agriculture, that would oversee the entire
fertilizer sector in all its aspects. Moreover, a substantial amount of
the loan for this project would be used to import fertilizers in the
coming years, so as to boost consumption to 400,0001 by the year
2000.
The most crucial factors in any plan are the commitment of the
government and the assurance of a sufficient flow of fertilizer into
the country, so as to prevent shortages in a growing market. This
constitutes not only a long-term responsibility for the donor
community, but also for the Ethiopian government, which has to
put sufficient importance on the import of fertilizers in the allocation
of its scarce foreign exchange. So far, the donor community
provided 100% of the imported fertilizers.
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With respect to the agronomic and economic need for mineral
fertilizers, alone or in combination with organic fertilizers, as well as
use, marketing and distribution of fertilizers in SSA, some general
conclusions can be drawn. Malawi and Ethiopia do serve in this
respect as a good example for the many Sub-Saharan countries
privatizing those parastatals which were responsible for fertilizer
distribution, in an attempt to improve the availability of mineral
fertilizers throughout the country.
The need for mineral fertilizers
It is generally asserted that mineral fertilizers are an efficient way
to replenish nutrients in the soil which have been extracted by
harvesting the crop, particularly when the soil cannot be left alone
to regenerate its fertility in a natural manner due to population
pressure. The need for any country to feed its growing population
calls for higher productivity when the possibilities for extension of
the area under cultivation run out and the urban population grows.
Usually this higher productivity cannot be achieved by organic
fertilizer or fallowing alone, as was shown in part 1 of this study.
Mineral fertilizers are thus required when more intensive cropping
becomes unavoidable:
(a) to grow sufficient food for the population, and thus
(b) to reduce food import bills (saving foreign exchange) and
(c) to avoid or at least reduce soil degradation resulting from
intensive cropping.
re (a) SSA has the fastest growing population in the world: it grows
at a rate of more than 3%; Malawi and Ethiopia, with respectively
3.7 and 2.9% are good examples of countries where the population
will double in the next 20-25 years. The prime concern of any
government is to feed its growing population, which has become a
major challenge since the growth of the population has generally
outpaced the growth in food production. This has made many
countries in SSA very vulnerable to exogenous shocks such as
drought, fluctuating export prices or booming energy prices as well
as man-made disasters such as civil strife or war. During or after
calamities, the donor community regularly comes to rescue with
humanitarian aid, but a certain weariness with respect to the
provision of structural food aid can be discerned among the
traditional food donors. The need to increase domestic food
production through the right incentives has become one of the
main objectives of contemporary Africa, in order to redress an
otherwise growing and dramatic dependence on imported food
grains.
re (b) In the post-independence period, national policies, with
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regard to food grains have mostly been focused on the supply of
cheap food grains, particularly for the wage earners. This often
involved subsidies or price fixing by the government, and Malawi
and Ethiopia were no exception to this. The producer prices for
food crops, particularly cereals, were usually fixed at a level where
it was not very rewarding for small farmers to produce for the
market. Nor was it rewarding for private traders, who could not
realize an attractive margin at the ruling price levels. In Ethiopia,
the movement of cereals by private traders was even forbidden
during the Mengistu era, enforced by road blocks where
merchandise was being checked.
At the prevailing low food prices it was unattractive for producers to
invest in inputs, or even to use the more productive lands for food
crops, which often led to increased dependence on food imports.
Inputs in SSA, such as fertilizers, were mostly used for high value
or cash crops, usually grown on the more fertile and easily
accessible lands; although in Ethiopia the fertilizer was mainly
applied to teff (main food staple) for which there was a ready
market. Low value food crops are generally either grown in rotation
with cash crops, benefiting from the fertilizer residues of the cash
crop, or on the more marginal soils. Malawi is a case in point
where most fertilizers are used for the main export crop: tobacco.
The use of fertilizers on food grains, mainly grown by smallholders,
is low and they usually apply below recommendation rates. In
Ethiopia, fertilizer use is even less widespread among the
peasants (15%), who grow virtually 100% of the food grains, nor is
fertilizer applied at the recommended rate. Curiously, Ethiopia's
main export crop, coffee, is grown without any fertilizers, save a
few hundred hectares that are managed by a project.
re (c) As a result, the average yield per hectare for food grains is
very low: roughly between 500 and 1500 kg per ha, which means
that a relatively large area needs to be devoted to food grains. The
traditional growing methods, particularly fallowing, are no longer
sustainable now that population pressure is reducing fallow periods
and the soils can no longer regenerate sufficiently to grow a new
crop without being mined of their essential nutrients. In
overcrowded regions not enough material (crop residues) is
returned to the cropping area. In this situation, the use of mineral
fertilizers is required to replenish the extracted nutrients. In the
long run it is important that as much use as possible will be made
of organic fertilizers, in addition to mineral fertilizer, so as to
maintain an adequate soil organic matter content and optimal
efficiency rates of external inputs. Mineral fertilizers can help to
generate more organic material. In some areas, particularly the
more arid ones, organic material has virtually disappeared from the
soil, due to extraction and decomposition. In case of such serious
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degradation the use of external inputs will therefore not bring the
desired results. Otherwise, the low average yields that are now
prevailing in SSA for food grains can relatively easily be raised by
mineral fertilizers in combination with organic materials and soil
conservation measures.
These notions are reasonably well understood in Malawi, where
continuous maize cropping has prompted researchers to look into
more sustainable growing methods, using organic/mineral fertilizer
combinations and agroforestry. In Ethiopia, the inherent fertility of
most soils in the highlands is such that mineral fertilizers may still
work limited wonders in the short term, but researchers will have to
look much more into more sustainable growing methods than they
are doing right now. It seems that this kind of research is
particularly prompted when the effects of an increasing population
pressure and/or declining average yields are felt; a situation that
may well be applicable to the current situation on the Ethiopian
highlands. An external impetus in research, e.g. by the donor
community, on more sustainable agricultural production in Ethiopia
is highly desirable.
From distribution to marketing
In order to cope with the food supply problems in the short and
medium term, it is of crucial importance that sufficient and
adequate fertilizer supplies are available on time for the farmer at a
reasonable price. The general assertion is that one kg of nutrients
will yield 5 to 12 kg of food grains (in SSA it may be closer to 5), an
effect that will reduce the need for food imports and improve the
local availability of food grains. Governments have deemed this
notion so important as to consider the import and distribution of
fertilizers a typical government responsibility. In Malawi, a
constellation of parastatals (SFFRFM. ADMARC) took care of
fertilizer distribution, whereas in Ethiopia, AISCO plays a major
role. Parastatals, however, tend to distribute rather than market
fertilizers, since they:
(a) maintain low (subsidized) price levels;
(b) work on a cost-plus basis, leading to inefficiencies for which
nobody is held accountable.
re (a) Due to the fact that food prices were generally kept at low
levels, governments were inclined to offer fertilizers to farmers at a
subsidized price so as to stimulate the use of this input. This
obviously discouraged the private traders, since at subsidized
prices there were no margins to be made, save from smuggling to
neighbouring countries where price levels may have been higher.
Both Malawi and Ethiopia have known substantial fertilizer
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subsidies, but the ensuing budget burdens and pressure from the
World Bank and IMF have resulted in greatly reduced subsidy
rates. In Malawi, the remaining subsidies cover mainly the extra
transport costs incurred because of the civil strife in neighbouring
Mozambique. In Ethiopia, there is still a last remnant of indirect
subsidy on fertilizer since the Ministry of Agriculture does not bill
AISCO for the use of its stores and personnel.
re (b) The fact that parastatals were responsible for fertilizer import
and distribution in these countries, had the inevitable consequence
that there was no one who could be held accountable for
inadequate supplies. Late deliveries, unnecessary storage costs,
cumbersome import procedures, and so forth did not reflect on the
performance of the parastatals. Moreover, parastatals were
subjected to the prices dictated by the government, which made
profitable operations virtually impossible; there was little or no
incentive to perform efficiently, since deficits were generaily
covered by the government. Neither was there any incentive to
promote fertilizer use through active marketing and the supplies
were generally a fraction of the theoretical demand, as estimated
by the government system. Often the available fertilizers could only
be obtained on credit, as was the case in Ethiopia, or for both cash
and credit, as was the case in Malawi. However, in both countries it
was asserted that credit facilities were only for organized farmer
groups which had to face many procedures before obtaining the
goods, and that there were insufficient fertilizer supplies to satisfy
the customers disposing of cash money. Thus fertilizers,
considered to be a strategic good by many SSA governments,
were nevertheless often in short supply despite subsidized prices,
credit facilities and specialized (parastatal) organizations.
The drive to liberalize fertilizer markets and to privatize the
parastatals concerned, was particularly induced by the Bretton
Woods institutions. They considered the open ended subsidies, not
only on fertilizer but also on food staples, a disincentive to
production, a misallocation of resources and an undue burden on
government budgets. The budget deficits had also led to certain
imbalances such as overvalued exchange rates, growing deficits
on the trade balance, inflation, a growing gap between urban and
rural areas (worsening 'terms of trade' for the rural sector), as well
as an inefficient and expanded government apparatus for food and
fertilizer distribution. These imbalances called for structural
adjustments in order to create adequate conditions for long-term
growth. Liberalization and privatization formed an integral part of
the adjustment package, which meant privatization or streamlining
of state controlled enterprises; phasing out of subsidies; liberation
of prices and international trade; export promotion; devaluation; as
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well as facilitating the private sector to take over the tasks that
previously were the prerogative of the government. This process
started only in 1991 in Ethiopia, whereas it started much earlier in
Malawi, in 1981. However, both countries are only now in earnest
implementing privatization schemes for the fertilizer sector through
active involvement of the private importers. During the 1980s, more
than half of the Sub-Saharan countries embarked on structural
adjustment programmes.
Obstacles to privatization
The countries in Asia, but also Africa, which have embraced
privatization long before Malawi and Ethiopia, show that the path
towards fertilizer market liberalization is far from smooth and
contains many pitfalls. Some of these pitfalls are already affecting
the privatization process in both countries. Some examples of
obstacles to privatization are:
(a) the privileges enjoyed by parastatals;
(b) the fact that parastatals are the counterpart for fertilizer donors;
(c) fear of exploitation of the farmers by private importers;
(d) bureaucratic controls to curb freedom of the private sector;
(e) sudden interventions in the fertilizer market by the government.
re (a) Streamlining parastatals and leaving import and distribution
of fertilizers to the private sector are not to be taken for granted.
Parastatals received government protection for a long time, and
thus enjoyed many privileges, which dulled commercial senses and
led to inefficiencies and a low productivity. This, in turn, caused
generally an undue growth of the amount of staff employed.
re (b) The parastatals were also the natural counterpart for any
donor wishing to provide the recipient country with fertilizers under
bilateral aid agreements. These donated fertilizers were often used
to keep fertilizer prices low and to sustain subsidy levels.
Governments and donors alike have thus prevented the
emergence of a viable private sector that could simply take over
from the government. It is therefore extra difficult for any parastatal
to let go of its import and distribution monopoly, to lay off people
and to retract while formulating its new, complementary
responsibilities in the fertilizer market. It is also often stated that
newcomers in the market will lack the required knowledge and
skills to deal with such a particular commodity as fertilizer.
re (c) Moreover, there is often a certain distrust with regard to the
private sector in that it is expected that importers will exploit the
farmers. Exploiting the farmers will not be possible in a situation of
full competition, but especially in the early stages of privatization
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there is no perfect competition. Governments therefore want to
keep a grip on the private sector through various measures so as
to prevent price hikes and unrealistic profits, as well as the
emergence of a private monopoly rather than a state monopoly.
re (d) The instruments for such a control are many. Traders and
importers can be required to apply for a license before they can
engage in fertilizer trade; a buffer stock can be created to stabilize
the market; foreign exchange supplies for fertilizer imports can be
manipulated; credit facilities to traders can be expanded or not;
margins can be (temporarily) fixed; and so forth. Invariably, the
parastatal which up to now dealt with fertilizers will also be the
institution to execute and enforce these regulations, which may
well lead to a conflict of interest. It is important in such a situation
that the former parastatal does not keep any of its privileges if it is
to compete with the private sector. As will be discussed later on, it
is considered desirable to establish a fertilizer advisory board or
similar entity to keep the various participants in the fertilizer market
in check, public and private sector alike.
re (e) Newcomers to the fertilizer market usually see these control
measures by the former parastatal as obstacles to a profitable
trade. Bufferstocks can be released when profits are starting to
look good; license procedures can be unpredictably long; there can
be insecurity about the availability of foreign exchange and credits;
there may be devaluations of the national currency while traders
are stocking before the season, thus making their product suddenly
more expensive; the infrastructure may be inadequate to
guarantee timely delivery of the increased quantities of fertilizer. In
general, insecurity with regard to government actions (e.g. when
the parastatal is not stripped of its privileges) will make the traders
very cautious and may reduce the traded quantities, and thus the
financial risk, in such a way that the government feels compelled
anyway to intervene in the market. Yet, this situation is very real
since most countries, including Malawi and Ethiopia, prefer a coexistence of the private sector and parastatal trade as a means of
gradual transition, whereby the parastatal (in principle) will have to
compete with the private sector on an equal basis.
Fertilizer trade: risky business
Fertilizer trade is risky business. It needs thorough knowledge of
international fertilizer markets and experience with international
competitive bidding or negotiating as well as product knowledge.
Hence it is recommended that, whenever possible, joint ventures
with foreign parties, such as fertilizers producers, should be
considered. Fertilizer trade is not only risky, it is also bulky, and
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has a relatively small profit margin; the profits have to come from
the sheer quantities, which means that one transaction usually
involves several millions of dollars. This requires pre-financing,
putting up substantial collaterals and/or up-front money, while
fertilizers have a low turn-over: usually only once per year. This
means that late delivery would mean missing the fertilizer
marketing season and having to store it for one year until the next
season, with all the capital and storage costs involved.
These risks can be considered normal commercial risks in a
situation of completely free international trade, whereby some
prodding or facilitating of private importers would be enough to
incite them to import fertilizers. However, in a situation of
government intervention, or the threat of it, these risks are
perceived as something beyond normal commercial risks. The first
importers who start fertilizer trading are therefore often not at all
focusing on fertilizers per se, but do it alongside the trade in other
commodities so as to spread their risks. This is typically the case in
Malawi and Ethiopia, where the traders do not fully depend on
fertilizer for their livelihood. In such a situation it may be that
liberalization does not lead to sufficient private fertilizer imports.
The high risks and low margins connected with fertilizer trade can
easily deter a trader from including the import of fertilizer with the
import of other commodities with a higher margin and a higher
turnover, such as veterinary drugs, pharmaceuticals, alcoholic
beverages, surgical instruments, electrical appliances. In cases
where the foreign exchange is not earmarked to commodities such
as fertilizer, it may well be that the private sector will not embark at
all on such a risky item when government intervention in one form
or another is likely. A government contemplating or implementing
fertilizer market liberalization and gradual privatization of its
parastatals should therefore be keenly aware of the macro-effects
of its interventions.
Facilitating privatization
The role of governments
The ultimate aim of any government is to raise the standard of
living for its entire population, preferably through equitable growth
and a fair income distribution. For fertilizers this means that they
should be made available to producers in a timely fashion and at a
reasonable price. Parastatals have had evident problems to meet
all conditions at the same time: the fertilizers were usually low
priced but either too late or in too small batches and only available
for a limited group of farmers (e.g. through the credit system).
Through liberalization, governments aim to:
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(a) increase the availability of fertilizers;
(b) lower the prices of fertilizers through competition,
while maintaining typical government responsibilities, such as:
(c) fertilizer legislation;
(d) research and extension;
(e) demand forecasting.
re (a) Through involvement of the private sector, governments
hope in the first place to improve the availability of the fertilizers.
Timely availability is of crucial importance to a farmer, since the
application of nutrients is closely linked to the cropping calendar;
private traders will therefore make it their business to be in time
with their merchandise in order not to lose the market and incur
unwarranted storage and interest costs, besides the risk of quality
loss. Timeliness often comes after price considerations since many
farmers cannot obtain an adequate income from their land without
fertilizers. It has been observed that high fertilizer prices do raise
the demand for organic fertilizers, particularly manure. However,
manure is mostly in short supply (or there is no market for it),
labour intensive and of low nutrient value. When farmers observe a
decline in fertilizer efficiency, they are also inclined to resort to a
combination of organic and mineral fertilizer, e.g. the use of 'Khola'
(cattle kraals) in Malawi.
re (b) In the second place, governments expect fertilizer prices to
come down (after a possible initial increase due to e.g. lifting of
subsidies and/or imperfect markets) as a result of competition
among importers (provided adequate conditions for free
competition have been created by the government, such as in
Cameroon and Malawi). This competition is also expected to
guarantee a more widespread availability of fertilizer in those areas
where the trader can realize a margin. Traders are expected to
work more efficiently than parastatals, which should lead to lower
prices and a better and more timely availability. However, this is
only possible when governments give the private sector sufficient
leeway to go about their business and generate enough trust
among the private traders to invest in fertilizers. For this to happen,
it is important that a government defines its complementary role to
the private sector, i.e. offering a sufficient measure of protection to
the farmers without frustrating the efforts of importers.
re (c) Importers, including those in Malawi and Ethiopia, fully
understand the need for proper fertilizer legislation as well as
facilities to enforce such laws, as for instance a laboratory to
determine the quality of the imported fertilizers. This should allay
any fears among farmers, but also bona fide traders, that substandard or adulterated fertilizers are entering the market. As such,
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Analysis

fertilizer legislation should be part and parcel of the liberalization
process and the donor community should consider providing
support to countries under structural adjustment to develop such a
legislation.
re (d) Fertilizer research and extension are normally typical
government responsibilities, although the fertilizer industry also
considers this important and sometimes invests locally in these
fields. It is important that the government keeps tabs on the
appropriateness of the fertilizers that are imported in relation to the
prevailing soil conditions. A good relationship between research
and extension is therefore of utmost importance. However, when
the government fails to provide adequate extension, fertilizer and
pesticide companies may take care of their own extension, thus
promoting their own product.
re (e) Another obvious government responsibility is the provision of
demand forecasts. It is important to know the expected demand
well in advance, so as to match this with the import (and
production) intentions of the private sector as well as pledges of
the donor community. Possible shortfalls can be brought to the
attention of the private sector, or the government can decide to
import the shortfall. Publication of the demand and supply
forecasts increases the transparency of the fertilizer market. Such
an ideal situation is still very rare in SSA and donor assistance to
set up viable demand forecasting systems is much required to
increase the efficiency of fertilizer markets.
Even when governments have created the aforementioned
conditions for liberalization, traders can still be reluctant to enter
the fertilizer market because of insecurity with regard to
government interventions, such as:
(a) the release of buffer stocks;
(b) devaluation of the national currency;
(c) reducing the -availability of foreign currency for fertilizer imports;
(d) the licensing of fertilizer trade and/or imports.
re (a) Although importers can understand the need for government
intervention in case of (artificial) scarcity in the markets, the very
existence of buffer stocks can be very threatening and act as a
deterrent. This may be prevented when governments announce
the intervention price well in time before the season starts. A
complicating factor in such an arrangement, particularly in times of
structural adjustment, can be the (sometimes frequent)
devaluations which render the imported fertilizer more expensive.
The complications are twofold: it may be that the government still
disposes of stocks which have been obtained at pre-devaluation
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prices. These stocks can be used to mitigate the high prices that
result from the latest devaluation, out of fear that the fertilizer
market will slump and agricultural production will lag behind. In
such a case the private importer may not be in a position to
recover his costs.
re (b) A second problem is the fact that the importer will have to
pay the foreign supplier of the fertilizers in foreign currency. After
devaluation he will have to raise his prices with the percentage of
the devaluation in order to be able to remit the foreign currency.
With the high prices he may not be able to sell all his goods and
thus incur a loss. Also, when the application for remittance takes a
long time, the trader risks a devaluation after he has sold his
material, which leaves him with a sure loss. Hedging of these risks
is often not possible since in times of devaluation the money
supplies are kept tight so as to reduce inflationary pressures.
Traders can therefore not borrow the full local currency amount at
the time of ordering so as to remit the hard currency to the supplier
even before the sales have been realized. Governments could
reduce such a risk only when the applications for remittance are
processed in a matter of days and/or when the exchange rate for
fertilizer transactions is fixed for a certain period. Obviously, should
a devaluation occur in such a period, it would imply an indirect,
albeit temporary, subsidy on fertilizer.
re (c) Obtaining foreign currency is another factor that can frustrate
fertilizer trade if this proves to be cumbersome. Special windows,
Secondary Exchange Markets and Open General Licensing
Systems have been established for traders to guarantee the
provision of adequate amounts of foreign currency. In cases where
such a system, or simply the Central Bank, could provide sufficient
foreign exchange there is no problem. Insecurity about
entitlements, available quantities and length of the application
procedures are detrimental to trade. In view of the above it is quite
possible that traders will not use their hard won foreign exchange
for fertilizer imports. In that case, part of the foreign exchange
made available for private trade may have to be earmarked, by
government, to secure the import of a sufficient amount of
fertilizers.
re (d) The provision of licenses is against the grain of privatization,
yet many understand the fact that governments would like to
separate the bona fide importers and traders from the ones who
have no long-term interest in the fertilizer trade and are only trying
to earn some fast money at the detriment of timely delivery and
quality. However, the very fact that licenses can be revoked may
cause insecurity among traders.
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The role of the donor community
The international donor community has provided many developing
countries with fertilizers, mostly through the parastatals, for onward
distribution to farmers. Depending on the source, the grants or
loans, for fertilizers were either tied, partially tied or untied. Tied aid
usually means that the fertilizer should be procured in the source
country, and often vessels of the donating country need to be
employed. Clear examples are the USA and Japan, although the
latter has relaxed its conditions somewhat; however, all
transactions have to be arranged by Japanese trading houses.
Partially untied aid implies the liberty of a recipient country to
procure fertilizers in so-called eligible source countries, being other
developing countries, the Middle Eastern countries and sometimes
also the source country. The Netherlands, Germany and some
Nordic countries work along the eligible source country principle.
Some of the Scandinavian countries, however, do prefer the
recipient country to spend some 50% in the source country, albeit
at prevailing world market prices. Completely untied aid is fairly
rare, since it means that the required fertilizers can be bought
anywhere, including e.g. South Africa which was boycotted by
many western countries. The unconditional provision of hard
currency for an OGL system or Central Bank is perhaps the
clearest form of untied aid.
Most of the recipient countries, obviously, have always expressed
a clear preference for untied aid. This would mean that they could
procure fertilizers at the cheapest source and thus maximize the
benefit of the available funds. However, the long list of eligible
source countries is being regarded as an optimal means to partially
untie the aid. In those situations where aid was fully tied, not only
at times were unrealistic prices being paid, but sometimes also the
type of fertilizer provided was not regarded as first choice. In
Ethiopia, for example, a strong dependence on DAP from the USA
has led to unbalanced fertilization; it is with some effort that the
introduction of more balanced compounds can be pursued.
(Partially) untied aid promotes international competition and
favours in the end the recipient countries through lower prices.
The free fertilizers donated through parastatals generated socalled counterpart funds that could in turn also be tied or untied.
Some donors link the counterpart funds to certain projects or
project areas, specific development activities, development
organizations, or they are merely content when the funds flow back
to the treasury as budget support. These counterpart funds have
often been used to finance operations of parastatals and fertilizers
have been used to 'flood' the market to keep the prices low and to
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suppress the subsidy burden. The parastatals, not being exposed
to competition and working on a cost-plus basis, could therefore
sustain their inefficient practices partly through the provision of aid
shipments that were effected under the programmes for balance of
payments support or special projects. Donors have become much
more critical lately with regard to the performance of parastatals
(the structural adjustment programmes are a witness to that) and
have pressed for the liberalization of inter alia fertilizer trade and
privatization of state enterprises. In such a situation, counterpart
funds are generated by the central bank when selling the hard
currency to commercial banks or importers, which thus flow directly
into the treasury. Tying or control of these funds is therefore
difficult and some donor countries prefer to provide budget support
to a certain ministry (e.g. health or education) rather than to give
untied balance of payments support in a liberalized situation.
However, once countries start to privatize, the natural counterpart
of donor governments for fertilizer donations disappears, or at least
will not be favoured vis a vis the private traders. As most countries
in Sub-Saharan Africa have embarked on a privatization drive,
including Malawi and Ethiopia, the question as to what to do next is
very real. The desire of donors to keep some influence on the aid
and its impact contrasts with their push for trade liberalization
where setting conditions normally does not figure. Basically there
are four ways for a donor to support fertilizer imports:
(a) providing fertilizers in kind;
(b) providing hard currency specifically to import fertilizer;
(c) providing unconditional hard currency; and
(d) reimbursement.
re (a) Some donors prefer to continue with fertilizer aid in kind,
which has to be sold by the government to the private sector. In
this case, the recipient government also has a dilemma: through
which mechanism will it make the fertilizers available to the private
sector? Tendering? Allocation? The temptation to maintain the
parastatal as a recipient of donated fertilizers will be there.
re (b) Others cease to give aid in kind but earmark foreign currency
for fertilizers and provide these funds to either the Central Bank or
an OGL system. The Central Bank can provide these funds to
commercial banks for the financing of private imports. In principle it
is possible for donors to impose the single condition that fertilizers
should be bought for this money. The most direct way was
observed in Ethiopia where USAID made five million US$ available
to the private sector for direct fertilizer imports.
re (c) In the spirit of liberalization, providing unconditional hard
currency to finance imports is the most straightforward. Here the
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danger is recognized that importers may not go for a risky
commodity such as fertilizer and resort to commodities with a
higher margin. Particularly in a country such as Ethiopia, where so
far every single ton of fertilizer has been donated, there is no
guarantee that the import of fertilizers will receive sufficient priority.
The risk of not buying fertilizers in such a situation could be
reduced through e.g. joint ventures between the parastatal and
investors or fertilizer producers, so as to share the (currency) risks,
which, however, is difficult to realize in practice.
re (d) Some donors prefer to leave the initiative to procure fertilizer
with the recipient country and decide later in the year whether the
import bill will be reimbursed. It is clear that there is an increasing
desire from the side of the donor community to be able to check
and balance the money spent on fertilizers by a recipient country
and, moreover, to check that proper procedures are followed,
adequate quality and quantities have been delivered and that the
fertilizers reach the targeted farmers in the interior of the country.
This will require some new aid mechanisms so as to provide the
recipient countries with sufficient fertilizers in a controlled way,
without violating the principles of free trade.
Concluding remarks
The problem of feeding Sub-Saharan Africa seems to concentrate
on the provision of reasonably priced mineral fertilizers at the right
place and time, combined with sufficient attention for research and
extension to promote an adequate use of organic fertilizers.
The provision of mineral fertilizers through parastatals has mostly
proven to be inefficient and problematic, which led to substantial
financial, economic and social costs. The most efficient and
therefore cheapest way to market fertilizers is probably through a
viable and competitive private sector, kept in check by a measured
amount of government control to prevent excessive profits,
adulteration, exploitation and monopolization of the market. The
large number of countries in Sub-Saharan Africa which embraced
structural adjustment programmes involving liberalization of
fertilizer markets and privatization of parastatals are proof of the
fact that there is a political commitment among the African states to
give the private sector a chance to operate in the African fertilizer
markets.
However, the issue of liberalization and privatization has appeared
as an intricate problem, not only for African governments but also
for the donor communities. Small national fertilizer markets,
making private fertilizer sectors far from viable, have made some
governments reluctant to give up responsibility for the handling of a
strategic commodity such as fertilizer, thereby maintaining such a
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degree of control of the market as to discourage the emergence of
private fertilizer traders. Other governments pursue a gradual
transition towards privatization, fearing the insecurity of having to
take many measures at the same time to facilitate private trade.
In those cases where privatization did lead to liquidation of the
parastatal previously involved in fertilizer distribution, the donors
lost their natural counterpart which took title to the donated
fertilizers. In a liberalized situation donors will have to resort to
financial or budget aid, whereby the earmarking of this money for
fertilizers may become difficult. Particularly in a situation where a
donor doubts the degree of priority a recipient government devotes
to fertilizer imports, this may pose serious problems and ways will
have to be sought to channel the donated foreign exchange
directly to private fertilizer importers.
It has been observed that the gradual transition, so much sought
after, usually takes the following shape. Fertilizer prices at retail
and wholesale level are liberated, thus giving retailers and
wholesalers a chance to deal in fertilizers. Government distribution
can thus slowly be replaced by private trading, without too much
risk for the private trader since his stocks will be relatively small.
The risk consists of a government deciding to reintroduce fertilizer
subsidies or flooding the market with cheap stocks. A next step is
to allow private fertilizer imports either on behalf of or along with
the parastatal. In such a situation the parastatal often remains the
recipient of donated fertilizers, which also constitutes a risk for the
importers. These stocks may be used to keep fertilizer prices down
at a level where trading is not profitable. One step further would be
to fully privatize fertilizer imports, but maintain the parastatal to
play watchdog on the market through monitoring of stocks, prices
and quality. Interventions from the side of the government will then
only be effected when certain limits are exceeded, as laid down in
a carefully designed fertilizer legislation. The success of such a
gradual transition hinges completely on the willingness of a
government to surrender certain tasks and to remove obstacles for
private trading, and on the degree of trust of private traders in the
government to do just that.
The insecurity in such a process might be greatly reduced if it were
to be monitored by an entity with sufficient political weight, which
could keep all actors on the fertilizer market in check, public and
private sector alike. This entity should enforce the conditions that
allow profitable fertilizer trade on a competitive market, thus
ensuring the highest possible efficiency and lowest prices, while at
the same time closely watching the farmer's interests in the
framework of macro (food)policies. Such a high powered entity,
which could take the shape of for instance a fertilizer advisory
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board, would consist of influential representatives from the
Ministries of Agriculture, Trade and Finance, importers, traders,
(former) parastatals, and so forth. Perhaps also a donor
representative could participate in such a board, e.g. on ad hoc
basis. The board should not become another bureaucratic layer. It
is there only to protect the interests of those involved in the
fertilizer sector while looking at the stated macro objectives of food
security for all, a fair income distribution and economic growth. If
the board designs clear rules and regulations for fertilizer trade,
backed by enforceable legislation, there will be sufficient trust from
the side of the private sector to engage in normal commercial risks,
trust from the side of governments to pursue non-efficiency goals
with regard to fertilizer (e.g. in marginal areas) while leaving the
best serviceable areas to the private sector, and trust from the side
of the donor community to provide either budget or commodity
support to boost fertilizer supply.
An advisory board can reduce the risks of fertilizer trading by
negotiating the traditional obstacles such as lack of accountability,
tedious procedures inhibiting timely foreign exchange supplies,
cumbersome licensing procedures, frequent devaluations, unfair
competition from parastatals, price fixing, preferential treatment,
and so forth. Removal of these obstacles will reduce risks and
allow timely arrival and marketing of fertilizers. Lower risks allow
lower profit margins, hence increased efficiency will translate into
lower prices. The scope for private sector involvement will thus
become larger: fertilizer manufacturers will establish local agents,
more than they do at present, and will pre-finance imports more
confidently. One could even envisage the parastatal going into
private hands or being run in the form of a joint venture. The
donors could support the board with technical advice and facilities,
e.g. for quality control, research and soil testing; all that is required
for a smooth operating fertilizer sector. And, of course, it needs a
firm political commitment from the side of the government, vested
in the advisory board, to boost agricultural production in a
sustainable way. Trust in the fact that this may well be a workable
concept can be observed in countries that are now in the throes of
privatization. There always seem to emerge persons or institutions,
very knowledgeable of the fertilizer sector, to which the decision
makers in the government (and also donor representatives) turn for
advice. The special merit of an advisory board, as suggested
above, may be that it can prevent such persons or institutions
becoming partial or partisan.
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