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 A fertilizer trader in Daloa, in the interior of Côte d’Ivoire. Cocoa farmers are among his best customers.



The rising global population and changing eating 
habits are giving new prominence to agricultural 
challenges, such as the need to maintain and 
boost yields. Fertilizer is important in all crop-
production systems, along with controlling pests, 

diseases and weeds. But how to deal with these problems? Conventional 
and ecologically integrated farmers have different answers. The only really 
useful methods are those that conserve the ecosystem when they are used 
continuously.

Fertilizer problems can be solved only if priorities change in research, 
extension and education – and then in practice too. The transition from 
synthetic to organic nitrogen is a key example. This is a challenge for research, 
but considerable potential exists. And we also need to find out why farmers 
who already know of such practices do not use them. Innovations may be 
hindered by economic reasons, a lack of unbiased advice, or cultural and 
social factors. The same goes for efforts to recycle phosphorus, where the 
waste materials from individual households will have a big role to play as 
future sources of fertilizer. It is pleasing to note that scientific research and 
technical advances constantly bring in new solutions. And we increasingly 
recognize that research is not a one-way street, but collaboration with 
farmers, their families and the general population is a crucial part of 
innovation.

Natural soil fertility is now back on the political and scientific agenda. Crop 
breeders are putting greater emphasis on the reliance of plants on the soil. 
Large companies are discovering the potential of organic fertilizers.

To find good solutions, we need fine-tuned, differentiated information. This 
study forms an excellent basis for this, also because it poses critical questions 
for all sides and suggests innovative solutions.

Frick, April 2015
Urs Niggli 
Research Institute for Organic Agriculture - FiBL

Foreword
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Mineral fertilizers have never been used as much 
as they are today, and in developing countries they 
are experiencing a renaissance. But the efficacy 
of mineral fertilizers and the problems they entail 

have long been a matter of contention. This study provides an overview of 
the economic and ecological potential as well as the limitations and negative 
impacts of mineral fertilizers in the tropics and subtropics. It focuses on the 
situation facing smallholder farmers.

2 Over the past 60 years, agricultural intensification has relied on non-renew-
able resources, especially on the fertility of the soil. Many smallholder farm-
ing systems in Africa, Asia and Latin America, which are the source of income 
and food for several billion people, have been excluded from this development. 
The potential for raising productivity and production in many areas has yet to 
be exploited. The intensification strategies that have so far been pursued have 
been inappropriate. This study looks at the role that mineral fertilizers could 
nevertheless play in boosting agricultural productivity.

3 Our ability to produce enough food for an estimated 9 billion people in the 
year 2050 depends in part on an adequate supply of crop nutrients. Ensuring 
this supply is difficult because nutrients are unevenly distributed. Industri-
alized nations are oversupplied; many developing countries are underserved. 
The nutrient availability in soils is just as important. The soil’s capacity to 
absorb nutrients and to release them whenever needed for plant growth de-
pends on various soil properties. The claim that mineral fertilizer is necessary 
to even out nutrient balances in the soil ignores a large part of the picture. 

4 Mineral fertilizer production has risen almost constantly since the middle 
of the last century. Yet the consumption of fertilizers varies greatly from one 
region to another. The areas with the highest consumption are East and South 
Asia, while use in Africa is comparatively low. Big differences exist in the in-
tensity of fertilization: from an average of 344 kg per hectare a year in China, 
to 7.5 kg in Ghana and just 2.7 kg in Rwanda. At the same time, the proportion 
of nitrogen among the main nutrients (which also include phosphorus and 
potassium) has continued to rise; today, nitrogen accounts for 74 % of the 
fertilizer used globally. Much is wasted. 

5 Mineral fertilizer subsidies for smallholders have been common in devel-
oping countries for many years, and subsidy programmes are still popular. 
Current programmes show that food production can be increased significantly 
in regions where the food supply is short, though they fail to improve the 
soil fertility in the long term. Subsidies have a short-term effect, they do not 
result in sustainable food security, and they are of minimal importance to an 
economy’s profitability. What is more, subsidy programmes are a burden on 
national budgets. In some African countries, fertilizer subsidies account for 
up to 70 % of the funding assigned to agriculture.

Summary
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6 Over the past decades, the economic efficiency of mineral fertilizers has 
fallen dramatically. This is because the price of fertilizers has risen much fast-
er than that of food, transaction costs in developing countries are high, and 
soil fertility has fallen, which diminishes the efficacy of mineral fertilizers. In 
many tropical smallholdings, mineral fertilizer pays minimal dividends, if any 
at all.

7 The negative ecological consequences of mineral fertilizers have reached 
menacing proportions. This concerns synthetic nitrogen in particular. It 
reduces the humus content and biodiversity in the soil, causes soil acidifi-
cation and gives rise to emissions of nitrous oxide, a potent greenhouse gas 
causing climate change that will harm future food production. The rise in 
soil acidity diminishes phosphate intake by crops, raises the concentration of 
toxic ions in the soil, and inhibits crop growth. The depletion of humus in the 
soil diminishes its ability to store nutrients. Greenhouse gases derived from 
excess nitrogen harm the climate. In summary, synthetic nitrogen destroys 
core fundamental principles of agricultural production and jeopardizes future 
food security.

8 The challenge, therefore lies in using mineral fertilizers in such a way that 
they are harmless for the soil and the environment and allow nutrients to 
remain within the system. The use of synthetic nitrogen should be dispensed 
with completely, and other nutrients must be integrated into a comprehensive 
soil fertility strategy. Techniques that maintain and enrich the soil’s humus 
content will be key to this. Compost, animal manure, agroforestry, green 
manure and intensive fallowing will all play a major role. Innovations are 
needed in the production and application of mineral fertilizers. The dominant 
acidifying fertilizers (especially urea, ammonium sulphate and ammonium 
nitrate) should be replaced by physiologically neutral fertilizers.

9 Mineral fertilizer is the embodiment of the finiteness of natural resources, 
fossil fuels, mineral deposits and soil fertility. Today’s use of nitrogen fertiliz-
er poses a danger to tomorrow’s food security. Current approaches need to be 
overhauled in favour of the sustainable use of resources, while also boosting 
production. Politicians face four tasks: 

 » Stop promoting synthetic nitrogen 

 » Develop national strategies for a soil-fertility infrastructure development 
programme 

 » Establish focal points of research to support such a reorientation, and  

 » Develop scenarios for the transition away from using mineral fertilizers as a 
short-term consumption item to a long-term investment in soil fertility. 
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Mineral fertilizers have never been used as much 
as they are today. One reason for this because 
governments in Africa and Asia want to boost their 
agricultural production and become less depend-

ent on imports because of erratic and rising global market prices. They are 
allocating large amounts of their agricultural budgets to subsidize fertilizers 
in the hope of improving national food production. 

At the same time, a debate rages among experts on the impact of mineral 
fertilizers and the problems they entail. There are those, on the one hand, who 
believe that getting smallholders in the tropics and subtropics to use more 
fertilizer is the best way to produce more food quickly, so overcoming hunger. 
Others think this is counterproductive. They argue that mineral fertilizers 
harm the environment, destroy soil fertility and are economically unviable 
for smallholder producers. They also claim that the public funding channelled 
into subsidizing fertilizers could be put to more economically profitable and 
sustainable use. 

The negative effects of nitrogen fertilizers on the climate are undisputed. The 
production of nitrogen fertilizer uses a lot of energy, while fertilizing fields 
with nitrogen releases nitrous oxide – a gas that is 310 times more detrimen-
tal to the climate than carbon dioxide. And mineral fertilizer prices are linked 
to the price of oil because their production is so energy-intensive. As a result, 
the price of mineral fertilizers tends to rise along with oil prices. 

Despite this, the discussion remains centred on the issue of whether small-
holder producers, who often farm their land very intensively, ought to use far 
more mineral fertilizer so they can preserve the soil’s fertility and produce 
more food.

In view of the renaissance that fertilizer subsidies are experiencing in many 
tropical and subtropical countries, this study provides an overview of the 
economic and ecological barriers and of the potential for using mineral ferti-
lizers in such regions. It also focuses on the particular situation of smallholder 
producers and the importance of improving soil quality in the long term so as 
to attain food security.

Chapter 2 gives an overview of the possible ways of raising production in 
smallholdings and their importance for global food security. 

Chapter 3 deals in general with the nutrient requirements of the agricultural 
sector. It takes a critical look at the oversupply of nitrogen and the impact this 
has on soil fertility, the environment and the climate. 

Chapter 4 identifies the broad-ranging, intensive use of mineral fertilization. 
This ranges from farms that use no mineral fertilizers at all, to fertilizer 
intensities of as yet unknown proportions. 

Chapters 5 and 6 look at the current practice of channelling state subsidies 
into mineral fertilizers and analyse their economic profitability at a business 
and economic level using specific examples. 

1 Introduction

Many countries in  
Africa and Asia are 

using large amounts 
of their agricultural 
budget to subsidize 

fertilizers

The negative impact 
of nitrogen-based 

fertilizers on the 
climate is undisputed. 
Spreading nitrogen on 
fields releases nitrous 

oxide, a greenhouse 
gas 310 times more 
potent than carbon 

dioxide
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Chapter 7 provides an overview of the scale of damage caused by mineral 
fertilizers, which even the agricultural sector is trying to counteract. 

Finally, Chapter 8 highlights alternative examples of sustainable land 
management and political measures that form elements of a sustainable 
agricultural policy, combining soil conservation and food security through 
forward-thinking approaches. 
  
In the light of ecological limitations and ever-scarcer resources, current 
mineral fertilization practices are both economically and ecologically unten-
able for the future.  Thus, mineral fertilizers pose a long-term threat to food 
security rather than improving it. This study seeks to illustrate this situation 
and show the close correlations between food security, environmental and 
climate protection, and soil fertility conservation.

In the light of ecolog-
ical limitations and 

ever-scarcer resources, 
current mineral ferti-
lization practices are 

both economically and 
ecologically untenable 

for the future.

 The effect of intensive 
agricultural production on 

the ecosystem is visible in 
many parts of the world. 

Problems include a dramat-
ic loss of biodiversity and 

soil fertility, and more soil 
erosion.
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 Since the middle of the last century, agriculture has undergone unprecedented intensification. 
But many smallholders – the majority of farmers – have barely profited.



Since the middle of the last century, agriculture 
has undergone unprecedented intensification. 
Over a period of 50 years (1950–2000), global 
cereal production virtually tripled.2 This trend 
was largely possible due to the enormous advances 
in plant breeding, the large-scale use of synthetic 

nitrogen fertilizer at relatively low energy costs, the expansion of irrigation 
systems, and the systematic use of herbicides and pesticides to control weeds, 
pests and diseases. 

Apart from complex social and human-rights concerns, there are weighty 
ecological reasons and the law of diminishing returns that argue for not con-
tinuing existing intensification strategies. The relationship between intensive 
agricultural production and the burden on and destruction of ecosystems is 
visible in many parts of the world.

Problems include a dramatic loss in biodiversity, soil erosion, soil salinization 
and the loss of soil fertility. Nitrates pollute drinking water and over-fertilize 
lakes, causing algal blooms and killing fish. Less visible, but no less dramatic, 
are nitrous oxide emissions from mineral nitrogen that account for the bulk of 
greenhouse gas emissions caused by agriculture.3 

A second argument against continuing the present intensification strategies 
is economic in nature. Rising costs for agricultural inputs and diminishing 
returns have slowed down the intensification trend; the increase in land 
productivity of high-input cropping systems is declining. FAO statistics on 
global food production confirm this trend: the annual yield increase was 3 % 
in 1950, but fell below 1 % in 2001.

The production increases were achieved mainly on fertile soils with optimal 
nutrient and water supplies. However, only a small portion of farms actually 
operate under intensive conditions. At the other end of the scale are large 
numbers of smallholdings, which provide around 2.6 billion rural people with 
food and a livelihood. This sector has barely profited from the intensification 
strategies of the past few decades. In many tropical and subtropical regions, 
land productivity among small-scale farmers has stagnated for years. Cereal 
yields of 1 t/ha or less are a far from rare, compared to the 8, 10 or even 12  t/ha 
achieved through highly intensive production. Given these figures, the find-
ings of the Global Task Force on Hunger4 study published in 2004 are hardly 
surprising: this came to the conclusion that 80 % of the world’s hungry do not 
live in cities but in rural areas. Two-thirds of these are small-scale farmers. 
The term ‘small-scale farmers’ encompasses a very heterogeneous group. It 
ranges from medium-sized farms which see themselves as part of the market 
economy and are geared to its principles – a type very commonly found in 
many Asian countries – to the very smallest of smallholdings which are large-
ly run as self-sufficient businesses and account for 75 % of the world’s poor.5 
The common factor linking them all is the size of the farm: 2 ha of arable land 
or less.6 

2 Potential for raising  
agricultural production1
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Africa 1.6

Asia 1.6

Latin America and Caribbean 67.0

Western Europe 27.0

North America 121.0

Across the globe, the percentage of all farms classified as smallholdings 
is estimated to be 85 % (Table 2.2).7 At 1.6 ha per farm, the average size in 
both Africa and Asia is very low. The high value found in Latin America is 
due to the greatly divergent distribution of land between major landowners 
and small-scale farmers. It does not mean that the majority of farms on this 
continent are significantly larger than in Africa or Asia. In certain countries, 
holdings of  2 ha or less account for more than 90 % of all farms. In Vietnam, 
the figure is 95 %; in Bangladesh, 96 %.8

The global share of land farmed by smallholders is not known. In the 1980s, it 
was estimated to be 60 %.9 It is currently assumed to be at least 40 %. 

Percentage Year

Ethiopia 87 2001/2002

Nigeria 74 2000

China 98 1997

Vietnam 95 2001

Ecuador 43 1999/2000

Peru 58 1994

Global 85 Estimated

Small-scale agriculture is vital for the livelihoods of over 2.6 billion rural 
people, most of whom have no alternative sources of income. Achieving global 
food security requires people to be able to earn enough income or to produce 
their own food. The IAASTD World Agriculture Report10 confirms that two 
factors are key to improving global nutrition: producing enough food, and 
ensuring access to it for those in need. This entails increasing agricultural 
production and raising incomes in agriculture.11 Food security can therefore 
only be achieved by intensifying small-scale agriculture.

The potential to realize this is great in the tropics and subtropics where small-
holdings are prevalent. Although the levels of soil fertility are only average 
or low in many areas, low cereal yields of 1 t/ha or less could be raised to 2, 
3 or even 4 t/ha by systematically improving the soil fertility.12 At the same 
time, small-scale farmers often achieve considerably higher land productivity 
than large-scale farms in the same environment.13 This implies the need for 
strategies that meet the specific ecological and economic needs of smallholder 
producers. Organic production methods are especially well-suited for this 
purpose.14 The role that mineral fertilizers could play in this regard is covered 
in the chapters that follow.

Table 2.1: 
Average farm size by 

region (hectares)
Source: von Braun 2005

Table 2.2: 
Smallholdings as a 

percentage of all farms
Source: Nagayets (2005)

85 % of all farms world-
wide are smallholdings

Small-scale agricul-
ture is vital for the 

livelihoods of over 2.6 
billion rural people. 

Food security can only 
be achieved by inten-

sifying small-scale 
agriculture
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3.1 Unequal regional distribution of 
nutrients

Nutrients are a key component of soil fertility 
– the ability of the soil to host plants and to generate plant yields. The soil 
fertility, or soil productivity, depends on the soil’s parent rock and its chemi-
cal, physical and biological properties. It also depends on climate, vegetation 
and the history of land use. Soil nutrients and their availability to plants are 
governed by all of these properties.15

Each form of fertilization serves to provide soil and plants with nutrients 
that enable them to grow as best as possible and produce the maximum yield. 
Plants, above all, require the “macro” nutrients of nitrogen (N), phosphorus 
(P) and potassium (K). Sulphur, calcium and magnesium are also needed, as 
are other trace elements. The nutrient extraction by crops can be significant. 
For example, an average wheat harvest in Germany of 8 t/ha takes 180 kg of 
nitrogen, 37 kg of phosphorus and 124 kg of potassium from the soil.16 If only 
the grain is harvested and the straw is left on the land to be worked into the 
soil or spread in stables and returned to the fields as manure, the volumes 
that are taken from the system are significantly lower. They amount to 64 % of 
the original crop withdrawal in the case of nitrogen, 41 % of the phosphorus 
and 18 % of the potassium. Other crops and cropping systems differ, but this 
example shows that farming withdraws enormous amounts of nutrients from 
the soil, and the more intensively the land is farmed and the higher the yields, 
the greater the withdrawal.

Nutrients are also lost through soil erosion or seepage of the groundwater 
they are dissolved in. Significant amounts escape into the atmosphere as 
gas. Unfavourable soil conditions can result in nutrients in the soil becoming 
chemically bound (phosphorus) or physically fixed (potassium), making them 
virtually inaccessible to plants even though they remain in the soil.

If it is used extensively, soil can compensate somewhat for nutrient losses 
through weathering of the subsoil and deposits from the atmosphere. In the 
past, long fallow periods fostered this regeneration. Modern methods such as 
the cultivation of clover or alfalfa as part of the crop rotations used by organic 
farmers or agroforestry systems have a similar impact (see Chapter 8.1). Intro-
ducing additional nutrients from outside becomes all the more important the 
more intensively the land is farmed and the more nutrients the crop extracts.
Nutrient deficits are commonplace in tropical smallholdings, caused by 
intensive cropping, a complete lack or minimal use of fertilizers over decades, 
as well as soil erosion and leaching. This over-farming of the land – which is 
also known as soil mining – has been verified in numerous scientific studies, 
above all those focusing on sub-Saharan Africa.17 It is especially common in 
Africa, but it can also be found in numerous places in Asia and Latin America. 
Given the lack of alternatives available to smallholders and their limited land 
and capital, soil mining tends to be associated with poverty. Miller & Larson18 
have established that, worldwide, 135 million hectares lack sufficient nutri-
ents: they are in undersupply. Virtually all (97 %) are situated in developing 
countries. 

The soils in many in-
dustrialized countries 

have excess nutrients. 
Western Europe has 

big surpluses of nitro-
gen, potassium, and 

especially phosphorus

3 The nutrients issue

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 13



By contrast, soils in many industrialized countries have excess nutrients: they 
are in oversupply. Western Europe has considerable surpluses of nitrogen, 
phosphorus and potassium.19 They are especially high in the case of phospho-
rus. These surpluses are not only the result of excessive mineral fertilizer in-
put, but also sizeable nutrient imports brought about by the import of fodder. 
These enter the nutrient cycle via animal dung (especially liquid manure). On 
average, around 35 million tonnes of soy and soybean products were imported 
into the EU between the years 2008 and 2010. Soybeans are processed into 
soybean oil and soy flour. Virtually all of the soy flour goes into animal feed 
and mainly originates from Brazil and Argentina. An area of almost 15 million 
hectares is needed to grow the amount of soybean and soybean products that 
are imported to the European Union alone.20 This equates to 90 % of Germa-
ny’s entire farmed area. In Asia, high nutrient surpluses as a consequence of 
excessive nitrogen and phosphorus fertilization can, above all, be found in the 
paddy fields of south China21 as well as in South Korea and Malaysia.22

Aggregated and on a global scale, it cannot be maintained that there is a 
high nutrient deficit. Scheldick et al.23 calculate the theoretical availability of 
nitrogen to be 12 kg/ha per year. For phosphorus the figure was 5 kg/ha; for 
potassium, 20 kg/ha. Tan et al.24 came up with similar levels when calculating 
the global production of cereals (maize, rice, wheat and barley). This means 
that a regional imbalance exists in the distribution of existing nutrients. 
While low-income countries with rapidly increasing populations have sig-
nificant nutrient deficits, high-income countries with stable populations can 
count on sizeable surpluses. 

3.2 Lack of nutrient availability

As important as the discussion on soil mining, regional inequalities and nutri-
ent balance in the soil may be – this only highlights part of the problem. The 
relative proportions of nutrients also play a vital role. For example, applying 
high rates of nitrogen alone destroys the balance between the three macronu-
trients, N, P and K. This approach not only puts nitrogen to poor use; it also 
leads to increased humus depletion, rising soil acidification and, overall, a 
reduction in the nutrients available to the crops (see Chapter 7). Mineral NPK 
fertilization also frequently results in a lack of micronutrients, which is also 
due to an imbalance in the nutrient ratios.

Moreover, nutrient availability is influenced by numerous soil fertility pa-
rameters, such as aeration, the supply of water, structure, acidity and organic 
matter content. Nurturing the soil’s fertility is therefore pivotal to nutrient 
availability. Two aspects are of particular importance in this regard: acidity 
and organic matter.

Soil acidification is a global problem and of special significance in the humid 
tropics. Severe weathering and leaching have made a large percentage of trop-
ical soils very acidic. The pH value of agricultural land should range between 
5.5 and 7.5. In the tropics, pH values are typically below 5.5, with pH values 
around 4.2 common. Low pH values mean acid soils: they reduce the nutrient 
availability and intake by plants; phosphorus in particular is fixed in the soil.
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In degraded soils – i.e. those with low soil fertility and minimal organic 
matter – the effect that mineral fertilizers have on crop yields remains low. 
This is because these soils have a low capacity to bind dissolved nutrients 
(from mineral fertilizers, for example) into the soil and make them available 
to plants. As a consequence, a large portion of the nutrients is washed out in 
the groundwater and is lost. Tropical soils, in particular, exhibit this property, 
as their heavily weathered clay minerals have a very poor ion exchange capaci-
ty. Oxisol soils alone, whose clay minerals are largely kaolinite (Table 3.1), 
account for 22 % of all the soil found in agricultural land in the tropics.25 In 
such circumstances, organic matter takes on a vital role because it can retain 
nutrients and convey them to the plant. However, if degraded soils have very 
little organic matter left (e.g. 20–30 %26 of the amount they had under natural 
vegetation), their potential to absorb nutrients is very low. In this case, the 
best part of any mineral fertilizers is washed out.

Common soils meq / 100 g

Oxisol (tropics) 3–7

Parabrown soils (Central Europe) 20–30

Clay minerals

Kaolinite (old clay mineral) 3–15

Montmorillonite (young clay mineral) 80–120

Organic matter 150–300

This example illustrates that the use of mineral fertilizers on heavily weath-
ered tropical soils does very little to raise harvest yields. Instead, the soil’s 
capacity to store nutrients and make them available to the crops needs to be 
improved.

In summary, it can therefore be said that the nutrients issue is highly complex 
and cannot be restricted to balancing withdrawal and supply, as the discus-
sion surrounding mineral fertilizers repeatedly suggests. In order to raise 
yields, especially in areas with poor soil quality, the availability of nutrients 
for plants and thus the capacity of soil to store nutrients and release them 
when necessary is of utmost importance. This cannot be achieved by using 
mineral fertilizers.

Degraded soils have 
low fertility and little 

organic matter. Apply-
ing mineral fertilizers 
on such soils has little 

effect on crop yields 

Table 3.1: 
Cation exchange capacity of 

soils and their components
Source: Young 1976
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Phosphate mining in the Negev Desert, Israel. Phosphorus is an irreplaceable resource whose maximum extraction rate (“peak phosphorus”) 
may be reached in around 20 years.



4.1 Production

In 1840, a chemist by the name of Justus von 
Liebig discovered the growth-enhancing effect 
of nitrogen, phosphorus and potassium. He is 
therefore regarded as the founder of agricultural 

fertilization and laid the scientific basis for agricultural intensification. Potash 
was mined as a fertilizer as far back as the 19th century, and the basic slag 
extracted from iron and steel production was used as the first phosphate fer-
tilizer. Guano (the excrement of seabirds) and Chile saltpetre (sodium nitrate) 
were mined in South America and exported to Europe for use as nitrogen 
fertilizer. In addition, clover was more intensely cultivated as a fodder plant 
and nitrogen organically enriched in the soil (the enhanced three-field crop 
rotation).

The Haber-Bosch process, invented in 1909, marked a milestone in develop-
ment. This generates synthetic ammonia from atmospheric nitrogen. This 
process was used during the First and Second World Wars to manufacture 
poison gas and explosives. It was only in the aftermath of the Second World 
War, in the late 1940s, that the industrial production of synthetic nitrogen 
fertilizer was taken up at empty production sites. Supplies of organic and 
mined nitrogen that had been dominant until this time could now be replaced 
by synthetic nitrogen, and nitrogen fertilizer could now be used in unprece-
dented quantities.

Since that time, the production of mineral fertilizers (nitrogen, potassium and 
phosphorus) has steadily risen (Figure 4.1). This trend was briefly interrupted 
only in the 1990s at the time of the breakup of the Soviet Union. Production 
has consequently risen five-fold within a period of 50 years.

 

 

4 Production and use of 
mineral fertilizers: An overview
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It is interesting to note the regional shifts that have taken place in the 
production of mineral fertilizer (Figure 4.2). While fertilizer was initially 
manufactured exclusively in the industrialized countries of the North, the 
share of developing countries has steadily increased and currently stands at 
60 %. The region with the largest production volume is Eastern Asia (with the 
People’s Republic of China the largest producer country), followed by North 
America. By contrast, output in the European Union, once largest producer, 
has dropped significantly, to the extent that it has now been surpassed by 
India and the USA. Following the collapse of the Soviet Union around 1990, 
production in the CIS states has recovered to a medium level. 

Developing countries 
now produce 60 % of 
all mineral fertilizers 
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Figure 4.2: 
Major producers 

of mineral fertilizer 
(N, P2O5, K2O)

Source: based on 
IFADATA 2012

Figure 4.3: 
Mineral fertilizer 

production by region
Source: based on 

IFADATA 2012
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Because nitrogen production is exceptionally energy-intensive, it is located 
where fossil fuels are relatively cheap. These include North America, the main 
emerging countries of China and India, as well as countries with significant 
natural gas and oil reserves such as Russia, the Middle East, the Caribbean, 
Australia and Indonesia. Phosphorus fertilizers are produced particularly 
in locations that are rich in rock phosphate. The same is true of potassium 
fertilizers, 80 % of which are made in just five countries (Canada, Germany, 
Israel, Russia, and Belarus) all of which have sizeable potassium reserves. 

Overall, the bulk of mineral fertilizers are nowadays produced in emerging 
and developing countries (Figure 4.3). At the same time, only a handful of 
multinational companies produce and trade in NPK fertilizers. Calculations 
by the Berne Declaration organization revealed that only ten firms accounted 
for 55 % of the market share in 2009. Of these, three groups, Yara (Norway), 
Mosaic and Agrium (both USA), held a combined share of 33 %.27

Their large-scale production at suitably favourable locations by just a few 
firms has turned mineral fertilizers into an internationally traded resource 
which most developing countries are forced to purchase using precious for-
eign currency. This exposes them to price fluctuations on the global market.28

4.2 Consumption

On a global scale, mineral fertilizer consumption has largely developed 
in tandem with the considerable increases in fertilizer production. There 
are significant differences from region to region, however, and not all bulk 
consumers are bulk producers. The regions with the highest consumption are 
(in descending order) Southeast Asia, South Asia, Europe and North America. 
At the other end of the scale, consumption in Africa is especially low. 
 

China now consumes 
one-third of  

the world’s mineral 
fertilizers

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 19

China
USSR/CIS

India
US

European Union
Brazil
Japan

Figure 4.4: 
Major consumers 

of mineral fertilizer 
(N, P2O5, K2O)

Source: based on 
IFADATA 2012

M
ill

io
n 

to
ns

50

1964 1969 1974 1979 1984 1989 1994 1999 2004 2009

40

30

20

10

0



Over the past fifty years, China has propelled itself to the top of list of fertilizer 
consumers (Figure 4.4). This country produced and consumed around 50 
million tonnes in 2009, almost one-third of global consumption. In absolute 
terms, India is the second-largest consumer of mineral fertilizers, though, un-
like China, it is heavily reliant on imports. The European Union, which until 
the late 1980s was the largest consumer as well as the second-largest producer 
of fertilizer behind Russia, has halved both its production and consumption.

Industrial countries

USA 99.76

Japan 239.27

European Union 73.64

BRIC states

Brazil 295.56

Russia 11.66

India 113.38

China 344.39

Developing countries

Bangladesh 163.57

Ghana 7.50

Kenya 21.50

Nepal 4.55

Rwanda 2.70

Tanzania 4.74

Global average 80.69

With regards to the intensity of fertilizer use – i.e. the amount of fertilizer 
applied per unit area – the People’s Republic of China is head and shoulders 
above the rest, with 344 kg per hectare per year (Table 4.5). Other top 
consumers include Brazil and Japan. With around 74 kg per hectare, the EU’s 
consumption hovers around the global average. The average annual doses 
applied in many African countries amount to around 5 kg per hectare.

Of no lesser significance is the question whether fertilizers contribute to a 
balanced nutrient ratio.29 Not accounting for plant-specific differences, the av-
erage ratio of the main nutrients required by plants is 1 N to 0.44 P to 1.25  K.30 
Accordingly, the appropriate average share of nitrogen is 37 %. The actual 
situation looks very different, as Table 4.6 shows: the amount of nitrogen has 
risen disproportionately compared to phosphorus and potassium. Whilst 
it amounted to less than 50 % in 1961, it had risen to 74 % in 2009; in many 
developing and emerging countries, the share of nitrogen frequently exceeds 
this level. In China, the average value is over 80 %. Compared to the nutrient 
requirements, these values are exceptionally high. This incongruity can be 
explained both by the relatively low price – especially of urea – and the direct 
yield-enhancing effect of synthetic nitrogen fertilizers.
 

Table 4.5: 
Annual mineral fertilization 

intensity by country (total 
nutrients N, P, K kg/ha)

Source: Calculated based 
on FAOSTAT, mean 

average for the period 
2005–2009

Nitrogen now accounts 
for three-quarters 

of the world’s use of 
mineral fertilizers
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Year 1961 1971 1981 1991 2001 2009

Globally 49.2 58.6 64.5 68.4 71.2 74.0

China 93.5 86.7 84.8 79.6 76.0 80.1

Tanzania 52.6 71.9 75.3 79.1 75.6 94.7

Bangla-
desh

94.1 80.6 76.9 81.3 82.1 81.3

Nepal unknown 81.3 83.2 83.8 81.6 65.2

Worldwide, the average share of nitrogen is therefore twice as high as nec-
essary – with catastrophic effects for the environment, soil fertility and the 
climate (see Chapter 7). Given this oversupply, a significant portion is washed 
out in the form of nitrates, or escapes as nitrous oxide gas into the atmos-
phere. The use efficiency of this nutrient consequently remains minimal.

Table 4.7: 
Share of nitrogen ( %)  
in the consumption of  

N, P, K fertilizers
Source: Calculated based 

on FAOSTAT 2012

The world uses twice 
as much nitrogen 

as necessary – with 
catastrophic effects 
on the environment, 
soil fertility and the 

climate

Over the past 50 years, China 
has risen to the top of the list 
of fertilizer consumers. With 

around 50 million tonnes 
in 2009, the country had 

almost one-third of global 
consumption.
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Large fertilizer storage facility in China. Mineral fertilizers in developing countries are particularly expensive because they have to be 
transported inland and are sold in very small quantities. Remote locations far from a port are at a particular disadvantage. 



Subsidizing mineral fertilizers is common in many 
developing countries. Governments hope that this 
will boost agricultural production, improving the 
country’s food situation and reducing poverty in 
rural areas.31 

Subsidy programmes pursue a variety of objectives: above all, they should 
enable a larger proportion of farms to use mineral fertilizers. In particular, 
subsidies are designed to benefit smallholdings that have little liquidity, poor 
resources and no access to agricultural loans.32 Government subsidies also 
provide a boost to medium-sized and large farms; stepping up the amount of 
fertilizer used enables them to expand their own production33, lift incomes 
and achieve more effective market ties.34 

In addition, subsidies aim to stabilize fertilizer prices for end-users in times of 
big price fluctuations.35 They can also help to compensate farmers for low food 
prices (which are held down by the state).36

Restoring soil fertility is another cited objective.37 Mineral fertilizers are 
supposed to increase the production of biomass, enrich the supply of humus 
to the soil, cut down on soil erosion and create carbon sinks in the soil that 
help protect the climate.38 But research to date disproves these assertions (see 
Chapter 7). Current mineral fertilization strategies are not suited to enriching 
soil fertility and sequestering carbon dioxide. On the contrary, they have 
far-reaching negative effects on the environment and the soil, the most vital 
capital for agriculture.

Mineral fertilizers have now been subsidized in developing countries for five 
decades. Restriction-free subsidies for mineral fertilizers were widespread 
during the Green Revolution between 1960 and 1980, above all in Asia and 
sub-Saharan Africa. In Asia, the expansion of the irrigation infrastructure 
combined with an increased use of fertilizer resulted in significant production 
increases.39 Since prices for agricultural produce continued to fall at the same 
time, however, the subsidy programmes did little to grow the economy and 
combat poverty.40 The programmes in sub-Saharan Africa were even less 
convincing, as they were marked by abuse and corruption.

These failures, coupled with calls for structural adjustment programmes, 
led many countries in the 1990s to cut back on their fertilizer subsidies. A 
number of programmes initiated by international donors were shut down, and 
cutbacks were also made in rural development efforts. Instead, a focus was 
placed on privatization and business promotion.

A shift in course occurred around the turn of the millennium. In the light of 
rising prices for agricultural produce and a fall in food security, various Afri-
can governments and private foundations such as the Gates Foundation again 
began promoting the use of mineral fertilizers. This trend was stepped up 
as a result of food crises (2005/6 and 2007/8) and increasing price volatility 
in food markets. The breakthrough for large-scale subsidy programmes in 
sub-Saharan Africa came by virtue of the African Fertilizer Summit in Abuja, 
Nigeria, in 2006, which saw the establishment of the African Fertilizer Devel-
opment Financing Mechanism. This was matched by two initiatives founded 
in the same year, the Alliance for a Green Revolution in Africa41 (AGRA) and 
the Millennium Villages programme, both of which focused completely on ag-

5 Subsidies:  
Sense or nonsense?

Mineral fertilizers 
have been subsidized 

in developing countries 
for five decades
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ricultural intensification using mineral fertilizers. Thus, extensive private and 
public funding is being ploughed into fertilizer subsidies in African countries 
in particular, and mineral fertilizer is once again regarded as a key resource 
for raising inland food production.

In the meantime, the first assessments of this latest mineral subsidization 
phase have been made available for six African countries (Ghana, Kenya, 
Nigeria, Malawi, Zambia and Tanzania).42 All of them seek to optimize food 
production as a means of effectively combating hunger in their own country. 
For this reason, staple foods such as maize are a particular focus of the 
funding.43 

Many governments and donor organizations vest great hopes in the new subsi-
dization concepts, collectively known as “smart subsidies”. Fertilizer vouchers 
issued to smallholdings above all aim to enable poorer sectors of the popula-
tion access to fertilizer and promote the private market for mineral fertilizer.44 
Using these vouchers, fertilizer can be purchased for a reduced price or even 
be acquired in small quantities (“starter packs”) free of charge. 

The smart subsidy programme in Malawi began in 2004 and reached its peak 
in 2008/9 with a financial volume of US$ 265 million.45 The subsidized supply 
of fertilizer has led to a significant increase in smallholder maize production 
and to national food security. But it remains to be seen how the high costs can 
be financed over time, so it is unclear if the country can produce sufficient 
food in the future. Nevertheless, the experiences in Malawi have encouraged 
other African countries such as Ghana, Kenya and Tanzania to adopt similar 
subsidy programmes or to extend existing ones.

In all six countries, the subsidy programmes experienced significant weak-
nesses: for example, smallholdings situated in remote areas, which should 
be the main target of the subsidies, frequently could not get enough fertilizer 
at the right time.46 Contrary to the aim of enabling small-scale suppliers to 
provide fertilizer to remote areas, the subsidies in Malawi, for example, led 
to small-scale traders being forced off the market47, the strengthening of an 
oligopoly of a few larger suppliers48 and corruption among middlemen and 
administrative departments.49 

Furthermore, a conflict of goals ensued in all of these countries. On the one 
hand, the governments sought to raise national production, and on the other 
hand, they aimed to help poorer farms improve their income.50 In reality, 
however, larger farms and more fertile regions were supplied with subsidized 
fertilizer rather than smaller farms and remote areas, mainly because the 
former could reap higher yields.51 Fundamentally speaking, it is difficult to 
channel subsidies to those really in need. In general, wealthier farms have 
benefited.52

The smart subsidy programmes are weak from an ecological perspective. Al-
though all six national subsidy programmes had the declared aim of enriching 
soil fertility, in practice this did not occur. This omission had an especially 
profound effect in regions where soil fertility is already low and was further 
harmed by incorrect fertilizer use.

Another source of criticism of the subsidy programmes is their low economic 
efficiency. Mineral fertilizer subsidies have a very poor benefit-cost ratio. No 

It is difficult to channel 
subsidies to those re-

ally in need. In general, 
wealthier farms have 

benefited
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long-term positive effects are to be expected from the funds used. On the con-
trary, the annual costs are rocketing at the same time as soil fertility is declin-
ing and mineral fertilizer prices are rising. The benefit-cost ratios in Malawi 
were calculated to be between 0.76 and 1.36.53 These findings correlate with 
figures published in an IFPRI study in India, which investigated the impact 
of various investments and subsidies in the agricultural sector over a period 
of four decades (1960–99).54 The study concludes that agricultural research, 
agricultural consultancy and infrastructure development render a high return 
on capital. The return on mineral fertilizer is very small in comparison, or as 
was the case in the 1980s and 90s, can even be highly negative: in 1980–89, 
one rupee invested led to 0.88 rupees worth of growth (a return of –12 %); in 
1990–99, an investment of one rupee led to only 0.53 rupees worth of growth 
(a return of –47 %) (Table 5.1). 

1960–69 1970–79 1980–89 1990–99

Agricultural 
research 3.12 5.90 6.95 6.93

Training 5.97 7.88 3.88 1.53

Infrastructure 
development 
(roads)

8.79 3.80 3.03 3.12

Mineral 
fertilizer 
subsidies

2.14 3.03 0.88 0.53

Ghana55 46 % of the 2012 national agricultural budget is spent on mineral 
fertilizer subsidies.

Kenya56 An estimated 37 billion KSh (~US$ 44.1 million) spent over three 
years.

Malawi57 91 % of the mineral fertilizer costs were subsidized due to the high 
fertilizer prices in 2009. This was 74 % of the agricultural budget 
and 16 % of the national budget.

Nigeria58 Up to 25 % of fertilizer costs are subsidized and accounted for an 
average of over 43 % of the agricultural budget between 2001 and 
2005.

Zambia59 Up to 70 % of the agricultural budget is spent on fertilizer subsidies 
and maize price support.

Tanzania60 Up to 50 % of fertilizer and seed prices are subsidized. Anticipated 
costs: approx. US$ 110–150 million.

Given the low profitability reaped from mineral fertilizer subsidies, the scale 
of public funding channelled into them is startling. The subsidy programmes 
pose a massive burden on national agricultural budgets. At times, 74 % of Ma-
lawi’s entire agricultural budget were spent on mineral fertilizer, with similar 
figures applying in Zambia (Table 5.2). Ghana’s figures convincingly show how 
the expenses of a national agricultural budget are geared towards funding 
mineral fertilizer and how their share – in absolute and relative terms – is 
rising continuously (Table 5.3). These are funds that are no longer available 
for promoting other agricultural activities.

Subsidies for mineral 
fertilizers have low 
economic efficiency 

and a very poor bene-
fit-cost ratio

Given the low prof-
itability of mineral 

fertilizer subsidies, the 
scale of public funding 

channelled into them is 
startling

Table 5.1: 
Return on public invest-
ment in the agricultural 

sector in India.
 Growth in the agricultural 

sector in rupees per 
invested rupee

<1 = net loss
>1 = net benefit

Fan et al. (2007)

Table 5.2: 
Burden of subsidies on na-
tional agricultural budgets 

in sub-Saharan Africa 
Mössinger (2012)
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Year Fertilizer  
subsidies  

(US$ million)

Agricultural 
budget  

(US$ million)

Fertilizer 
subsidies as a 
percentage of 

the agricultural 
budget ( %)

2008 19 114 16

2009 24 140 17

2010 20 175 12

2011 50 142 36

2012 66 144 46

Fundamental problems consequently remain unresolved in spite of the sup-
posedly improved concepts. Fertilizer subsidies result in production increases 
in the short term, but have a negative long-term effect on soil fertility. This is 
confirmed by the very low return on funds invested. In economic terms, they 
can only be justified as provisional, makeshift measures. In the short run, 
they can cushion temporary price increases and boost food production, but 
they cannot serve as a sustainable food security strategy.61 Mineral fertilizer 
subsidies are therefore a high-cost tool designed to provide immediate 
relief. In reality, however, once subsidies are initially ploughed in, they are 
continued for many years; once set up, their termination is met with heavy 
resistance even though they pose a considerable burden on the budgets of 
numerous countries. 

Table 5.3: 
National costs of mineral 

fertilizer subsidies in Ghana
Calculated based on data 

from MoFA (2012)
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The economic viability of fertilizer is the ratio of 
additional costs to additional yield. Numerous 
studies in smallholder regions of Africa, Asia and 
Latin America have shown that additional yields 
achievable through mineral fertilizers are often 
marginal. This is especially well documented in 

the case of sub-Saharan Africa.62 The reason for this lies in the widespread 
low fertility of the soils that have for decades been overused, leached, acidified 
or abandoned to erosion. Their ability to make nutrients from fertilizers avail-
able to plants and to create beneficial growing conditions is often minimal.

On the cost side, the “terms of trade” (a comparison between the costs of two 
items) in agriculture, and especially the ratio between mineral fertilizer and 
food products, have deteriorated steadily from one decade to the next. Figure 
6.1 compares the global fertilizer price index63 with the World Bank’s food 
price index64 between 1970 and 2011. It shows that the world market price for 
mineral fertilizers has risen disproportionately when compared to the price of 
food – by over 250 % in 40 years. Other studies reveal similar trends.65 

The disproportionate cost increase for mineral fertilizer reflects the rising 
costs for fossil fuels (oil and natural gas) as well as minerals, notably phos-
phorus. This global trend is intensified in the majority of developing countries 
by other costs. The price an individual farmer in a remote area has to pay for 
mineral fertilizer is a lot higher than the world market price (or would be, if 
there were no subsidies) because of transport, distribution and other transac-
tion costs. The prices that the same farmer gets for his or her farm produce, 
on the other hand, is far below the price in places with good market links.66 
Moreover, fertilizer prices are prone to wide fluctuations,67 especially if they 
are imported and are priced in foreign currencies, as is the case in most 
developing countries.

6 Economic viability of mineral 
fertilizers for smallholdings

Compared to food 
prices, the world mar-

ket price for mineral 
fertilizers has risen by 

over 250 % in 40 years

63 The fertilizer index (calculated by the author) is a weighted average of the annual prices for urea (weighting: 63.9 %), triple super-
phosphate (20 %) and potassium (16.1 %). The weighting was calculated on the basis of the respective average share of the three 
components in worldwide production. The worldwide production data comes from the International Fertilizer Industry Association.

64 The World Bank’s Food Price Index calculates a goods price index for countries with low and middle incomes. The index compris-
es three components: fats and oils, cereals and other food products (meat, sugar, etc.). It is index-linked to 2005 and the weighting 
of the components was determined on the value of exports between 2002 and 2004. 
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Mineral fertilizers cost such a lot in developing countries because they have 
to be transported inland and are sold in very small quantities. They are often 
bought on credit that has to be repaid after harvest. Locations far from a port 
are at a particular disadvantage. By way of example, the retail price for urea in 
Lusaka (Zambia), Lilongwe (Malawi) or in Abuja (Nigeria) was 41–48 % above 
that charged in cities in the USA (Table 6.2). In the inland city of Huambo 
(Angola), the price of NPK fertilizers was 150 % higher than at the port.

Inland trans-
portation 

route

Price (fob) Price (cif) Retail trade

USA (urea) 135 160 227

Nigeria (urea) Lagos – Abuja 135 165 336

Malawi (urea) Beira – 
Lilongwe

145 170 321

Zambia (urea) Beira – 
Lusaka

145 270 333

Angola (NPK) Luanda – 
Huambo

226 323 828

These findings have been confirmed by a comprehensive study conducted on 
behalf of the Gates Foundation.68 This found that the retail price for urea in 
Lilongwe, Malawi in 2006 was US$ 496 per tonne, compared to an fob price 
of US$ 191. Further mark-ups are to be expected for remote regions. For 
Malawi, Sanchez69 anticipates the urea price to be six times higher than that 
at the port of Beira (Mozambique).

A World Bank study compiled numerous proposals for lowering the high 
transaction costs in imports, transportation and commerce. It recommends, 
for example, providing easier access to agricultural loans, establishing market 
information systems, simplifying the product range, extending the distributor 
network and stepping up governmental control mechanisms.70 With respect to 
East Africa, agronomists estimate that the retail price charged to consumers 
could be cut by 11–18 % as a result.71 This is not much and does nothing to 
alleviate the fundamental problem of disproportionate mineral fertilizer costs 
in developing countries and their remote rural areas in particular. Product 
prices are too low, and fertilizer costs too high.

These high prices mean that for smallholder farmers, mineral fertilizer is fre-
quently only profitable in small quantities, if at all. Even though the fertilizer 
doses recommended by the national advisory services are often much higher, 
farmers are usually very aware of the low profitability. Accordingly, they fer-
tilize their soil very purposefully and economically. The practice of fertilizing 
plants individually is widespread. Many farmers in southern Africa use crown 
caps from beer bottles to apply the right amount of fertilizer. 

Table 6.2: 
Impact of transportation 

costs on fertilizer prices in 
rural areas of Africa (US$/

tonne, 2003)
Source: Gregory and 

Bump (2005)
fob = free on board, cif = 

cost insurance freight
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The benefit-cost ratio is frequently taken as an indicator of the profitability of 
mineral fertilizer. In this case, the sales value of the additional yield is divided 
by the cost of the fertilizer consumed. Benefit-cost ratio studies have proven 
that mineral fertilizer profitability in smallholder regions is marginal. For 
example, the average benefit-cost ratio of maize yield to nitrogen fertilizer 
in Tanzania and Zambia in 2000 was found to be 1.1, compared to values of 
5.2 and 6.5 respectively in 1980.72 In theory, the use of mineral fertilizer is 
deemed to be profitable if the benefit-cost ratio is greater than 1. According to 
agricultural economists at the International Maize and Wheat Improvement 
Centre (CIMMYT), however, farmers in the tropics should expect a value of 
at least 2,73 while in locations with increased production and sales risks, a 
benefit-cost ratio of 3 or higher is even thought to be necessary.74 

Whatever the case may be, the situation is far more complex in practice: the 
poorer the household, the lower the amounts of mineral fertilizer that are 
used.75 The more degraded the soil and thus the smaller the yield increase 
through mineral fertilizer, the lower the amount that is deployed.76 Less 
fertilizer is used on fields further away from the farmhouse than those nearby, 
and on farms further away from the market than on those nearby.77 Finally, 
cash crops tend to be fertilized more often than subsistence-based food crops. 
All this highlights the wide range of decision-making at farm level.

The profitability of mineral fertilizers is on the decline especially in sub-Saha-
ran Africa. Generally, it can be established that: 

 » For many farms in developing regions, mineral fertilizer is a very expensive 
and barely profitable production resource. In smallholdings, it is usually 
applied only in very small quantities – if at all. From a business perspective, 
this behaviour is very rational given the low soil productivity. 

 » In the long run, the price of mineral fertilizer has risen disproportionately, 
as can be seen in the price ratio of maize to fertilizer at the farm level. The 
long-term decline in the price ratio of food to fertilizer is coupled with a loss 
in the economic viability of using mineral fertilizer. This can only be offset 
through a more efficient use of fertilizers. 

 » In times when prices rise, for example during the food crisis in 2008/9, 
fertilizer prices in many developing regions increase more than the food 
prices. This explains why during times of food crisis, fertilizer use tends to 
decline rather than rise, especially in remote areas.

In summary it can be said, that the economic viability of mineral fertilizer in 
smallholdings has shrunk continuously from one decade to the next. A change 
in this trend might be achievable only if the price ratio of mineral fertilizer to 
food products were to be adjusted in favour of the food products, or if the im-
pact made by fertilizers were significantly enhanced by enriching soil fertility. 
Under present conditions, neither is to be expected.

The economic viability 
of mineral fertilizer 
in smallholdings has 
shrunk continuously
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Mineral nitrogen stimulates the decomposition of organic matter in the soil. The more nitrogen is applied, the faster the decomposition. 
The damage caused by mineral nitrogen poses a threat not only to the environment but also to agriculture itself.



Under established doctrine, mineral fertilizers, 
along with plant breeding, are seen as the most 
important steps towards increasing yields and 
securing food. This argument is so powerful 
that the negative impact of fertilizers on the soil, 
environment and climate are often suppressed 

or treated as external costs, which simply have to be accepted. By the same 
token, all mineral fertilizers are usually put into the same pot, and the 
differences between the individual nutrients and their fertilizer forms all too 
rarely discussed.

It is synthetic nitrogen that especially has a negative impact. It poses a threat 
not only to the environment but also to the agriculture itself. Most nitrogen 
fertilizers cause soil acidification, soil humus depletion and greenhouse gas 
emissions, which are big contributors to climate change. And climate change 
is likely to result in a significant drop in agricultural yield in the tropics and 
subtropics.

7.1 Nitrogen and soil acidification

Soil acidity is an outstanding parameter in the complex soil fertility system 
(see Chapter 3). In strongly acidic soils, the availability of nutrients, above all 
phosphate, is limited, and the concentrations of toxic metals in the soil solu-
tion rises. At the same time, the life of microorganisms in the soil is heavily 
impaired and overall soil productivity is lower.

Acidification has a major impact on the supply of phosphorus to plants and on 
the effectiveness of phosphate fertilizers. Phosphate is readily fixed in acidic 
soils, making it unavailable to plants. Nitrogen applications thus reduce the 
efficient use of this scarce and costly nutrient. Phosphorus is an irreplaceable 
resource whose maximum potential extraction rate through mining (“peak 
phosphorus”78) may be reached in around 20 years. That makes phosphorus a 
particularly precious nutrient. 

By far the largest part of synthetic nitrogen fertilizers is based on ammonia. 
This comprises urea, ammonium nitrate, ammonium sulphate and ammo-
nium phosphate. All of them accelerate soil acidification. Table 7.1 provides 
an overview of their acidifying effect. The acidity index indicates how much 
calcium (in the form of lime CaCO3) must be added to the soil in order to neu-
tralize 1 kg of N fertilizer. To neutralize the acidifying effect of a kilogramme 
of urea, which makes up 67 % of global nitrogen fertilizer consumption,79 0.71 
kg of lime is required.

7 Nitrogen fertilizer: Impact 
on agricultural sustainability 

Applying synthetic 
nitrogen fertilizer 

drastically accelerates 
soil acidification
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Acidity index80

kg CaCO3/kg fertilizer

Urea 0.71

Ammonium sulphate 1.10

Ammonium nitrate 0.62

Monoammonium phosphate 0.58

Diammonium phosphate 0.37

Lime is expensive, however, especially because it has to be transported to 
where it is needed. Ground limestone is often not available at all. As a result, 
the practice of systematic liming is generally restricted to wealthy countries 
such as those in Western Europe, whereas the routine use of lime in tropical 
smallholdings is virtually unknown. There, the soils that are naturally already 
acidic acidify further as a result of nitrogen fertilization. The pH value here is 
frequently below 5.5, and values between 4.2 and 4.5 commonplace. 

This circumstance is especially apparent in the People’s Republic of China. 
Analysis of over 8,000 soil samples from the southeast of the country has 
revealed that, in the period 1980–2000 – i.e. within a timeframe of 20 years 
– the pH value in rice soils had fallen by an average of 0.5 points.81 Other 
studies even recorded a fall in pH values of up to 2.2 points.82 Yield declines 
of 30–50 % induced by soil acidification were recorded at the same time.83 
Nitrogen is seen as the main cause of this, since the practice of nitrogen ferti-
lization has rocketed since 1980. The 32.6 million tonnes of nitrogen applied 
nationally in 2007 represent a 191 % rise over the level in 1981. China tops the 
league table of fertilizer users, with 344 kg per hectare a year. Some 80 % of 
this is nitrogen (Tables 4.5 and 4.7). 

7.2 Nitrogen and soil humus

A second key parameter of soil fertility and sustainable production is the 
amount of humus in the soil. Humus relies on the supply of organic matter 
such as plant residues and animal manure. It is formed by specific groups of 
microorganisms and decomposed by others. Sustainable soil fertility there-
fore relies on the balance between humus build-up and decomposition, and 
the supply and consumption of organic matter. 

Soils with high humus content can utilize mineral fertilizers especially well. 
The yield-increasing effect of well-dosed mineral fertilization can be very 
high. This is linked to the fact that organic matter in the soil acts as a key tem-
porary storage for nutrients from fertilizers (see Chapter 3, Table 3.1), whereas 
in soils with low humus content and low nutrient storage capacity, a large 
portion of the nutrients dispensed via mineral fertilizers is lost to leaching.

Some therefore argue that the role of mineral fertilizers is not just to raise 
yields but also to produce biomass, which is not withdrawn from the field 
but rather fed to the soil as organic matter (root mass and harvest remains). 

Table 7.1: 
Soil acidification due to 

fertilization
Source: Hart (1998)
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They furthermore maintain that, through an extensive and balanced supply 
of nutrients and the resulting rise in biomass production, significantly more 
straw and other crop residues, such as root biomass, will ensue and enrich the 
humus in the soil. Were this assumption to hold true, mineral fertilizer would 
represent an investment in the long-term preservation of agricultural soils.

The opposite is the case, however. Numerous long-term trials have concluded 
that routine NPK fertilization, unlike organic fertilization, depletes the humus 
content in soil in the long run despite supplying significant amounts of crop 
residues.84 It has also been established that higher nitrogen dosages, in order 
to maximize yields, correlate to greater levels of humus decomposition.85 

In a famous set of continuous field trials, the “Morrow Plots” in Illinois (USA), 
certain fields were fertilized with N, P and K for half a century (1955–2001), 
and this form of mineral fertilization was linked to significant amounts of 
crop residue that had been fed into the soil. Although mineral fertilization 
enables higher plant densities, which, in turn, supplies the soil with more 
biomass, the soil humus content fell continuously and significantly. It is also 
interesting to note that the lower layers of soil (at depths of 15–30 cm and 
30–46 cm) were far more affected. This means that the fertility of the soil had 
clearly declined overall and its storage capacity of carbon dioxide had dimin-
ished.86 

Why is this so? Numerous studies87 confirm that mineral nitrogen stimulates 
the decomposition of organic matter in the soil; the higher the N applications 
and surpluses, the faster the decomposition. Very high nitrogen surpluses are 
produced worldwide, while the use efficiency of nitrogen has fallen consider-
ably. Recent estimates show that this efficiency has fallen significantly within 
a period of 40 years.88 For global crop production, the efficiency is calculated 
to be only 33–36 %.89 This wasteful use of resources is systematic: mineral 
fertilizers are not used to supply the plant’s needs, but rather to achieve the 
highest-possible economic yields.

7.3 Nitrogen and the climate

Today, global agriculture accounts for around 12 % of all greenhouse gas 
emissions.90 It thus ranks among the prime originators of climate change. Of 
this amount, about half (47 %) are caused by forest clearance and burning to 
clear land for farming. Another 17 % (or one-third of the remaining agricultur-
al emissions) are attributed to nitrous oxide released into the air as a result of 
nitrogen fertilization.91,92 

These levels do not include emissions arising from the production of mineral 
fertilizers. Large quantities of carbon dioxide are generated during this 
manufacture of nitrogen fertilizer. Nitrogen synthesis is one of the industrial 
processes with the highest energy consumption. Around 1.2 % of the world’s 
energy demand is required to produce ammonia using the Haber-Bosch 
synthesis,93 and 90 % of the energy used in the fertilizer industry goes into the 
manufacture of synthetic nitrogen. In addition, large volumes of nitrous oxide 
are released into the air during the manufacture of nitric acid, another vital 
material for making N fertilizer.

Mineral nitrogen 
stimulates the decom-

position of organic 
matter in the soil. 

The more nitrogen is 
applied, the faster the 

decomposition 

Mineral nitrogen ferti-
lizer is a major source 
of greenhouse gases
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Soil acidification is a global problem and is of special significance in the humid tropics. Systematic liming – like here in a mango plantation in 
Ghana – is necessary to regenerate highly acidic soils and to improve crop yields.



7.4 Summary

Nitrogen brings about enormous short-term yield increases but is, at the same 
time, harmful to the soil and climate – two elements that are fundamental 
to agricultural production. It is like a drug that drives an athlete to peak 
perform ances in the short term, but ruins his or her body in years to come. 
The high levels of nitrogen fertilizer consumption in China and the resulting 
acidification of the soil is a prime example of how a global agricultural system 
founded on synthetic nitrogen squanders scarce resources (energy, phosphate) 
and, at the same time, is systematically destroying the agricultural resource 
base and diminishing food security. Subsidy programmes which seek to 
supply poorer farms with mineral fertilizer – preferably nitrogen-based – 
heighten their poverty in the medium to long term instead of eliminating it, 
because nitrogen destroys the soil’s fertility.

Yet, organic alternatives to mineral nitrogen are already waiting in the wings: 
of the three main nutrients, nitrogen is the only renewable resource. Atmos-
pheric nitrogen can be fixed biologically and enriched in soil by microorgan-
isms, whereas the reserves of phosphorus and potassium in the soil are very 
limited. Most tropical soils in particular are reliant on the return or replace-
ment of phosphorus and potassium. 

The negative impact of nitrogen fertilizers has meanwhile reached a dimen-
sion that can no longer be ignored. The damage caused by nitrogen poses a 
threat not only to the environment but also to the agricultural sector itself. 
Alongside carbon dioxide emissions and the drop in biodiversity, nitrogen is a 
third parameter that has already far exceeded the planetary boundaries.94

The damage caused by 
mineral nitrogen poses 
a threat not only to the 

environment but also 
to agriculture itself
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Fertilizer is valuable. A Zambian farmer fertilizes each plant individually, using a bottle cap to ensure the right dosage.



Agriculture faces the major challenge of combining 
intensive production with sustainability. Produc-
ing in a more sustainable way means using natural 
resources efficiently, recycling them as much as 
possible for further use, and avoiding negative 
impacts on the environment and soil. The aim is to 

maintain these resources on a sustained basis. With respect to nutrients, the 
objective is to minimize losses that occur for example through erosion, leach-
ing and soil fixation, and to fortify nutrient cycles by returning the substances 
that have been removed back to the soil.

Organic manure, which can help to restore or revive nutrient cycles, has great 
potential, but cannot meet the sizeable nutrient requirements alone. This is 
especially true for soils that have been depleted of their nutrients for decades 
by harvesting and erosion. The fertility of such soils has to be regenerated 
systematically. The use of organic fertilizer from within the farm quickly 
reaches its limits here. Unless nutrients can be added externally, a leap into 
more intensive production is unlikely.95

For this reason, it is not possible to forego the use of mineral fertilizer 
entirely. But a fundamental shift in the way people believe it should be used is 
required. Supplementing mineral fertilization with a soil humus management 
component does not go far enough. Instead, the reverse argument should 
apply: mineral fertilizer should be treated as a supplement within a compre-
hensive soil fertility strategy. Looked at from this point of view, the immediate 
aim of fertilization is not to increase yields and fertilize plants, but to build up 
soil fertility. This is exactly what Rudolf Steiner (much like other developers of 
organic agriculture) meant when he coined the famous phrase: “Fertilization 
means nurturing a living soil”.96

Especially for smallholders this is a big challenge, given their outstanding 
role they play in food security. Farmers with limited resources must be 
empowered to invest in soil fertility in order to raise production, secure food, 
increase marketing surpluses and reduce production risks.

8.1 Soil humus is paramount

On the path towards intensification, precedence should be given to measures 
that raise the humus content in the soil and enhance nutrient and energy 
cycles. This is where technology comes into play. Collectively, these fall under 
the practices of sustainable land management97 and are used systemat-
ically in organic agriculture. Sustainable land management ranges from the 
use of animal manure and compost to green manuring, intensive fallowing 
and establishing agroforestry systems. Equally important are soil and water 
conservation measures which prevent soil erosion, harvest water, raise the 
water storage capacity of soil, and increase biomass yields. Sustainable land 
management and soil and water conservation bring organic matter to the soil, 
create a means of compensating for continuous humus mineralization and 
present an opportunity for raising the level of humus content in the soil. This, 
in turn, improves the soil’s nutrient storage capacity and nutrient availability 
to plants (see Table 3.1). At the same time it lays the foundation for further fer-
tilization. The increased activity of soil microorganisms that accompanies the 
build-up of humus is of particular significance in this regard. Through height-

Mineral fertilizer 
should be treated as a 
supplement to organic 

fertilizer and as part of 
a comprehensive soil 

fertility strategy

8 Using mineral fertilizers 
for sustainable intensification
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ened mycorrhizal activity, for example, much higher quantities of phosphorus 
can be mobilized in the soil and absorbed by the plant’s roots. The additional 
supply of phosphorus and lime can play a vital role in this build-up phase, as 
degraded soils commonly suffer an acute lack of phosphate and are very acidic.

Sustainable land management methods can be exceptionally efficient if 
applied systematically. Numerous studies have confirmed that they can lead 
to improved soil fertility and higher productivity.98 This especially holds true 
in ecologically demanding production environments.99 The suitability of these 
technologies for building up tropical soils – as individual measures or in 
conjunction with others – is site-specific and depends on the natural, eco-
nomic and sociocultural conditions. The sections that follow briefly present a 
number of individual examples to illustrate the principles and the effects of 
such technologies.

8.1.1 Significance of animal husbandry for arable cropping

In many agrarian land-use systems, the link between crop and animal 
husbandry is viewed as the basis for preserving soil fertility. Animals do not 
only provide milk, meat and hides. In some regions, the manure they produce 
takes on even greater significance. This is true, for example, in many parts 
of Rwanda and in the Usambara mountains of Tanzania. Despite an acute 
shortage of land in these regions, cattle use feed sources that do not conflict 
with food production (fallow, meadows, trees, bushes and shrubs). Through 
this, nutrients are gathered and converted to manure that can be used to fer-
tilize arable land. The current trend is to step up manure production through 
indoor housing of cattle and forage cropping and convert the manure into 
high-quality fertilizer (such as compost). Table 8.1 provides an overview of the 
nutrient content of a variety of fresh manures. The figures reveal a relatively 
high phosphorus content, which is of special value given the widespread 
shortage of this element. In addition, the manure contain a significant amount 
of calcium, which can counteract acidification.

Water % Organic 
matter

Nitrogen 
N

Phosphate 
P2O5

Potassium 
K2O

Calcium 
CaO

Cattle 80 16 0.3 0.2 0.15 0.2

Horses 73 22 0.5 0.25 0.3 0.2

Pigs 78 17 0.5 0.4 0.07 0.07

Sheep/
goats

64 31 0.7 0.4 0.25 0.4

Hens 57 29 1.5 1.3 0.8 4.0

The properties of manure have been the subject of numerous studies. Manure 
not only raises yields but can also significantly enhance the impact of mineral 
fertilizers (Table 8.2).100 Of far greater significance, however, is the fact that the 
humus content in soil can be kept at a constant or even an increased level through 
the regular application of manure, as has been verified in recent work conducted in 
sub-humid and semi-arid locations.101 Moreover, in heavily acidic soils, it helps to 
enhance the effect of phosphate fertilizers102 and to raise the pH value.103

Precedence should be 
given to raising the hu-
mus content in the soil 
and enhancing nutrient 

and energy cycles

Applying manure can 
maintain or increase 

the soil’s humus 
content

Table 8.1: 
Nutrient content and 

organic matter (%) in fresh 
manure from various farm 

animals
Sources: Sauerlandt 

(1948), Jaiswal et al. (1971)
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N – P – K Preceding long-term treatment with manure  
(t/ha of manure per year over 20 years)

0 2.5 7.5 12.5

0 – 0 – 0  33  584  2,543  3,145

124 – 28 – 56  1,016  2,316  3,775  3,821

268 – 56 – 112  2,056  3,311  4,108  4,247

8.1.2 Compost

In most cases, animal manure alone is not sufficient to feed the soil. Plus, 
many farming systems do not include any livestock. Therefore, the compost-
ing of plant material takes on particular significance. High-quality humus 
fertilizer can be produced by managing the biological and chemical decom-
position and conversion of animal and plant waste. This method, which was 
underestimated in the past and often pejoratively dismissed as an activity 
“just for the amateur gardener”, is now experiencing a veritable boom among 
smallholdings in the tropics. Its efficiency can also be significantly enhanced 
by adding animal manure to the compost. By the same token, the composting 
of human faeces will also need to be given greater consideration in the future.

Vermicompost is currently enjoying widespread popularity. This process 
works with large earthworm populations and leads to high-quality humus 
compounds. Numerous research findings published over the past ten years 
attest to the exceedingly positive effects of vermicompost on the plant yield 
– on its own104 and in conjunction with mineral fertilizers.105 In addition, 
numerous works have confirmed the positive effects this process has on the 
humus content,106 biological activity in the soil,107 the pH value and phosphate 
availability.108

Carbon 
 % dry matter

Proteinase 
activity

mg/g Tyr

Microbial 
biomass

mg/100g C

Dehydro-
genase 
activity

µg/10g TPF

Composted 
farmyard 
manure

0.91 % 0.27 34.9 109.1

Composted 
farmyard 
manure 
treated with 
biodynamic 
preparates

1.00 % 0.26 37.8 121.9

Mineral 
fertilizer

0.79 % 0.20 36.1 75.9

Reference Raupp 1998 Bachinger 1996

The main challenge facing any form of fertilization is how to maintain and 
build up the humus content in soil, despite farming the land. In terms of 
humus reproduction performance, composts come out on top, followed by 
animal manure.109 

Table 8.2: 
Effect of farmyard manure 

and mineral fertilizers on 
maize yield 

(kg/ha per year)
Site: Samaru, Nigeria, 

ferric luvisol
Source: Abdullahi (1971) 

cited in Mokwunye (1980)

Table 8.3: 
Organic carbon, microbial 

biomass and enzyme 
activity in topsoil after 
18 years of manure or 

mineral fertilization
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It goes without saying that the humus formation depends on the quantity of 
organic material. Recent findings have shown, however, that it is not just the 
quantity that is of decisive importance to the build-up of humus; the micro-
biological processes required for humus synthesis also play a major role. This 
begins with the dung in the animal’s alimentary tract and ends with the work 
performed by the microorganisms in the soil. The more effectively this pro-
cess can be managed for the formation of stable humus compounds, the more 
valuable the fertilization. Thus, during their long-term trials on bio-dynamic 
farming, Bachinger und Raupp110 were able to prove that applying bacteria 
preparations (“compost preparations”) led to a significant increase in humus 
content and biological activity in the soil (Table 8.3). 

Composting is a next-generation technology and the potential for further 
sustainable intensification looks very promising if the composting processes 
can be further refined. 

8.1.3 Green manuring and intensive fallowing

Green manuring and intensive fallowing generate more biomass and bring 
nutrients from the subsoil into the topsoil. Numerous methods exist:
 
 » Undersowing in food crops, as is done with maize and other cereals 

 » Second crops, which are planted after the main crop and then turned under 

 » Forage crops such as grass-clover mixtures, which, as part of the crop 
rotation produce fodder for the farm’s own livestock  

 » Intensive fallow periods with fast-growing plants spanning one or two years 
for the exclusive purpose of allowing the soil to regenerate. 

With all of these methods, the objective is to provide the soil with additional 
biomass and biologically fixed nitrogen in order to help the soil humus regen-
erate, cover the soil, avoid water loss and humus decomposition, and keep a 
better grip on weeds.

The main challenge 
facing any form of 

fertilization is how to 
maintain and build up 
the humus content in 
soil, despite farming 

the land

A farmer in Colombia using 
compost made from manure 

and plant residues. The main 
challenge facing any form of 
fertilization is how to main-
tain and build up the humus 

content in soil. 
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In all of these cases, legumes play a central role, as they are fast-growing 
plants that generate large amounts of biomass in a short period and that can 
create considerable amounts of organic nitrogen. In a 23-year-long trial in 
Zimbabwe, Rattray and Ellis111 showed that a one-year maize-intensive fallow 
rotation with a mixture of the legumes Mucuna and Crotalaria produced more 
than double the maize yield compared to continuously cropped maize. Rodri-
guez achieved similar results during his trials with Dolichos in Colombia.112

To the extent that it is possible to provide a general assessment of the impact 
of green manuring and intensive fallow as a soil fertility parameter, it can 
be said that their impact on the yields for successive crops is high. The vast 
majority of plants used in green manuring are legumes, which organically 
bind significant amounts of nitrogen in symbiosis with microorganisms. 
Given its high nitrogen content, biomass from green manure can usually be 
readily mineralized and provides successive crops with a source of nutrients. 
However, the humus from green manure decomposes more quickly that that 
resulting from manure or compost applications.

8.1.4 Agroforestry

Agroforestry methods have proven to be highly successful in intensifying 
smallholder farming systems. This is one of the reasons why they form part of 
the traditional methods used by smallholders in many tropical countries. The 
physical divide between fields and forests is dispensed with. Using “multi-sto-
rey cultivation”, annual and perennial crops, shrubs and trees are combined 
in such a manner that the individual vegetation elements compete for nutri-
ents, water and light as little as possible above the soil and around their roots, 
and thus achieve the ideal output per unit area.

By adopting such an approach, a field trial conducted over a number of years 
in Rwanda with 250 trees per hectare managed to reap higher yields of maize 
and beans grown as mixed crops despite the smaller acreage. Moreover, the 
total income derived from food crops, timber and forage was 140 % higher 
than the reference crops.113 The persistent leaf litter from deep-rooted trees 
not only provided the fields with nutrients but also organic matter (Table 8.4). 
Thus it contributed to balance soil humus and soil nutrients.

Organic matter (foliage)  4.0 t/ha

Nitrogen (N) 34.0 kg/ha

Phosphorus (P) 0.4 kg/ha

Potassium (K) 16.0 kg/ha

Calcium (Ca) 36.0 kg/ha

Magnesium (Mg) 4.8 kg/ha

Through such activity, the nutrient balance can be improved and soil acidifi-
cation counteracted – though only to a small degree. This example illustrates 
how low the amount of mobilizable phosphate content is and highlights the 
importance of phosphate fertilizers. 

Table 8.4: 
Annual supply of nutrients 

through leaf litter in the field
Source: Neumann and 

Pietrowicz (1985)
Site: Nyabisindu (Rwanda), 

190–250 trees/ha older than 
4 years (Grevillea robusta)
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8.2 Mineral fertilizers – generating innovations

Analyses of the impact of mineral fertilization on smallholdings pose various 
challenges to current fertilizer products and practices. Alternatives are need-
ed that make mineral fertilization more economically viable and ecologically 
compatible. Innovations are required mainly in the following three areas.

8.2.1 Rethinking the phosphorus supply

For many farms, phosphorus is the single-most yield-limiting nutrient. New 
solutions need to be found in order to overcome the, at times, acute shortage 
of phosphate in the agricultural sector and the finiteness of large phosphate 
deposits. The recycling of nutrients, plus alternative means of manufacturing 
fertilizer from local deposits, offer great and, as yet, untapped potential.
Domestic waste and human faeces are valuable raw materials in terms of 
their nutritional elements (P, K and trace elements). Feeding them back to 
the agricultural industry via sewage sludge and urban compost is urgently 
needed, especially in the tropics, in order to restore nutrient cycles. For this 
to happen, however, the widespread challenge of separating heavy metals, 
residual pharmaceuticals and other chemicals from this waste must also be 
resolved.114

At the same time, van Straaten115 points out that local phosphate deposits 
could be tapped far more than is currently done. Alternative technologies 
could be used in the small-scale production of phosphate fertilizers. Instead 
of using sulphuric acid to manufacture highly-soluble single and triple 
superphosphates, as occurs in large-scale production, partially solubilized 
rock phosphate could be used. The decisive factor here is how to solubilize 
low-soluble rock phosphate to make the phosphorus available to plants and 
to exploit its full fertilization potential. For example, mechanically crushing 
and powdering the rock would increase the surface area of the material and 
make it more soluble for acids. Adding ground phosphate to compost exposes 
it to humic acids and increases the amount of soluble phosphate in the 
compost.116,  117 In addition, fostering specific microorganisms (Mycorrhizae,118 
Aspergillus niger119) can further optimize the organic solubilization of phos-
phate. Although partially solubilized phosphate rocks have lower phosphorus 
solubility, they can match or even outperform superphosphates in terms of 
their fertilization effect. The fertilization effect also lasts longer, and the risk 
of phosphate being fixed in the soil is lower.

Significant benefits can also be derived from an economic and macroeconomic 
perspective. By opting for more cost-effective manufacturing processes and 
avoiding long transportation distances, phosphate fertilizers can be manufac-
tured at far less cost, and dependency on the global market and exposure to 
price fluctuations can be reduced. 

8.2.2 Moving from synthetic to organic nitrogen

The supply of nitrogen is another story and so needs to be assessed differently. 
Nitrogen can be supplied either biologically via microorganisms that bind 
atmospheric nitrogen, or as a mineral fertilizer. It is an undeniable fact that, 
as food production rises, so too does the need for nitrogen fertilization. What 

Domestic waste and 
human faeces are 

valuable raw materials. 
Feeding them back to 

the soil via sewage 
sludge and urban com-

post is urgently needed
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is not so clear-cut is whether an adequate nitrogen supply is possible only with 
synthetic mineral fertilizers. Badgley et al. (2006) counter that by applying 
biological nitrogen-fixation methods involving leguminous plants (forage 
crops, green manuring, agroforestry) as well as other techniques (Azolla 
in wet rice agriculture, etc.), more than enough nitrogen can be created – 
enough to fully replace the use of synthetic nitrogen for food production now 
and in the future. Table 8.5 provides an insight into the biological nitrogen-
fixing potential, taking individual plants as examples. Some crops happen 
to produce nitrogen anyway, while other plants can easily be integrated into 
cropping systems in a way that does not compromise actual production. 

Grain legumes kg N/ha Reference

Mung bean (green gram) 63–342 Nutman 1976

Cajanus cajan  
(pigeon pea)

168 Cited in Hamdi 1982

Soybean 64–206 Ayanaba and Dart 1977

Forage and green 
manuring plants

Centrosema pubescens 126–395 Ayanaba and Dart 1977

Desmodium intortum 406 Whitney 1982

Leucaena leucocephala 74–548 Nutman 1976

Azolla pinnata (water fern 
in wet rice cultivation)

600–1,000 Hamdi 1982

A complete conversion from synthetic to organic nitrogen cannot be realized 
overnight, but the transition should begin as soon as possible. Extensive 
research and development in this field can be drawn on to develop cropping 
systems where biological nitrogen production does not compete with cropping.

8.2.3 Taking action against soil acidification

The first step that should be undertaken to counteract soil acidification is to 
completely dispense with mineral fertilizers with acidifying properties. This 
concerns the most common nitrogen fertilizers, notably ammonium nitrate, 
ammonium sulphate and urea. Replacing synthetic by organic nitrogen would 
eliminate the key source of soil acidification. During the transition phase, in 
which it will not be possible to fully dispense with synthetic nitrogen, alkaline 
nitrogen fertilizers such as calcium cyanamide, calcium ammonium nitrate 
and calcium nitrate should be deployed. 

At the same time, ways must be found to regenerate highly acidic soils 
through systematic liming. In-house calcium resources such as wood ash or 
the earth from termite mounds are valuable local resources but can usually 
only make a very small contribution. A more important step would be to 
inspect local rocks for limestone, check its quality and calculate the costs of 
making and transporting ground lime.120 

Replacing synthetic by 
organic nitrogen would 

eliminate the key source 
of soil acidification

Table 8.5 
Annual organic nitrogen 

fixation by crops
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Agroforestry, the integration of trees into cropping, is widely used in the tropics to maintain soil fertility, like on this farm in Vietnam.



The limits to growth are becoming increasingly 
apparent, especially in agriculture. There is hardly 
a better example of this finiteness than mineral 
fertilizer. Manufactured using large quantities 

of fossil fuels (mineral oil and natural gas) and relying in part on mineral 
deposits, the prices of mineral fertilizer have risen disproportionately as these 
resources become scarce.

Other limited resources are equally being wasted by mineral fertilizers. Syn-
thetic nitrogen lowers soil fertility and reduces the impact of other fertilizers. 
The nitrogen fertilization of today is jeopardizing the food security of tomor-
row. Both developments lead us to a dead end. Unviable fertilizer subsidies 
that eat up public funds will be unable to do anything to change this.

A change in mindset both towards a sustainable use of resources and produc-
tion intensification is needed. In terms of nutrient use, fundamental changes 
are the order of the day. Decentralized and low-cost strategies that take care 
of the needs of smallholders are of key importance. The most important tasks 
facing policyholders today can be summarized as follows:

1 Synthetic nitrogen subsidies should be discontinued as a matter of principle. 
Instead, government or private subsidy programmes should be directed at 
building up soil fertility – as part of the infrastructure development of regions 
with degraded soil. This also includes incorporating organic nitrogen fixation 
into production systems through the cultivation of legumes.

2 Some of the most urgently required activities of a national “sustainable soil 
fertility infrastructure development” strategy include: 

 » Economic promotion aimed at tapping national phosphate and lime 
deposits; the build-up of production capacities and distribution systems for 
domestic mineral fertilizers. 

 » Economic promotion aimed at establishing urban composting facilities, 
which generate organic fertilizers for farms around cities, so enabling 
nutrients to flow back from urban to rural areas. 

 » Supporting farms that produce seed and planting stock for nitrogen-binding 
plants in order to allow agricultural land-use systems to make the wide-
scale conversion to biological nitrogen supply. 

 » Re-focusing agricultural advisory services in which agricultural specialists 
are trained in sustainable land management to enhance and preserve soil 
fertility, and are mandated to make these a focal point of their activities.

9 Political demands 

The nitrogen ferti-
lization of today is 

jeopardizing the food 
security of tomorrow

A change in mind-
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sustainable use of 

resources and produc-
tion intensification is 

needed
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3 A new, significant area of work will also open up for agricultural research. 
Great emphasis will be placed on fundamental research as well as issues of 
applied research; existing technologies need to be further developed and 
optimized and adapted to local environments. Key areas that need to be ad-
dressed when it comes to introducing sustainable intensification of cropping 
systems include:

 » Improving the quality of soil humus content and its humic acid composition 
by managing and controlling composting processes. 

 » Developing mechanical, chemical, microbiological and organic processes 
to solubilize phosphate rocks for small-scale mineral fertilizer production 
facilities as an alternative to the large-scale processes that use sulphuric 
acid to make superphosphate. 

 » Developing cropping systems which not only achieve high yields but also fix 
sufficient quantities of nitrogen so that the synthetic version can be dis-
pensed with (leguminous underseed, mixed cultures, agroforestry systems). 

 » Optimizing composting processes for domestic urban waste and analysing 
the fertilizing impact of this material. 

 » Developing processes to recycle human faeces back into agricultural land 
use systems.

4 All in all, such a change in strategy towards sustainable intensification is the 
result of a longer-term process, because technologies need to be tested and 
further developed, and the conditions adapted. Only by doing so can a col-
lapse in food production be averted. Realizing this requires the development 
of strategies and concepts of transition. Strong resistance is to be expected. 
After all, the outlined system change runs contrary to a number of corporate 
interests (including a powerful oligopoly of fertilizer companies) which make 
a pretty penny from the current system of publicly-funded mineral fertilizer.

Enabling mineral fertilizers to contribute meaningfully to food security 
requires a full and complete realignment of production, commerce and 
fertilization. Such a realignment has to make smallholder agriculture a focus. 
The results of this study show that the use of mineral fertilizers in the tropics 
and subtropics is only then justified if it is embedded in a concept that seeks 
to build up long-term soil fertility.
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Two farmers in Tanzania admire pigeon pea in their field. Such legumes play a central role in increasing soil fertility. Best are fast-growing plants 
that generate large amounts of biomass in a short time and can fix considerable amounts of organic nitrogen.



Appendix: References
Adesina AA. 1996. “Factors affecting the adoption of fertilizers by rice farmers in Cote d’Ivoire”, Nutrient Cycling in 

Agroecosystems, 46: 29–39.

Agboola AA, GO Obigbesan and AAA Fayemi. 1975. Interrelations between organic and mineral fertilizer in the 
tropical rainforest of Western Nigeria. FAO Soils Bulletin 27:337–351. Rome.

Arcand M and KD Schneider. 2006. Plant and microbial based mechanisms to improve the agronomic effectiveness of 
phosphate rock. A review. An. Acad. Bras. Cienc. 78: 791–807.

Ariga J, TS Jayne, B Kibara and JK Nyoro. 2008. Trends and Patterns in Fertilizer Use by Small Farmers in Kenya 
1997–2007. Paper presented at Egerton Tegemoe Institute Agricultural Policy Conference. September 2008. 
Nairobi, Kenya.

Ayanaba A and W Dart (eds.). 1977. Biological nitrogen fixation in farming systems of the tropics. Symposium held at 
the IITA, Ibadan, Nigeria in Oct. 1975. Chichester. 377 p.

Badgley CJ, E Quintero, E Zakem, MJ Chappell, K Avilés-Vázques, A Samulon and I Perfecto. 2006. Organic agricul-
ture and the global food supply. Renewable Agriculture and Food Systems: 22(2):86–108.

Bach M and HG Frede. 1998. Agricultural N, P, and K balances in Germany 1970 to 1995. Pflanzenernährung und 
Bodenkunde 161:385–93.

Bache BW and RG Heathcote. 1969. Long-term effects of fertilizers and manure on soil and leaves of cotton in Nigeria. 
Expl. Agric. V. 5 241–7.

Bachinger J. 1996. Der Einfluß unterschiedlicher Düngungsarten (mineralisch, organisch, biologisch-dynamisch) auf 
die zeitliche Dynamik und die räumliche Verteilung von bodenchemischen und mikrobiologischen Parametern 
der C- und N-Dynamik sowie auf das Pflanzen und Wurzelwachstum von Winterroggen. Dissertation, Universität 
Gießen.

Banful AB. 2009. “Operational Details of the 2008 Fertilizer Subsidy in Ghana–Preliminary Report“. Ghana Strategy 
Support Program (GSSP) – International Food Policy Research Institute: 11–12.

Barker T, I Bashmakov, L Bernstein, JE Bogner, PR Bosch, R Dave, OR Davidson, BS Fisher, S Gupta, K Halsnæs, GJ 
Heij, S Kahn Ribeiro, S Kobayashi, MD Levine, DL Martino, O Masera, B Metz, LA Meyer, GJ Nabuurs, A Najam, 
NNakicenovic, HH Rogner, J Roy, J Sathaye, R Schock, P Shukla, REH Sims, P Smith, DA Tirpak, D Urge-
Vorsatz, D Zhou. 2007. Technical Summary. In: Climate Change 2007: Mitigation. Contribution of Working Group 
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B Metz, OR Davidson, 
PR Bosch, R Dave, LA Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, 
USA. Available at www.mnp.nl/ipcc/pages_media/FAR4docs/final_pdfs_ar4/TS.pdf

Bellarby J, B Foereid, A Hastings, P Smith. 2007. Cool farming: climate impacts of agriculture and mitigation potential. 
Greenpeace International, Netherlands.

Bigsten A and S Tengstam. 2008a. “Food Security Research Project”. http://ageconsearch.umn.edu/bit-
stream/54490/2/wp_31.pdf

Blum JD, A Klaue, CA Nezat, CT Driscoll, CE Johnson, TRG Siccama, C Eagars, TJ Fahey and GE Likens. 2002. 
Mycorrhizal weathering of apatite as an important calcium source in base-poor forest ecosystems. Nature 417: 
729–731.

Bruinsma J. 2009. The resource outlook to 2050: By how much do land, water and crop yields need to increase by 
2050? Paper presented at the FAO Expert Meeting, 24–26 June 20090, Rome on “How to feed the World in 2050”. 
Economic and Social Development Department. FAO. Rome.

Chemonics and IFDC. 2007. Fertilizer Supply and Costs in Africa. http://www.inter-reseaux.org/IMG/pdf

Chien SH and LL Hammond. 1988. Agronomic evaluation of partially acidulated phosphate rocks in the tropics. IFDC’s 
experience. IFDC. Muscle Shoals.

48



CIMMYT. 1988. From Agronomic Data to Farmer Recommendations: An Economics Training Manual. Centro Interna-
cional de Mejoramiento de Maíz y Trigo. Mexico City.

Crawford EW, TS Jayne and VA Kelly. 2006. Alternative Approaches to Promoting Fertilizer Use in Africa. Agriculture 
and Rural Development Discussion Paper 22. The World Bank. Washington DC.

Dalrymple DG. 1975. “Evaluating Fertilizer Subsidies in Developing Countries.” Mimeo. Office of Policy Development 
and Analysis, Bureau for Program and Policy Coordination, U.S. Agency for International Development,  
Washington, DC, July.

Denning G, P Kabambe, P Sanchez, A Malik, R Flor, R Harawa, P Nkhoma, C Zamba, C Banda, C Magombo,  
M Meating, J Wangila, J Sachs. 2009. „Input subsidies to improve smallholder maize productivity in Malawi: 
Toward an African Green Revolution“. PLoS biology 7(1): e1000023. 

Deutsche Bank Research. 2009. The Global Food Equation. Food Security in an environment of increasing scarcity. 
Trend Research. Current Issues. Frankfurt.

Donovan G. 2004. “Fertilizer Subsidies in Sub-Saharan Africa: A Policy Note.” Draft. World Bank, Washington, DC.

Dorward A, E Chirwa, D Boughton, E Crawford, T Jayne, R Slater, V Kelly and M Tsoka. 2008. Towards “smart” 
subsidies in agriculture? Lessons from a recent experience in Malawi. Natural Resource Perspectives 116:1–6.

Dorward A and C Poulton. 2008. The global fertiliser crisis and Africa. Future Agricultures Briefing, June. www.
futureagricultures.org

Dorward A. 2009. “Rethinking Agricultural Input Subsidy Programmes in a Changing World”. http://eprints.soas.
ac.uk/8853/1/Dorward_FAO_Subsidy_Paper_FINAL.pdf

Dorward A and E Chirwa. 2011. “The Malawi agricultural input subsidy programme: 2005/06 to 2008/09”. International 
Journal of Agricultural Sustainability 9(1): 232–247. Dyson T. 1999a. World food trends and prospects to 2025. 
Proc. Natl. Acad. Sci. USA. Vol. 96. 5929–2936.

Dyson T. 1999. Prospects for feeding the world. British Medical Journal. 319(7215): 988–991. 

Easterling WE, PK Aggarwal, P Batima, KM Brander, L Erda, SM Howden, A Kirilenko, J Morton, JF Soussana, J 
Schmidhuber and FN Tubiello. 2007. Food, fibre and forest products. In: Climate change 2007: Impacts, adaptation 
and vulnerability. Contribution of working group II to the fourth assessment report of the IPCC. ML. Parry, OF. 
Canziani, JP. Palutikof, PJ. van der Linden, and CE Hanson (eds.). Cambridge: Cambridge University Press.

Eisenhauer N et al. 2013. Plant diversity effects on soil food webs are stronger than those of elevated CO2 and N 
deposition in a long-term grassland experiment. PNAS. DOI: 10.1073/pnas.1217382110 

Ellis F. 1992. Agricultural Policies in Developing Countries. Cambridge University Press. Cambridge, UK.

Erklärung von Bern. 2011. AGROPOLY. Wenige Konzerne beherrschen die weltweite Lebensmittelproduktion. 
EvB-Dokumentation #01/April 2011. Bern.

Fan S, A Gulati and S Thorat. 2007. Investment, Subsidies, and Pro-Poor Growth in Rural India. IFPRI Discussion 
Paper No. 716. International Food Policy Research Institute. Washington, DC.

FAO. 2012. FAOSTAT. Food and Agriculture Organization of the United Nations. http://faostat.fao.org/

Francis CA. 1986. Multiple Cropping Systems. 383 pp. Macmillan. New York.

Gatsi W, W Muzari. 2010. The impact of human activities on agricultural ecosystems in the tropics: implications for 
global warming. International Journal of Climate Change: Impacts and Responses 2 (1)  161–72. Victoria: Common 
Ground Publishing.

Gregory DI and BL Bump. 2005. Factors Affecting Supply of Fertilizer in Sub-Saharan Africa. Agriculture and Rural 
Development. Discussion Paper 24. World Bank. Washington D.C.

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 49



Gregory I. 2006. “The role of input vouchers in pro-poor growth”. Background Paper for the African Fertilizer Summit. 
Abuja, Nigeria 9. http://www.worldbank.org/html/extdr/fertilizeruse/documentspdf/GregoryOnVouchers.pdf

Gladwin C. 1992. “Gendered Impacts of Fertilizer Subsidy Removal Programs in Malawi and Cameroon”. Agricultural 
Economics 7: 141–153.

Godefroy J. 1979: Composition de divers résidues organiques utilisés comme amendement organo-minéral. Fruits 34 
(10): 579–584.

Govereh J, TS Jayne, M Isiimwa and D Daka. 2006. Agricultural Trends in Zambia’s Smallholder Sector: 1990–2005. 
Working Paper 19. Lusaka: Food Security Research Project.

Guo JH, J Liu, Y Zhang, JL Shen, WX Han, WF Zhang, P Christie, KWT Goulding, PM Vitousek and FS Zhang. 2010. 
Significant Acidification in Major Chinese Croplands. Science 327, 1008.

Hagerberg D, G Thielin and H Wallander. 2003. The production of ectomycorrhizal mycelium in forests. Relation of 
nutrient status and local mineral sources. Plant Soil 252: 279–90.

Hamdi YA. 1982. Application of nitrogen fixing systems in soil management. FAO Soils Bulletin 49. 188 pp. FAO. 
Rome.

Harris JM. 2001. “Agriculture in a Global Perspective”, Global Development and Environment Institute Working Paper 
No. 01–04, February 2001.  
Available from http://ase.tufts.edu/gdae/publications/working_papers/agric4.workingpaper.pdf

Hart J. 1998. Fertilizer and Lime Materials. Oregon State University Extension Service. http://extension.oregonstate.
edu/catalog/pdf/fg/fg52-e.pdf

Hati KM, Anand Swarup, AK Dwivedi, AK Misra, KK Bandyopadhyay. 2007. Changes in soil physical properties and 
organic carbon status at the topsoil horizon of a vertisol of central India after 28 years of continuous cropping, 
fertilization and manuring. Agriculture, Ecosystems & Environment 119 (1/2), 2007, 127–34.

Henao J and C Banaante. 2006. Agricultural Production and Soil Nutrient Mining. Implications for Resource Conserva-
tion and Policy Development. IFDC. Muscle Shoals.

Huerta E, O Vidal, A Jarquin, V Geissen, R Gomez. 2010. Effect of vermicompost on the growth and production of 
amashito pepper, interactions with earthworms and rhizobacteria. Compost Science & Utilization 18 (4) Emmaus: J 
G Press Inc., 2010, 282–88.

IAASTD. 2008. International Assessment of Agricultural Knowledge, Science and Technology for Development.  
www.agassessment.org

IFADATA. 2012. Fertilizer Consumption Statistics. International Fertilizer Industry Association.  
www.fertilizer.org/ifa/ifadata/search

IFDC. 2003. Input Subsidies and Agricultural Development: Issues and Options for Developing and Transitional 
Economies. Paper Series P-29. International Fertilizer Development Center (IFDC). Muscle Shoals.

International Center for Soil Fertility and Agricultural Development, IFDC. 2005. “Developing Agricultural Input Markets 
in Nigeria (DAIMINA) Grant No. 620-G-00-01-00270 End of Project Report”.

Jayne T. 2008. Food Policy Challenges in Eastern and Southern Africa in Light of the Current World Food Price 
Situation. Agricultural Policy Conference. September 18, 2008. Egerton University-Tegemeo Institute. Nairobi.

Jayne TS, N Mason, R Myers, J Ferris, D Mather, M Beaver, N Lenski, A Chapoto and D Boughton. 2010. Patterns and 
trends in food staples markets in Eastern and Southern Africa: toward the identification of priority investments and 
strategies for developing markets and promoting smallholder productivity growth. MSU International Development 
Working Paper 104. Michigan State University.

Jouquet P, T Plumere, Thuy Doan Thu, C Rumpel, Toan Tran Duc, D Orange. 2010. The rehabilitation of tropical soils 
using compost and vermicompost is affected by the presence of endogeic earthworms. Applied Soil Ecology 
46 (1) Oxford: Elsevier Ltd, 2010, 125–33.

50



Kaboré D and C Reij. 2004. The Emergence and Spreading of Improved Traditional Soil and Water Conservation Prac-
tices in Burkina Faso. EPTD Discussion Paper 14. International Food Policy Research Institute. Washington DC.

Kelly VA. 2007. Factors Affecting Demand for Fertilizer in Sub-Saharan Africa. Agriculture and Rural Development 
Discussion Paper 23. The World Bank. Washington DC.

Kemp-Benedict E. 2003. The Future of Crop Yields and Cropped Area. Case Study No 1. IPAT a scripting language for 
sustainability scenarios. www.altavista.com/web/results?itag=ody&q=kemp-benedict+yield&kgs=0&kls=0

Khan SA, RL Mulvaney and TR Ellsworth. 2007. The myth of nitrogen fertilization for soil carbon sequestration.  
J. Environ. Qual. Oct. 24:36(6): 1821–32.

Kherallah M, C Delgado, E Gabre-Madhin, N Minot and M Johnson. 2002. Reforming Agricultural Markets in Africa. 
Baltimore, MD: IFPRI/Johns Hopkins University Press.

Kongshaug G. 1998. Energy Consumption and Greenhouse Gas Emissions in Fertilizer Production. IFA Technical 
Conference, Marrakesch, Marokko, 28. September bis 1. Oktober 1998.

Kotschi J, G Weinschenck, R Werner. 1991. Ökonomische Bewertungskriterien für die Beurteilung von Beratungs-
vorhaben zur standortgerechten Landnutzung in bäuerlichen Familienbetrieben. Forschungsberichte des  
Bundesministeriums für wirtschaftliche Zusammenarbeit, Band 99. 353 S. Köln.

Kotschi J. 2010. Beitrag der ökologischen Landwirtschaft zur Welternährung. Gutachten im Auftrag des Büros für 
Technikfolgeabschätzung beim Deutschen Bundestag. AGRECOL Januar 2010.

Kotschi J. 2011. Less hunger through more ecology. What can organic farming research contribute? Heinrich Böll 
Stiftung. Berlin. 

Ladha JK, H Pathak, TJ Krupnik, J Six, and C van Kessel. 2005. Efficiency of fertilizer nitrogen in cereal production: 
Retrospects and prospects. Adv. Agron. 87:85–156.

LFL. 2006. Basisdaten zur Berechnung des KULAP-Nährstoff-Saldos 2006. Bayrische Landesanstalt für Land-
wirtschaft. München.

Liebig J. v. 1862. Die Chemie in ihrer Anwendung auf Agricultur und Physiologie. Viehweg. 

Liebscher G. 1895. Untersuchungen über die Bestimmung des Düngebedürfnisses der Ackerböden und Kultur-
pflanzen, in: Journal für Landwirtschaft 43. 

Lin X, C Yin and D Xu. 1996. Input and output of soil nutrients in high-yield paddy fields in South China. Pp. 93–97. In 
Proceedings of the International Symposium on Maximizing Rice Yields through Improved Soil and Environmental 
Management. Khon Kaen, Thailand.

Lines T. 2013 forthcoming. Commodity Prices and Global Food Security. Why farmers still struggle when food prices 
rise. 

Lipton M. 2005. The family farm in a globalized world: The role of crop science in alleviating poverty. 2020 Vision for 
Food, Agriculture and the Environment Initiative Discussion Paper No. 40. International Food Policy Research 
Institute. Washington DC.

Manna MC, A Swarup, RH Wanjari, HN Ravankar. 2007. Long-term effects of NPK fertiliser and manure on soil fertility 
and a sorghum-wheat farming system. Australian Journal of Experimental Agriculture 47 (6), 700–11 Colling-
wood: CSIRO Publishing.

Marenya PP and CB Barrett. 2007. “State-conditional fertilizer yield response on western Kenya farm,” Working Paper, 
Department of Applied Economics and Management, Cornell University, Ithaca.

Martius C, H Tiessen, PLG Vlek. 2001. Social, economic and policy dimensions of soil organic matter management in 
sub-Sahara Africa: Challenges and opportunities. Nutrient Cycling in Agroecosystems 61 (1/2) 183–95.

Meertens B. 2005. A realistic view on increasing fertiliser use in sub-Saharan Africa. Paper presented on the Internet, 
December. www.meertensconsult.nl

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 51



Mengel K. 1968. Ernährung und Stoffwechsel der Pflanze. 436 p. Jena.

Miao Y, BA Steward and F Zhang. 2011. Long-term experiments for sustainable nutrient management in China. A 
review. Agronomy for Sustainable Development. 31(2).397–414.

Miller FP and WE Larson. 1990. Lower input effects on soil productivity and nutrient cycling. Pp. 549–568. In CA 
Edwards, R Lal, P Madden, RH Miller and G House (eds.) Sustainable Agricultural Systems. Soil Conservation 
Soc. Am. Ankeny.

Minde I, TS Jayne, E Crawford, J Ariga and J Govereh. 2008. “Promoting Fertilizer Use in Africa: Current Issues and 
Empirical Evidence from Malawi, Zambia, and Kenya”. Re-SAKSS Working Paper No. 13. ICRISAT, IFPRI and 
IWMI, Pretoria.

Minot N. and T Benson. 2009. Fertilizer Subsidies in Africa. Are Vouchers the Answer? Issue Brief 60. International 
Food Policy Research Institute. Washington DC.

Mitscherlich EA. 1919. Das Gesetz des Minimums und das Gesetz des abnehmenden Bodenertrages, in: Land-
wirtschaftliche Jahrbücher Bd. 38, 1909, S. 537–52.

MoFA. 2012. Planning Documents 2012. Ministry of Food and Agriculture. Government of Ghana. Accra.

Mössinger J and A Feuerbacher. 2012. Subventionsprogramme in Afrika seit 2000 – eine sozio-ökonomische und 
ökologische Analyse. Mimeo, unveröffentlicht.

Mogues T, M Morris, L Freinkman, A Adubi, S Ehui. 2008. Agricultural public spending in Nigeria. Discussion Paper 
00789. IFPRI. Washington DC. 

Morris M., VA Kelly, RJ Kopicki and D Byerlee. 2007. Fertilizer Use in African Agriculture. Lessons Learned and Good 
Practice Guidelines. World Bank. Washington DC.

Müller-Sämann K and J Kotschi 1994. Sustaining Growth. Soil fertility management in tropical smallholdings. 486 p. 
Margraf Verlag. Weikersheim.

Mulvaney RL, SA Khan and TR Ellsworth. 2009. Synthetic Nitrogen Fertilizers Deplete Soil Nitrogen: A Global  
Dilemma for Sustainable Cereal Production. J. Environ. Qual. Oct. 29. 38(6): 2295–314.

Nagayets O. 2005. Small farms: Current Status and Key Trends. Information Brief. Prepared for the Future of Small 
Farms Research Workshop. Wye College, June 26–29, 2005.

Narayanan S and A Gulati. 2002. Globalization and the smallholders: A review of issues, approaches, and impli-
cations. Markets and Structural Studies Division Discussion Paper No. 50. International Food Policy Research 
Institute. Washington DC.

Neumann I and P Pietrowicz. 1985. Agroforstwirtschaft in Nyabisindu. Untersuchungen zur Integration von Bäumen 
und Hecken in die Landwirtschaft. PAP. Etudes et Experiences No. 9. Zitiert in: Kotschi et al. (1991), Standortgere-
chte Landwirtschaft in Ruanda. Zehn Jahre Forschung und Entwicklung in Nyabisindu. GTZ Schriftenreihe 223. 
Eschborn.

Nutman, SP (ed.) 1976. Nitrogen Fixation in Plants. Cambridge University Press. Cambridge.

Nye PH and DJ Greenland. 1960. The soil under shifting cultivation. Commonwealth Bureau of Soils, Royal, Techn. 
Communication 51. 156 pp. Farnham.

Odame H and E Muange. 2011. “Can Agro-dealers Deliver the Green Revolution in Kenya?” IDS Bulletin 42(4): 78–89.

Odongo NE, K Hyoung-Ho, HC Choi, Pv Straaten, BW McBride, Romney DL. 2007. Improving rock phosphate availa-
bility through feeding, mixing and processing with composting manure. Bioresource Technol. 98 (15): 2911–8.

Pan L and L Christiaensen. 2011. „Who is vouching for the input voucher? Decentralized targeting and elite capture in 
Tanzania“. Available at SSRN 1833175. http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1833175

Parrot N and T Marsden. 2002. The Real Green Revolution, Organic and Agro-ecological Farming in the South. 
Greenpeace Environmental Trust. London.

52



Pender J. 2009. Food Crisis and Land. The world food crisis, land degradation and sustainable management: linkages, 
opportunities and constraints. TERRAFRICA/GTZ.

Pender J, E Nkonya and M Rosegrant. 2004. Soil Fertility and Fertilizer Subsidies in Sub Saharan Africa: Issues and 
Recommendations. PowerPoint presentation. IFPRI, Washington DC.

Phuong TN, C Rumpel, TT Doan, P Jouquet. 2012. The effect of earthworms on carbon storage and soil organic 
matter composition in tropical soil amended with compost and vermicompost. Soil Biology & Biochemistry 50  
Amsterdam: Elsevier Ltd, 2012, 214–20.

Pimbert M. 2008. Towards Food Sovereignty. IIED. London.

Poulton C, J Kydd, A Dorward. 2006. Increasing Fertilizer Use in Africa: What Have We Learned? Agriculture and 
Rural Development. Discussion Paper 25. The World Bank. Washington DC.

Prasad B and AP Singh. 1980. Changes in soil properties with long-term use of fertilizer, lime and farmyard manure.  
J. Indian Soc. Soil Sci. 28 (4): 465–68.

Pretty JN and RE Hine. 2001. Reducing food poverty with sustainable agriculture. A summary of new evidence.  
Final Report from the “SAFE World” research project. University of Essex. Essex.

Raupp J. 2001. Manure Fertilization for Soil Organic Matter Maintenance and its Effects Upon Crops and the Environ-
ment, Evaluated in a Long-term Trial. In: Rees et al. (2001): Sustainable Management of Soil Organic Matter.  
pp. 301–8. Wallingford.

Pretty JN, AD Noble, D Bossio, J Dixon, RE Hine, FWT Penning de Vries and JIL Morison. 2006. Resource conserving 
agriculture increases yields in developing countries. Environmental Science and Technology 40(4): 1114–19.

Raun WR and GV Johnson. 1999. Improving nitrogen use efficiency for cereal production. Agron. J. 91:357–63.

Raun WR and JS Schepers. 2008. Nitrogen management for improved use efficiency. p. 675–693. In JS Schepers and 
WR Raun (ed.) Nitrogen in agricultural systems. Agron. Monogr. 49. ASA and SSSA, Madison. 

Ravishankara, AR, JS Daniel, RW Portmann. 2009. Nitrous Oxide (N2O): The Dominant Ozone-Depleting Substance 
Emitted in the 21st Century. Science 2. Vol. 326 (5949): 123–25.

Reinhold J. 2008. Nutzen und Grenzen der Anwendung von organischen Reststoffen (organische Primärsubstanzen) 
zur Humusanreicherung in landwirtschaftlichen Böden – eine ingenieurtechnische Betrachtung. In: Hüttel et al. 
(2008): Humusversorgung von Böden in Deutschland. Publikationen des Umweltbundesamtes. Dessau.

Rockström J, W Steffen, K Noone, Å Persson, FS Chapin, E Lambin, TM Lenton, M Scheffer, C Folke, H Schellnhuber, 
B Nykvist, CA De Wit, T Hughes, S van der Leeuw, H Rodhe, S Sörlin, PK Snyder, R Costanza, U Svedin,  
M Falkenmark, L Karlberg, RW Corell, VJ Fabry, J Hansen, B Walker, D Liverman, K Richardson, P Crutzen and 
J Foley. 2009. Planetary boundaries: Exploring the safe operating space for humanity. Ecology and Society 14(2): 
32. [online] www.ecologyandsociety.org/vol14/iss2/art32/

Rogner HH, D Zhou, R Bradley, P Crabbé, O Edenhofer, B Hare, L Kuijpers, M Yamaguchi. 2007. Introduction. In: Metz 
B, OR Davidson, PR Bosch, R Dave, LA. Meyer (eds). Climate Change 2007: Mitigation. Contribution of Working 
Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge,  
New York.

Sanchez PA. 2002. Soil Fertility and Hunger in Africa. Science 295: 2019–20.

Sánchez P, AM Izac, R Buresh, K Shepherd, M Soule, U Mokwunye, C Palm, P Woomer, and C Nderitu. 1997. Soil 
Fertility Replenishment in Africa as an Investment in Natural Resource Capital. In: Buresh RJ, PA Sánchez and  
F Calhoun (eds). Replenishing Soil Fertility in Africa. Soil Science Society of America. Madison.

Sanchez PA. 1976. Properties and management of soils in the tropics. Wiley. New York.

Sanders JH, BI Shapiro and S Ramaswamy. 1996. The Economics of Agricultural Technology in Semiarid  
Sub-Saharan Africa. John Hopkins University Press. Baltimore.

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 53



Scheffer F and P Schachtschabel. 1970. Lehrbuch der Bodenkunde. Enke. Stuttgart.

Schmidtner E and S Dabbert. 2009. Nachhaltige Landwirtschaft und Ökologischer Landbau im Bericht des Weltagrar-
rates (International Assessment of Agricultural Knowledge, Science and Technology for Development, IAASTD 
2008). Institut für landw. Betriebslehre, Universität Hohenheim. Stuttgart.

Sharma KL, K Neelaveni, JC Katyal, AS Raju, K Srinivas, JK Grace, M Madhavi. 2008. Effect of combined use of 
organic and inorganic sources of nutrients on sunflower yield, soil fertility, and overall soil quality in rainfed alfisol. 
Communications in Soil Science and Plant Analysis 39 (11/12) Philadelphia: Taylor & Francis, 2008, 1791–31.

Sheldrick WF, JK Syers and J Lingard. 2002. A conceptual model for conducting nutrient audits at national, regional, 
and global scales. Nutrient Cycling in Agroecosystems 62:61–72.

Siband P. 1972. Étude de l’évolution des sols sous culture traditionelle en Haute Casamance. Principaux résultats. 
L’Agron. Trop. 27: 574–91.

Sibbesen E and A Runge-Metzger. 1995. Phosphorus balance in European agriculture–status and policy options.  
Pp. 43–57. In H. Tiessen (ed.) Phosphorus in the Global Environment: Transfers, Cycles, and Management. 
SCOPE 54. John Wiley & Sons. Chichester.

Simon S, KJ Hülsbergen, D Vogelsang. 2009. Geschlossene Stoffkreisläufe ein Grundprinzip des Biolandbaus. 
Bioland 11/2009. 8–10.

Singh, CP and A Amberger. 1990. Humic substances in straw compost with rock phosphate. Biol. Waste 31: 165–174.

Singh G, R Kishun, E Chandra. 2005. Feasibility of organic farming in guava (Psidium guajava L.).  
Acta Horticulturae (735) Leuven: International Society for Horticultural Science (ISHS), 2007, 365–372.

Singh BK, KA Pathak, AK Verma, VK Verma, BC Deka. 2011. Effects of vermicompost, fertilizer and mulch on plant 
growth, nodulation and pod yield of French bean (Phaseolus vulgaris L.). Vegetable Crops Research Bulletin 
74 Warsaw: Versita, 2011, 153–165.

Smith P, D Martino, Z Cai, D Gwary, H Janzen, P Kumar, B McCarl, S Ogle, F O’Mara, Rice, B Scholes, O Sirotenko. 
2007. Agriculture. In: Metz B, OR Davidson, PR. Bosch, R Dave, LA. Meyer (eds): Climate Change 2007,  
Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change. Cambridge, New York.

SOAS, Wadonda, MSU, ODI. 2008. Evaluation of the 2006/7 Agricultural Input Subsidy Programme, Malawi. Final 
Report. School of Oriental African Studies, Wadonda Consult, Michigan State University and Overseas  
Development Institute.

Srivastava PK, Manjul Gupta, RK Upadhyay, Suresh Sharma, Shikha, Nandita Singh, SK Tewari, Bajrang Singh. 2012. 
Effects of combined application of vermicompost and mineral fertilizer on the growth of Allium cepa L. and soil 
fertility. Special Issue: Focus issue: management-induced changes in soil physical properties. Journal of Plant 
Nutrition and Soil Science 175 (1).101–7. Wiley-Blackwell. Weinheim. 

Stoorvogel JJ and EMA Smaling. 1990. Assessment of soil nutrient depletion in sub-Sahara Africa: 1983–2000,  
4 Volumes. Report 28. The Winand Staring Centre for Integrated Land, Soil and Water Research, Wageningen.

Stoorvogel JJ and EMA Smaling. 1998. Research on soil fertility decline in tropical environments: Integration of spatial 
scales. Nutrient Cycling in Agroecosystems 50:151–58.

Tharmaraj K, P Ganesh, K Kolanjinathan, KR Suresh, A Anandan. 2011. Influence of vermicompost and vermiwash 
on physico chemical properties of rice cultivated soil. Current Botany 2 (3) Vidyanagar: Society for Scientific 
Research, SSR, 2011, 18–21.

Tan ZX, R Lal, KD Wiebe. 2006. Global Soil Nutrient Depletion and Yield Reduction. Journal of Sustainable Agriculture  
26(1):123–46. 2005.

Task Force on Hunger. 2004. Halving hunger by 2015: A framework for action. Interim Report, Millennium Project. 
United Nations, New York.

54



Tilman D, KG Cassman, PA Matson, R Naylor and S Polasky. 2002. Agricultural sustainability and intensive production 
practices. Nature 418:671–7.

Townsend RF. 1999. Agricultural Incentives in Sub-Saharan Africa: Policy Challenges. World Bank Technical Paper 
444. World Bank. Washington, DC.

van der Pol F. 1992. Soil mining: An unseen contributor to farm income in Southern Mali. Bull. 35. The Royal Tropical 
Institute, Amsterdam.

van Straaten P. 2002. Rocks for crops: Agrominerals of Sub-Saharan Africa. ICRAF. Nairobi.

van Straaten P. 2007. Agrogeology: The use of rocks for Crops. Enviroquest Limited. 440 pp. Cambridge.

van Straaten P. 2011. Small scale mining and alternative processing of phosphate rocks. Presentation Global TraPs 
workshop August 29–30, 2011. ETH Zürich.

von Braun J. 2005. Small scale farmers in a liberalized trade environment. In: Huvio T, J Kola, and T Lundström (eds): 
Small-scale farmers in liberalised trade environment. Proceedings of the seminar, October 18–19, 2004, Haikko, 
Finland. Department of Economics and Management Publications No. 38. Agricultural Policy. Helsinki: University 
of Helsinki. http://honeybee.helsinki.fi/mmtal/abs/Pub38.pdf Accessed June 2005. 

von Witzke H, S Noleppa and I Zhirkova. 2011. Fleisch frisst Land. 73 S. WWF Deutschland, Berlin.

Voortman R, B Sonneveld and M Keyzer. 2000. “African Land Ecology: Opportunities and Constraints for Develop-
ment.” Center for International Development Working Paper 37. Boston: Harvard University.

Waggoner PE and J Ausubel. 2001. “How Much Will Feeding More and Wealthier People Encroach on Forests?”  
Pop. Dev. Rev. 27(2):239–57, June 2001.

Wegner J and L Theuvsen. 2010. Handlungsempfehlungen zur Minderung von stickstoffbedingten Treibhausgas-
emissionen in der Landwirtschaft. WWF Deutschland. Berlin.

Weight D and V Kelly. 1999. “Fertilizer Impacts on Soils and Crops of Sub-Saharan Africa”. MSU International  
Development Paper 21. Michigan State University. East Lansing.

Whitney AS. 1982. The role of legumes in mixed pasture. In: Graham and Harris (eds). 1982. Biological nitrogen  
fixation technology for tropical agriculture. 361–67. CIAT. Cali.

Wiggins S, J Brooks. 2010. “The Use of Input Subsidies in Developing Countries”.Global Forum on Agriculture. OECD. 
Paris.

Windfuhr M and J Jonsén. 2005. Food sovereignty: towards democracy in localized food system. FIAN.  
ITDG Publishing – working paper. 64pp.

World Bank. 1975. The assault of world poverty. Problems of rural development, education and health. Johns Hopkins 
University Press. Baltimore.

World Bank. 2003. Reaching the rural poor: A renewed strategy for rural development. Washington, DC. 

World Bank. 2007. Agriculture for Development. World Development Report 2008. World Bank. Washington DC.

Yanggen D, V Kelly, T Reardon and A Naseem. 1998. Incentives for fertilizer use in sub-Saharan Africa: a review of 
empirical evidence on fertilizer response and profitability. MSU International Development Working Paper No. 70, 
Department of Agricultural Economics, Michigan State University, East Lansing.

Yawson DO, FA Armah, EKA Afrifa and SKN Dadzie. 2010. “Ghana’s Fertilizer Subsidy Policy: Early field lessons from 
farmers in the Central Region“. Journal of Sustainable Development in Africa 12(3): 191–203.

Young A. 1976. Tropical Soils and Soil Survey. 468 p. Cambridge University Press. Cambridge.

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 55



Endnotes
1 This chapter is based on Kotschi 2010
2 Dyson 1999a
3 Bellarby et al. 2008
4 Task Force on Hunger 2004
5 Nagayets 2005
6 ibid.
7 von Braun 2005
8 Nagayets 2005
9 Francis 1986
10 IAASTD 2008
11 Schmidtner and Dabbert 2009
12 Harris 2001
13 World Bank 1975, IAASTD 2008 
14 Kotschi 2011
15 Scheffer-Schachtschabel 1970
16 LFL 2006
17 e.g. Van der Pol 1992, Stoorvogel & Smaling 1990 and 1998, Henao & Baanante 2006
18 Miller & Larson 1992
19 Bach & Frede 1998
20 von Witzke et al. 2011
21 Lin et al. 1996
22 Tan et al. 2005
23 Scheldick et al. 2002
24 Tan et al. 2005
25 Sanchez 1976
26 Nye & Greenland 1960, Sanchez 1976, Siband 1972
27 Berne Declaration 2011
28 Ariga et al. 2009
29 Liebig 1862, Liebscher 1895, Mitscherlich 1909
30 Mengel 1968
31 Dorward & Chirwa 2011; Gregory 2006; Minde et al. 2008; Odame & Muange 2011; Pan & Christiaensen 2011; 

Yawson et al. 2010
32 Dorward 2009; Wiggins 2010
33 Dalrymple 1975
34 Ellis 1992
35 IFDC 2003, Kherallah et al. 2002
36 Ellis 1992
37 Crawford et al. 2006
38 Donovan 2004, Gladwin et al. 2002
39 Morris et al. 2007
40 Fan et al. 2007
41 Predominantly funded by the Bill & Melinda Gates Foundation, the Rockefeller Foundation and the UK Depart-

ment for International Development
42 Mössinger 2012
43 Denning et al. 2009; Minde et al. 2008; Odame & Muange 2011
44 Poulton et al. 2006
45 Dorward & Chirwa 2011
46 Banful 2009; Minde et al. 2008; Odame & Muange 2011
47 Dorward & Chirwa 2011

56



48 Banful 2009
49 Morris et al. 2007
50 Pan & Christiaensen 2011
51 Banful 2009; International Center for Soil Fertility and Agricultural Development 2005; Minde et al. 2008; 

Odame & Muange 2011)
52 Donovan 2004, Kherallah 2002
53 SOAS et al. 2008
54 Fan et al. 2007
55 MoFA 2012
56 Odame & Muange 2011
57 Dorward & Chirwa 2011
58 Mogues et al. 2008
59 Minot et al. 2009; Pan & Christiaensen 2011
60 Bigsten & Tengstam 2008
61 Morris et al. 2007
62 e.g. Adesina 1996, Marenya & Barret 2007, Townsend 1999, Voortmann et al. 2000, Weight & Kelly 1999
63 The fertilizer index (calculated by the author) is a weighted average of the annual prices for urea (weighting: 

63.9 %), triple superphosphate (20 %) and potassium (16.1 %). The weighting was calculated on the basis of the 
respective average share of the three components in worldwide production. The worldwide production data 
comes from the International Fertilizer Industry Association.

64 The World Bank’s Food Price Index calculates a goods price index for countries with low and middle incomes. 
The index comprises three components: fats and oils, cereals and other food products (meat, sugar, etc.). It 
is index-linked to 2005 and the weighting of the components was determined on the value of exports between 
2002 and 2004. 

65 Dorward & Polton 2008, Pender 2009 and Lines 2013
66 Yanggen et al. 1998, Guo et al. 2008
67 Ariga et al. 2009
68 Chemonics & IFDC 2007
69 Sanchez 2002
70 Gregory and Bump 2005, Kelly 2007
71 Crawford et al. 2005
72 Meertens 2005
73 CIMMYT 1988, Guo et al. 2008
74 Morris et al. 2007
75 Ariga et al. 2008
76 ibid.
77 Adesina 1996
78 “Peak phosphorus” is the point in time when the maximum level of phosphorus mining is reached. Use will 

decline after this time due to a drop in supplies. 
79 IFADATA 2010
80 The acidity index indicates the quantity of lime (kg CaCO3) required to neutralize 1 kg of physiologically acidic 

mineral fertilizer.
81 Guo et al. 2010
82 Miao et al. 2010
83 Guo et al. 2010
84 Khan et al. 2007, Mulvaney 2010
85 Khan et al. 2007
86 Mulvaney 2010
87 Cited in Khan 2007
88 Tilman et al. 2002, Raun & Schepers 2008

A soiled reputation: Adverse impacts of mineral fertilizers in tropical agriculture | 57



89 Raun & Johnson 1999 und Ladha et al. 2005
90 Smith et al. 2007, Rogner et al. 2007
91 Bellarby et al. 2007
92 Wegner & Theuvsen 2010
93 Kongshaug 1998
94 Rockström et al. 2009
95 Sanchez 1997
96 Steiner 1924
97 Depicted e.g. in Müller-Sämann & Kotschi 1994.
98 Pretty and Hine 2001, Parrot and Marsden 2002
99 Kotschi 2011
100 Abdullahi 1971, Rodel et al. 1980
101 Martius et al. 2001, Manna et al. 2007, Gatsi and Muzari 2010
102 Agboola et al. 1975, Godefroy 1979, Prasad and Singh 1980
103 Bache & Heathcote 1969
104 Huerta et al. 2010
105 Sharma et a. 2008, Singh 2011
106 Jouquet 2010
107 Srivastava et al. 2012
108 Singh 2005, Tharmaraj et al. 2011
109 Reinhold 2008
110 Bachinger 1996, Raupp 2001
111 Cited in Webster & Wilson 1980
112 Rodriguez 1972
113 Kotschi et al. 1991
114 Simon et al. 2009
115 van Straaten 2006
116 Singh & Amberger 1998
117 Odongo et al. 2007
118 Blum et al. 2002, Hagerberg et al. 2003
119 Arcand & Schneider 2006, van Straaten 2011
120 van Straaten 2002

58





©
 1986 P

anda sym
bol W

W
F – W

orld W
ide Fund For N

ature (Form
erly W

orld W
ildlife Fund) • ®

 “W
W

F” is a W
W

F R
egistered Tradem

ark. • D
ate: 04/15

100%
RECYCLED

Heinrich-Böll-Stiftung e.V.
Schumannstr. 8

10117 Berlin | Germany

Tel.: +49 (0)30 285 34-0

Fax: +49 (0)30 285 34-109

E-Mail: info@boell.de

www.boell.de 

WWF Deutschland
Reinhardtstr. 14
 10117 Berlin | Germany

 Tel.: +49 (0)30 311 777 700
Fax: +49 (0)30 311 777 888

E-Mail: info@wwf.de

www.wwf.de


