
 

Created by XMLmind XSL-FO Converter. 

NUTRIENT MANAGEMENT 

Prof. KATALIN SÁRDI 



   

   
Created by XMLmind XSL-FO Converter. 

NUTRIENT MANAGEMENT 
Prof. KATALIN SÁRDI 

Publication date 



   

 iii  
Created by XMLmind XSL-FO Converter. 

Table of Contents 

Cover  .................................................................................................................................................  vi 
1. Introduction to Nutrient Management  ............................................................................................  1 

1. Study Questions (1)  ...............................................................................................................  4 
2. Plant Nutrients  ................................................................................................................................  5 

1. Classification of plant nutrients .............................................................................................  5 
2. The Role of essential elements in Crop Nutrition  .................................................................  8 
3. Nutrient Deficiency and Toxicity Symptoms  ......................................................................  13 
4. Study Questions (2)  .............................................................................................................  16 

3. Nutrient uptake of crops  ...............................................................................................................  17 
1. Forms of soil nitrogen, phosphorus, potassium and other elements  ....................................  17 
2. Nutrient uptake of crops and factors influencing  ................................................................  17 
3. Study Questions (3)  .............................................................................................................  23 

4. Interrelations in the Soil-Crop-Nutrient System  ...........................................................................  25 
1. Interrelations in the Soil-Crop-Nutrient System ..................................................................  25 
2. The Role of Site characteristics in Soil Fertility  .................................................................  28 
3. Study Questions (4)  .............................................................................................................  31 

5. Nutrient Cycling  ...........................................................................................................................  32 
1. Nutrient Cycling and Soil Fertility  ......................................................................................  32 
2. The Nitrogen, Phosphorus and Potassium Cycles in Agricultural Soils  .............................  35 
3. Study Questions (5)  .............................................................................................................  42 

6. Soil fertility evaluation  .................................................................................................................  43 
1. Soil fertility evaluation: Greenhouse and Field experiments  ..............................................  43 
2. Study Questions (6)  .............................................................................................................  46 
3. Soil Testing and Plant Analysis  ..........................................................................................  46 

3.1. Sampling Methods for Soil Testing  ........................................................................  46 
3.2. Plant Analysis for Macro- and Microelements  .......................................................  53 
3.3. Plant Tissue Tests: Diagnosis of Crop Nutrient Status  ...........................................  57 

4. Study Questions (7)  .............................................................................................................  60 
7. Concepts of Nutrient Management  ...............................................................................................  61 

1. The concept of Integrated Nutrient Management  ................................................................  61 
2. The Concept of optimum in Nutrient Management  ............................................................  61 
3. Precision farming  ................................................................................................................  64 
4. Study Questions (8)  .............................................................................................................  68 

8. Role of Nutrient Balance Assessment  ..........................................................................................  69 
1. The Role of Nutrient Balance Assessment  ..........................................................................  69 
2. Agronomic and environmental approaches  .........................................................................  69 
3. Study Questions (9)  .............................................................................................................  72 
4. Farm Gate Balances and Nutrient Accounting  ....................................................................  72 
5. Study Questions (10)  ...........................................................................................................  76 

9. Common Fertilizers and Applications  ..........................................................................................  77 
1. The Concept of Fertilization  ...............................................................................................  77 
2. The Concept of Organic Farming  ........................................................................................  78 
3. Study Questions (11)  ...........................................................................................................  81 
4. Common Fertilizer Products  ...............................................................................................  81 

4.1. Most common Nitrogen fertilizers  ..........................................................................  82 
4.2. Phosphorus fertilizers  .............................................................................................  82 
4.3. Potassium fertilizers  ...............................................................................................  83 

5. Study Questions (12)  ...........................................................................................................  84 
6. Basics of Fertilizer Application  ...........................................................................................  84 
7. Nutrient efficiency  ..............................................................................................................  87 
8. Study Questions (13)  ...........................................................................................................  88 

10. Environmental Impact of Nutrient Management  ........................................................................  89 
1. Study Questions (14)  ...........................................................................................................  90 

11. Concepts and Estimation of Optimum Fertilizer Rates  ..............................................................  91 
1. Study Questions (15)  ...........................................................................................................  96 

12. Nutrient Management Glossary  ..................................................................................................  97 



 NUTRIENT MANAGEMENT  

 iv  
Created by XMLmind XSL-FO Converter. 

13. Selected literature  .....................................................................................................................  100 



   

 v  
Created by XMLmind XSL-FO Converter. 

List of Tables 

1.   .......................................................................................................................................................  vi 



   

 vi  
Created by XMLmind XSL-FO Converter. 

Cover 

NUTRIENT MANAGEMENT 

Author: 

Katalin Sárdi 

AZ Agrármérnöki MSc szak tananyagfejlesztése 

TÁMOP-4.1.2-08/1/A-2009-0010 projekt 

Table 1.  
 

  



   

 1  
Created by XMLmind XSL-FO Converter. 

Chapter 1. Introduction to Nutrient 
Management 

The Need for Increasing Agricultural Productivity 

It is a widely known fact that the World’s population has doubled over the last 40 years. It is self-evident that a 

fast growing population will require more food, which can only come from increased agricultural production. 

On the one hand, we see that in Africa and Asia the number of people at risk of undernourishment will likely 

increase over the next 50 years, while on the other hand, we can observe that the available agricultural land area 

is being reduced by industry, urbanization and other types of land use. (It is a severe contradiction that while the 

need for arable land is growing rapidly, humanity utilizes, or in some cases even wastes, fertile land for several 

purposes that do not require high quality land.) Therefore, the only way to provide the world's increased 

population with enough food is to increase the productivity of agricultural production. Such an improvement of 

agricultural productivity must involve increased efficiency in nutrient management and the further development 

of production technologies so as to meet the food demand on the global scale. 

The table below can give you an idea of the magnitude of the problem of undernourishment in the developing 

regions of the world. 

Table 1 Population at Risk of undernourishment in developing regions 

 

FACTORS LIMITING AGRICULTURAL PRODUCTION 

In order to make the best possible use of land available for agricultural production we must be aware of which 

factors can limit agricultural production. First of all, we must mention the soil factors or soil conditions. 

Secondly, we must not forget the crop (plant) factors, which are biological conditions. Thirdly, there are the 

environmental factors, which include the climatic conditions as well as the ecological conditions. Human 

factors, such as economic factors and social and political conditions also play a very important role. The 

following tables illustrate how the above factors can affect yield potentials. 

Table 2 Primary Soil-Related Stresses That Reduce Crop Yield Potential 
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There are several important factors known as influencing factors in yield potential and productivity. These 

factors may be both internal (crop factors) and external (characteristics of soil and environment). 

Table 3 Factors Affecting Crop Yield Potential 

 

Related to climatic conditions, agricultural production may be faced to several limiting factors of variable origin 

such as weather extremes, excess or deficiency in water supply. These may occur also in variable combinations 

or as a single limitation in different regions of the world. 

Limiting factors can contribute to reduced yield levels. 

Recently, global surveys and statistics were issued by FAO/UNESCO. Factors limiting agricultural production 

in several regions of the world are summarized in Table 6. 

Continents and regions show considerable differences in this context. As an example, nutrient stress i.e. nutrient 

deficiencies play an outstanding role in South-East Asia and South America. 

Table 4 Factors limiting agricultural production in several regions of the world 



 Introduction to Nutrient 

Management 
 

 3  
Created by XMLmind XSL-FO Converter. 

 

Principle and Need of Nutrient Management 

We all know that where crop production is continuous, nutrient replacement is required as the outputs are high. 

High outputs mean that considerable amounts of nutrients are removed by the yields annually. Continuous crop 

production involves intensive nutrient cycling and the decrease of the amounts of available nutrients. 

Consequently, the nutrients in the soil may be exhausted, and thusly the nutrient balance will become negative. 

Fertilization 

In order to fight the problem of exhausted agricultural soils, artificial fertilization was introduced. Fertilization is 

basically the practice by which soil nutrients removed from the soil are replaced. This may be done using a wide 

range of substances. People all over the world discovered many, sometimes even rather creative ways of 

replacing soil nutrients. Materials used for this purpose are commonly called fertilizers and they have two main 

groups based on their origin: 

1. organic: animal origin (farmyard manure etc.) , plant origin (residues, green manure etc.) 

2. inorganic (mineral fertilizers e.g. salts) 

The first group of fertilizers is that of the organic fertilizers, which among others include farmyard manure and 

crop residues. The other type of fertilizers is the mineral fertilizers which can be classified either as single 

fertilizers or multiple/complex fertilizers. 

The optimum productivity of a cropping system depends on an adequate supply of plant nutrients. In 

order to reach that goal several farming systems have been developed. 

Diverse farming systems may include the following practices: intensive farming, sustainable agricultural 

production, soil conservation farming, no till farming, environmentally sound/friendly agriculture and diversity 

farming. 
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Intensive farming systems use high rates of fertilizers, mostly mineral fertilizers to reach maximum yield levels. 

The environmental impacts/risks are considerably higher because of the positive nutrient balances related to the 

excess use of fertilizers. 

Integrated farming may involve organic farming, biofarming, alternative farming, biodynamic farming, low 

input sustainable agriculture (LISA) and Mid-tech farming. 

Precision agriculture means site specific nutrient management in plant production (see this chapter for detailed 

information). 

Soil Fertility & Maintenance 

As we have seen above, having fertile soil for agricultural production is not enough; the fertility of the soil also 

needs to be maintained. As we all know, soil fertility is the soil’s native ability to supply nutrients for 

plants/crops which are required for normal growth, development and yield production. In order to maintain the 

fertility of the soil we must do more than randomly fertilize our lands; we must apply a far more sophisticated 

system which is commonly referred to as nutrient management. However, for successful nutrient management 

we must be able to describe the role of the various plant nutrients which are essential for growth and yields and 

understand the nutrition processes of plants/crops. We also need adequate information on the interrelations 

between the soil-plant-nutrient system from physical, chemical and biological aspects. Furthermore, a fuller 

understanding of nutrient cycling in the agricultural production is also required. It is indispensable that nutrients 

should be used effectively (fertilization through nutrient management practices) for improved (maximum) 

productivity and profitability during crop production. Nevertheless, one must not forget about the sustainability 

of the natural resources (e.g. soil, water) and the quality of the environment, either. We must make sure that 

natural resources are used in a sustainable manner, so that they remain available for many more generations to 

come. 

1. Study Questions (1) 

1. Describe the Need for Increasing Agricultural Productivity 

2. Describe the Main Factors Limiting Agricultural Production and Affecting Crop Yield Potential? 

3. List the Main Types of Farming Systems 
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Chapter 2. Plant Nutrients 

It is obviously important to understand what is meant by nutrition. Nutrition can be defined as the supply and 

absorption of chemical compounds and/or elements (ions) needed for plant growth and metabolism. That means 

that nutrition is indispensable for metabolism or in other words the biochemical reactions in the cell (plant). 

During their life processes (also referred to as the vegetation period) plants produce varying amounts of 

biomass. This process is often called biomass production. 

In the following section of this textbook about nutrients and nutrient management we will use a number of key 

terms which have to be defined clearly. By the term crops those plant species are meant which are grown in 

agriculture for human use. The other key word, nutrients will be used to refer to elements or chemical 

compounds (ions) which are required by an organism (in our case a crop). 

Definition of essential nutrients 

There are numerous chemical/mineral elements which are required by plants for their normal growth, 

development, metabolism and to complete their life cycle. 

These nutrient elements are considered essential nutrients. Essential nutrients can be best defined as follows: 

Elements (nutrients) which are required by the plants for their normal growth and development and which are 

not replaceable in their function by any other nutrients are referred to as essential (Mengel, 1982). 

In order to identify a type of nutrient as essential nutrient three criteria must be met (Arnon and Stout 

1939, Mengel 1982). 

These criteria are the following: 

1. A deficiency of the given element makes it for the plant impossible to complete its life cycle. 

2. The deficiency is specific for the given element and not replaceable by another element. 

3. The element is a constituent of an essential metabolite or it is required for the action of an enzyme system. 

1. Classification of plant nutrients 

There are numerous ways in which plant nutrients can be categorized. 

A common way of classifying nutrient elements is according to the elements representing the mineral 

composition of plants. These elements include essential and other mineral elements. 

Another way of grouping plant nutrients is based on their concentrations. According to this classification plan 

nutrients can be: macronutrients 0.02 – 6.0 % OR micronutrients 0.01 – 500 mg/kg. 

A third method for the classification of plant nutrients is actually based on their physiological functions, 

which are dealt with here below: 

1. Some of nutrients are constituents of various organic or inorganic compounds. This group includes the 

following nutrients: N, S, P, Ca, B, Fe and Mg. 

2. In the second group we find those which are activators of enzymes. This group includes the following 

nutrients: K, Mg, Ca, Fe, Zn, Mn, Cu, Mo, Na and Cl. 

3. 3In the next group there are those that are components of various redox systems and electron transport. 

This group includes the following nutrients: P, S, Fe, Mn Cu, Mo. 

4. The fourth group contains osmotic regulators and nutrients that maintain ionic balance. This class 

includes the following nutrients: K, Na and Cl 
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5. The fifth group is the group of stimulating (beneficial) elements, which include Co, Cr, Ni, V, Sn, Li, F, Se, 

Si etc. 

6. And in the last and sixth ategory we can find toxic heavy metals and other elements including Cd, Cr, Hg, Ni, 

Pb, As, Se, V. 

IMPORTANT 

• It is worth noting here that with the development of analytical methodologies and advances in plant 

physiology the lowest measurable amounts of elements have remarkably decreased. 

With the new scientific results and findings there are now some recent considerations of essential and 

other (nonessential and toxic) nutrient elements in crops also. On the one hand, it must be observed that the 

excessive concentrations of mineral elements – both macro- and microelements - can cause nutrient imbalances, 

reduction in growth and also yield losses. In such cases that particular element that causes the disorders can be 

considered as „toxic”. 

On the other hand, however, we can also observe that plants may contain small amounts of some elements with 

no evidence of essentiality. Such elements include Fluorine (F), Arsenic (As), Chromium (Cr), Lithium (Li), 

Lead (Pb). 

Another relatively recent development is also the fact that some new terms were introduced by Epstein 

(1999), Epstein & Bloom (2005). 

• Firstly: instead of the term „nonessential”, it is suggested to use the term „apparently nonessential” or not 

known to be essential. 

• Secondly: an element is classified as „quasi-essential” when essentiality and plant responses vary among 

different plant species. 

• It is suggested to use the term „toxic concentration” rather then „toxic element”. 

Several authors also use other terms, for example: „beneficial” elements (Pilon-Smits et al., 2009). Aluminum 

(Al), cobalt (Co), sodium (Na), selenium (Se), and silicon (Si) are considered to be „beneficial” elements for 

plants. Although they are not required by all plants, they can promote plant growth and may be essential for 

several plant species. Silicon is considered to be a „quasi essential” element for plants because its deficiency can 

cause various abnormalities with respect to plant growth and development. This term was introduced by Epstein 

(1999), Epstein & Bloom (2005). 

Table 5 Essential nutrients (Mengel 1982, Frageria et al. 1995) 
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Expressing plant nutrient content 

In the context of nutrient management it is – of course – not enough to identify the nutrients but also the nutrient 

contents need to be established and expressed, as well. 

Recently, nutrient content is expressed as the element content in dry matter (DM). That means percentages in 

DM for macroelements: N %, P %, K %, Ca %, Mg %, S %. While for microelements it can be expressed in mg 

per kg in DM (also known as ppm). 

Previously, element contents were commonly expressed as oxides (e.g. P2O5 , K2O etc.). For that method the 

following conversion factors had to be used to express the nutrient contents: 

• P2O5 % x 0.436 = P % or P % x 2.29 = P2O5 

• K2O % x 0.83 = K% or K % x 1.2 = K2O. 

Table 6 Average concentration ranges of essential nutrient elements in crops 
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Mechanisms of ion transport to plant roots 

Attention should be paid to the different ways of ions getting to the roots of plants. Three mechanisms are 

known in which nutrients reach the root surface, a prerequisite for nutrient uptake. These mechanisms are called 

root interception, mass flow and diffusion movement. Rates among these three mechanisms are variable, related 

to the chemical characteristics and behavior of the nutrient element in soil. 

Table 7 Rates of Root interception, Mass Flow and Diffusion in Ion Transport to Corn Roots 

 

2. The Role of essential elements in Crop Nutrition 
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Table 8 Functions of essential nutrients in plants 
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Nitrogen (N) 

Elemental nitrogen (N2) constitutes 99.8 % of global nitrogen and 78 % of the atmosphere is N2. 

Nitrogen may occur in various available forms and concentrations in plants. Its forms which are available for 

roots are ammonium (NH4+) and nitrate (NO3-). Nitrogen concentrations in plants range from 0.8 to 6.0 % in 

DM weight 

Nitrogen is found in both inorganic and organic forms within the plant. 

In the environment nitrogen is found in the following forms: 

1. in a gaseous form as: nitrous oxide (N2O), nitric oxides (NOx) and ammonia (NH3) 

2. in inorganic compounds and ions as: ammonium (NH4+) and nitrate (NO3-) 

3. in organic forms, such as: urea CO(NH2)2, amino acids, proteins, enzymes, etc. 

Effects of ammonium-N and nitrate-N supply 

Due to their paramount significance in plants' lives the supply of ammonium-N and nitrate-N has various 

important effects. 

1. The reduction of NO3- is an energy-requiring process (reduction of each NO3- ion requires 2 molecules of 

NO3- reductase for protein synthesis). 

2. When plants take up high levels of NO3 –N, an increase in cation (K+, Ca++, Mg++) absorption will occur. 

3. High levels of NH4+ -N may be toxic for cells and retard growth. Due to the ion antagonism, it restricts K 

uptake. 

4. Cereals, corn, rice, pineapple use both forms of N while potato, tomato and other solanaceae crops prefer a 

high nitrate/ammonium ratio for optimum growth. 

Phosphorus (P) 

Phosphorus may occur in various available forms and concentrations in plants. Phosphorus exists in most soils 

in organic forms (about 50-70 % of total phosphorus) and inorganic forms (about 30-50 % of total phosphorus). 

The main available anion forms of P for roots are orthophosphates: 

1. Dihydrogen phosphate H2PO4- 

2. Monohydrogen phosphate HPO42- 

Their ratio depends on soil pH: at pH 6.0 and about 90 % of phosphates exists as H2PO4- whereas at pH 8.0 the 

ratio is just the reverse of this. 

The concentration in plants can range: from 0.15 to 0.7 % phosphorus in DM weight of crops, depending on 

species and plant parts. 

Main functions of PHOSPHORUS in plants 

Phosphorus has several vital functions in plants, which include the following: 

1. Phosphorus is a constituent of nucleic acids (RNA and DNA), phospholipids, phosphoproteins, nucleotids 

and membrane biochemistry. 

2. Almost every metabolic reaction requires and involves phosphates. 

3. As energy obtained from photosynthesis and carbohydrate metabolism is stored in phosphorus compounds, 

growth and reproduction functions are strongly dependant on the level of phosphorus supply. 

Potassium (K) 
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We can find potassium in several different available forms and concentrations in plants. 

The forms of potassium in which it is available for plant uptake are the following: K+ in soil solution and 

exchangeable K+ adsorbed on soil colloids. 

An equilibrium exists between potassium forms: exchangeable potassium, nonexchangeable potassium (fixed in 

the clay minerals). 

The adequate potassium concentration range of plants is between 1.0 and 6.0 %. The highest concentrations can 

be found in young leaves and plant stems. 

The excess absorption of potassium in plants is referred to as „luxury consumption”. Nutrient ratios (balanced 

nutrition!) of either K/Ca or K/Mg are important in crops. 

Main functions of POTASSIUM in plants 

Potassium affects plants' lives a great number of various ways, which include the following: 

• Unlike nitrogen and phosphorus, potassium is not a component of biochemical compounds: it exists as K+ 

ion. 

• Potassium is required in a wide range of physiological functions: 

• It is necessary for the normal water status of plants. It regulates the osmotic pressure in cells and across 

membranes (K/Ca interaction). 

• It is needed in maintaining the turgor pressure of cells. 

• And it is also required for the opening and closing of stomata. 

• It also plays a significant role in the accumulation and translocation of carbohydrates (sugars and starch). 

• It also plays a key role in enzyme activation. It is involved in the functions and activities of more than 60 

enzymes. 

• Potassium is required for the translocation of assimilates, ATP and protein synthesis. 

• A very significant role of potassium in plants is that it stimulates resistance to pests and diseases (cell walls 

are thicker in good K status), and greatly affects color, taste, vitamins and other quality parameters in fruit 

and vegetable crops 

Calcium (Ca) 

Main functions of CALCIUM in plants 

The functions of calcium in plants are also noteworthy. It plays an important role in several processes: 

• On of its important functions is maintaining the permeability of membranes. 

• Calcium is also responsible for enhancing pollen germination and growth. 

• This element also activates a number of enzymes for cell mitosis and elongation. 

• Calcium is required for avoiding the toxicity effects of heavy metals in plants. 

Available forms and usual concentrations in plants 

Calcium exists as Ca++ cation in the soil. In soils with high pH values, Ca++ has the highest concentrations 

among cations, in both soluble and exchangeable forms. 

Calcium is taken up by plants as Ca++ (its availability is affected by soil pH and moisture) 

The calcium content in the DM of plants ranges between 0.20 to 5.00 %. The critical values of calsium vary 

considerably among crop species. 
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Magnesium (Mg) 

Functions in plants 

Magnesium is a component of the chlorophyll molecule, and it also serves as a cofactor in most enzymes that 

activate phosphorylation processes – as a bridge between pyrophosphate structures of ATP or ADP and the 

enzyme molecule. 

Available forms and usual concentrations in plants 

Magnesium can be found in the soil solution as Mg++ cation and as exchangeable Mg++ on soil colloids. 

The magnesium content in plant DM ranges between 0.15% and 1.00%. The magnesium content in leaves 

increases with age. 

The relationship between magnesium and potassium is well known, as is the relationship between magnesium 

and calcium. 

I. Microelements (B, Cu, Fe, Mn, Mo, Zn) 

Functions in plants 

The micronutrients copper, iron and manganese are involved in various processes related to photosynthesis. 

Copper, iron and zinc are associated with various enzyme systems, wile molybdenum is specific for nitrate 

reductase only. 

Boron is associated with the carbohydrate metabolism of plants and the pollen germination. 

Table 9 The following table shows the available forms and usual concentrations of these microelements in 

plants 

 

Critical values of microelement concentrations vary considerably among crop species. 

3. Nutrient Deficiency and Toxicity Symptoms 

Nutrient deficiency and toxicity symptoms of crops will be dealt with in this chapter. 

A general description of deficiency and toxicity is given below followed by the concentration ranges used in 

plant analysis and interpretation. Visual symptoms of deficiencies and then to the visual symptoms of toxicities 

are also described n this chapter. 

We may consider concentration ranges indicating the actual nutrient status of crops. The following categories: 

deficient, critical, sufficient or normal, excessive or toxic are known and widely accepted for the 

interpretation of laboratory results. 

The mobility characteristics of a certain nutrient ion within the plant may provide the information required for 

understanding the development of nutrient deficiency symptoms. 

When deficiency symptoms develop on older leaves: it shows the better mobility and thus the re-utilization i.e. 

the rapid transport of the element (e.g. nitrogen) from the older leaves to the younger ones. 
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When deficiency symptoms appear on younger leaves: it shows that the nutrient is rather immobile and cannot 

be re-utilized (transported) from the older leaves to the younger leaves. 

Acute deficiency: under this condition, nutrient level is extremely low, associated with severe symptoms and 

strongly reduced growth. Addition of the deficient element will result in significant increases in growth, 

development and crop yield. 

Marginal or latent deficiency: also known as “hidden hunger”. At this level, yield losses are considerable 

compared to adequate nutrient supply level. 

Importance of “critical range”: this interval is referred as the concentration in the plant below which a yield 

response to the applied nutrient occurs. 

The table below shows the potassium and phosphorus ranges for corn. 

Table 10 Example: K and P % concentration ranges for corn 

 

The following graph is a visual representation of how plant growth and/or yield is affected by nutrient 

concentrations. 

Relationship between plant nutrient concentration and plant growth/yield 

 

The Steenberg effect: known under extreme deficiency, rapid yield increase can cause some decreases in 

nutrient concentration. 

General Deficiency symptoms of nitrogen (N) 

In case when N is inadequate for crops i.e. they become deficient in nitrogen, the loss of N from chloroplasts 

will result in a yellowing of older leaves as an indicator of N deficiency. 

The most typical symptoms are: leaf chlorosis, without N addition it becomes harmful when leaves turn brown 

and die (called necrosis). Upper leaves remain normal green while older leaves become stunted and yellow 
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(chlorotic). As mobility of nitrogen is good, re-utilization will occur: proteins in older leaves are converted into 

soluble forms and transported to younger leaves in order to reduce deficiency. 

Excess (toxiticy) symptoms 

On the other hand, in the case of excess nitrogen we can observe vigorous vegetative growth coupled with dark 

green color. The vegetative growth is prolonged and crop maturity is somewhat delayed. 

The following nutrient ratios in plants are of utmost importance! 

N/P N/K N/S 

Imbalances of these ratios may depress not only yield levels but also their quality. 

Deficiency symptoms of phosphorus 

The deficiency of phosphorus is characterized by retarded, slow overall growth and weak plants. It can be 

visually observed by the appearance of typical dark green color with older leaves showing a purple discoloration 

(because anthocyans are produced in greater amounts). 

Since phosphorus is mobile in the plant, deficiency symptoms initially occur in the older tissues (indicating the 

ability for reutilization) as P is translocated to the active meristematic parts. 

Excess (toxiticy) symptoms 

The excess of phosphorus appears mainly in the form of micronutrient deficiency mostly for iron, zinc and 

manganese. 

It is an interesting fact that excess phosphorus, however, may also cause typical calcium deficiency symptoms. 

Deficiency symptoms of potassium 

When K is deficient in crops, several visual symptoms may appear on leaves and stalks: white spots and 

chlorosis appear on leaves, when the severity of K deficiency increases, symptoms are progressing toward the 

top from lower leaves. K deficient plants often show symptoms of being burned on leaf edges. 

Crops deficient in potassium become more sensitive to diseases caused by fungi such as Fusarium spp. 

Furthermore, fruit yield and quality will be reduced. 

IMPORTANT 

• Serious reduction in yield levels occur without visible deficiency symptoms when amounts of K are 

inadequate compared to crop requirement! This is referred as “ hidden hunger”, however, the term is not 

restricted to K (Tisdale et al. 1993). 

Excess (toxiticy) symptoms 

As a result of excess potassium, plants show the typical symptoms of magnesium and possibly calcium 

deficiency due to a cation imbalance in the plant. 

Deficiency symptoms of calcium 

The visually most striking symptom of calcium deficiency in a plant is that the growing tips of the leaves and 

roots turn brown and die. Shortage of calcium also causes reduced structural stability of cell membranes. It also 

reduces the functions of root hairs in nutrient and water uptake. 

Excess (toxiticy) symptoms 

Excessive calcium content will produce magnesium or potassium deficiency in plants, although this depends on 

the concentration of these elements. 

Nevertheless, it should be mentioned here that so far calcium toxicity symptoms have not been reported for 

crops under field conditions. 
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Deficiency symptoms of magnesium 

Magnesium deficiency causes intervenial chlorosis and reduced chlorophyll synthesis in leaves. 

It is noteworthy that magnesium deficiency begins on older leaves as magnesium is a mobile element in plants. 

Excess (toxiticy) symptoms 

As now no specific toxicity symptoms are known for magnesium. 

However, imbalances between potassium, calcium and magnesium may induce reduced growth when the 

magnesium content is extremely high. 

Deficiency symptoms of micronutrients 

The symptoms of micronutrient deficiency are very many and varied. They include: reduced or abnormal 

growth, bleaching and necrosis of leaves, intervenial chlorosis and other symptoms typical for the given crop. 

Excess (toxicity) symptoms 

Excess or toxic amounts of micronutrients may result in a premature yellowing and burning of the leaves, as 

well as leaf abscission. Root growth may be reduced, which in turn restricts the uptake of water and several 

nutrients from the soil. 

Typical symptoms of both deficiencies and toxicities are described in nutrition manuals and other books. 

4. Study Questions (2) 

1. Describe the classification of essential plant nutrients 

2. Describe the role of N,P,K and other nutrients in growth and development of crops 

3. What are the main visual symptoms of nutrient deficiencies and toxicities in crops? 

4. Describe the importance of “hidden hunger” in nutrient management 
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Chapter 3. Nutrient uptake of crops 

1. Forms of soil nitrogen, phosphorus, potassium and 
other elements 

Forms of soil nutrients 

After having dealt with the various nutrients, their functions and the effects and symptoms caused by their 

deficiencies and excesses, we must turn to the various forms these nutrients occur in. First of all, we can say that 

nutrients exist in numerous different forms, which can be called nutrient pools, in the soil. These pools range 

from soluble to insoluble forms. In the case of soluble nutrients we speak about ions in the soil solution, which 

are readily available for plants. The second type is when the nutrients are present in a weakly bound form. That 

means that they are adsorbed, easily exchangeable ions which are also often referred to as available. However, 

the third form nutrients occur is a in strongly bound form, meaning insoluble, precipitated compounds. 

IMPORTANT 

• It is very important to point out that readily available and weakly bound forms are in rapid equilibrium, while 

insoluble/precipitated forms become available only over long periods of time. 

• Now let us see what that means in practice. Available nutrients can be taken up directly by the roots of plants 

because they are present in the soil solution in the form of ions of readily water-soluble, inorganic 

compounds. These are easily exchangeable by roots, as cations (K+ and NH4+) and anions (H2PO4-, NO3-). 

In the case of adsorbed (weakly bound) forms on the one hand we can see anions (e.g. phoshates, sulphates, 

nitrates) by organic colloid surfaces, while on the other hand cations (e.g. K+ and NH4+ ), which are 

adsorbed by clay minerals such as illites, montmorillonites, smectites etc. 

Sources of available soil nutrients: 

The sources of available soil nutrients are very varied. To start with let us see what the natural sources of 

available soil nutrients can be. First of all, soil nutrients become available through the weathering processes of 

soil minerals. The decomposition of plant residues, animal remains and soil microbes also results in the 

production of available soil nutrients. Nitrogen fixation takes place also by symbiotic and other soil 

microorganisms (e.g. Rhisobium spp.). The deposition of nutrient-rich sediment from erosion and flooding can 

also be a valuable source. Interestingly, available soil nutrients can also have atmospheric origins, which include 

natural phenomena, such as: lightning discharges, the acid rain in industrial regions and atmospheric 

depositions/dry/. 

After the natural sources we can list the ones that exist under agricultural conditions. The most common of these 

sources are the application of mineral fertilizers and the application of manures, composts, sewage sludge and 

other organic amendments /wastes/. Another, less frequent, source of available soil nutrients may be the 

application of certain industrial byproducts. Finally, the application of ground rock powders, rock phosphate, 

basalt etc. can also be mentioned. 

As for the non-available nutrients, we can characterize them as insoluble, strongly bound, fixed or precipitated 

forms. They are often referred to as the nutrient budget of the soil. These may be present in the form of strongly 

fixed cations (K+, NH4+, Mg2+, Ca2+) in interlayer sites of clay minerals or in the form of structural ions of 

soil minerals. They also include nutrients taken up by soil microorganisms. 

2. Nutrient uptake of crops and factors influencing 

Factors influencing nutrient availability and uptake from soils 
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Mechanisms of ion transport to plant roots 

In order to understand the nutrient uptake of crops we must know how nutrients reach the root surface. There 

three known mechanisms of this. The first one is called root interception, which is a physical contact resulted by 

root growth. The next mechanism is the mass flow, which involves the transport of nutrients to the root as a 

result of transpiration. Finally, there is also the mechanism of diffusion movement, which is caused by 

differences in concentration. 

Table 11 Rates of Root interception, Mass Flow and Diffusion in Ion Transport to Corn Roots 

 

Nutrient uptake by plants (crops) 

Plants' nutrient uptake normally takes two forms. Nutrients are either taken up by the roots, which is dominant 

in nutrition, or by the leaves, which is only additional in nutrition. 



 Nutrient uptake of crops  

 19  
Created by XMLmind XSL-FO Converter. 

Nutrient absorption by roots is a process of ion exchange at the surface. 

The ion uptake of plants is characterized by the following three facts. Selectivity in ion uptake means that 

certain ions (elements) are taken up preferentially. Another important factor is accumulation, which means that 

the concentration of elements in the plant cell sap can be much higher than in the external solution. And ion 

uptake is also characterized by the genotype. There are considerable differences between plant species in their 

ion uptake characteristics. 

 

Ion uptake has a passive part as well as an active part. 

In the passive part we can observe the movement of low-molecular-weight solutes (e.g. mostly ions, organic 

(amino) acids, sugars) from the external solution into the cell walls of roots. This process is driven by diffusion 

or mass flow. 

In the active part ion uptake takes place due to the movement of ions from the soil solution into the plant root 

against a concentration gradient. This is followed by the solute transport across membranes. 

The carrier and ion pump systems 

Carriers are the specific molecules that carry on ions across the cell membrane. 

It is an interesting scientific fact that carriers have not been completely identified yet. 

The process of carrier and ion pump systems can be described in the following way: 

First the ion is attached to a carrier. After that the combined unit is transported from the root surface into the 

root. Then the ion is deposited inside the root with the carrier moving back across the cell membrane to repeat 

the process with another ion. 

There is also another concept according to which: it is an ion pump that assists in the transport of ions across 

the cell membrane. 

IMPORTANT: 

• However, it is important to note that energy, which is derived from root respiration, is required for both 

systems to work. 

Factors influencing crop nutrition 

There are numerous factors that influence the nutrition in crops. These factors can be internal or genetic factors 

on the one hand, and external factors on the other hand. Both types play significant roles in the nutrition 

processes that we can observe in crops. For successful nutrient management we need to know these factors well. 

As for the first class of these factors, for example, we must consider the nutrition characteristics of the species 

and varieties to be grown. These special features include the morphological characteristics of plants, the ratios 

of their shoots and roots and also the characteristics of their root development. Other factors that we must not 

overlook are the specific nutrient requirements and nutrient dynamics. Different plants also differ in their 
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temperature requirements, which naturally also affect their nutrition processes. Another similarly important 

factor is the pH tolerance and/or salt tolerance of the given crop. It is self-evident that soil environments with 

different pH values behave rather differently as far as the supply of soil nutrients is concerned. 

The external factors that influence crop nutrition also fall in two sub-categories. In the first group we can find 

the environmental factors. It is quite clear that climatic and weather conditions will play a profound role as well 

as the water supply concerning both the quantity and quality of water. We must not forget about air 

(components) and light conditions (radiance) either, since these are crucial for all forms of plant life on earth. 

Besides the above environmental factors, one has to consider also the properties of the given soil in which the 

particular crops are actually planted. One of the important soil properties is – naturally – the nutrient supply. 

However, there are a number of other factors as well. The soil atmosphere, the moisture requirement and the 

ratio of air and water are crucial, as are the soil pH and texture of the soil, too. Organic matter content of the soil 

as well as the microorganisms have outstanding importance, whose roles in the ecosystem of the soil and 

consequently in plant life are far too great to be ignored. 

Table 12 pH tolerance of several crops 

 

Table 13 Optimum pH ranges of different crops 
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Table 14 Relative yield of crops as affected by soil pH (in percentages of maximum yield) 

 

Table 15 Relative salt tolerance of crops 
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Table 16 Principal soil conditions resulting Mineral Stresses on Plants (Epstein & Bloom, 2005) 

 

In the table below, a brief information is summarized on typical soil conditions resulting nutrient shortages and 

therefore inducing nutrient deficiencies for several crops. Generally, increased leaching, soil erosion, 

progressing soil acidification and too intensive cropping are among the most important factors enhancing 

nutrient depletion in soils. The extent of these processes will affect the appearance of nutrient deficiencies. On 

the other hand, plant responses are also variable, mostly depending on genetic characteristics of the crop 

(including differences in species and varieties). 

Table 17 Soil Conditions Resulting Shortages of Available Nutrients and Inducing Nutrient Deficiencies 

for Crops 
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Availability ranges of nutrient elements depending on soil pH 

 

• Maximum availability for the majority of nutrients: at pH = 6.5 i.e. under slightly acidic conditions 

• Availability of metal cations (mostly microelements) increases with acidity, with the exception of 

Molybdenum. 

3. Study Questions (3) 
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1. Describe the forms of soil nutrients 

2. What are the main steps of nutrient uptake by plant roots 

3. Describe the main factors influencing the nutrient uptake by plants 
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Chapter 4. Interrelations in the Soil-
Crop-Nutrient System 

1. Interrelations in the Soil-Crop-Nutrient System 

Having got to know the plant nutrients, their classification and roles and understanding the process and 

characteristics of plant uptake we must now explore another crucial topic. In the agro-ecosystems, i.e. in 

the soil-crop-nutrient system, certain relationships exist between numerous physical, chemical and biological 

soil properties. Understanding these interrelations is absolutely necessary for efficient crop productivity. But 

these processes, of course, do not take place in complete isolation, and so they are influenced by several 

environmental conditions: temperature, water supply and others. Generally speaking we may say that it is 

mineral and organic colloid surfaces that play a determinant role in these processes. 

These interrelations are rather complex in most of the cases. First of all, various interrelations can exist 

between two or more nutrients. But interrelations are also present between nutrients and farming practices (such 

as tillage, pest and weed control etc.). Another field of important interrelations is that of the nutrient rates and 

the given crop varieties. And last but not least, we must mention that nutrients and environmental factors (water 

supply, temperature etc.) also interact in various ways. 

The picture is further complicated by the fact that the interactions between the above-mentioned factors can also 

fall in several types. The first type is normally referred to as Zero Interaction, which means that the yield 

response observed in the crop is equal to the sum of the responses generated by the various factors individually. 

A Positive Interaction, however, produces a yield response, which is greater than the sum of the responses that 

would have been given individually. Finally, a Negative Interaction is a situation in which the yield response 

given by the crop is less than the sum of the responses that the different factors would have produced 

individually. 

To give an example of a positive interaction between nutrients we can mention nitrogen and potassium. The 

effects of increasing nitrogen rates on yield are better if the levels of the potassium supply are also higher. 

Effects of increasing N rates on the grain yield of barley at 3 levels of K supply. 

 

Relationship between K supply, shoot growth and plant nutrient content 

Shoot growth 
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Positive interaction: K supply – shoot growth 

Negative interaction: K supply – Ca, Mg supply and K supply – amino acids 

And now let us see what the most important relationships are. Firstly there are soil factors. Ion exchange is a 

crucial process in the nutrient supply of plants. It is a reversible process in which ions are exchanged with other 

ions (having the same charge) from the soil solution. Ion exchange can take two forms cation exchange and 

anion exchange. Cation Exchange Capacity and Anion Exchange Capacity are among the most important soil 

chemical properties influencing nutrient availability and retention in soils (expressed as milliequivalents of (-) 

charge per 100 g of dried soil = meq 100 g-1). To refer to features common abbreviations are used: CEC means 

Cation Exchange Capacity while AEC represents anion exchange capacity. 

It is very IMPORTANT to note here that the properties of the ions determine the strength of adsorption and 

conditions of desorption. 

Another of soil factors, which is also one of the most important relationships is BUFFERING 

CAPACITY, often referred to by the abbreviation BC. As plant roots take up ions from the soil, adsorbed 

and exchangeable ions will be desorbed from the exchange sites. The concentration in the soil solution is 

maintained by the buffering capacity of the soil. Relatively constant ion concentration in the soil solution can be 

maintained by resupplying ions to the soil solution. The buffer capacity of various soils depends on the cation 

exchange capacity (CEC) and soil organic matter (SOM). Consequently, the quantity of clay minerals and 

humus will determine the extent of buffering. Soils containing dominantly 2 :1 clay minerals have higher buffer 

capacity (BC), while sandy soils are poorly buffered. 

Table 18 Ion Adsorption Capacity of Several Surfaces CEC and AEC meq per 100 g dry weight 
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IMPORTANT 

• Generally it was observed that dicotyledons have higher CEC than monocots. 

Table 19 Typical CEC Values of Different Soil Textures CEC meq per 100 g dry weight 

 

The concept of the supplying capacity of soil nutrients to crops 
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The quantities of soil nutrients available to plant roots always depend largely on several soil and other factors 

such as climatic and other environmental conditions etc. Nevertheless, these quantities are also influenced by the 

intensity level of fertilization (i.e. amounts added to soils) and nutrient transformation processes. Soils have 

their characteristics in nutrient dynamics: retention, fixation and their capacities in supplying available nutrient 

forms to root uptake. 

It is important to understand that nutrient transformations in soils exist in dynamic equilibrium between 

mobilization and immobilization. These processes include both mineralization or decomposition of organic 

substances called as soil organic matter (SOM) and chemical fixation as well as biological fixation by soil 

microorganisms. 

 

Amounts of nutrients to be mobilized (A) 

Readily available – nutrient potential (B) 

Nutrient capacity (A+B) (C) 

Nutrient intensity – rate of transformation (w) 

The different letters denote the following: 

the amounts of nutrients to be mobilized are represented by (A), 

the readily available – nutrient potential is referred to as (B), 

the nutrient capacity, which is (A+B) is shown by (C). 

Nutrient intensity – rate of transformation is represented by (w). 

These processes can be interpreted by the following, simplified equilibrium: 

 

w1 = rate of mobilization 

w2 = rate of immobilization 

IMPORTANT: 

• Soil nutrient transformation processes are reversible. 

• Equilibrium exist when rate of mobilization and that of immobilization is the same, i.e. W1 = W2. 

2. The Role of Site characteristics in Soil Fertility 

Soil Organic Matter generally referred to as SOM has an extremely important role in soil fertility. Its 

manifold functions can be categorized as physical, chemical and biological functions. 

The PHYSICAL functions of soil organic matter have a wide range. Soil organic matter, on the one hand, exists 

like a reservoir of plant nutrients and contributes to the better water holding capacity of soil. Another very 

important thing about soil organic matter is that stable humus is resistant to degradation, which is a very 

important fact if we consider the amount of soil lost globally every year. Finally soil organic matter plays a 

determinant role in soil fertility through the high nutrient storage ability and the long-term nutrient supply of 

available forms for crops. 
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The CHEMICAL functions of soil organic matter are similarly important. It ensures high buffer capacity of soil 

under the unfavorable conditions caused by environmental impacts. That also means that it can help reduce 

acidification. It is also worth to bring to mind that organic matter surfaces have a high ion exchange capacity, 

for both cations and anions. As a result of that it may reduce nutrient losses by leaching, which is a very 

unfavorable process affecting vast tracts of land all over the world thusly reducing food production capacities 

for an ever-increasing human population. 

The BIOLOGICAL role of soil organic matter is that it supports the activity of soil microorganisms, without 

which no healthy soil can exist. A very typical feature soil organic matter (SOM) is that it contains organic 

compounds in all stages of decomposition. 

Effect of N on Soil Organic Matter 

High rates of N may stimulate soil microbial activity, however, this will increase the speed of organic matter 

decomposition. Nitrogen additions will cause a reduced C:N ratio in the soil. In soils under undisturbed 

conditions i.e. without any agricultural activity, the C:N ratio is approximately 12 : 1. Under similar soil 

conditions, decomposing microorganisms show a relatively stable level (population is limited by the N supply). 

If high rates of mineral N fertilizers are applied, the C:N ratio will be reduced as microorganisms will 

decompose more soil organic matter (SOM). If the amounts of available soil C are low, soil N amounts taken up 

by plants are lower. Therefore, N applications may result in increased leaching instead of increased plant uptake 

or microbial transformation. Efficiency of N fertilization is strongly reduced and environmental impacts i.e. 

leaching of excess N will occur. 

When C:N ratio is higher than 25:1, this will also result in nutrient imbalances i.e. causing the increase of 

unavailable N forms. Among the unfavourable consequence environmental impact has outstanding importance. 

Under optimum soil conditions, decomposition of Soil Organic Matter (SOM) is favourable for the balanced 

C:N ratio 

The rapid and unfavourable decomposition of soil N can be reduced by additions of carbon © 

Another factor in determining the fertility of soils is the soil pH. The pH of a particular soil affects its 

fertility in several ways. First of all we must understand that the availability of soil nutrients strongly depends 

on the pH of the soil (see Lecture 3, slide 18). What we can observe is that with increasing soil acidity the 

availability of most nutrient elements – except molybdenum (Mo) – is reduced, which may become a limiting 

factor in soil fertility. At a pH level lower than 5.5, we can see that the toxicity effects of Al3+ ions will 

increase. At a pH lower than or equal to 4.5 H+ toxicity will also reduce plant growth. Therefore, we can 

conclude that for sound farming practices liming is generally required at a pH value that is lower than 5.5. As 

for the benefits of liming we may say that it has a number of indirect effects. It results in increased nutrient 

availability (except Mo) as well as increased nitrification, symbiotic N fixation etc. Liming also causes an 

increased stability of soil structure (soil particles). 

It is outstandingly IMPORTANT to note that in order to avoid yield losses caused by soil acidity, pH should 

be adjusted and kept above pH 6.0! 

The phosphorus (P) dynamics of soil are also affected by some soil features. Here we can deal with the 

main soil characteristics that are determinant for soil phosphorus (P) dynamics. 

The forms and ratios of soil phosphorus (P) depend on various characteristics, such as the parent rock, the extent 

and intensity of soil formation (pedogenesis), the soil structure and the intensity of farming (cultivation, P 

fertilization etc.). 

Most experimental results report that inorganic phosphorus (P) forms are present in 50-70 %, although it may be 

ranged between 10 - 90 % (Sharpley et al. 1987). 

Amounts of organic phosphorus (P) mineralized annually display striking differences under various conditions. 

For example in the case of soils in temperate regions it amounts to 5 – 20 kg P ha-1 while in tropical soils it may 

reach a value of 67 – 157 kg P ha-1 (Stewart & Sharpley 1987). This is because large amounts of organic 

phosphorus (P) are mineralized under warm and humid climatic conditions. 

Another important fact is that phosphorus (P) adsorption and precipitation of insoluble compounds by Fe- and 

Al-oxides increases with soil acidity. 
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Phosphorus (P) fixation in acidic soils may be two times more phosphorus (P) per unit surface area than in the 

case of neutral or calcareous soils! 

The texture and structure of soil are also very important. Fertile soils have favorable texture and good 

structure, which is required for easy cultivation and optimum crop growth (providing a good supply of water, 

oxygen and nutrients). 

Now let us see what is meant by these two terms. Texture refers to the relative proportion of clay, silt and sand 

in the soil. Structure on the other hand describes the arrangement of soil particles (aggregates). 

The Role of Soil Texture and Soil Structure 

Fertile soils have favourable texture and good structure required for easy cultivation and optimum crop growth 

(providing a good supply of water, oxygen and nutrients). 

• Texture refers to the relative proportion of clay, silt and sand 

• Structure describes the arrangement of soil particles (aggregates). 

Nitrate – N content in the soil profile (Site: Putnok, Hungary, 1988 and 1993) 

National Long-Term Fertilization Trials 

FAO Taxonomy: Ochric Luvisol, USDA taxonomy: Typic Hapludalf 

 

Nitrate – N content in the soil profile (Karcag, Hungary, 1988 and 1993) 

National Long-Term Fertilization Trials 

FAO Taxonomy: Luvic Phaeosem, USDA Soil Taxonomy: Aquic Hapludoll 
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3. Study Questions (4) 

1. Describe the main characteristics of nutrient transformation (with examples) 

2. What is the importance of nitrogen in Soil Organic Matter (SOM)? 

3. Describe the role of soil properties in soil fertility 
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Chapter 5. Nutrient Cycling 

1. Nutrient Cycling and Soil Fertility 

The Role of Nutrient Cycling in Agriculture 

Soil fertility can be maintained as nutrients are efficiently recycled through the soil food chain and the soil-

plant-animal system. Fertility level becomes relatively stable when plant nutrients required for growth, 

development and yield are regularly and efficiently replaced (recycled) into the soil. 

Nutrient cycling can be described in diagrams ranging from very simple to extremely complex approaches. 

Representation is often schematic, highlighting the main characteristics of the transformation processes and 

patterns. 

Basic Plant Nutrient Cycle 

The basic nutrient cycle usually describes the outstanding role of soil organic matter. Cycling of many plant 

nutrients, especially N, P, S, and micronutrients, are similar to the Carbon Cycle. Plant residues, grain green 

manure, farmyard manure and other substances are returned to the soil. This organic matter pool of carbon 

compounds serve as food for bacteria, fungi, and other decomposers. As organic matter is decomposed to 

simpler compounds, plant nutrients are released in available forms for root uptake and the cycle begins again. 

Plant-available macronutrients such as N, P, K, Ca, Mg, S and micronutrients are also released when soil 

minerals dissolve. 

Transformation processes of various forms of chemical elements/nutrients between soils, plants and the 

atmosphere constitute the nutrient cycling in ecosystems 

 

According to the level/volume of assessment, nutrient cycles can be estimated on several levels. These are 

usually include the following levels: Global, regional, country, farm and field level. Quantities of nutrients at 

these levels may serve as reliable and useful indicators of nutrient dynamics and balances for both scientific 

purposes such as research, theoretical considerations, and they provide data on soil fertility maintenance 

(nutrient accumulation or depletion characteristics) at the level selected for the study. 

Levels of nutrient cycling 

Global level 

Regional level (e.g. a water catchment area of a river or a lake) 

Country level 

Farm level 

Field level 

Nutrient balance has typically two parts, 

INPUT: Sources i.e. nutrients entering the soil and 

OUTPUT: Losses i.e. nutrients leaving the soil. 
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When inputs and outputs are quantified, the nutrient balance can be calculated. 

IMPORTANT 

• Nutrient balance is closely related to farming systems (i.e. the intensity of fertilization) as they have different 

patterns of nutrient flow. 

• Under intensive fertilization, inputs are markedly exceeding losses. 

• For studying nutrient cycling in agriculture (quantifying accumulation or depletion of soil nutrients), long-

term field experiments are invaluable. 

Basic Plant Nutrient Cycle – Nutrient Transformation Processes 

Nutrient cycling under different conditions (in either natural or agro-ecosystems) generally show the typical 

pattern with the following characteristics: 

1. Under natural conditions – in natural ecosystems 

• Soil organic matter (SOM) i.e. humus plays a central role 

• Organic compounds (from plant residues and manure from animals) become simpler through 

decomposition/mineralization by soil bacteria and fungi 

• Plant nutrients are released in available forms (resulted by weathering, 

• Decomposition, desorption from the clay-humus complex etc.), 

• Nutrients taken up by plant roots enter to the cycling of nutrients again 

2. Under farming conditions – i.e. in agro-ecosystems 

• Nutrient cycling characteristics are considerably different from those of natural conditions. 

• Different farming systems have different patterns of nutrient cycling (= nutrient flow) depending on farm 

types: 

• Cash-grain farms 

• Livestock farms 

• Mixed crop and livestock farms 

• In farming systems where yield/products are sold, outputs are significantly higher than in natural 

ecosystems. 

• Nutrient cycling/nutrient „flow” may be both internal (within the farm) or external (transfers to and from 

the farm). 

The figure below shows the usual pattern of the basic nutrient cycling under agricultural production conditions. 

It is evident that plant available nutrient forms and their quantities play the key role from the aspect of 

agricultural productivity (i.e. for optimum crop yields) in this context 
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Nutrient losses from the soil 

There are several losses from soil nutrient pools caused by either unfavorable soil conditions or improper use of 

fertilizers. The main characteristics of these losses are the following: 

• Losses will result in a decrease in the amounts of plant available soil nutrients 

• Nutrient losses occur by: 

1. Releases from the soil - leaving the soil-plant system 

2. Transformation of soil nutrients into non-available forms (i.e. precipitation, chemical reactions resulting 

insoluble forms etc.) = „internal losses” 

Releases from the soil 

• Crop removal by yields 

• Erosion losses – nutrients in soil particles removed from soil by water 

• Runoff – loss of dissolved nutrients moving across the soil profile 

• Leaching– moving dissolved nutrient forms downward into the groundwater 

• Gaseous losses to the atmosphere by volatilization and denitrification. 

Under various cropping systems, both internal and external losses of nutrients from soils may be rather diverse. 

The figure shows the amounts of soil nitrate content determined under various crops. 

Soil nitrate content under various crops in India (Bijay-Singh, 1996). 
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Assessment of internal losses has a practical importance for the development of nutrient management as it may 

contribute to fertility maintenance - for increased efficiency of fertilization i.e. maximizing crop yields. 

„INTERNAL LOSSES” 

Transformation of soil nutrients into non-available forms (i.e. precipitation, chemical reactions resulting 

insoluble forms etc.) 

• Transformation into insoluble forms – typical for P Strong fixation in interlayer sites 

• of clay minerals – ammonium and K+ ions 

• These forms do not leave the soil = therefore referred as „internal losses” 

2. The Nitrogen, Phosphorus and Potassium Cycles in 
Agricultural Soils 

The nitrogen cycle 

General characteristics of the nitrogen cycle has been studied by numerous scientists worldwide, either in parts 

or in its complexity, for the better understanding of the behavior of this essential element. 

Nitrogen exists in nature in three main forms: gaseous, liquid and solid forms, in numerous compounds. The 

importance of gaseous forms is to understand that higher plants are not able to use the atmospheric nitrogen, 

they cannot metabolize it directly into amino acids and protein. Therefore, bacterial fixation of N2 is essentially 

required. 

Therefore, Nitrogen shows the most complex nutrient cycle as N dynamics in soils can be characterized by 

numerous processes. 

• Typically, highest ratio of the soil N is found in the upper soil layer i.e. in the topsoil as the bulk of the soil 

organic matter (SOM) is always in the upper horizons. 

• N transformation processes are rather complex, microorganisms play a significant role in them. 

Biological transformation processes are performed by soil microorganisms: 

• N fixation by free-living and symbiotic (Rhisobium spp.) microorganisms 

• Mineralization – decomposition of SOM by ammonification, nitrification, denitrification 

• Physical transformation processes include several forms of N moving freely between soil and the atmosphere 

e.g. release of gaseous N forms such as ammonia volatilization. 
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Chemical transformation processes include 

1. ammonium fixation by clay minerals 

2. denitrification under anaerob conditions 

The Nitrogen cycle 

 

Most common sources of variable origin and losses of soil N are summarized on Table 21. 

Table 20 Sources (A) and losses (B) of Soil Nitrogen 
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From the results of experiments carried out in the past decades for quantifying each steps/parts of N dynamics, 

the expected (estimated) amounts of several N sources and losses are as follows: 

Estimated quantities of sources (A) 

A1 Symbiotic N fixation by rhizobium bacteria: 30-250 kg/ha 

A2 Nonsymbiotic N fixation by azotobacter SP: 3-15 kg/ha 

A3 Mineralization of organic forms: 2 t/ha annually 

A4 Rainfall (precipitation): 5-20 kg/ha 

Estimated quantities of losses (B) 

B1 Crop removal: appriximately 20-60 % of the applied N is taken up by yields (15-100 kg ha-1, 200 kg for 

total biomass) 

B2 Ammonium fixation: 3-18 % of the total N 

B3 Ammonium volatilization: 5-15 % of the applied N 

B4 Denitrification: 5-15 kg N/ha 

B5 NO3-Leaching 5-10 % of the applied N 

B6 Erosion depending on rainfall and its intensity: 5-50 kg ha-1 

Amounts of losses are influenced by several factors; among these soil characteristics, climatic conditions as well 

as cropping systems and agrotechnics play important role in the extent of losses. 

IMPORTANT 

• Environmental impacts are always closely related to these factors! 

• Based on a wide range of experimental results (Addiscott et al., 1991), the Figure below shows the depth of 

nitrate leaching on soils with various texture. Nitrate leaching depth can be compared to rooting depth of 

different crops which plays also an important role in amounts of N losses caused by leaching of nitrate. 

Nitrate leaching depth for 300 mm annuall rainfall on various soil types 
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The Phosphorus Cycle 

It is commonly understood that Phosphorus contents in soils and plants are always lower than either N or K. 

The Phosphorus cycle can be characterized by the simplified relationship between labile and nonlabile P forms. 

One must emphasize the importance of the equilibrium between these two nutrient pools. 

EQUILIBRIUM = Soil solution P ↔ labile P ↔ nonlabile P 

For efficient phosphorus nutrient management, maintaining adequate levels of labile thus readily available P (in 

soil solution) is required. 

P transformation processes between labile and nonlabile P forms including both inorganic and organic 

compounds are significant. However, interrelations among the various forms and fractions are rather complex. 

The Figure illustrates the main characteristics of P cycling under agricultural production. 

The Phosphorus Cycle 
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Estimated quantities of sources (A) 

A1 Soil solution P: 0.03 – 0.2 mg liter-1 (200- 6000 kg ha-1 in the 0-25 cm layer) 

A2 Eulibrium in organic/inorganic P forms: between C/P ratio: 200-300 

A3 Farmyard manure: 60-120 kg/ha P2O5 

Estimated quantities of losses (B) 

B1 Crop removal: Approximately 25-70 kg ha-1 P2O5 (10-30 kg ha-1 P) is taken up by yields – approx. 80 

percent of outputs 

B2 Runoff: approximately 0.25 kg ha-1 P annually 

B3 Erosion: 0.2 – 0.8 kg ha-1 P with 1 ton of soil loss 

B6 Erosion is depending on rainfall and its intensity 

IMPORTANT 

• Amounts and ratios of H2PO4- and HPO4– depends on soil pH. Equilibrium → maximum P availability 

exists at pH range between 6.5 - 7.0 

• Inorganic P in solution can be adsorbed to mineral surfaces or precipitated (often referred as P fixation or 

retention) 

• Residual P availability can persist for several years (depending on P rate, crop removal, soil properties etc.) 

• Some 1-2% is in microbial tissue, and only 0.01% exists as soluble phosphorus. 
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• Mineral fertilizers are increasingly important as sources of soluble phosphorus. 

• There are no significant losses of phosphorus caused either by leaching or in other forms except sandy soils 

with extremely light texture and poor in SOM. 

The Potassium Cycle 

Soils usually contain Potassium in larger amounts than any other nutrients, plant uptake is similar, except 

nitrogen. Soil Potassium content is closely related to the clay mineralogy, showing a wide range from coarse-

textured to fine-textured soils which have the highest amounts of K-bearing clay minerals. 

Generally, potassium in soils exist in four forms (often called fractions), their availability to crop roots is 

considerably different. The order of availability is as follows: 

• Soil solution K (K+ ion) 

• Exchangeable K (easily exchangeable and slowly exchangeable K) 

• Nonexchangeable K (reserves of K) 

• Structural K in soil minerals 

Potassium transformations (K cycling) among these forms is dynamic and reaches the equilibrium relatively 

rapidly when amounts of exchangeable and soil solution K are favourable for this condition. However, 

transformation of K from the structural fraction to any other form is extremely slow and can be considered on 

the long-term scale. Weathering (including both physical and chemical processes), play a significant role in the 

transformation. Potassium ions are adsorbed on the surface of negatively charged soil colloids and they are 

readily available for roots (also referred easily exchangeable during plant uptake or laboratory determinations 

using an extraction methodology. 

Soils show differences in their capacity of fixing or releasing potassium, depending on clay mineralogy 

(quantity and quality of 2:1 clay minerals). Clay minerals (2:1 structured silicates with a layer of octaedra 

between the two layers of tetraedra) in their mineral lattice, especially illites, vermiculites, montmorillonites and 

smectites play an outstanding role in soil K dynamics. 

Potassium release and fixation characteristics strongly influence the efficiency of potassium fertilization in 

agricultural soils. 

The Potassium Cycle is illustrated on the Figure below. 

The Potassium Cycle 
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Estimated quantities of sources (A) 

A1 Soil solution K: 0.2 – 10.0 mg liter-1 K 

A2 Release from weathering of clay minerals (layer silicates such as feldspars, micas etc.) 

A3 Atmospheric deposition: 2-6 kg ha-1 K2O 

A4 Mineral fertilizers - Depending on crop yield requirement 

A5 Farmyard manure: 120-200 kg ha-1 K2O (0.2 – 2.0 % K in DM) 

Estimated quantities of losses (B) 

B1 Crop removal: approyimately kg ha-1 K2O taken up by yields Taken up by yields – approx. 70 percent of 

outputs 

B2 Fixation by clay minerals (vermiculites, smectites etc.) MAY REACH 1000 kg ha-1 K2O 

B3 Leaching: approximately 1.6 kg ha-1 K annually, depending on soil texture 

B4 Erosion is depending on rainfall and its intensity 

IMPORTANT 

• Primary and secondary minerals are original sources of K 

• Organic matter holds and releases some of the K 

• Interaction with soil colloids exchangeable and nonexchangeable (fixed) forms of potassium is in equilibrium 

• The bulk of the potassium is held in the primary and secondary (clay) minerals. 
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• Fixation by layer silicates strongly increases with drying of the soil: dry fixation may be 5 times higher than 

in moist soils 

Fertilizer use and Nutrient Balances in Central/Eastern Europe (FAO, 2001) 

 

3. Study Questions (5) 

1. What are the characteristics of nutrient cycling? Provide examples for cycling levels 

2. Describe the main characteristics of Nitrogen cycling in agricultural production 

3. Describe the main characteristics of Phosphorus cycling in agricultural production 

4. Describe the main characteristics of Potassium cycling in agricultural production 
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Chapter 6. Soil fertility evaluation 

1. Soil fertility evaluation: Greenhouse and Field 
experiments 

It is -evident that for optimum crop productivity the soil nutrient status, i.e. the fertility of the soil should be 

maintained by appropriate and efficient nutrient management. However, in order to make the best decisions on 

what measures and when to take one, has to obtain actual information on soil nutrient status. Considering the 

significance of soil fertility information, which is more than simple technical data but has also great 

environmental and economic consequences, it is little wonder that scientists have developed a number of 

methods and systems to evaluate the fertility of soils. 

Recently, several approaches are commonly used to assess the nutrient status of soils. First of all, biological 

tests are commonly used. In these tests, which could be either greenhouse or field tests/experiments, the supply 

of nutrients for plant growth is quantified. Another way is the method of chemical analysis, whose aim is to 

quantify crop nutrient requirements by soil and plant analysis. Besides the above-mentioned ones, there are 

several diagnostic approaches using tissue analysis and the visual diagnosis of deficiency symptoms. 

Greenhouse Experiments 

Greenhouse experiments are used for several studies under controlled conditions. Such experiments may serve 

several purposes. By carrying out greenhouse tests we can, for example, quantify the nutrient availability in soil. 

They make it also possible for us to study the nutrient supplying capacity of soil. Good examples for such tests 

are the so-called exhaustion experiments. Another great advantage of greenhouse tests is that they also allow the 

study of the existing interactions between selected nutrients. A very practical aspect of greenhouse tests - with 

potentially far-reaching economic consequences - is that they facilitate the study of the efficiency of various 

nutrient/fertilizer additions. It, of course, also means the possibility of studying the responses that particular 

crops may give to increasing nutrient rates. Such responses may manifest themselves by, for instance, maximum 

biomass production and/or in the nutrient content etc. By performing greenhouse experiments we can make a 

wide range of comparisons, for example of selected soils, crop varieties, fertilizer sources etc. It goes without 

saying that such comparative analysis may be extremely important in making strategic decisions in farming. 

Finally, we must not forget that greenhouse tests can also focus on the influences of residual nutrients on freshly 

applied fertilizers/nutrient elements (e.g. Phosphorus). 

Greenhouse experiments may have many types and forms. They are usually carried out in pots of various sizes. 

The following are the most common pot sizes. 

Small pots are often used in the so-called CHAMINADE methodology. This type of test would involve, for 

example, 1 kg of soil, perennial ryegrass (Lolium perenne L.) as a test plant. 1,000 seeds would be typically 

used per pot (Chaminade, R. 1960). 

Medium size pots are generally used for cereals according to the MITSCHERLICH methodology using 5-6 kg 

of soil in each pot (Mitscherlich, E.A. 1909). 

Big size pots are normally for tall crops with up to 15-20 kg soil. Big pot tests may be carried out according to 

various methodologies. 

Greenhouse experiments may employ different growing media, such as water, sand and soil. 

The conditions in which these experiments are carries out can also vary. They are normally done either in a 

greenhouse (glasshouse) environment or in a so-called fitotrone, which is a fully automatized, completely 

controlled environment, such as a chamber or a room. 

E. A. Mitscherlich (1909) developed a methodolgy of "Mitscherlich containers" having a double bottom, 

into which excess fertilizer flows 
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Greenhouse experiment (Spring barley L.) 

 

Greenhouse experiment Corn (Zea mays L.) 

 

Field Tests/Experiments 

The other type of experiments used in soil fertility evaluation is that of field tests/experiments. These are mainly 

used for developing fertilizer recommendations, i.e. the calibration of yield levels. As opposed to greenhouse 

tests field experiments are conducted under natural conditions. In field tests various treatments are usually 

assigned randomly to an area. Concerning the plot design of the experiments, they normally take the shape of 

blocks. In order to get reliable results and to deal with the problem of variations within the test area the 
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treatments are usually replicated four times. Then the results of the four tests are statistically evaluated. 

However, experiments under natural conditions alone are not always satisfactory for some purposes. In such 

cases field experiments are often used in conjunction with greenhouse tests for the better reliability and 

calibration of results. 

In connection with field tests two very IMPORTANT aspects should be highlighted. Firstly, as for their 

functions, it is essential to know that field experiments are crucial for the development of fertilizer 

recommendations. Secondly, we must not forget the importance of long-term field experiments, since they are 

the most valuable and most reliable. 

Field experiments can be classified in several ways. Most commonly these experiments are classified according 

plot size: 

• microplots < 5 m2 

• small plots 5-25 m2 

• medium plots 25-50 m2 

• field size plots 0.5-10 ha 

A special type of field experiments employs lysimeters. Such tests are usually carried out in small plots. 

Lysimeter experiments (using isotopes e.g. 15N) are especially valuable for measuring nitrate leaching, 

providing quantitative information on both nutrient losses from soils and environmental impacts on water 

resources. 

According to the most accurate methodology crops are grown in a large soil tank, which allows the rainfall input 

and water lost through the soil to be easily calculated. 

Another basis for classifying field experiments is their duration. According to this criterion we must mention 

short-term field experiments first. Although short-term experiments may prove to be very useful for some 

purposes, they cannot always deliver the necessary results due to temporal limitations. In such cases long-term 

field experiments need to be performed. Some countries where considerable experience has been accumulated in 

connection with long-term field experiments include the UK, the USA, Canada, Germany as well as Hungary. 

The oldest long-term experiments are 160-years-old (established at Rothamsted in England by J. B. Lawes and 

J. H. Gilbert in 1843). 

Field experiments can also be grouped according to the design and arrangement of the plots. Very often the 

test plots are arranged in the form of randomized blocks. However, the various blocks may also be arranged by 

factors (e.g. increasing rates of fertilizers and irrigation etc.). 

Usual design and picture of a lysimeter 

 

Typical field experiments are shown in the next two photos, demonstrating their design and the test plants 

selected for the experiment: sunflower and corn, respectively. 

Field experiment Sunflower ( Helianthus annuus L.) 
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Field experiment Corn (Zea mays L.) 

 

2. Study Questions (6) 

1. Describe the characteristics of pot experiments under greenhouse conditions 

2. Describe the types of experiments under field conditions (design, treatments etc.) 

3. What is the importance of lysimeter experiments? 

3. Soil Testing and Plant Analysis 

There may be several objectives of soil testing. Nevertheless, we may say that the main purpose of soil testing 

is the estimation of the appropriate amounts of nutrients (i.e. fertilizer rate) which is needed to supplement soil 

nutrients in order to obtain the planned yield. Soil testing can be defined as a chemical extraction (i.e. removing) 

of a soil sample in order to assess of the available forms of nutrients in it. The result that such a soil test can 

deliver is, consequently, non other than an index of availability of nutrients in the soil. 

Soil test results are utterly important for any kind of reasonable plant production activity for at least three 

reasons. First of all, they provide information on nutrient availability in the field. Secondly, with their aid the 

responses of a given crop to fertilization or liming can be estimated. Thirdly, they also provide information for 

the further development of fertilizer recommendations. 

Also, it is very IMPORTANT to point out that for obtaining reliable soil test results soil sampling is the most 

critical, i.e. determinant factor! 

3.1. Sampling Methods for Soil Testing 
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The aim of soil sampling for nutrient management purposes: to get information about the nutrient status of a 

field or plots. Proper soil sampling techniques are critical to determine the average nutrient status in a field as 

well as the nutrient variability across a field. 

Most samples should be collected after harvest. Do not sample shortly after lime, fertilizer or manure 

applications. There are some techniques to get proper information. Sampling methods need to give a small but 

representative quantity of soil for a field or a plot. Note the variability of slope, soil colour, texture within the 

field: to avoid inhomogenity, these parts of the area should be sampled separately. 

Sampling from a field or a plot 

The samples consist of sub-samples taken from given points of the area. Samples can be taken from various soil 

layers. 

For obtaining representative samples from arable land and vegetable fields: from the upper i.e. 0-30 cm layer, 

for the cultivated topsoil. 

For fruit tree plantations and vineyards: from 0-30 and 30-60 cm, or to 90 cm depth (if required). 

For the reliable information on the field, sub-samples should be combined to a plot sample. Samples can be 

collected be by walking on the plot, or using some auto sampling and storing machines built on a quad or truck 

(conventional and equipped with GPS). 

Sampling patterns 

1. Systematic sampling 

Systematic sampling: uses a scheme in which points are at regular/fixed distances. Systematic sampling ensures 

complete coverage of a field of plot. Selecting sampling points is easier than random sampling. 

Systematic sampling can be either 

• conventional (“W” and “ X “ shaped or grid sampling) 

• using a Grid Sampler software for sample point positioning by GPS (site specific nutrient management: 

Precision Farming 

2. Conventional sampling 

• A general method is taking samples by walking along the “W” shaped path of the plot (“W” shaped or 

“zigzag” sampling pattern): 

• Sampling by the diagonals of the plot (“X” shaped sampling pattern): 
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• In small sites (< 0.5ha) it is advised to take 5-10 sub-samples, in bigger plots 25 samples. Larger areas should 

be divided into smaller plots according to the variability of soil properties within the field or plot. 

• Mixing the samples from the same layer, the plot (main) sample can be obtained. To test this sample in the 

laboratory, preparation is required. Dried soil samples (containing no plant and other organic residues) should 

be placed into a plastic bag and individually numbered. Date and site information should be recorded for 

identification. 

• Sampling in a grid pattern: sampling points are usually located at regular/equal intervals on a grid (network). 

Sampling follows a simple pattern and sampling points have fixed distances to each other. Sample spacing 

depends on the variability within the field. 

 

Using a Grid Sampler software for sample point positioning by GPS 

Grid pattern is used for sampling in site-specific nutrient management with the identification of a sample 

location by GPS positioning: in “Precision Farming”. 

Sampling points will be automatically recorded geo-referenced providing data for field mapping. 

Random sampling: Samples are taken by every possible combination of sample units. 

On small fields (< 0.5 ha area), 5-10 samples may be sufficient. Larger fields should be divided into smaller 

plots according to the variability of soil properties within the field or plot. In this case, the whole area should be 

divided into less variable units to avoid inhomogenity. 

 

Equipments and accessories used for sampling 

Soil sampling rings, tubes, stainless steel samplers : variable in size and diameter depending on soil 

characteristics, and sampling purposes. Samplers for variable depths are supplied with screws, coring tips, 

driving hammer, core extractor etc. 
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Sampling bags are variable, mostly made of paper, cloth or plastic. Correct soil sample information is required 

for sample identification. A copy of the information sheet should be attached to each sample. Suggested format 

for soil sample information sheet usually requires the essential information on the location, soil depth and main 

characteristics etc. 

Soil sample data sheet 

Sample No. _____________ 

Name of sample collector ________________________________________________ 

Address _____________________________ Date ___________________________ 

Area ________________________________ Location ________________________ 

Name of farmer _______________________ Farm size ________________________ 

Crop: _______________________________ Harvest date _____________________ 

Previous crop __________________________________________________________ 

Sample depth 0-30 cm_________________ 30-60 cm_________________________ 

Source of water _______________________ Water quality _____________________ 

Manure used in the previous crop and dose ___________________________________ 

Fertilizers used in the previous crop and rates : 

kg per hectare: N _______P_______K_______ Ca________ Mg_______ S_______ 

3. Sample preparation for chemical analysis 

Appropriate sample preparation and handling for laboratory analysis is important as it may considerably affect 

the results of analysis. The main requirements are the following: 

Drying: Most soil samples for testing are “field moist” and usually should be air-dried before transported to the 

laboratory. 

Soil samples for routine analyses must be dried usually at 40 C° temperature. Higher temperature may cause 

losses in nutrients, especially in nitrogen. 
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Grinding: Most laboratories grind samples to pass a 2 mm sieve to ensure homogenity. Samples must be free of 

organic residues (both plant and animal), gravels and other 

Storage: Soil samples prepared under appropriate instructions can be stored in a cool and dry place for even 

several years (in paper bags or in a plastic containers). 

Further important aspects are sampling depth and sampling time. The depth sample taking (topsoil or in layers) 

normally depends on the crop species and the cropping systems etc. The most common times for taking samples 

are usually before planting or after the harvest. Nevertheless, most fertilizer recommendation systems suggest 

soil testing in every 3 years. 

Soil Tests for Available Nutrients 

Soil Testing for Soil Nutrient Status 

The concept of soil testing for available nutrients is based on three main steps: 

1. extracting plant available nutrients from the soil 

2. interpretation of test results, often correlating them to crop response 

3. providing information for fertilizer recommendation. 

Criteria of extractants used for soil testing 

An extractant solution must meet several criteria to be accepted for routine determinations. 

The good soil extractant must be 

rapid, 

inexpensive, 

reproducible, 

easily adaptable for routine testing, 

suitable for a wide range of soils, 

must correlate significantly with crop removal. 

NITROGEN 

It is generally agreed that crops are probably more often deficient in N than in any other nutrient. Therefore, soil 

testing for available forms of N is essential, however, there are still difficulties and problems in developing 

testing methodologies accepted. The main problems are: decomposition of organic N forms is influenced by 

several factors (moisture, temperature, aeration, pH and others), inorganic forms are subject to losses (leaching, 

fixation, denitrification etc.). 

Inorganic N forms are present in soils mostly as ammonium-N and nitrate-N (nitrite-N amounts are very small 

under normal conditions). Soil nitrate is readily soluble in water, therefore, the risk of leaching is rather high.  

A number of extractants – mostly diluted, inorganic salt solutions – are commonly used for laboratory 

determinations: 0.01 M CaCl2, 0.025 N CaCl2, 0.5 M NaHCO3 (pH = 8.5), 0.01 M CuSO4, 0.03 M NH4F etc. 

Methods for the determination of nitrate-N and ammonium-N are variable, steam distillation and 

spectrophotometry are the most common. Using specific ion electrodes is also known. 

For the purposes of soil testing several extractants may be used. They can be normally of two types: 

• Monoelement extractants (e.g. Olsen extraction for available P) 
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• Multielement extractants (simultaneous extraction of several elements e.g. Mehlich-3 extraction, EDTA, 

DTPA etc.) 

Table 21 Common extractants used for soil tests 

 

Soil Tests for Available P and K in Different Extracts 

PHOSPHORUS 

Numerous solutions have been proposed to extract potential forms of P in soils. Water probably was the first 

extractant applied to determine P contents in soils. 

Bray and Kurtz (1945) suggested a combination of HCl and NH4F to remove easily acid soluble P forms, 

mostly Al- and Fe-phosphates. 

In 1953, Mehlich introduced a combination of HCl and H2SO4 acids (Mehlich 1) to extract phosphorus (P). In 

the early 1980s, Mehlich developed a multi-element extractant (Mehlich 3) which is suitable for removing P and 

other elements in acid and neutral soils. Mehlich 3 extractant (Mehlich, 1984) is a combination of acids (acetic 

[HOAc] and nitric [HNO3]), salts (ammonium fluoride [NH4F] and ammonium nitrate [NH4NO3]), and the 

chelating agent ethylenediaminetetraacetic acid (EDTA). 

Olsen et al. (1954) introduced 0.5 M sodium bicarbonate (NaHCO3) solution at a pH of 8.5 to extract P from 

calcareous, alkaline, and neutral soils. 

Table 22 Most commonly used tests for plant available P 
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Recently, an anion exchange resin (AER) and Fe-oxide impregnated paper (IIP) were used (in a water matrix) as 

a P-sink to determine available P in a wide range of soils (Sharpley, 2000) and IIP (Chardon, 2000). 

Table 23 Soil properties affecting selection of the appropriate phosphorus test and recommended 

methods 

 

Ammonium Lactate- Acetic acid extractant AL, pH = 3.7 ±0.05 

0.1 M Ammonium lactate + 0.4 M acetic acid (AL) extractant solution (pH = 3.7 ±0.05), with a soil: extractant 

ratio of 1 : 20 was introduced by Egner et al. in 1960. AL methodology is used for testing available P and K in a 

wide range of soils from the same extract. 

AL extraction is a standard, “official” methodology in several European countries e.g. Sweden, Portugal and 

Hungary, also used in several regions of Australia. 

POTASSIUM 

Exchangeable K contents in the topsoil are commonly used for fertilizer recommendations as exchangeable K 

(=plant available K amount) is considered to be a good indicator of crop response. Several methodologies were 

developed for routine soil tests i.e. estimating K availability. 

Table 24 Most commonly used tests for plant available K 

 

1. Neutral 1 M ammonium acetate (NH4C2H3O2 or often written as NH4OAc or NH4Ac ) 
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The 1 M ammonium acetate method (NH4OAc, pH = 7.0) extracting both water soluble K+ ions and in 

exchangeable form, is the most common soil test method used for K fertilizer recommendations. This method is 

used for measure the amount of “plant-available” alkali and alkaline earth cations such as K, Ca, Mg and Na 

(Wanasuria 1981, Knudsen 1982, Simard 1993), soil : extractant ratio is usually 1:10 or 1 : 20. Neutral 

ammonium acetate extractant is used in different countries: Australia, China, India, Mexico, United Kingdom 

and others. 

2. Ammonium Lactate- Acetic acid extractant AL, pH = 3.7 ±0.05 

0.1 M Ammonium lactate + 0.4 M acetic acid (AL) extractant solution (pH = 3.7 ±0.05), with a soil: extractant 

ratio of 1 : 20 (introduced by Egner et al. in 1960) is commonly used for estimating available P and K from the 

same extract. 

MAGNESIUM AND CALCIUM 

The most common extractant for determining the amounts of exchangeable Mg and Ca is the neutral 1 M 

ammonium acetate (NH4OAc, pH = 7.0). 

SULPHUR, BORON, MOLYBDENUM, CHLORINE 

For extracting available amounts of sulphur in soils, numerous extractants are used, including water, ammonium 

acetate (NH4OAc ), ammonium, calcium, lithium and potassium chlorides and other weak electrolyte solutions. 

In humid regions, exchangeable forms of S are more important for crop production. Extracting solutions 

containing phosphates /Ca(H2PO4)2 / as a replacing anion may be used more successfully under these 

conditions. 

Microelement - Cations 

Plant available amounts of micronutrient cations (Fe, Mn, Cu and Zn) are usually measured in the most 

commonly used extractants: ethylene diamine tetraacetic acid (EDTA) and diethylene triamine pentaacetic acid 

(DTPA), and 0.2 M HCl. 

Plant analysis 

Plant analysis is also an important tool of evaluating soil fertility, which serves several objectives. One of these 

is the determination of the nutrient supplying capacity of the soil. The other, no less significant role of plant 

analysis is that it also allows us to asses the effects of nutrient additions (e.g. increasing fertilizer rates) to the 

soil. Through plant analysis we can study what effects nutrient additions may have on the nutrient supplying 

capacity of the soil as well as how it affects the dry matter (DM) and nutrient accumulation in the test plants. In 

other words, plant analysis shows the nutrient concentrations (i.e. nutrient supply level) in the plant. However, 

knowing the nutrient supply level in a plant is not enough. Plant analysis enables us to go on further than that, to 

study (quantify) the relationship between nutrient supply levels (nutrient status) and the productivity (biomass 

production, maximum yield) of test plants. Another objective of plant analysis is to determine the nutrient 

shortages, which is naturally a crucial piece of information if the farmer is to reach their yield targets. It is very 

useful if such nutrient shortages can be detected at the stage of „hidden hunger” i.e. before visible symptoms 

appear. After deficiency symptoms have appeared the method of visual diagnosis can also be applied. 

Several types of plant analysis can be used to achieve the above-mentioned goals. One of these methods is the 

so-called tissue (cell sap) test. This test has a number of advantages; it is a rapid, „in situ” diagnosis that allows 

the semi-quantitative estimation of plant nutrients in the field. In tissue tests color-developing reagents are used. 

The color intensity of the reagents is compared to the standard. Total analysis is another type of plant analysis 

which is performed in the laboratory. Such analyses provide results in the form of quantitative measurements 

with analytical accuracy. Total analysis is carried out on either the whole plant, in which case we can talk about 

a whole plant analysis, or on the selected plant parts (petioles, stems, leaves, grains etc.). 

A relatively modern development in plant analysis with great potentials is remote sensing to determine crop 

nitrogen (N) status. Visible and near-infrared (NIR) sensors are commonly used to detect plant stress related to 

nutrients, water and pests. The contrast of light reflectance provides an assessment of the vegetation. 

3.2. Plant Analysis for Macro- and Microelements 
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Whole plant analysis is conducted in order to determine the total nutrient uptake (which is usually carried out on 

the shoot). For plant analysis to be meaningful as a diagnostic tool, the collection of particular plant parts 

(tissue) at the right stage of growth for analysis is very important. Plant leaves are considered the focus of 

physiological activities. 

The concentrations of leaf nutrients appear to reflect changes in mineral nutrition. There are various plant parts 

to be sampled from different plant species. Their concentrations are expected to reflect the true nutrient status of 

a growing plant (deficiency, sufficiency or excess). 

The interpretation of plant analysis data is usually based on the total concentrations of nutrients in the dry matter 

of leaves or other suitable plant parts compared with standard values of “critical nutrient concentrations” 

(“critical values”). 

Between the nutrient concentrations of the deficiency range and those of adequate supply, there is the critical 

nutrient range. The critical level is that level of concentration of a nutrient in the plant that is likely to result in 

90 percent of the maximum yields. The main advantage of critical values, once properly established, is their 

wide applicability for the same crop. 

Their disadvantage is that they only provide “yes or no” type of information and do not cover the entire range 

over which nutrient supplies need to be managed. 

Methodologies for plant analysis 

A.) Laboratory analysis - Chemical analysis 

B.) Non-destructive approaches – “in situ” diagnosis, remote sensing etc. 

A.) Laboratory analysis – chemical analysis 

The main steps for Chemical/Laboratory Analysis 

1. Sample collection 

2. Sample handling and preparation 

3. Laboratory (chemical) analysis after organic matter digestion 

1. Sample collection 

Representative sampling of selected, specific plant parts should be done at the growth stage that is most closely 

associated with critical values as provided by research data. Sampling criteria and procedures for individual 

samples are similar to those of soil testing in that the sample should be representative of the field. A 

predetermined, representative number of plants from a homogenous sampling unit contribute to the composition 

of bulk sample. The composite sample should be about 200–500 g fresh weight. Factors such as the desired 

precision of recommendation, the nature of the crop (seasonal or perennial) and economic considerations should 

be taken into account. 

The following procedure is suggested by the FAO (FAO Bulletin No. 19, Chapter 4): 

1. For analysis of seasonal crop plants, pick a few representative plants at random from each plot. Remove the 

shoot (aerial part) with the help of a sharp stainless steel cutter for whole shoot analysis or the desired part 

for analysis of specific plant parts. 

2. If roots are to be included, uproot the whole plant carefully from wet soil, retaining even the fine/active roots. 

Dip the plant roots gently in water several times to remove adhering soil. 

3. Wash with water several times. 

4. Wash the samples with about 0.2 percent detergent solution to remove the waxy/greasy coating on the leaf 

surface. 

5. Wash with 0.1M HCl followed by thorough washing with plenty of water. Give a final wash with distilled 

water 
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6. Wash with DDW if micronutrient analysis is to be carried out. 

7. Soak to dry with tissue paper. 

8. Air-dry the samples on a perfectly clean surface at room temperature for at least 2–3 days in a dust-free 

atmosphere. 

9. Put the samples in an oven, and dry at 70 °C for 48 hours. 

10. Grind the samples in an electric stainless steel mill using a 0.5-mm sieve. Clean the cup and blades of 

the grinding mill before each sample. 

11. Put the samples back in the oven, and dry again for constant weight. Store in well-stoppered plastic or 

glass bottles or in paper bags for analysis. 

Collecting representative samples 

Sampling strategies and intensity depend on both observed uniformity of crop growth, nutrient status, soil type 

and topography. 

Principal objectives: to collect samples which represent the total plant population of the given area (field, plot) 

or under greenhouse conditions, pots). 

The number of sub-samples must be sufficient to account the variability within the area. Recommended 

sampling protocols provide essential information describing different plant parts (leaves, whole above-ground 

parts, shoots etc.), number of plants to be sampled. 

Several approaches are known: 

1. Systematic sampling are usually used and sampling areas/quadrates (frequently 1 m x 1 m) are applied within 

the field. Each sample should be consist of 25 to 50 plants or plant parts. 

2. A small uniform area of 0.4 hectare is selected within the field, then sampling areas are selected for obtaining 

representative plant samples. 

3. Frequently, one sample is collected for analysis. A small area of 0.5 – 1.0 hectare is selected as representative 

of the average crop condition within the field. Samples are systematically collected in the usual way. 

Commonly, “W shaped” or zigzag pattern and “X shaped” sampling pattern are used for sampling. 

Table 25 Plant sampling guidelines for selected field, vegetable and fruit crops 
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2. Sample handling and preparation 

cleaning – if needed – to remove surface contamination 

cutting to reduce particle size 

drying: at room temperature for several days or in oven < 60 oC, usually for 24 or 48 h. 

fine grinding for homogeneity – using laboratory mills 

3. Laboratory (chemical) analysis after organic matter digestion 

a.) For organic matter (OM) decomposition, usually wet acid digestion is used. Most commonly Kjeldahl 

digestion (introduced by J. Kjeldahl in the 1890’s) with concentrated sulphuric acid (cc. H2SO4), nitric acid 

(HNO3) or the mixture of the two is applied in laboratories, automatized (temperature-controlled) digestion 

blocks. Dry ashing is also widely used for microelement determinations. 

One of the most widely used procedure for plant analyses is the inductively coupled plasma-atomic emission 

spectrometry (ICP-AES), developed for the automatized determination of macro- and microelements 

(multielement analyses). Using ISP-AES, concentration of 20-50 chemical elements can be determined with 

high accuracy, in the 10-4 – 10-7 percent (mg per kg, μg per cm3) concentration range. 
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b.) Non-destructive approaches – “in situ” diagnosis, remote sensing etc. 

Non-destructive approaches for Determination of Plant Nutrient Status 

1. diagnosis of fresh plant tissue (cell sap) at the field, “in situ” determination 

2. sensor-based analysis: clorophyll meters (e.g. SPAD chlorophyll meter, Soil and Plant Analysis Diagnosis) 

3. remote sensing for crop nutrient status 

3.3. Plant Tissue Tests: Diagnosis of Crop Nutrient Status 

Rapid nutrient analysis of fresh tissue (nutrient status of the cell sap) is essential for diagnostic purposes during 

the vegetation period (growing season) of crops. 

It is a valuable, good indicator for identifying nutrient deficiencies before they appear in visible 

symptoms. 

Identifying “hidden hunger” and in-season fertilizer adjustments are essential tools for improving 

productivity! 

Advantages of plant tissue (=cell sap) tests: 

1. rapid diagnosis providing semiquantitative information on crop nutrient status 

2. tissue test kits are simple and inexpensive, interpretation of results is easy 

3. yield losses may be reduced or avoided by addition of fertilizers i.e. adjustments 

Several plant tissue kits are readily available for diagnosis of macro- and microelements. 

Plant tissue diagnosis of nitrates, phosphorus and potassium 

Distilled water (free of nitrate) should be used in the extraction procedure (i.e., a nitrate test is performed on the 

water sample blank gives no result). 

Collection & Preparation of plant tissue samples 

Fresh plant material should be obtained from the young growing crop. 

It is important to test both healthy and problem plants, as the tests are most meaningful when used in a 

comparative manner. 

Data Interpretation 

Since unprocessed data is of very little or no use in itself, now we must discuss the interpretation of soil test 

results. The main purpose of interpreting soil test results is calibration and economic evaluation of the 

relationship between soil test values and crop responses to nutrients. For soil test interpretation, categories of 
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soil nutrient supply were introduced. The most commonly used categories refer to available soil nutrient levels: 

very low, low, medium, good, high and very high. 

Soil Test Levels and Fertilization (Havlin et al. 2005) 

 

It is self-evident that in the case of low available soil nutrient levels the fertilizer rates required for high yields 

increase. 

This level represents a 50 to 70% in supplying nutrients i.e. amounts applied in fertilizers must be higher. 

High soil test levels represent a 90 to 100 % sufficiency in supplying adequate nutrients for yields. 

The interpretation of plant analysis results is equally important as that of the soil test. For the interpretation 

of plant analysis results, sufficiency ranges of nutrient supply were introduced. The most commonly used 

sufficiency ranges are: deficient, critical, adequate (sufficient), high, toxic. 

Through the interpretation of yield responses very valuable information can be obtained. In order the make 

sense of crop yield data the concept of relative crop yield was introduced. The term „relative crop yield” allows 

the easy comparison of yield results obtained under different conditions. Relative crop yield is expressed in 

percentages of the maximum yield. 

Yield response data can be visualized in the form of curves. The calibration of yield response curves is 

another useful tool in the evaluation of soil fertility. Soil test calibrations are used for the development of 

fertilizer recommendations. Nevertheless, it is very IMPORTANT to note that soil test calibrations show 

considerable differences among various crops as well as among differing agro-ecological conditions i.e. soils, 

climate etc. 

Mineral nutrients such as N, P, K and microelements have different yield response curves: 
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Relationship between % yield (a) or yield increase (b) and Bray-1 P soil test level. 

The vertical dashed line represents the critical soil test level, or the soil test level below which crop 

response to added nutrient is expected. 

 

The most common equations used to describe nutrient response functions: 

Linear Y = c. x 

Exponential Y = ex 

Quadratic Y = a + bx – cx2 
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The collection and interpretation of data is followed by the evaluation of experimental results. Experimental 

results must be statistically analyzed for soil fertility evaluation. Such evaluations, however, have to meet 

certain general requirements: 

• Treatments are applied in replicates (minimum of 4) for statistical evaluation. 

• Results of laboratory determinations are analyzed by using computer program packages e.g. SPSS, most 

commonly ANOVA (ANalysis Of VAriance) tests are conducted. 

• Results are compared to untreated/unfertilized control and any significant differences (LSD5 %) or 

correlation between determinant factors (coefficient values, r or R2) are expressed. 

4. Study Questions (7) 

1. Describe the criteria and methods for appropriate soil sampling 

2. What are the commonly used soil testing methods for available nutrients? 

3. What are the commonly used methods for macro- and microelement plant analysis? 

4. Describe the importance of plant tissue test diagnosis in nutrient management! 
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Chapter 7. Concepts of Nutrient 
Management 

1. The concept of Integrated Nutrient Management 

The term integrated nutrient management is used for the maintenance and adjustment of the productivity of 

soil and crop nutrient supply, so that they meet the requirements of the planned level of production by 

optimizing all the possible sources of nutrients. 

Integrated nutrient management has three main objectives. First of all, the management of nutrients is meant to 

maintain the productivity of soil through balanced fertilization. That can be achieved in modern agriculture by 

applying a variety of fertilizers including mineral fertilizers combined with organic fertilizers of plant and 

animal origin, such as crop residues and farmyard manure. Another purpose of integrated nutrient management 

is to improve the soil nutrient budget/nutrient stock. Thirdly, integrated nutrient management also aims at 

improving the efficiency of the nutrients that are applied. Thus, farmers can minimize and limit losses as well as 

limit the environmental impacts of their agricultural activities, which is one of the basic requirements of 

sustainability in agriculture. 

Integrated nutrient management is practically based on the system of soil testing and nutrient 

recommendation. In order to give you an insight into how the system works, we will now see the main steps of 

the system. The initial step is – of course – the taking of soil samples, i.e. soil sampling, which means collecting 

representative samples from the field. Then the samples are taken to the laboratory, where various analyses 

(determination of plant available nutrient amounts = soil testing) are carried out with different extraction 

methodologies. After that the raw data are processed, i.e. the interpretation of the soil test results (calibration of 

results, calculation for selected units e.g. mg kg-1, ppm etc.) and the evaluation of the sufficiency ranges takes 

place. 

Finally, the quantity of nutrient (active agent and fertilizer rate) required by the target crop yield can be 

estimated, and so recommendations can be made. 

Integrated nutrient management Farming Cycle 

 

2. The Concept of optimum in Nutrient Management 

Another very important concept of nutrient management is the concept of optimum in nutrient management. 

The concept and terminology for a more efficient nutrient management (Lægrid et al. 1999) focuses on the 

following: 
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• Maximum yield 

• Economic optimum 

• Quality optimum 

• Risk optimum 

• Environmental optimum 

• Energy optimum 

Now let us what is meant by each of the above terms. 

The maximum yield can be obtained when all factors are balanced to ensure the highest rate of crop growth, 

nutrient uptake and productivity. 

The economic optimum, however, is less than the maximum yield, and it applies the terms of costs. The 

economic optimum depends on a number of economic actors, such as the price of fertilizers and the value of the 

product. It can be defined as a situation when the yield surplus obtained by the application of a unit of fertilizer 

is equal to the cost of the extra fertilizer. 

The quality optimum depends on the specific parameters of crop yield, e.g. protein in cereals, carbohydrate 

(sugar) in sugarbeet, grape, sugarcane, oil in nuts etc. when higher prices are paid by better quality. 

The risk optimum can be defined as a special case of economic optimum where the possible risk of production 

is minimized. In order to minimize risk, purchased inputs should be reduced. An example of how it works is 

when the amount of total nitrogen (N) required for production is split into several smaller applications adjusted 

to the specific dynamics of the nutrient uptake of the given crop (e.g. in cereal production). 

As it is suggested by the term itself the environmental optimum involves environmental considerations. An 

example for that could be the optimization of nitrogen (N) application in a way that tries to avoid the risk of 

nitrate leaching. 

Energy optimum refers to the optimal situation when the maximum of the energy used in production inputs 

(machinery, tillage, fertilizer application etc.) is recovered in the form of crops. 

Relationship between N application, yield and N uptake for wheat 
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Economic optimum: the price of wheat grain was used to calculate the economic optimum. 

Quality optimum: a better price for higher protein content (14.5 %) was obtained compared to 12.5 % protein 

content. 

Wheat yield and nitrate loss by leaching at various N application rates 

 

Table 26 Terminology used in farming systems 

 



 Concepts of Nutrient Management  

 64  
Created by XMLmind XSL-FO Converter. 

3. Precision farming 

Precision farming is a method of farming that was made possible by the most developed devices of cutting edge 

technology only relatively recently. This system of production may have great impacts also on nutrient 

management. Thus, it is indispensable that we should treat it here. 

Precision agriculture is broadly defined as monitoring & control applied to agriculture, including site specific 

application on inputs, timing of operation and monitoring of crops and employees” (Lowenberg-DeBoer & 

Boehlje, 1996). 

Concerning nutrient management we must mention that precision farming can also enable Site-Specific Nutrient 

Management, which can improve nutrient use efficiency by variable nutrient/fertilizer application within the 

field based on the soil test levels (Havlin et al. 2005). The significance of these achievements is – of course – 

not to be overlooked. 

Although, as mentioned above it was high-tech that made precision farming possible at first, there are opinions 

in which the role of state-of-the-art technology is more understated. According to the most recent concept of 

precision farming: 

„Precision Farming does not necessarily require „high-tech” or big investments. It requires an understanding of 

the variability of soil and crop and clear, efficient management strategies adapted to local conditions” 

www.cpf.kvl.dk 

Nevertheless if we are to enjoy the benefits of precision farming within the field of nutrient management, we 

have to be aware of what the components of precision nutrient management are. The backbone of the system, 

without which no precision farming is possible, is a Global Positioning System (commonly only referred to as 

GPS), whose core is actually formed by a set of 24 satellites. A Geographical Information System (GIS) is also 

needed to collect, process and handle geographical data. For sample taking a grid sampling pattern is used. The 

auto-guidance of the various machinery is only possible with the aid of differential GPS (DGPS), which 

compares satellite data with the data of ground-based reference stations, allowing an accuracy of 2-10 cm. 

Fertilizers in such a system are applied in a so-called Variable Fertilizer Rate, which is – of course – computer 

controlled. An important part of the precision nutrient management system is also yield monitoring and 

mapping, both of which require special software. And on top of it all, all of the above would not be possible 

without a huge number of remote sensors and computer hardware and software. 

An example of Precision Agriculture: Cash Crop Production 

 

Having considered the necessary components of precision nutrient management, now let us discuss the main 

steps of actually operating a Site-specific Nutrient Management system. 

The whole process starts by grid soil sampling using GPS geo-referenced points. Grid sampling is done in fields 

divided into blocks of about 0.5-5 hectares. Several samples are taken from each grid, mixed and sent into the 
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laboratory for analysis. The samples are tested for the main parameters, such as SOM, pH, CaCO3 %, available 

NPK contents etc. On the basis of the acquired data, soil mapping takes place using GIS software, also called 

Geo-referenced Images Mapping Software. As of today numerous programs are available and they are relatively 

inexpensive (ranging between USD 400 and 7000). Some of the main software include Farmworks, SST 

Toolbox, MapCalc, Insight etc. Having all the data and the soil maps ready, computer-controlled variable 

fertilizer application can begin. Variable Rate Technology (VRT) includes computer controllers that allow 

variation of inputs such as seed, fertilizer, lime, herbicides and pesticides. By the use of the above system we 

can make sure that there will be no under- or over-fertilization in the given plot. 

Agrocom Computer Terminal 

 

 

Site-specific layered digital application maps for fertilization 
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www. Agchem.com, www.ikrrt.hu 

GPS Constellation (accuracy: 4-10 cm ) 
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Uniform and site specific/variable fertilizer rates 

 

Yield map of a field in precision farming 

 

As we could see above precision farming presents very high requirements as for technology and expertise but 

its advantages are also numerous. By applying precision farming techniques we can achieve not only better 

yield stability but the quality of the yield can also be improvement remarkably. By using these modern methods 
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we can realize higher profitability in high-value crops, especially vegetables, oil producing crops, seeds etc. This 

technology should necessarily result in a reduction of costs in fertilizers, agro-chemicals and seeds. 

Consequently we will experience the reduction of environmental impacts as well. 

As for the proper fertilizer use, the following IMPORTANT point should also be remembered. 

• Yield losses due to underfertilization decrease profitability more than overfertilization because the value of 

yield losses exceed the cost of excess fertilizer input! 

• Overfertilization may also have negative impacts on environmental quality (especially for N). 

Important: site-specific nutrient management → balanced crop nutrition → yield stability can be 

maintained without yield losses due to nutrient imbalances 

 

4. Study Questions (8) 

1. Describe the concept of integrated nutrient management! 

2. What are the main characteristics of „optimum” in nutrient managment? 

3. Describe the difference between Economic optimum, Quality optimum, Risk optimum, Environmental 

optimum and Energy optimum? 

4. Compare the nutrient management of conventional and site-specific precision farming. 
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Chapter 8. Role of Nutrient Balance 
Assessment 

1. The Role of Nutrient Balance Assessment 

A nutrient balance is a numerical, mathematical expression of nutrient cycling. Nutrient balances, which can 

also be regarded as the estimates of inputs, outputs and their balance under different farming conditions 

recorded over a given time period, provide correct information on the intensity of fertilization and on the 

characteristics of sustainability. Nutrient accounting, on the other hand, is used to estimate nutrient surpluses 

and emissions for agricultural production and regulation purposes. Nutrient accounting can be used as a very 

useful tool in various directives for appropriate nutrient management, for potential environmental impacts of 

different farming systems and standardization. 

An estimation of a balance between inputs and outputs is especially desirable where external resources are 

costly and/or non-renewable. A positive balance (= persistent surplus) indicates potential environmental 

problems; a persistent deficit indicates potential agricultural sustainability problems. 

Main characteristics of the balances for the major nutrients N, P and K on a global scale (1965-1995) 

(Krauss, 1998) 

During the 1970’s, which saw great developments in global agricultural productions, the balances of nitrogen 

(N) and phosphorus (P) turned to positive from a global deficit. Although phosphorus (P) balance has leveled 

off by now the positive nitrogen (N) balance seems to continue. On the other hand we can see that the potassium 

(K) balance showed an increasing global deficit. In developing countries, national balances may hide 

considerable imbalances in several regions and farms. The main reasons for that may be that fertilizer 

application may be restricted to nitrogen (N) only. Many developing countries have their own production of 

nitrogen (N) fertilizers while for phosphorus (P) and particularly potassium (K), raw materials have to be 

imported. 

OECD (Organisation for Economic Cooperation & Development) has made great efforts for the standardization 

of nutrient balance calculation all over the world. The main elements of the OECD gross nutrient balance 

calculation (N and P) are the following: 

• Nutrient inputs: (A) Volatilization and denitrification 

• Inorganic fertilizers and livestock manure 

• Biological nitrogen fixation, atmospheric deposition 

• (B) Nutrient outputs - Arable and permanent crops, fodder crops and pasture 

• Primary agricultural systems - Nutrient N outputs 

The nutrient balance can be calculated according to the following simple equation: 

• Balance = A – B Potential transfer of nutrients into Soil-Water-Air 

The above method, however, can apply to the nitrogen balance only. 

In connection with nutrient balance and maintaining sustainable farming practices we must remember that 

nutrients surplus to crop/pasture requirements are transported into the environment, potentially polluting soils, 

water and air, but a deficit of nutrients in soils can also occur to the detriment of soil fertility and crop 

productivity. 

2. Agronomic and environmental approaches 

Nutrient balances are increasingly used as environmental indicators or as policy support tools (e.g. 

EUROSTAT= Statistical Office of the EU 1997, OECD = Organisation for Economic Cooperation & 
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Development, 2001). OECD - for example – has developed its Policies of Environmental Indicators for 

Agriculture (www.oecd.org/agr/env). 

It is little wonder that they have gained so much on importance since nutrient balances provide valuable insight 

into links between nutrient use, changes in environmental quality, and the sustainable use of soil nutrient 

resources. 

It is also very important: to note that there are very important relationships between the amount of the nutrient 

surplus/deficit in farm nutrient management practices and the agro-ecological conditions, such as soil type and 

weather patterns (rainfall, vegetation period etc.). 

It is extremely significant that the gross nutrient balance for nitrogen (N) provides an indication of potential 

water pollution and identifies agricultural areas and systems with very high nitrogen (N) loadings. As an 

indicator, it integrates the most important agricultural parameters to measure nitrogen (N) (mostly nitrate-N) 

leaching risk. 

Reference: 

OECD 2001. Environmental Indicators for Agriculture. Volume 3. Methods and results. OECD, Paris. 

Table 27 Emission factors for fertilizers and manures 

 

Nutrient Budget for Organic Farming Systems Wander,M. / 2010/ University of Illinois, USA 

Nutrient budgets are commonly used to evaluate the effects of nutrient management on farm and field 

sustainability for organic farming systems. The accumulation of high levels of nutrients, particularly of 

phosphorus (P) and nitrogen (N), are undesirable, and are associated with increased pollutant export in the form 

of leaching or runoff (P and K), or in gaseous form through denitrification or volatilization (N). A single year 

budget for a field might be most useful to a farmer deciding whether or not to apply supplemental nitrogen to a 

field before planting a nitrogen (N) demanding crop. Nevertheless, multi-year assessments are more appropriate 

for field scale in systems that apply fertilizer or compost once in three or four years. Field scale assessments 

help farmers to identify movement of nutrients within farms while whole farm assessments permit comparisons 

between farming strategies. 
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Below you can find the different types of nutrient and mass balances or budgeting techniques that are commonly 

used: 

• farm gate or whole-farm budgets 

• field or surface budgets 

• farming systems-level budgets. 

Nutrient Balances 

 

Table 28 NPK GROSS NUTRIENT BALANCES OF HUNGARY AGRONOMIC APPROACH 

 

Table 29 NPK GROSS NUTRIENT BALANCES OF HUNGARY ENVIRONMENTAL APPROACH 
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3. Study Questions (9) 

1. Give the definition of nutrient balance in agricultural production 

2. What is the role of nutrient balance assessment? 

3. What are the main differences between agronomic and environmental approaches in nutrient balance 

accounting? 

4. Farm Gate Balances and Nutrient Accounting 

It is very IMPORTANT to remind the reader here that the use of farm-gate balances and soil surface balances 

provide estimation for nitrogen leaching to surface water. On the other hand, one must not forget that nutrient 

budgeting is most commonly done for the macronutrients, such as nitrogen (N), phosphorus (P), and potassium 

(K), but can be done for other nutrients as well, such as calcium (Ca), magnesium (Mg), or zinc (Zn). 

The concept of farm gate nutrient balances (FGB) 

 

Assessment of Nutrient Balances 

Internal and external balances are often performed for different farming systems: 

• Cash grain production 
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• Livestock farms 

• Mixed farms. 

Farm-gate balances (FGB) are relatively frequently used. They can be defined as the difference between the 

nutrient input and the nutrient output at farm level. Farm-gate balances (FGB) are currently used as a tool to 

monitor changes in nitrogen (N) and phosphorus (P) leaching to groundwater and surface water. Farm-gate 

nutrient budgets can be used to identify the efficiency of nutrient use within and between individual enterprises 

and catchments, and may be used to represent a component of the risk that particular land uses represent to 

water quality. 

Farm gate nutrient budget 

 

Table 30 Farm Gate Nutrient Balance of Livestock Farms 

D1,2 and 3 = Dairy and P1= Pig Farm 
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Table 31 Nitrogen budget (kg N ha-1 year-1) in 1986, for Germany and in Kisii District, Kenya 
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External nitrogen balances in a mixed farm 

(P= purchases, S= sales, EB: external nutrient balances in kg) 

 

Internal nitrogen balances in a mixed farm 

Y=yields, U=utilised nutirent amounts, IB= internal nutrient balances in kg 
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5. Study Questions (10) 

1. Describe the concept and definition of farm gate balances 

2. What is the significance of internal and external farm gate balances? 

3. What are future perspectives of farm gate balance assessments? 
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Chapter 9. Common Fertilizers and 
Applications 

1. The Concept of Fertilization 

In order to enhance crop yields farmers have applied fertilization all over the world since ancient times. It is 

obvious that depending on natural conditions and the level of the development of agriculture in a given area, the 

fertilizing materials and the methods of their application have always shown considerable variation. As one of 

the most important aspects of agricultural technology, the practice of fertilization has undergone great 

developments in the past centuries. Ever since agriculture as a modern science was born, fertilization has always 

been one of the main focuses of scientific research. 

The modern concept of fertilization (adopted from Havlin et al. 2005) can be summarized according to the 

following. First of all, concerning the materials used for fertilization we may say that for optimum crop growth 

and yield both organic and inorganic nutrient sources may be used. A system in which both sources are used 

could be called „Integrated Nutrient Management”. As for the knowledge underlying the practice of fertilizer 

application, it must be clearly pointed out that efficient nutrient management requires the understanding of 

nutrient cycling and the transformation of the given elements. It is a very important consideration that 

management practices that minimize losses and maximize the amount of applied nutrient recovered by the crop 

will, on the one hand, reduce potential environmental impacts, and increase efficiency on the other hand. 

 

Decision support system for fertilizer requirement Havlin et al. 2005 
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Therefore, the basic purposes of using fertilizer materials can be summarized by the following two points: 

• Crop production 

• Maintaining soil fertility 

Fertilizers (nutrient sources) can be of variety of origins. 

Mineral (inorganic) fertilizers are basically chemical compounds (mineral salts of N, P, K, Ca, Mg etc. Except 

urea), which may come in two different forms; as solid fertilizers (prepared as granules or pulverized) or 

liquid (fluid) fertilizers (solutions, suspensions). 

The other large groups of fertilizers is that of fertilizers of organic sources. This category includes some of the 

most ancient types of fertilizers, which have been used traditionally for many-many centuries. Such fertilizers 

are animal (farmyard) manure, green manure, crop residues and organic wastes (composts, industrial wastes, 

sewage sludge etc.). 

2. The Concept of Organic Farming 

Let’s go organic? 

As the negative environmental impacts of industrial, intensive agricultural production are demonstrated by a 

huge number of research results and surveys in several regions of the world, it becomes clear that certain 

farming practices cannot be continued without causing environmental risks for the sustainability of the 

ecosystems, agricultural activities should be regulated and if required, even limited. Recently, it has become a 

great challenge on global, regional and national level. 

It is an especially grim prospect if we consider the fact, treated also at the beginning of this textbook, that it is an 

all-important task for humanity to increase agricultural production for a global population growing at a dramatic 

pace. We simply cannot afford to destroy the natural resources of the earth as it has unfortunately been done in 

many parts of the world. A logical answer to this global challenge is – of course – looking for new ways. 

Organic agricultural practices have been developed as a way of facing that challenge. 

According to the USDA (United States Department of Agriculture) National Organic Standard Board (NOSB), 

organic agriculture is “an ecological production management system that promotes and enhances biodiversity, 

biological cycles and soil biological activity”. „It is based on minimal use of off-farm inputs and on 

management practices that restore, maintain and enhance ecological harmony”. 

The Concept of Organic Farming 
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The term organic farming commonly used as a synonym for ecological farming or biological farming defines a 

farming system that exclusively applies organic fertilizer substances such as farmyard manure and biological 

pest control without any agro-chemicals. Organic farming relies on natural biological nutrient cycles and utilizes 

all the achievements of expertise and knowledge from either scientific results or practical experiences. 

Organic farming has numerous benefits: 

• Reduces or minimizes inputs (industrial products, energy etc.) 

• Ensures long-term sustainability of soil fertility 

• Minimizes negative environmental impacts 

• Preserves of non-agricultural habitats, has a positive impact on natural vegetation and fauna 

• Preserves rural population and provides safe and healthy lifestyle for farmers and their families 

International and national policies, legislation (FAO, WHO, IFOAM etc.) represents important parts of the 

wider context related to organic farming systems. The framework set up by the European Commission gives a 

wide range of standards (applications, supervision and also sanctions) held at national or local levels. 

Nutrient management in organic farming 

Organic Farming applies an internal nutrient cycle (see the EU Declaration 2092/91) using the advantages of 

organic fertilizer sources (green manure, cover crops, farmyard manure etc.), for reduced inputs and soil 

fertility maintenance. 

Green Manuring 

The term Green Manuring refers to a plant-based fertilization approach applying locally produced crops and 

their residues such as winter and spring cereals, legumes etc. Green manures of legumes (e.g. clovers/Trifolium 

etc.) from oversowing and undersowing are incorporated into the soil. 

Cover crops 

Cover crops and living mulches bring many benefits to crop production. Interest in winter annual cover crops 

such as winter rye and hairy vetch for ground cover and soil erosion control has been increasing in the last 30 

years in several areas. According to experimental results, the integration of cover crops into a cropping system 

by relay cropping, overseeding, interseeding, and double cropping may serve to provide and conserve nitrogen 

for grain crops, reduce soil erosion, reduce weed pressure, and increase soil organic matter content (Hartwig and 

Hoffman 1975). Hairy vetch has increased availability of nitrogen to succeeding crops, increased soil organic 

matter, improved soil structure and water infiltration, decreased water runoff, reduced surface soil temperature 

and water evaporation, improved weed control, and increased soil productivity (Frye et al. 1988). 

Farmyard manure 

Farmyard manure (FYM) consist of solid and fluid animal excreta (i.e. faeces and urine) and bedding materials. 

Farmyard manure refers to the decomposed mixture of dung and urine of farm animals. 

On an average, the nutrient content of decomposed farmyard manure is 0.5-0.6 % N, 0.2-0.3 % P2O5 and .0.5-

0.6 % K2O. The method of preparing farmyard manure by the farmers is often defective. Urine, which is 

wasted, contains about 1 % N and 1.35 % potassium. Nitrogen present in urine is mostly in the form of urea 

which is subjected to volatilization losses. Even during storage, nutrients are lost due to leaching and 

volatilization. 

Most common farmyard manures: 

Cattle shed wastes-dung, urine and slurry from biogas plants 

Poultry Jitter, horse, sheep and goat manure 
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Average nutrient content of urine: water content is over 90% (several compounds containing N → 

approximately 80% urea, relatively high K and low P content) 

Table 32 Annual manure production of different types of livestock 

 

Table 33 Average nutrient content of livestock manure (%) 

 

Efficiency of farmyard manure 

Nutrient supplying of FYM is usually last for at least two years, depending on several factors such as soil and 

climatic conditions and manure characteristics. 

Table 34 Average expected nutrient content of 10 tons of FYM in kg 

 

Average efficiency (expressed in percentages) are presented in Table 33 and 34, demonstrating the differences 

in duration depending on FYM quality and soil characteristics. 

Table 35 Efficiency of FYM expressed in % in a sandy and sandy loam soil 
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Table 36 Efficiency of annually applied FYM on clayey loam and clay soils independently of manure 

quality 

 

MINERAL FERTILIZER SOURCES 

The term mineral fertilizer refers to industrial products. 

The following are the fertilizers commonly used in modern agriculture in the production of various crops all 

over the world: 

• Single nutrient fertilizers (One nutrient element) 

• Macroelement fertilizers (N, P, K, Mg, Ca, S) 

• Microelement fertilizers (B, Fe, Mn, Mo, Cu, Zn etc.) 

• Multielement (Mixed, complete, complex) fertilizers 

• N + P + K + Ca + Mg + S (+ microelements) - For balanced crop nutrition 

3. Study Questions (11) 

1. Describe briefly the concept of fertilization (balanced nutrient supply) 

2. List the main types of nutrient sources including both animal and plant origin 

3. Describe the common types of fertilizers 

4. Common Fertilizer Products 

Note: Concentration of active agent is expressed as percentages of N (N%), percentages of P2O5 (P2O5 %) and 

percentages of K2O (K2O %) for P and K. 

Nitrogen (N) fertilizers 

• Ammonium salts 

Ammonium nitrate NH4NO3 34 % N 
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Ammonium sulphate (NH4)2SO4 21 % N 

Monoammonium phosphate, MAP NH4H2PO4 11 % N 

Diammonium phosphate, DAP (NH4)2HPO4 22 % N 

• Nitrate salts 

Calcium nitrate Ca(NO3)2 16 % N 

Potassium nitrate KNO3 13 % N 

Sodium nitrate NaNO3 16 % N 

• Liquid N forms 

Nitrogen solutions (e.g. UAN, urea-ammonium nitrate) 28-32 % N 

Anhydrous ammonia, aqua ammonia NH3, NH4OH 24 % 

Urea CO(NH2)2 46 % N 

Urea-based Fertilizers Urea-aldehyde condensates 

4.1. Most common Nitrogen fertilizers 

Table 37 

 

4.2. Phosphorus fertilizers 

Single superphosphate SP Ca(H2PO4)2 16-20 % P2O5 

Concentrated superphosphate Ca(H2PO4)2 32-48 % P2O5 

Triplephosphate TSP Ca(H2PO4)2 44-53 % P2O5 

Nitrophosphates NP Ca(H2PO4)2 14-28 % P2O5 
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Table 38 

 

4.3. Potassium fertilizers 

Table 39 

 

Potassium (K) fertilizers 

Potassium chloride KCl 40-60 % K2O 

Potassium sulphate K2SO4 50 % K2O 

Potassium nitrate KNO3 44 % K2O 

Potassium- magnesium sulphate K2SO4 + MgSO4 22 % K2O 

Multielement fertilizers (mixed fertilizers) are also frequently used in modern agricultural production. 

Multielement/mixed fertilizers can be defined as fertilizers that containing any combination or mixture of 

fertilizer materials, with several macro- and micronutrient elements. One group of multielement/mixed 

fertilizers is that of complete fertilizers. That means that these fertilizers contain all the essential macro- and 

microelements required by crops. Another type of multielement/mixed fertilizers is called complex fertilizer. 

Complex fertilizers contain elements in one compound. The term is widely used as a synonym for complete 

fertilizer. 

Picture: Mixed Fertilizer Products (Yara) for multielement nutrient supply www. yara.com 
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Fertilizer Sampling Regulations may be variable and specify basic conditions that must be fulfilled to ensure 

that a sample of fertilizer fairly represents the lot of fertilizer from which it is taken. These conditions are 

generally the following: 

1. sample be of sufficient size for analysis; 

2. in case of lots or shipments of 10 bags or less, a sample shall consist of approximately equal portions drawn 

from each bag in the lot; 

3. in the case of lots or shipments of 11 bags or more, a sample shall consist of approximately equal portions 

drawn from each of any 10 bags in the lot or shipment; and 

4. in the case of bulk shipments, a sample shall consist of approximately equal portions drawn from 10 different 

sections of the bulk 

Example: Sampling bags under 11 kg - Since it is impractical to try to sample bags under 11 kg, with a trier, 

take one bag as a sample of the lot. However, the official status of this sample must be limited to the one bag. If 

it is found deficient, the lot should then be sampled by the method as laid out for bags 11 kg and over. 

 

5. Study Questions (12) 

1. What are the main requirements in sampling of fertilizers? 

2. Which are the most common Nitrogen fertilizer products? 

3. Which are the most common Phosphorus fertilizer products? 

4. Which are the most common Potassium fertilizer products? 

6. Basics of Fertilizer Application 

For optimal results of fertilizer use it is not enough to choose the appropriate material but the methods of 

fertilizer application are also equally important in achieving our production goals. Some of the most common 

methods of fertilizer application are listed below. 

The method of broadcast application normally involves large quantities of materials. It has several great 

advantages. One of them is that it is evenly distributed on the surface. Also, it is regarded as relatively 

inexpensive and easy. This method is considered to be effective for nitrogen (N) and most chelated 

micronutrients. 
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Surface or subsurface banding is commonly applied in a narrow band on the surface, near the seeds or 

adjacent to the rows of plants. 

Soil incorporation is an effective method to apply fertilizers having poor mobility into the root zone. A typical 

problem that may occur in connection with this method is leaching, which may be quite a disadvantage. 

A special method of fertilizer application is trunk injection, which is usually applied for micronutrient supply. 

However, it must be pointed out that this way of application produces only short-term effects. 

Another way of nutrient placement is the so-called foliar application, when diluted water soluble fertilizers are 

sprayed on the foliage. Its advantage is that the crop will respond fast, but the effects last only for the short term, 

which may be a disadvantage. 

As earlier mentioned, fertilizers are available in several forms. There are three common forms of solid 

fertilizers: they are sold pulverized, i.e. as finely ground materials or as crystals (as a natural structure of the 

mineral) or granulated. Granulated fertilizers are manufactured etheir by dry granulation or melt granulation. 

Concerning the forms of fluid/liquid fertilizers it can said that they are the liquid forms of fertilizer materials 

either dissolved or as a suspension. 

Illustration of various nutrient placement options 

 

Here we must also mention a special application for improved efficiency, which is called: fertigation. 

FERTIGATION is a mosaic word FERTilization + IrrIGATION. In other words, fertigation is the application 

of fertilizer in irrigation water. 

Most frequently It is carried out either with a sprinkler or some other equipment. Nitrogen (N) solutions, KNO3, 

ammonia and phosphoric acid are applied by fertigation especially in arid regions (e.g. California and the Mid-

East of the USA). Nitrogen and potassium deficiencies and thus yield losses can be corrected by fertigation. 
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Due to its significance, here we have to spare a few words for the foliar application of fertilizers. Several 

fertilizers are soluble in water and can be applied to the leaves of the plants. This practice is referred to as foliar 

application. The great advantage of this type of fertilizer application is that nutrients are rapidly utilized in this 

way. 

Foliar sprays of nitrogen (N) (urea) and microelements are commonly used. However some important factors 

should be born in mind when applying this method: 

• concentration maximum < 2 % 

• temperature usually 20-25 Co 

• Radiation (light) conditions etc. 

The foliar application of nutrients usually results in higher yield levels (quantity) as well as better yield quality. 

A further step towards improved efficiency is when fertilizers are applied together with pesticides. 

 

Foliar-Feeding of Potassium Nitrate in Cotton 

For successful crop production it is far from sufficient to use the proper fertilizer in the adequate way; 

application timing is also of crucial importance. The optimum time of fertilizer application depends on several 

factors, such as the agro-ecological conditions, for example the soil and the climate. The ideal time for applying 

the given fertilizers is also determined by the nutrient (chemical characteristics, mobility) we are actually 

applying. Various crops also need different fertilization timing depending on their specific nutrient requirements 

and dynamics of uptake. And finally there are a number of other practical agronomic and other considerations, 

such as machinery operation, distribution etc. 

The most common application timing is when the time of application is: 

• before the vegetative season 

• in-season. 

In case a) fertilizer application is either performed before sowing (planting) by applying nitrogen (N), 

phosphorus (P) or potassium (K) or at sowing (planting) using a starter e.g. phosphorus (P). In case b) 

fertilization is carried out after sowing (planting), usually in the form of top-dressing (mostly N). 

Now let us discuss what the considerations for timing are in the case of the particular nutrients: 



 Common Fertilizers and 

Applications 
 

 87  
Created by XMLmind XSL-FO Converter. 

NITROGEN can be applied either early in-season by top-dressing, in which both solid and liquid sources can 

be used, or in the form of side-dressing, which means the injection of fluid fertilizers without damaging to the 

crop. 

PHOSPHORUS is commonly applied before or at planting as a kind of starter fertilization. For best results 

POTASSIUM should be used before or at planting. 

MICRONUTRIENTS are normally applied during the starter application or in the form of foliar application. 

7. Nutrient efficiency 

As every kind of economic activity - by definition - should be concerned with efficiency, it is small wonder that 

nutrient efficiency is one of the key issues in farming and fertilization. Efficiency is defined as the amount of 

product produced per unit of resource used. 

Three types of efficiency are classified by Craswell and Godwin (1984): 

• Agronomic efficiency 

• Physiological efficiency 

• Apparent recovery efficiency 

AGRONOMIC EFFICIENCY = THE ENOMIC PRODUCTION OBTAINED PER UNIT OF NUTRIENT 

APPLIED 

Calculation: Expressed in kg kg-1, g g-1 

 

Physiological efficiency = Biological production obtained per unit of nutrient taken up 

The nutrient uptake = Concentration x Dry Matter (DM) 

 

Apparent recovery efficiency = Quantity of nutrient taken up per unit of nutrient applied 

 

Nutrient use efficiency = Physiological efficiency x Recovery efficiency 

Efficiency of K at increasing levels of K supply, spring barley 
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Treatments 

1= N1P1K1 2=N1P1K2 3= N1P1K3 4=N2P1K1 5=N2P1K2 6=N2P1K3 7=N3P1K1 8=N3P1K2 9=N3P1K3 

8. Study Questions (13) 

1. What is the concept and definition of fertilization? 

2. Explain the demand and the main principles of organic farming 

3. Describe the concept of nutrient efficiency (Agronomic efficiency, Physiological efficiency and Apparent 

recovery efficiency) 

4. What are the main principles of fertilizer application? 
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Chapter 10. Environmental Impact of 
Nutrient Management 

Intensive, industrial farming involves very high environmental risks, which are not to be ignored if we want to 

be able to deal with the new challenges of the 21st century. Unsustainable practices in agriculture may cause 

damage to the whole environment but especially to soil and natural waters. Thus, industrial agriculture may 

destroy the natural resources that it is essentially based on. Nutriment management itself can be the cause of a 

number of serious environmental problems. The improper use of fertilizers can lead to six main types of 

negative environmental impacts: 

1. Nutritional disorders of plants 

The main reasons of nutritional disorders are nutrient imbalances, over-fertilization or the excess use of a 

given fertilizer, especially nitrogen (N). 

2. Reduction in yield quality 

The main reasons of a reduction in yield are nutrient imbalances, over-fertilization or the excess use of a 

given fertilizer, especially nitrogen (N). 

3. Decreased tolerance of crops to diseases and pests 

The main reason of decreased tolerance of crops to diseases and pests is the reduced growth of meristem 

tissues – e.g. excess nitrogen (N) fertilizer, thinner epidermal cells – or fertilization lacking potassium (K). 

4. Increased acidification of acidic soils 

Increased acidification is mainly caused by imbalanced fertilization using fertilizer forms (compounds) not 

compatible to soil properties and/or excess use of fertilizers. 

5. Accumulation of NO3-N in freshwater resources (lakes, rivers) 

The main reason of accumulation of NO3-N in freshwater is imbalanced fertilization, the excess use of 

nitrogen (N), nitrate leaching, improper storage and/or application of sewage sludge and wastewater. 

6. Nutrient accumulation (=Eutrophication) in natural water resources (lakes, rivers) 

Eutrophication is mainly caused by excess nitrogen (N) and phosphorus (P) fertilization and/or phosphorus 

(P) nutrient load of water due to erosion. 

The pollution of drinking water through agricultural activities is one of the critical issues in many parts of the 

world today. One of the main causes of drinking water pollution is the high rate of nitrogen (N) fertilizer used in 

farming. High nitrogen (N) fertilizer rates lead to nitrate accumulation exceeding the standards for drinking 

water. The world health organization's standard for drinking water is 20 mg l-1 (ppm) NO3-N. A severe 

consequence of the nitrate pollution of drinking water is that it may cause methaemoglobinemia (Blue baby 

syndrome). 

Eutrophication is another 'hot topic'. Eutrophication can be defined as “The enrichment of nutrients in natural 

water resources (i.e. lakes and rivers and others), causing an accelerated growth of algae and higher forms of 

plant life, which produces disturbance to the balance of organisms present in water and to the quality of water”. 

It is generally characterized by the intensive growth of algae, which produce immense amounts of toxic 

substances. 

The unfavorable effects of fertilization or eutrophication are numerous. Excess amounts of nitrogen (N) 

result in reduced flavor and spots on fruits. It may also lead to relative deficiencies in other elements (e.g. 

unfavorable nutrient ratios of K/Ca, K/Mg and other nutrients). And generally speaking it causes the pollution of 

the environment, which is a serious health risk!! 
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As it has been demonstrated above, the hazards of improper fertilizer application are so great that it cannot be 

overlooked any longer. As a result, all over the world measures have been taken at national but also at 

international level in order to prevent serious damages. The EU Nitrates Directive 91/676/EEC is one of these 

administrative measures. 

The Nitrates Directive was introduced in 1991 in the EEC/ European Union to reduce or prevent nitrate 

pollution of water caused by agriculture (application and storage of inorganic fertilizers and manure). The 

maximum limit of nitrate was set in 25 mg NO3 per liter in drinking water and 50 mg NO3 per liter in surface 

and ground waters. The maximum annual rate of nitrogen (N) applied in manure is regulated as 170 kg ha-1. 

This refers to 30-35 tons ha-1 farmyard manure assumed an average N content of 0.6 % N, 0.3 % P2O5 and 0.6 

% K2O. 

The Food and Agriculture Organization of the United Nations has formulated a number of recommendations 

called GOOD AGRICULTURAL PRACTICES (United Nations - FAO GAPs). The United Nations FAO 

GAPs is a collection of principles to be applied during farming for safe and healthy food and non-food products, 

with economical, social and environmental sustainability. 

The sustainable approaches rely on 4 principles: 

1. The principle of economically efficient production focuses on three adjectives: sufficient, which refers to 

food security; safe referring to food safety and nutritious meaning food quality. 

2. Agricultural practices must be suitable for sustaining natural resources. 

3. Agricultural practices must be suitable for maintaining farming enterprises and contribute to sustainable 

livelihoods. 

4. Agricultural practices must be suitable for meeting the cultural and social demands of society. 

Some of the Good Agricultural Practices USDA / FAO GAP Principles are related to soil. They aim at 

reducing erosion, leaching and runoff. They promote fertilizer application in adequate rates and timing to meet 

the crop needs. They also emphasize maintaining the organic matter content of soils, soil structure and the 

reduction of soil compaction. Finally, they would like to encourage maintaining soil fertility by green manure 

(for example by growing Fabacea crops like cowpea etc.). 

1. Study Questions (14) 

1. What are the main consequences of improper fertilizer application? 

2. What are the environmental risks of intensive agricultural production (examples from livestock farming and 

crop production) 

3. List the most important parts and paragraphs of the Nitrate Directive 

4. Describe the concept of Good Agricultural Practices 
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Chapter 11. Concepts and Estimation 
of Optimum Fertilizer Rates 

The Concept of Soil Testing for Soil Nutrient Status and Fertilizer Recommendation 

Requirements of soil testing for fertilizer recommendation: simple, cheap, uniform, and reliable. 

The main goal is to meet these requirements: finding better, easier, simpler, faster and reliable extractants for 

routine soil tests. 

Standardization of Methodologies in Soil Testing 

Over the past 40 years, numerous sample exchanges and experiments were carried out in several countries and 

in a regional level (e.g. North and South Central Regions of the U.S. and others). The main subject was: 

• Improving the reliability/credibility of soil testing toward improving the integrity of fertilizer 

recommendations based on soil tests. 

• Sample exchanges and experiments were done for determining the influence of several factors on soil test 

results: 

• Testing methodologies and calibration 

• Sample size 

• Soil : extractant ratios 

• Shaking time 

In Hungary, standardization was first introduced in an early period of intensive farming: in 1976 for the uniform 

concept of Fertilizer Recommendation to be used in cooperative and state farms. Similar systems were 

developed and used in Bulgaria, Czechoslovakia, the German Democratic Republic, Poland, Romania and 

Yugoslavia. Costs were financed by the state, sampling and laboratory methodologies were standardized within 

the COMECON*. 

*The COMECON was officially called the Council for Mutual Economic Assistance. This inter-governmental 

organization covered the Soviet Bloc countries. The main activities were joint planning and the promotion of bi- 

and multilateral trade, along with cooperation in the specialization of production, establishing joint enterprises 

etc. 

In the 1990’s, towards and European integration, environmental issues and quality standards had considerably 

changed the concept of agricultural production. 

In 1992, a new fertilizer advisory system was developed in Hungary, based on the new trends in agricultural 

production. The computerized system was based on 

• the results of recent pot and field experiments (National Long-Term Fertilization Field Trials) 

• soil information database 

• conclusions from the previous fertilizer recommendation system 

Recently, the CONCEPT OF OPTIMUM is accepted and used in nutrient management i.e. in fertilizer 

recommendation/advisory systems. 

Strategies of appropriate fertilizer recommendation systems for optimum yield, nutrient-yield response curves 

were widely studied for numerous crops in many countries and regions, under variable agro-ecological 

conditions i.e. with different climate and soil characteristics. These calibration experiments are required for the 

quantification and validation of the system. 
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From such nutrient-yield response curves, the following can be estimated: 

Maximum yield 

Economic optimum 

Quality optimum 

Risk optimum 

Environmental optimum 

Energy optimum 

During the past 20 years, several computer programs and models were developed and they are available for 

farmers, providing information on improved and cost-effective nutrient management for numerous crops. 

Traditional yield-based fertilizer N recommendations are derived from the mass balance approach. 

Economically optimum N rate is estimated as total N content of the grain less all of the other sources of grain N 

and adjusted for inefficiencies in the ability of the crop to recover fertilizer N from the soil. 

IMPORTANT 

• The accuracy of N fertilizer recommendations has important water quality implications. Fertilizer N 

application in excess of crop need dramatically increases residual N in the soil profile at the end of the 

growing season and following spring. 

• Excess residual NO3 in the soil profile in the fall is likely to move into ground or surface waters in humid 

regions. Accurate fertilizer N recommendations can reduce residual N in the soil profile. On the other hand, 

underapplication of fertilizer N is costly to the farmer. It is evident that the costs of N fertilizers are returned 

many times over the value of the increased grain yield. 

• Fertilizer recommendations must balance 

• the risk of overapplication → leaching to water resources 

• the risk of underapplication → reduction in the profitability of the farmer. 

• Strategies for reducing nitrate losses have been also developed, including 

• the growing of over-winter cover crops, 

• the management of crop residues, 

• the management of livestock manures, 

• the more accurate estimation of fertilizer-N inputs to arable and grass crops. 

Diagnosis and Recommendation Integrated System (DRIS) 

The Diagnosis and Recommendation Integrated System (DRIS) was developed and introduced by Beaufils 

(1961). The DRIS was developed to determine 

• The concentrations and interrelations of essential nutrient elements in crops 

• The soil nutrient levels and conditions of cropping related to optimum plant growth and the highest yield 

levels. 

From the 1970’s, DRIS norms have been developed for many crops, including corn, soybean, wheat, sugarcane, 

potato, alfalfa, sweet cherry and others. The DRIS approach allows the relative ranking of the nutrient element 

from the most to the least deficient and calculates an index based on the sum of the positive and negative values 

found. The system is based on the premise that with optimum concentrations of a nutrient, the yield level may 

be high, medium or low, depending on the factors affecting it. These factors include 
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• Availability of other nutrients, 

• Soil characteristics, 

• Plant population density, 

• Water supply level, 

• Temperature, 

• Weeds, insects, diseases, 

• Cultivation practices. 

Estimation of optimum fertilizer rates 

The following steps are generally accepted and followed for estimation of optimum fertilizer rates: 

Identification of site category → based on main agro-ecological site characteristics 

Estimation of crop target yield t ha-1 (see Table 1) 

Evaluation of soil nutrient status based on laboratory determinations and sufficiency ranges from tables (humus 

% → level of N supply, AL-P2O5 → level of P supply , AL-K2O → level of K supply) 

Estimation of crop specific requirement for unit yield, see Table 1 (e.g. kg t-1) Correction is needed depending 

on soil nutrient level: a.) rates may be reduced at good sufficiency ranges b.) rates may be increased at low 

nutrient supply level 

Calculation of nutrient (expressed in active agent) requirement of target yield Requirement = crop specific 

requirement for unit yield x planned yield level (t/ha) 

Corrections (based on factors modifying nutrient requirements i.e. manure, pre-crop residue incorporation, 

irrigation etc.) 

Calculation of fertilizer requirement (NPK kg ha-1) 

Calculation of nutrient balance = INPUTS - OUTPUTS 

SUGGESTED STEPS : 

STEP 1: Information from Soil Testing (Laboratory Analyses) 

STEP 2: Estimation of crop target yield t ha-1 (see Tables in Manuals ) 

STEP 3: Evaluation of soil nutrient status based on laboratory determinations and sufficiency ranges fom tables 

(see Manuals) 

(humus % → level of N supply, AL-P2O5 → level of P supply , AL-K2O → level of K supply) 

STEP 4: Estimation of crop specific requirement for unit yield, see Table 1 (e.g. kg t-1) 

Correction is needed from average depending on soil nutrient level : 

a.) rates may be reduced at ’good’ and ’very good’ sufficiency ranges 

b.) rates may be increased at low nutrient supply level 

STEP 5: Calculation of nutrient (expressed in active agent) requirement of target yield Requirement = corrected 

nutrient requirement for unit yield x planned yield level (t/ha) 

STEP 6 : Corrections (based on factors modifying nutrient requirements i.e. manure, pre-crop residue 

incorporation etc.) 
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1. Correction based on Pre-Crop 

Papilionaceae crops → N requirement may be reduced 

Annual crop reduction : 30 kg N/ha 

Perennial crop (e.g. alfalfa) : 

year 1 → reduction: 50 kg N/ha 

year 2 → reduction: 30 kg N/ha 

2. Incorporation of crop residues → K requirement may be reduced (e.g. corn, sunflower) 

Corn stalks → reduction: 5-10 kg K2O per tons corn grain yield 

Sunflower stalks → reduction: 20-30 kg K2O per tons sunflower(achene) yield 

Wheat straw → reduction: 5-10 kg K2O per tons wheat grain yield 

STEP 7 : Calculation of fertilizer requirement (NPK kg ha-1), see Table 2 

STEP 8 : CALCULATION OF NUTRIENT BALANCE = INPUTS - OUTPUTS 

a.) Good Agricultural Practices are "practices that address environmental, economic and social sustainability for 

on-farm processes, and result in safe and quality food and non-food agricultural products" (FAO COAG 2003 

GAP paper). 

Based on the Regulations, farmers must follow the Guidelines of „Good Agricultural Practices” in the EU (FVM 

156/2004 issued by the Ministry of Agriculture and Rural Development in Hungary). 

Table 40 Nutrient requirement of selected crops kg t-1 
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Table 41 Nutrient requirement (kg t-1 ) and estimated yield (t ha-1) of selected crops 
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Table 42 Conversion factors of active agent used in calculation of fertilizer requirement for most common 

fertilizer products 

 

1. Study Questions (15) 

1. What are the main steps in the estimation of optimum fertilizer rates? 

2. Why should we include the information on soil nutrient status in estimating the optimum rates of fertilizers? 

3. What are the most important correction factors in estimating the optimum rates of fertilizers? 
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Chapter 12. Nutrient Management 
Glossary 

Absorption: A process in which a substance is taken into something, such as a plant cell or structure by either 

and active (biological) or passive (physical or chemical) process. 

Absorption, active: Movement of ions and water into the plant root as a result of metabolic processes by the 

root, frequently against an activity gradient. 

Absorption, passive: Movement of ions and water into the plant root as a result of diffusion along a gradient. 

Adsorption: The attachment of a substance to the surface of another substance. The attraction of ions or 

compounds to the surface of a solid. Soil colloids adsorb large amounts of ions and water. 

Agronomy: Crop production and soil management including both theoretical and practical aspects. The 

scientific management of land. 

Ammonification: The process whereby ammonia-N is released from organic compounds containing N, resulted 

by microbial activity. 

Ammonium fixation: The entrapment of ammonium ions by clay minerals or organic fractions of the soil in 

forms that are insoluble in water and at least temporarily nonexchangeable. 

Anion: Negatively charged ion; during electrolysis it is attracted to the positively charged anode. The number of 

minus (-) sign indicates the number of electrons the compound will give up. 

Available nutrient: That portion of any element or compound in the soil that can be readily absorbed and taken 

up by growing plants. (“Available” should not be confused with “exchangeable.”) 

Biomass: The amount of living matter in a given area. 

Bulk blending: Mixing dry individual granulated fertilizer materials to form a mixed fertilizer that is applied 

promptly to the soil. 

Cation: A positively charged ion; during electrolysis it is attracted to the negatively charged cathode. The 

number of plus (+) sign indicates the number of charge. 

Cation exchange: The interchange between a cation in solution and another cation on the surface of any 

surface-active material such as clay or organic matter. 

Clay mineral: Naturally occurring inorganic material (usually crystalline) found in soils and other earthy 

deposits, the particles being of clay size, that is, < 0.002 mm in diameter. 

Crop rotation: A planned sequence of crops as a succession on the same field (area) i.e. a reverse of a 

continuous culture of one crop (monoculture). 

Denitrification: The biochemical reduction of nitrate or nitrite to gaseous nitrogen, either as molecular nitrogen 

or as an oxide of nitrogen. 

Desorption: The release of adsorbed ions from surfaces. 

Diffusion: The transport of matter as a result of the movement of the constituent particles. The intermingling of 

two gases or liquids in contact with each other takes place by diffusion. 

Dryland farming: The practice of crop production in low-rainfall areas without irrigation. 

Essential Elements: (1) Chemical elements (nutrients) necessary for higher plants to complete their life cycle. 

Also, refers to the requirements established for essentially by Arnon and Stout in 1939 
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Essential Nutrients: (2) required by the plants for normal growth and development and not replacable in their 

function by another are referred essential. 

Erosion: (1) The wearing away of the land surface by running water, wind, ice, or other geological agents, 

including such processes as gravitational creep. (2) Detachment and movement of soil or rock by water, wind, 

ice, or gravity. The following terms are used to describe different types of water erosion. 

Fertility, soil: The quality of a soil that enables it to provide essential chemical elements in quantities and 

proportions for the growth of specified plants. 

Fertilizer: Any organic or inorganic material of natural or synthetic origin added to a soil to supply certain 

elements essential to the growth of plants. The major types of fertilizers include Bulk blended fertilizers: Solid 

fertilizer materials blended together in small blending plants, delivered to the farm in bulk, and usually spread 

directly on the fields by truck or other special applicator. 

Granulated fertilizers: Fertilizers that are present in the form of rather stable granules of uniform size, which 

facilitate ease of handling the materials and reduce undesirable dusts. Liquid fertilizers: Fluid fertilizers that 

contain essential elements in liquid forms either as soluble nutrients or as liquid suspensions or both. 

Mixed fertilizers: Two or more fertilizer materials mixed together. May be as dry powders, granules, pellets, 

bulk blends, or liquids. 

Fertilizer requirement: The quantity of certain plant nutrient elements needed, in addition to the amount 

supplied by the soil, to increase plant growth to a designated optimum. 

Fixation: (1) the process by which nutrient elements in the soil are converted from a soluble or exchangeable 

form to a much less soluble or to a nonexchangeable form; for example, potassium and ammonium ions (in the 

interlayer sites of clay minerals) and phosphate “fixation.” (2) For elemental nitrogen: process by which gaseous 

elemental nitrogen is chemically combined with hydrogen to form ammonia. 

Foliar diagnosis: An estimation of mineral nutrient deficiencies (excesses) of plants based on examination of 

the chemical composition of selected plant parts, and the color and growth characteristics of the foliage of the 

plants. 

Green manure: Plant material incorporated with the soil while green, or soon after maturity, for improving the 

soil. 

Halophyte: A plant that requires or tolerates a saline (high salt) environment. 

Hidden hunger: Nutrient deficiency without visible symptoms (yield decrease is obvious) 

Humus: More or less stable fraction of the soil organic matter remaining after the major portions of added plant 

and animal residues have decomposed. Usually it is dark in color. 

Immobilization: The conversion of an element from the inorganic to the organic form in microbial tissues or in 

plant tissues, thus rendering the element not readily available to other organisms or to plants. 

Isotopes: Two or more atoms of the same element that have different atomic masses because of different 

numbers of neutrons in the nucleus. 

Liebig’s law of Minimum: The growth and reproduction of an organism are determined by the nutrient 

substance (oxygen, carbon dioxide, calcium, etc.) that is available in minimum quantity, the limiting factor.  

Lime requirement: The mass of agricultural limestone, or the equivalent of other specified liming material, 

required to raise the pH of the soil to a desired value under field conditions. 

Loam: The textural class name for soil having a moderate amount of sand, silt, and clay. Loam soils contain 7-

27% clay, 28-50% silt, and 23-52% sand. 

Loamy: Intermediate in texture and properties between fine-textured and coarse-textured soils. Includes all 

textural classes with the words loam or loamy as a part of the class name, such as clay loam or loamy sand. See 

also loam; soil texture. 



 Nutrient Management Glossary  

 99  
Created by XMLmind XSL-FO Converter. 

Luxury consumption: The intake by a plant of an essential nutrient in amounts exceeding what it needs. For 

example, if potassium is abundant in the soil, alfalfa may take in more than it requires. 

Lysimeter: A device or field plot for measuring percolation and leaching and evapotranspiration losses from a 

column of soil under controlled conditions. 

Macronutrients: A chemical element necessary in large amounts (usually 50 mg/kg in the plant) for the growth 

of plants. Includes C, H, O, N, P, K, Ca, Mg, and S. (“Macro” refers to quantity and not to the essentiality of the 

elements.) See also micronutrient. 

Micas: Primary aluminosilicate minerals in which two silica tetrahedral sheets alternate with one 

alumina/magnesia octahedral sheet with entrapped potassium atoms fitting between sheets. They separate 

readily into thin sheets or flakes. 

Micronutrients: A chemical element necessary in only small amounts (<50 mg/kg in the plant) for the growth 

of plants. Examples are B, Cl, Cu, Fe, Mn, and Zn. (“Micro” refers to the amount used rather than to its 

essentiality.) See also macronutrient. 

Mineralization: The conversion of an element from an organic form to an inorganic state as a result of 

microbial decomposition. 

Mineral soil: A soil consisting predominantly of, and having its properties determined predominantly by, 

mineral matter. Usually contains <20% organic matter, but may contain an organic surface layer up to 30 cm 

thick. 

Montmorillonite: An aluminosilicate clay mineral in the smectite group with a 2:1 expanding crystal lattice, 

with two silicon tetrahedral sheets enclosing an aluminum octahedral sheet. Isomorphous substitution of 

magnesium for some of the aluminum has occurred in the octahedral sheet. Considerable expansion may be 

caused by water moving between silica sheets of contiguous layers. 

Necrosis: Death associated with discoloration and dehydration of all or parts of plant organs, such as leaves. 

Nitrification: The biochemical oxidation of ammonium to nitrate, predominantly by autotrophic bacteria. 

Nitrogen cycle: The sequence of chemical and biological changes undergone by nitrogen as it moves from the 

atmosphere into water, soil, and living organisms, and upon death of these organisms (plants and animals) is 

recycled through a part or all of the entire process. 

Nitrogen fixation: The biological conversion of elemental nitrogen (N2) to organic combinations or to forms 

readily utilize in biological processes. 

Nutrient: Essential elements required for growth and development of plants (crops) 

Nutrient cycling: Circulation (transformation) of nutrient elements in the soil-plant-atmosphere system. 

Organic fertilizer: By-product from the processing of animal or vegetable substances that contain sufficient 

plant nutrients to be of value as fertilizers. 

Plant nutrition (Crop nutrition): a.) biological characteristics of plants, i.e. nutrient uptake b.) supply of 

essential as well as other elements on the growth and well-being of plants. 

Rhizosphere: The immediate vicinity of plant roots in which the abundance and composition of the microbial 

population are influenced by the presence of roots. 

Top dressing: An application of fertilizer to a soil after the crop stand has been established. 
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