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Preface

Fertilizers are an essential component of the inputs required in modern agriculture as they supple-
ment the soil’s nutrient supply to provide optimum nutrition to crops. Fertilizers have played a 
pivotal role in increasing the agricultural production in developed and developing countries. Fertil-
izers contributed significantly to the Green Revolution that was witnessed in India and several other 
countries during 1960s. The quantity of fertilizer used in the world has increased spectacularly dur-
ing the past four decades, and so has the knowledge about production and management of fertilizers. 
Not only the product pattern but also the production technology has changed remarkably. 

Recent environmental concerns have also put the fertilizers in focus. While some people think 
of environmental pollution due to fertilizer production and application, there is no gainsaying the 
fact that fertilizers provide a key input for increasing food production. With increasing population 
in developing countries, the need of using fertilizers to enhance crop production is increasing and 
the fertilizers will continue to play a dominant role in agricultural development. There has been 
substantial progress in the development of eco-friendly production technology and methods for 
optimizing fertilizer use with little or no risk of environmental pollution.

The knowledge about fertilizer production principles and proper management is not available at 
a single source. This was the primary felt need which inspired me to attempt this book. The book 
has been prepared for the readers of various streams such as agriculture, horticulture, environmental 
science and management. The subject matter has been dealt with in a simple and lucid style to 
provide easy understanding to beginners as well.

It is hoped that the book will be useful to all who have an interest in the production, marketing 
and use of fertilizers.

Brahma Mishra
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Role of Fertilizers in Agriculture

HISTORICAL PERSPECTIVE

Use of commercial fertilizers has only a short history compared to the length of time that man is 
known to have grown crops. It is believed that crop production began some 6,000 to 10,000 years 
ago. Before introduction of commercial fertilizers, organic manure was the only external source of 
nutrients for improving soil fertility and enhancing crop production. The art of manuring for crop 
production was well known in ancient India during Vedic period (3200 BC-1200 AD). Use of cow 
dung, bones, and green manure is mentioned in the literature of that period. Green manure and 
wood ash were commonly used in medieval period (1200-1800 AD). In Chinese agriculture organic 
manures have been used for over 3,000 years.

Organized research into fertilizer technology began in Europe in the early 17th century. Early 
scientists such as Johann R. Glauber (1604-1668), a German chemist, described the beneficial ef-
fects of the addition of saltpeter (potassium nitrate) to soil. He developed the first complete mineral 
fertilizer, which was a mixture of saltpeter, lime, phosphoric acid, nitrogen, and potash. As scientific 
chemical theories developed, the chemical elements needs of plants were discovered, which led to 
improved fertilizer compositions. In Germany, Justus von Liebig (1803-1873) studied the impor-
tance of minerals and atmospheric nitrogen to nourish plants, resulting in his famous Law of the 
Minimum, stated in 1863, which is a simple but logical guide for predicting crop response to fertil-
ization. This law states that every field contains a maximum of one or more and a minimum of one 
or more nutrients. With the minimum, be it lime, potash, nitrogen, phosphoric acid, magnesia or any 
other nutrient, the yield stand in direct relation. It is the factor that governs and controls….yields.

The chemical fertilizer industry had its beginning in England with a patent issued to Sir John 
Bennet Lawes in 1842, which outlined a method for producing a form of phosphate (known 
as superphosphate) that was an effective fertilizer. The synthetic fertilizer industry experienced 
significant growth after the First World War (1914-1918), when facilities that had produced ammonia 
and synthetic nitrates for explosives were converted to the production of nitrogen-based fertilizers.
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2 Fertilizer Technology and Management

The world’s first commercial nitrogen fertilizer was sodium nitrate mined from natural deposits 
in Chile. It was imported into Europe and North America from about 1830 onwards. During the 
1920s sodium nitrate imports from Chile were still a very important source of nitrogen in the United 
States and Europe but it diminished with the advent of ammonia synthesis in the middle of 20th 
century. In India, sodium nitrate was imported till 1960 when large-scale production of urea started.

Of the numerous scientific discoveries in the last millennium, the two that have saved millions 
of lives from hunger and malnutrition are connected with chemical fertilizers. The first was the 
manufacture of single superphosphate by Lawes and Gilbert in England in 1843 and the second was 
the synthesis of ammonia in 1909 by the German chemist, Fritz Haber, who was awarded the Nobel 
Prize for Chemistry in 1918 for his invention. Carl Bosch, an associate of Fritz Haber, subsequently 
made the breakthrough necessary to bring the ammonia synthesis process to an industrial scale, 
thus ushering in the modern nitrogen fertilizer industry. In 1931, Carl Bosch became the Nobel 
Chemistry Laureate for this accomplishment.

Following the privations of World War II (1939-1945), many countries made food security a top 
priority. In the following years, policies were put in place to encourage farmers to use fertilizers 
and other modern farming technologies. Fertilizer consumption grew rapidly, largely in parallel 
with an accelerating expansion of the world population. The consumption of fertilizer nutrients  
(N + P2O5 + K2O) in the world rose from about 14 million tonnes in 1950 to 27.4 million tonnes in 
1960, 116.6 million tonnes in 1980, 137.8 million tonnes in 1990, 138.7 million tonnes in 2001-02 
and 155.6 million tonnes in 2004-05. This increase in fertilizer consumption was experienced in 
all the continents but since 1960 the developing countries have raised their fertilizer consumption 
impressively as evident from the data shown in Table 1.1. This trend is likely to continue.

Table 1.1 Fertilizer use and annual growth (1959–60, 1989–90, and 2020)

Country
category

Fertilizer use 
(million tonnes nutrients)

Annual growth
(%)

1959-60 1989-90 2020 1960-1990 1990-2020
Developed
Developing
World

24.7
2.7

27.4

81.3
62.3

143.6

86.4
121.6
208.5

4.4
10.5
5.5

0.2
2.2
1.2

Source: Bumb and Baanante (1996)

The pattern of global fertilizer consumption has changed markedly over the past 40 years. In 
1960, the developing countries accounted for just 10 per cent of all fertilizer consumption; today 
the figure is nearly 60 per cent. Fertilizer use in the developing world has been fuelled by rapid 
population growth and growing demand for food grains. This is especially true of Asia, where the 
scope for land expansion is limited. By contrast, the industrialized countries (with the exception 
of the former Soviet Union) increased their fertilizer consumption only marginally after 1980; 
population growth was low, most people were adequately fed, and world agricultural exports had 
stagnated due to economic problems in many importing countries. Asia is now the dominant player, 
accounting for 50 per cent of world fertilizer consumption, and 86 per cent of developing countries 
consumption.
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China has been by far the largest fertilizer consumer in the world accounting for 29% of world 
fertilizer consumption with 44.7 million tonnes in 2004-05. India is another developing country 
of which fertilizer consumption increased from 0.26 million tonnes in 1961 to 18.4 million tonnes 
(12% of world fertilizer consumption) in 2004-05. Among developed countries, USA has been the 
largest fertilizer consumer accounting for 13 per cent of world fertilizer consumption with 20.1 
million tonnes in 2004-05.

In India, use of chemical fertilizers began about 100 years ago when a single superphosphate 
plant was established at Ranipet, Tamil Nadu in 1906. Significant boost in fertilizer use came only 
after launching the First Five Year Plan in 1951 and subsequently by the Green Revolution (1967-
68) which transformed Indian agriculture to bring about much wanted self-reliance in food security.

It has been estimated that about 40 per cent of the protein consumed by humans depends on the 
Haber-Bosch process of ammonia synthesis. More than 99 per cent of all nitrogen fertilizers are 
derived from ammonia, which is both an intermediate and a final product. The vast majority of the 
energy consumed by the fertilizer industry is used for ammonia synthesis (about 94%).

Why Do We Need Fertilizers?

Agricultural production basically depends on the plant’s ability to convert solar energy into chemical 
energy, i.e., food, feed or fibre. This is achieved by plants through photosynthesis with the help of 
chlorophyll. However, for accomplishing this vital role plants need adequate supply of 13 mineral 
elements, besides, carbon, hydrogen and oxygen, which are known as essential plant nutrients. These 
mineral nutrients are divided into two groups: macronutrients and micronutrients. Macronutrients 
are the nutrients that are required in relatively large amounts. They can be broken into two sub- 
groups: primary and secondary nutrients. The primary nutrients or major nutrients are nitrogen (N), 
phosphorus (P), and potassium (K). These major nutrients are usually lacking from the soil because 
plants use them in large amounts for their growth and survival. The secondary nutrients are calcium 
(Ca), magnesium (Mg), and sulphur (S). There are usually enough of these nutrients in the soil, 
so fertilization is not always needed. Micronutrients are those elements essential for plant growth 
which are needed in only very small (micro) quantities. These elements are sometimes called minor 
elements or trace elements.The micronutrients are boron (B), copper (Cu), iron (Fe), manganese 
(Mn), molybdenum (Mo), zinc (Zn) and chlorine (Cl). 

Fertilizers are the materials that supply these essential plant nutrients, mostly nitrogen, phosphorus 
and potassium, which are removed by crop plants in the largest quantities. Other plant nutrients are 
required in relatively small quantities.

The mineral nutrient requirement of different crops vary considerably mainly due to yield 
potential and chemical composition. For example, wheat crop removes more nutrients per tonne of 
grain produced than the rice does due to differences in the biomass and grain composition. From 
a study at the International Rice Research Institute, Philippines it was reported that 10–31 kg N,  
1–5 kg P and 8–35 kg K were removed from the soil per tonne of rice grain produced. Similarly, for 
each tonne of wheat grain produced the crop removes 25 kg N, 3.9 kg P and 27 kg K and relatively 
small amounts of secondary and micronutrients from the soil (Table 1.2). When crop yields of  
5–7 tonnes grain ha– 1 are taken in a single season as with the high yielding varieties of crops, 
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it is not possible for most soils to supply the required amounts of plant nutrients and that is why 
fertilizers are needed to supplement the soil nutrient supply. Continuous removal of plant nutrients 
from soil over a long period leads to depletion of soil fertility, which shows up in crop yield decline 
and lowered factor productivity.

Thus, in a modern crop production system, the plants utilize nutrients from two sources: the 
indigenous soil supply and fertilizers and manures applied to supplement the soil supply. Leguminous 
plants like peas, beans, soybean, etc. do not require nitrogen fertilizers as they are usually capable of 
fixing atmospheric nitrogen to meet their needs after 4-5 weeks since emergence. They, of course, 
need phosphorus, potassium and other nutrients too. Oilseeds and pulses require more sulphur than 
cereals, whereas potato, sugar cane and tobacco need more potassium than other crops.

Table 1.2 Nutrient removal by rice and wheat
Nutrient  Nutrient removal,  Nutrient removal,
element kg per tonne of grain  kg/ha

 Rice Wheat Rice1 Wheat2 
Nitrogen 16.2 25 113 125 
Phosphorus 2.8 3.9 19.6 19.5 
Potassium 17 27 119 135 
Calcium 4.4 5.3 31 26.5 
Magnesium 3.7 4.7 26 23.5 
Sulphur 1.7 4.7 12 23.5 
Iron 0.24 0.40 1.7 2.0 
Manganese 0.65 0.10 4.5 0.5 
Zinc 0.04 0.06 0.28 0.3 
Copper 0.009 0.02 0.06 0.10 
Boron 0.015 0.05 0.09 0.25 
Chlorine 3.4 – 24 – 

1 For rough rice yield of 7 t/ha (De Datta, 1981)
2 For wheat grain yield of 5 t/ha

Mineral fertilizers contain plant food elements in readily available form, which are essential for 
plant growth and crop production. Fertilizers are used in order to:
 • supplement the natural soil nutrient supply in order to satisfy the demand of crops with a high 

yield potential and produce economically viable yields,
 • compensate for the nutrients lost by the removal of plant products or by leaching or gaseous 

loss,
 • improve unfavourable or to maintain good soil conditions for cropping.

Famine Myths and Food Security

Thomas R. Malthus in his essay published in 1798 argued that unchecked human population would 
increase geometrically, while the available food supply could only increase arithmetically. He 
warned that ‘the period when the number of men surpasses their means of subsistence has long 
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