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Summary 
 
Fertilizer application is needed to upgrade the natural soil nutrient stock and to 
compensate for the elements exported from the root zone by harvesting, leaching, 
erosion and volatilization. There are 20 essential plant elements, including 5 macro-
elements (N, P, K, Ca and Mg), required in relatively large amounts, and a remainder of 
15 micronutrients, absorbed in much smaller quantities. 
 
Nitrogen (N), phosphorus (P) and potassium (K) are required for plant growth and 
strengthening of reproductive parts, carbohydrate metabolism, and the activation of 
some enzymes. N and P are incorporated in the organic material and are not directly 
available to plants. K is present as elemental K, exchangeable K, or as part of mineral 
lattices. Under intensive agriculture, these components have to be added to the soil. 
Commercial fertilizers are supplied as single components, salts or combined products. 
Calcium (Ca), magnesium (Mg) and sulfur (S), besides their role as a plant nutrient, 
interfere in the soil acidity and activate a number of plant enzyme systems. The 
deficiency of any of these elements has a pronounced retarding effect on plant growth. 
 
Micronutrients are required in small amounts by plants. Their presence and availability 
in the soil is not stable and is affected by pH and their eventual combination with 
organic compounds (chelation). Micronutrients play a major role in the activation of 
several enzyme systems and in chlorophyll synthesis. 
Soil acidity or pH is an expression of available Ca (Mg and K) in the soil, and it 
interferes in the microbial activity and the mineralization of organic material. It has also 
an impact on the solubility, viz. availability and toxicity of macro- and micronutrients. 
It can be corrected by liming. Salinity and alkalinity are harmful for crop production, 
and these elements have to be eliminated from the soil by leaching whether or not in 
combination with gypsum application.  
 
1. Introduction 
 
The growing food production to meet the demands of a rapidly increasing world 
population should mainly come from a substantial yield increase on land already in 
cultivation. Higher yields involve also higher demands for plant nutrients, and these can 
generally no more be supplied from natural sources alone. Agricultural statistics 
indicate that, despite very unequal developments worldwide, the consumption of 
mineral fertilizer has logarithmically grown since the 1960s, with increases of 500 % in 
some parts of Europe to 100-250 % in other countries. 
 
Natural plant nutrients come from the weathering and breakdown of geological parent 
materials and the subsequent release of their chemical components which can be taken 
up by the vegetation. Only a few soils contain all nutrients required for plant growth. 
Most other soils have serious deficiencies in one or more of these elements, either 
because they are not present in sufficient quantities or because they are not available in 
the proper form. 
 
Under natural conditions - an undisturbed forest or natural grassland for example - the 
nutrients initially available in the soil material are absorbed by the plant root system and 
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return to the soil at the end of the growth cycle, either as leaves, decayed roots or fallen 
branches and stems. This is a closed cycle and, unless there is a loss by erosion or 
runoff, the same nutrients can be taken up again by the new vegetation. In crop farming, 
however, plant nutrients are absorbed and exported by the crop at harvest, depleting 
hereby the soil nutrient stock. A rapid replenishment of this stock is required in order to 
avoid that the biological cycle is broken. This regeneration occurs in first instance 
through a natural process of on-going cation release from the soil absorption complex 
and by the solubilization of minerals, salts, and secondary compounds in the weathering 
material. Once this natural source is depleted as well, additional fertilizer must be 
supplied in order to avoid a chemical degradation of the root zone. 
 
Plant nutrient deficiencies show up in plants in various ways such as stunted growth, 
foliage color symptoms and reduced yields. Different plants require different kinds and 
quantities of plant nutrients. Therefore, it is necessary to determine the nature and 
importance of plant nutrient deficiency and to estimate the nutrient needs, depending 
upon soil type, kind of plants grown, and yield level desired. 
 
2. Elements Required in Plant Nutrition 
 
Carbon (C), hydrogen (H), oxygen (O), nitrogen (N), phosphorus (P), and sulfur (S) are 
the major elements of which proteins, hence protoplasm, are composed. In addition, 
there are fourteen other elements which are essential and beneficial to the growth of 
some plants: calcium (Ca), magnesium (Mg), potassium (K), iron (Fe), manganese 
(Mn), molybdenum (Mo), copper (Cu), boron (B), zinc (Zn), chlorine (Cl), sodium 
(Na), cobalt (Co), vanadium (Va) and silicon (Si). Not all are required for all plants, but 
all have been found to be essential or beneficial to some plants. Each of the twenty 
elements plays a role in the growth and development of plants, and when present in 
insufficient quantities can reduce growth and yields (Tisdale et al., 1993). 
 
The mineral nutrients are subdivided into two main groups, and plants differ widely in 
their ability to mobilize and utilize those nutrients from a given soil, as well as to their 
nutrient requirements:  (1) macronutrients, e.g. elements present in amounts more than 
0.2 % in plant tissue: N, P, K, S, Ca and Mg; and (2) micronutrients, e.g. elements 
necessary for plant growth in only small amounts (usually less than several parts per 
million in plant tissue): Fe, Zn, Cl, Mo, Mn, Cu, B and Co. 
 
3. Managing NPK and Other Macronutrient Levels 
 
In order to grow and produce yields plants need nitrogen, phosphorus, potassium, 
calcium, magnesium and a number of minor elements in amounts that are in direct 
relation to their requirements and nutrient exportation by the yield. These elements are 
to some extent available in the soil, but depending on the quantities required it may be 
necessary to provide additional amounts. 
 
3.1. Nitrogen 
 
Low yields of maize in the order of 600 to 1200 kg/ha and of wheat in the order of 400 
to 800 kg/ha require a supply of N only a little above of what is provided by rain and 
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organic matter mineralization. Moreover, such yields do not remove more than 15 kg 
N/ha from the land in the harvested grain products. Such yields could, therefore, be 
sustained for relatively long periods under primitive conditions of agriculture with the 
use of only small amounts of fertilizers. In many important food providing areas in the 
tropics, these yields prevail and the lack of available nitrogen is the chief limiting factor 
in the production of crops. To increase yields in the same areas will require the use of N 
fertilizers or leguminous crops as well as other production inputs. 
  

Natural Fertility Level Nitrogen (%) Exchangeable Cations  (me/100 g soil) 
  Ca2+ Mg2+ K+ CEC 

Very high >1 >20 >8 >1.2 >40 
High 0.5-1 10-20 3-8 0.6-1.2 25-40 
Medium 0.2-0.5 5-10 1.5-3 0.3-0.6 15-25 
Low 0.1-0.2 2-5 0.5-1.5 0.12-0.3 5-15 
Very low <0.1 <2 <0.5 <0.12 <5 

 
Table 1: Classification of natural fertility levels in soils, based on the contents of 
nitrate-N, cation exchange capacity (CEC) and individual exchangeable cations 

 
Nitrogen in the soil originates mainly from three natural sources: (a) the mineralization 
of organic matter and crop residues, (b) the fixation of nitrogen from the atmosphere, 
largely through biological processes, and (c) additions from rain and other forms of 
precipitation. The natural N content of a soil provides a good expression of the natural 
soil fertility (Table 1). Forest soils, especially in the humid tropics, have high nitrogen 
contents (> 1 % or 1 g N/100g soil); cultivated soils have moderate to low N contents 
with an overall tendency towards less N in modern agriculture (0.2-0.5 % N); arid soils 
are low to very low in N (<0.2 % N). 
 
Nitrogen occurs in soils in several forms: organic compounds, nitrate ( 3NO − ) and nitrite 
( 2NO − ) anions, and ammonium ( +

4NH ) which can occur as an exchangeable cation. 
Most soil nitrogen (98 %) is in the organic form and is incorporated in organic material; 
under this form it is, however, not available to plants. It must therefore first be 
transformed through microbiological activity into nitrate. In moist warm, well-aerated 
soils (humid tropics) most nitrogen compounds are converted into NO3

– which is the 
form in which N is mainly taken up by plants. Once in the plant, the nitrate is reduced to 
ammonium-N using the energy provided by photosynthesis. The +

4NH -N  is then 
combined with so-called carbon skeletons to form amino acids (Tisdale et al., 1993). 
 
Modern agriculture requires high production, and this can only be obtained by the 
application of high N fertilizers, whether as single components (urea) or compound 
fertilizers (NPK). A review of the currently used commercial fertilizers and their 
approximate composition is given in Table 2. An adequate supply of N is associated 
with a vigorous vegetative growth and a deep green plant color. Excessive quantities of 
N can, under some conditions, prolong the growing period and delay crop maturity. 
This is most likely to occur when other plant nutrients are not in sufficient supply. 
Excessive succulence weakens the fiber strength in cotton, leads to lodging in grain 
crops, or lowers the sugar content in sugar beets. Plants deficient in nitrogen show a 
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stunted growth and signs of chlorosis; the latter phenomenon appears first in the lower 
leaves, and after some time they turn brown and die. 
 
The quantity and proportion of the soluble N (mainly as ammonium or nitrate) that can 
be absorbed by the crop is influenced by local site factors, including (a) rooting habits 
of the crop, (b) the volatile loss processes and the local environmental factors that 
influence these losses, (c) the vertical movement of nitrate-N, and in some instances the 
complete removal of the nitrate by leaching, (d) the moisture status in that part of the 
root zone where the nitrogen resides, and (e) the presence or absence of crop residues 
which may immobilize nitrogen. The application of N fertilizers combined with P 
fertilizers facilitates P uptake and plant growth. 
 
3.2. Phosphorus  
 
Phosphorus, though a major plant nutrient, is needed in quantities that are much smaller 
than those of N and K. Phosphorus has a complicated chemistry, as far as assessment of 
P levels in the soil and the P fertilizer requirements of the plants are concerned. The 
element occurs in soils in both organic and inorganic forms, the latter being usually the 
more important for crop nutrition. Inorganic P can occur as various compounds of Ca, 
Fe and Al, in solution, in surface films, in the solid state, or as exchangeable phosphate 
anions held by the positive charges on the edges of clay minerals. 
Plants absorb most of their P as 4HPO − and 2 4H PO − ions or as soluble organic 
phosphates which are a direct degradation product of the soil organic material. 
Phosphorus availability in soils is however very variable, as it depends on mineral soil 
composition, amount of organic material and on its rate of decomposition, 
morphological soil properties (texture in particular), previous soil management and 
local climatic conditions. It is, moreover, difficult to rate the natural soil fertility in 
terms of its P content because laboratory extraction methods vary widely, and the 
obtained values differ greatly with the analytical method and soil pH. In neutral and 
basic soils (Olsen method, 0.5M 3NaHCO ) the critical level is at 5 ppm; for acid soils 
this critical value varies between 15 ppm (Bray method, Dilute 4HCl/NH F ) and 20 ppm 
(Truog, Dilute 2 4H SO ). More information on the effect of extraction methods used can 
be found in Landon (1984). 
 
Plant availability of P in the soil is highly dependent on soil pH (for more details, see 
section 5). Tropical soils rich in free iron and aluminum have a high phosphate-fixing 
capacity, especially at low pH. With pH above 5.5, however, P becomes more soluble 
and is available to plants. The best availability is at pH levels between 6 and 7. Above 7 
and in the presence of calcium, phosphorus tends again to become less soluble; the least 
solubility level is reached at pH 8.5. 
  
A review of the most commonly applied commercial P-fertilizers and their approximate 
composition is given in Table 2. An adequate supply of P at planting stage or very early 
in the vegetative growth stage strengthens its reproductive parts and seed formation. 
Moreover, it may hasten plant maturity, gives greater strength to cereal straw and is said 
to improve disease resistance of certain fruits, forages and vegetables. Deficiency 
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symptoms are expressed by a purple discoloration of older leaves and of leaf edges. 
 

Name Chemical Formula Approximate composition (%) 
 N P K Ca Mg S 
Nitrogen fertilizers       
Ammonia NH3 82 - - - - - 
Aqua ammonia NH3 15-30 - - - - - 
Ammonium chloride NH4Cl 26-28 - - - - - 
Ammonium nitrate NH4NO3 33-34 - - - - - 
Am. nitrate- sulfate NH4NO3 + (NH4)2SO4 26-30     5-12 
Ammonium sulfate (NH4)2SO4 21 - - tr - 24 
Calcium cyanamide CaCN2 20-22 - - 40 tr tr 
Calcium nitrate Ca(NO3)2 15 - - 19-21 2 - 
Sodium nitrate NaNO3 16 - tr tr tr tr 
Urea CO(NH2)2 46 - - - - - 
Urea S-coated CO(NH2)2 + S 35-40 - - - - 7-10 
        
Phosphorus fertilizers       
Calcium metaphosphate   Ca2P2O7 - 27 - 19 - - 
Dicalcium phosphate CaHPO4.2H20 + CaHPO4 - 17-

23 
- 19-29 - - 

Tricalciumphosphate Ca3(PO4)2 - 12 - 20 - - 
Phosphoric acid H3PO4 - 22-

33 
- tr - - 

Rock phosphate - - 11-
17 

- 33-36 - - 

Single 
Superphosphate 

Ca(H2PO4)2.H20 + 
CaSO4.2H2O 

- 7-
10 

tr 13-20 tr 12 

Triple superphosphate  Ca(H2PO4)2.H2O - 18-
22 

tr 9-14 tr 1 

        
Potassium fertilizers       
Potassium chloride KCl - - 50-52 tr tr tr 
Potassium nitrate KNO3 13 - 37 tr tr tr 
Potassium phosphate K3PO4 - 18-

22 
29-45 - - - 

Potassium sulfate K2SO4 - - 40-43 - 1 18 
        
N-P fertilizers       
Mono-ammonium phosphate   NH4H2PO4 11 21 - 2 tr 5 
Di-ammonium phosphate      (NH4)2HPO4 18-21 20-

23 
- - - - 

Urea ammonium 
phosphate 

CO(NH2)2 + (NH4)2HPO4 25-34 7-
15 

- - - - 

Urea ammonium 
polyphosphate 

CO(NH2)2 + 
(NH4)3HP2O7 + 
NH4H2PO4 

22-30 13-
19 

- - - - 

Urea phosphate CO(NH4)2 + H3PO4 18 20 - - - - 
        
Calcium-Magnesium fertilizers       
Magnesium chloride MgCl2 - - - 2 8-9 - 
Magnesium oxide MgO - - - - 42+ - 
Kieserite MgSO4.H2O - - - - 17 - 
Calcium sulfate CaSO4.2H2O - - - 23 - 18 
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(gypsum) 
       * Tr = traces. 
 
Table 2: Name, chemical formula and approximate composition of the main commercial 

fertilizers 
 
3.3. Potassium 
 
Potassium occurs in three different forms in the soil, excluding that found in the soil 
fauna and flora: (1) K in the soil solution; this is in equilibrium with exchangeable 

+K and is therefore difficult to distinguish from it; (2) exchangeable +K , which is 
affected by clay content, the intensity of mineral decomposition, and the quantity of 
fertilizers applied; (3) K fixed on or retained between clay lattices in minerals such as 
illite, micas and feldspars. The first two forms are directly available to plants. Potassium 
fertilizer is added to soils in the form of a soluble salt, e.g. K chloride, sulfate or nitrate. 
The natural fertility level of soils in terms of their K content is displayed in Table 1. 
 
Plant requirements for K are relatively high because it is absorbed by plants in larger 
amounts than any other nutrient except N. The element seems however to be more 
catalytic to plant growth than to act as a direct building stone. Tisdale et al. (1993) 
consider that it is essential to the following physiological functions: (1) carbohydrate 
metabolism and starch formation; (2) nitrogen metabolism and synthesis of proteins; (3) 
regulation of the activities of various essential elements; (4) neutralization of some 
organic acids; (5) activation of various enzymes; (6) promotion of the growth of 
meristemic tissues, and (7) adjustment of stomatal activities and water relations. 
 
When potassium is in short supply a number of characteristic deficiency symptoms can 
be observed in crops, such as: chlorosis or necrosis of leaf edges, weak straw in grain 
crops, yield reduction, reduced resistance to plant diseases, poor quality of fruits and 
vegetables, reduced photosynthetic activities, etc. 
 
The natural fertility classification of soils in terms of their K content is based on a 
combination of: (a) exchangeable +K  content and (b) ratio between K and 2+Ca plus 

2+Mg . It is generally accepted that the absolute exchangeable +K  content should be 
0.10-0.12 me/100g soil (Table 1). Crops that tolerate values below 0.10 me K: are 
cassava, millet and groundnuts; crops that show obvious deficiencies at this level are: 
pineapple, bananas, coffee, cacao, oil palm. Sugarcane is a very K-exacting crop and 
requires at least 0.18 me K/100g soil. 
 
The relative importance of K on the exchange complex should be at least 2 % in 
general, 4 % under intensive cropping and 5 % for fruit trees and K-loving crops such 
as potato. In addition, the Mg/K ratio should be above 3 and the Ca + Mg/K ratio higher 
than 25. 
 
3.4. Calcium 
 
Calcium is required by all higher plants, and is absorbed as 2+Ca  ion. The element has 
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an impact on protein synthesis by its enhancement of the uptake of nitrate-N, and 
interferes in the activity of certain enzyme systems. It is found in abundant quantities in 
the leaves; it may also occur in ionic form in cell saps. It is part of the cell wall, and 
therefore the deficiency of calcium manifests itself in the failure of terminal buds and in 
the apical tips of roots to develop. 
 
Calcium can be present in the soil as free calcium carbonate (CaCO3) and as soluble and 
exchangeable Ca2+ on the base complex. It occurs in relative abundance in most 
temperate soils, but is mostly absent in highly weathered tropical soils. Still, in many 
cases it remains the most common cation on the complex.  
 
The calcium status of soils is illustrated in Table 1. Values below 2 me/100 g are 
considered low, though not always critical. Calcium deficiency to plants occurs in fact 
only in soils with low cation exchange capacity and pH below 5.5, or under conditions 
where high natural K reserves or excessive Na contents inhibit Ca uptake. The most 
commonly used commercial Ca-fertilizers and their approximate compositions are listed 
in Table 2. 
 
Calcium plays a double role in soil fertility: as a plant nutrient at the same level as N, P 
and Mg, and as a regulator of the soil pH which determines to a large extent the 
solubility, toxicity and absorption of various soil components (for more details, see 
section 5). 
 
3.5. Magnesium 
 
Magnesium is the only mineral constituent of the chlorophyll molecule, and in this 
respect its importance is obvious; appreciable quantities of the mineral may also be 
found in seeds. Magnesium seems to be related to the phosphorus metabolism and is 
considered to be specific in the activation of a number of plant enzyme systems. It is 
absorbed by the roots in the form of the ion 2+Mg . 
 
In the soil Mg is often second in concentration on the exchange complex. Levels above 
0.5 me/100g are adequate (Table 1), except for Mg-accumulating crops, such as citrus, 
which need a slightly higher supply.  Ca/Mg ratios on the exchange complex (and 
expressed in me/100 g soil) should be between 3 and 5.  
 
Above 5 Mg might become increasingly unavailable, and with high pH, also P uptake 
might be inhibited. Below 3 the P uptake is hampered. These ratios can be corrected 
through the application of dolomite (calcium-magnesium carbonate), lime (calcium 
carbonate); gypsum (calcium sulfate) or any other adapted commercial fertilizer (Table 
2). 
 
Magnesium is a mobile element and its deficiency symptoms often appear first in older 
leaves as interveinal leaf chlorosis. In a more advanced stage the leaf tissue becomes 
pale yellow, before turning brown and necrotic. 
 
 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LAND USE, LAND COVER AND SOIL SCIENCES – Vol. IV - Management of Agricultural Land: Chemical and Fertility 
Aspects - Willy Verheye 

©Encyclopedia of Life Support Systems (EOLSS) 
 

- 
- 
- 
 

 
TO ACCESS ALL THE 32 PAGES OF THIS CHAPTER,  
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx 

 
 
Bibliography 
 
Baize, D. and Tercé, M. (2002). Un Point sur les Eléments Traces Métalliques dans les Sols. Approches 
Fonctionnelles et Spatiales. INRA Editions, Paris, France, 565p. [A compilation of 32 papers dealing 
with soil geochemistry, agricultural and industrial pollution and plant toxicity of various trace elements]. 

Celardin, F. (2002). Approche Semi-Quantitative de la Mobilité. In: Baize, D. and Tercé, M., eds.: Un 
Point sur les Eléments Traces Métalliques dans les Sols. Approches Fonctionnelles et Spatiales. INRA 
Editions, Paris, France, pp. 435-453 [Describes the mobility of five heavy metals on the basis of 
information from an extensive Swiss study conducted by Desaules]. 

Euroconsult (1989) - Agricultural Compendium for Rural Development in the Tropics and Subtropics. 
Elsevier, Amsterdam, 740p.[An excellent reference book with numerous data on critical criteria and 
parameters that affect crop production and farming practices in the inter-tropical belt]. 

Jones, U.S. (1982). Fertilizers and Soil Fertility. Reston Publication Cy., Reston Vi, 421p. [An excellent 
textbook and students’ course which explains in great detail plant growth and the nature and behavior of 
fertilizers in soils]. 

Landon, J.R. ed. (1984). Booker Tropical Soil Manual. Longman Group Ltd and Booker Agric. Intern., 
Harlow/London, 450 p. [An excellent reference book and compilation with much numerical information 
on various aspects of tropical agriculture]. 

Maas, E.V. and Grattan, S.R. (1999). Crop Yields as Affected by Salinity. In: Skaggs, R.W. and J. van 
Schilfgaarde, eds.: Agricultural Drainage. ASA/CSSA/SSSA Agronomy Monograph 38, Madison, Wi., 
pp. 55-108. [Discusses management and cultural practices in salt-affected areas, with many data on salt 
tolerance for various crops]. 

Oster, J.D., I. Shainberg and I.P. Abrol (1999). Reclamation of Salt-Affected Soils. In: Skaggs, R.W. and 
van Schilfgaarde, J., eds.: Agricultural Drainage. ASA/CSSA/SSSA Agronomy Monograph 38, Madison, 
Wi., pp. 659-691 [Describes reclamation practices of salt-affected soils, with an extensive bibliography 
for further reading]. 

Reeve, R.C. and Fireman, M. (1967). Salt Problems in Relation to Irrigation. In: R.M. Hagan et al.: 
Irrigation of Agricultural Lands. ASA/CSSA/SSSA Agronomy Monograph 11, Madison, Wi, pp. 988-
1008 [Good description of the management and reclamation of salt-affected soils]. 

Richards, L.A., ed. (1954). Diagnosis and Improvement of Saline and Alkali Soils. Agric. Handbook 60, 
USDA, Washington, D.C. [The standard book for the study of salinity and alkalinity in the world]. 

Sillanpää, M. (1990). Micronutrient Assessment at the Country Level: An International Study. FAO Soils 
Bull. 63, FAO, Rome, 208p. [Gives a good overview of macro- and micronutrient fertilization in various 
countries]. 

Skaggs, R.W. and van J. Schilfgaarde, eds. (1999). Agricultural Drainage. ASA/CSSA/SSSA Agronomy 
Monograph 38, Madison, Wi., 1328p. [A compilation of 42 papers on the state of the art in drainage 
techniques] 

Tisdale, S., Nelson, W., Beaten, J. and Havlin, J. (1993). Soil Fertility and Fertilizers, Fifth Ed, Prentice 
Hall, Upper Saddle River, NJ. [One of the basic and most estimated textbooks on the issue, explaining the 
principles of soil fertility and nutrient management]. 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=E1-05-04-02


UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LAND USE, LAND COVER AND SOIL SCIENCES – Vol. IV - Management of Agricultural Land: Chemical and Fertility 
Aspects - Willy Verheye 

©Encyclopedia of Life Support Systems (EOLSS) 
 

Biographical Sketch 
 
Willy Verheye is an Emeritus Research Director at the National Science Foundation, Flanders, and a 
former Professor in the Geography Department, University of Ghent, Belgium. He holds an MSc. in 
Physical Geography (1961), a PhD. in soil science (1970) and a Post-Doctoral Degree in soil science and 
land use planning (1980). 

He has been active for more than thirty-five years, both in the academic world, as a professor/ research 
director in soil science, land evaluation, and land use planning, and as a technical and scientific advisor 
for rural development projects, especially in developing countries. His research has mainly focused on 
the field characterization of soils and soil potentials and on the integration of socio-economic and 
environmental aspects in rural land use planning. He was a technical and scientific advisor in more than 
100 development projects for international (UNDP, FAO, World Bank, African and Asian Development 
Banks, etc.) and national agencies, as well as for development companies and NGOs active in inter-
tropical regions. 


