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Introduction 
 

The aim of the practice of Natural Sciences Knowledge (Soil Science and Agricultural 

Chemistry) is: 

 

 Students get knowledge about the soils in field, on-site exercises! 

 The results obtained in practical lesson should be evaluated at the end of each practice. 

 Compare the different soils based on their individual properties! 

 Students get knowledge about the determination of soil fertility (mainly phosphorus and 

potassium supply of soil) and nutrient content of plant tissue. 

 Students get knowledge about physical and chemical properties of mineral fertilizers. 

 Students get practice in making solutions with different concentrations (ratio of dissolved 

material, importance of water quality). 

 At the end of the exercises, the students give a one-page evaluation based on the test 

results. 

 Within the available practical time, laboratory examination is compulsory for students! 

 

 

 

The aim of the practical education: 

 

Students have to get knovledge about the more important physical and chemical properties of soil. 

In possession of soil analysis results students have an opinion on the soil condition 

(contamination, degraded properties). Learn about those properties that affect soil fertility (1-7 

lectures and exercises). 

In the frame of lectures and laboratory exercises of Agrochemistry (8-14), soil fertility, plant 

nutrient contents are examined and evaluated. Students get knowledge about the method of 

nutrient supply and nutrient balance in plant production, as well as assess other factors affecting 

soil fertility. 

 

Instructions for solving the task 
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Note book is available for students, as well as the supervisor’s instruction of practice related to the 

subject. Students can independently examine the individual parameters. 

At the end of each practical lesson, the students present the results of examination, which the 

supervisor examines separately. If necessary, the teacher draws attention to the mistakes that can 

be corrected in practice. In the last part of each exercise, the supervisor gives a comparative 

assessment for students. 

At the end of practical lesson, students prepare a one or two pages summary of the studied topics, 

summarize the results of measurement, which have to briefly evaluate in text. 
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Exercise 1.  Soil profil and soil sampling 

 

On the first field practice, the student obtains direct information about the soil. 

The student prepares in advance about the sampling objectives and on the on-site examination. 

After exploring the soil profile, the student determines the individual soil layers considering the 

colour, texture, and residue (sediment). Determine the depth of the humus layer, the presence of 

lime, if it is positive the thickness of the lime layer also measured. 

Then perform the on-site soil tests (finger test, kneading, (rubbing), twisting test - texture test, pH 

measurement, lime state, phenolphthalein alkalinity).  

A short description of the soil profile is made according to the sampling protocol. The protocol is 

attached! 

Then soil samples have to be taken from the individual soil levels according to the protocol. 

Soil samples have to prepare for laboratory testing (remove plant and root residues, drying, and 

grinding the soil). 

Along the six practical lessons they determine some of the most important physical and chemical 

properties of the soil. 

 

Purpose of the exercise:  

 To gain knowledge about the soil in the field.  

 Explore the soil profile independently and carry out the on-site, informative and estimating 

soil tests! 

 Collect soil samples for further testing! 

 

Required knowledge: 

 For the site sampling the students must be prepared in advance.  

 The knowledge learned from previous studies need to look at.  

 The student will meet with the basic concepts in the lectures and practical lessons. In the 

field the students have to face real practical tasks, and carry out on-site tests independently. 

 

Exercises: 
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Select the place for the soil sampling and explore the soil profile. 

Determine the soil levels considering the colour, texture, and residue (sediment). 

Determine the depth of the humus and the level of lime appearance, if there is in the soil profile. 

Then perform the field investigations (finger test, kneading, twisting test - texture test, pH 

measurement, lime state, phenolphthalein test). 

Fill out the sampling report on the soil profile! 

Take the soil samples from each soil level! 

Prepare the soil samples for laboratory testing (drying, grinding the samples, taking into boxes, 

writing on the box the sampling time and place, the depth of soil layer)! 
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The number of 
the field:

The number of 
the profile:

Phenolphthalein 
alkalinity:

Deep of ground-
water:

code cm

50

100

150

200

250

Location of the soil profile:

Name of soil: Performed on-site soil testing:

Name of plant (crop, weed):

Description of the relief of the environment:

On-site soil inspection report

Morphological description of the profile

sign of 
the 

genetic 
level

Sample
Schematic 

drawing of the soil 
profile

Venue: Time of sampling:

Color, texture, structure, moisture, effervescence, 
phenolphthalein alkalinity, excretion (CaCO3, Fe, 

CaSO4…) root and transition

Humus layer 
thickness:

Deep of soil 
profile:

………….………. cm ………….………. cm

Deep of carbonate 
layer

………….………. cm ………….………. cm ………….………. cm
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Exercise 2.  Soil texture. Clay and silt content, plasticity according to Arany, concept of 

hygroscopicity, five hours water lifting capacity 

  

The mechanical composition of soils: the percentage distribution of the primary mineral content of 

the solid phase by size in a given soil. Grouping of primary minerals are followed by particle size 

according to Atterberg (diameter in mm):  

Stone, gravel > 2mm, coarse sand 2 - 0.2mm, fine sand 0.2 - 0.02mm,  

silt (and sludge) 0.02 - 0.002 mm, clay < 0.002 mm. 

 

Soils are placed in textural classes on the bases of the proportions by weight of the above 

mentioned fractions. The classes can be shown in a triangular diagram.  

The physical soil texture (texture, tissue) of the soils is an expression of the mechanical 

composition. It shows the proportion of different sizes of particles in the soil.  

 

The following physical soil textures are known:  

coarse sand,  

sand,  

sandy loam,  

loam,  

clay loam,  

clay,  

heavy clay. 

 

The texture of the soils is a permanent soil property over a long period of time; it determines 

the water management properties of the soils, and shows correlations with the air, heat and 

nutrient management of soils. It has an impact on the plasticity, compressibility and cultivation of 

soils. It also affects the adsorption conditions and thus the chemical properties of the soils.  

For the determination of soil texture, different methods are used (clay and silt %, 

hygroscopic value, plasticity index according to Arany (KA), five-hour water lifting capacity) and 
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the soils can be classified on the basis of the values obtained. We can determine the total 

mechanical composition of the soils by dry and wet sieving. 

  

Measurements of silt and clay content of the soils (the diameter of solid particles < 0.02 

mm) are measured by settling method, based on the sedimentation rate of the soil particles. 

The determination of the plasticity index according to Arany is based on the principle 

that, until a certain degree of plasticity is reached, the soils adsorb different quantity of water, 

depending on the quantity of silt and clay content. The more clay and silt (or sludge) fraction is in 

the soil, the more water can bind on the soil to reach the same plasticity. The amount of water to 

be added to 100 g soil up to the upper limit of plasticity is determined during the test. 

 

The hygroscopicity of soils is the ability of the soils to absorb water vapor from their 

environment. The essence of the study is that the more water vapor can be absorbed by a soil - 

from a given relative humidity-, the higher specific surface area of solid face (e.g. high clay 

content). In practice in Hungary, the hygroscopicity of the soils is measured by Sík in exsiccator, 

where the relative humidity is 32.2% (hy1,). 

 

 The water lifting capacity of soils is measured in a capillary glass tube filled by soil. The 

soil column is set in water over 5 hours (mm/5 hours) and the height of water lift (mm) is 

measured in the column. The lower the water level is in the soil, the more clay content of the soil. 

 

 

Evaluation the measurements of soil type by rapid tests 

 

Texture 

Plasticity 

by Arany, 

KA 

Hygroscopicity 

by Sík, hy1 

Clay and 

silt content 

(%) 

5 h/water 

lifting 

capacity 

(mm) 

Coarse sand,  

blow sand 
< 25 < 0,5 0 - 10  

300 < 

Sand 25 - 30 0,6 - 1,0 11 - 25  
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Sandy loam 

(easy loam) 
30 - 37 1,1 - 2,0 26 - 30  250 - 300 

Loam 37 - 42 2,1 - 3,5 31 - 60  150 - 250 

Clay loam 

(heavy loam) 
42 - 50 3,6 - 5,0 61 - 70  75 - 150 

Clay 50 - 60 5,1 - 6,0 71 - 80  40 - 75 

Heavy clay 

(or salty clay) 
60 < 6,1 < 81 - 90  <  40 

 

 

Purpose of the exercise: to measure the different physical soil parameters and finally determine 

the texture of the collected soil sample. 

 

Required knowledge: to know the concept of soil texture, as a complex and sub parameter, which 

affects other soil properties. 

 

Exercises: 

 

What is the size of the particles that build up the mineral particles of the soil? 

What are soil texture, mechanical composition, and physical soil type? 

How do we determine the texture of the soil? Measure and evaluate them! 

The soil have a value of KA: 40, the silt and clay content: 38%, which textile groups it belongs to? 

What is the sand content of the soil, if the silt and clay fraction is 25-25%? 

Why is it important to know the soil texture? 

 

 

Exercise 3. Bulk density and particle density, porosity 

 

Dry Bulk Density (ρ): dry mass of soil including its natural pores, with a unit volume 

dried at 105 °C. Unit of measurement: g / cm3, kg / dm3, t / m3, values: 0.8-1.7 g / cm3, average 

value: 1.45g /cm3.  
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Particle Density (ρm): the volume of known mass of dried (at 105 °C) soil material, (only 

solid constituents) has to be found. Unit of measurement: g/cm3, kg/dm3, t/m3, values: 2.6-2.7 

g/cm3, average value: 2.65 g/cm3. 

 

Bulk density (ρ) = mass of the soil particles in 1cm3 of natural soil with pores 

 Particle density (ρm) = mass of the solid particles of soil whose volume is 1 cm3 

  

The bulk density of the soils depends primarily on the air content of the soils, the greater the 

amount of air contained in the soil, the lower the bulk density and vice versa. The soil tillage and 

cultivation are greatly influences the bulk density, after soil tillage, the unit volume of the soil is 

decreased, becomes airy. Subsequently, when the soils are compacted the bulk density of the soil 

becomes larger. The particle density regardless of the soil texture of sand, loam or clay, can be 

considered constant. 

The pore system of the soil is the space between the elemental solid particles and the structural 

elements (aggregates) formed from particles. The por system is filled with water and air in the unit 

of soil with natural structure. The pore system of the soil can be describes with the total volume of 

pores, it is the total porosity, and the size distribution of the pores (differentiated porosity). 

The pores paces in the unit volume of the undisturbed, original structure of soil are called the total 

porosity; it is expressed as a percentage. This is the total volume of the soil pores. Values: 35-

70%. Preferably it is 50-60%. 

The volume of pores per unit volume of soil is called porosity. Total porosity can be 

determined by calculation. Calculating the porosity by knowing the bulk density and particle 

density of soil is possible using the following formula: 

 

     

 

Different sizes of pores are distinguished in the soil; they have a great importance for the 

water and air management of soils. Pores can be classified according to their function. 

the adsorption (residual) pores pace is < 0.2 µm,  

the capillary (transmission) pore space is between 0.2-10 µm,  
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the capillary-gravitation pore space is between 10-50 µm  

the gravitational pore space is > 50 µm. 

 

Capillary (transmission) pore spaces are the most valuable pores for plants and microbes in 

terms of air and water management. 

In sand textured soils, the larger size gravity pores are dominat, while the small 

adsorption (residual) pore space is dominat in clay soils. In the loam soils, the capillary 

(transmission) spaces are characteristic. The optimum water / air ratio for the pore space is 

70:30%. 

 

Purpose of the exercise: to measure the bulk density and calculate/determine the porosity of soil 

with the help of knowing the average value of particle density.  

 

Required knowledge: to know the concept of bulk density, particle density, porosity; the 

different relationships between bulk density and the water-, air management of soils. 

 

 

 

 

 

Exercises: 

Determine the bulk density of your soil! 

Calculate the total porosity of the soil if its bulk density is (ρ) =1.45 g/cm3: particle density (ρm) = 

2.65 g/cm3. 

Please, sort/rank the soils on the bases of the increasing bulk density: clay, loam and sand!  

On the bases of increasing value of bulk density set the different soils in increasing order: freshly 

cultivated soil, soil cultivated a year ago and samples taken from the tractor's trunk! 

What size spore spaces do you know?  

What is the role of pores of different sizes? 
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Exercise 4. Water management of soil 

 

Soil water management plays an important role in soil fertility. Water has important roles 

in the soil, as a solvent a reagent and as a transport medium. It takes part in the prosesses of 

weathering, soil formation and soil degradation with the help of physical, chemical and biological 

processes. Water management can be characterized by the amount of the water, its flowing 

through the soil, spatial and temporal changes in the soil. Soil fertility is fundamentally influenced 

by: soil moisture content, water movement in the soil, and chemical composition of water. 

Water bonding in soil. The interaction between the solid phase and water is due to 

adsorption (adhesion) and capillary forces. Adhesion moisture, it is molecular attraction that 

holds the water on the soil surface, forms a thin film, but the effect of fixing power is decreasing 

depending on the growing distance from the surface. The capillary water retention and water 

lifting capacity can be interpreted as the effect of adhesion and the cohesion power between water 

molecules. 

 

The forms of water capacity are the percentage of soil moisture content that the soil can hold 

or store under different conditions.  

The following water capacity is discussed: 

1. Field water capacity (WCfield): the moisture content of soil, that in natural circumstances 

the soil can hold againt gravitational power; 

2. Maximal water capacity (WCmax): soil pores are saturated totally ( 100%) by water;  

3.  Minimal water capacity (WCmin): The moisture content of soil when the soil water has 

no influence on the soil layer; 

4. Capillary water capacity (WCcap): moisture content of the soil layer satured by capillary 

chanel (path) 

We have to speak about the “dead water” (DW), this is wilting point for the plant, it is the 

percentage of soil moisture which is held so strongly, that plants are not able to absorb. The 

Plant-available Water (Disponibility Water) is a portion of the stored water which can be 

absorbed fast enough by plants, soil moisture held with the water potential between 1/3 - 15 bars. 
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Minimal water capacity = dead water + plant-availabe water. Moisture content of soil is 

measured by gravimetric method, when the wet soil sample is weighed, after drying it in an 

oven at 105oC is weighed again. 

  

Calculation of soil water content using gravimetric method 

Moisture content of soil is given in mass water percentage (Pm), calculated with the mass water 

content. 

water percentage % = 100x
soildry

weightsoildryweightsoilwet 
 

Determination and expression of soil moisture content in different units 

 

1. moisture content (MC) in gramm = wsw – dsw 

mc: water content (g) 

wsw: wet soil weight (g) 

dsw: dry soil weight (g) 

2. MCm %: moisture percentage in mass 

[(wsw – dsw)/dsw] x100 

3. MCv:  moisture percentage in volume 

MCv% = MCm % x bulk density (1.3g/cm3) 

4. MC in mm = thickness of soil/10 x MCv% 

5. MC in m3/ha /x cm soil layer 

MC in m3/ha = MC in mm* 10 

6. RW% (Relative Water) = MCv% / P%) * 100 

7. RA% (relative air) = 100 - RW% 

 

Calculation of the water deficiency and irrigation water needs in the soil 

1. Water deficiency % = Minimum water capacity- moisture content at the time of the test 

WDv%= WCmin-MC current 

2. Water deficiency in mm/ x cm layer = x/10* Water deficiency% 

WD mm/x=x/10*WD% 
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3. Need for irrigation water/m3/ha= Water deficiency in mm/ x cm layer*10+30% due to the 

total losses of water 

IWm3/ha= WD mm/x *10 + the previous value of 30 % 

 

Purpose of the exercise: to exam the soil moisture content, to determine the various water 

capacities of soil, to understand the importance of water management  

 

Required knowledge:  

To know the relationships between water management and other features of soils;  

Describe the water forms in the soil; 

Calculate the water deficiency and need of irrigation water in the soil. 

 

Exercises: 

1. The mass of the wet soil is 84 g before drying and 72 g after drying. The soil bulk density 

is 1.5 g/cm3; the moisture content calculation is performed on the top 30 cm of the soil! 

Calculate the soil moisture of soil in MCm%, MCv%, in MC/mm and MC in m3/ha? 

2. What is the water saturation of the pores, if the particle density = 2.6g/cm3, bulk density is 

1.5 g / cm3, MCv% = 25%?  

3. How much does ideal water air ratio in the pores? 

4. How many m3/ha irrigation water is needed, if the value of WCmin is 30%, the moisture 

content of layer at time of irrigation is: 25%; and I want to irrigate a depth of 30 cm? 

 

Exercise 5. Soil Structure 

 

The term of “soil structure” can be explaned by two ways in which the individual solid 

particles are bound together different sizes and forms of aggregates, or peds. The primary 

elementary particles that build up the soil are stuck together, then they are assembled into larger 

secondary, tertiary, multidisciplinary sets, aggregates and show a specific spatial location. And 

also means the pores between the created aggregates and peds. 
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The structure of the soil is formed by mineral particles with a diameter > 2 µm (0.002 

mm), sand and silt particles. Mineral and organic colloids with size of < 0.002 mm are playing as 

bonding material, these can be clay minerals, organic materials, humic and non-humic substances, 

iron, aluminum and manganese hydroxides, lime (CaCO3), metabolits of microorganisms 

(bacteria, fungi) and excrement of animals, (eathworms). Structural stability seems to depend 

mainly on clay content and types of organic material content, sesquoxide content and distribution 

of the mentioned factors. 

 

The structure of the soil can be morphologically evaluated on the basis of the structural 

forms and the development of the structure (strongly, moderately, poorly developed, without 

structure).  

From an agronomic point of view, the soil structure can be dusty: < 0.25mm, crumbs: 

0.25 – 10mm, or coarse > 10mm. Unfavourable processes may accur in the soil, when the 

structure is deteriorating (crumbs, lumps) in the soil. 

When studying the waterproofness of the soil structure, we can determine the stability of 

the structural elements against the disintegrating effect of water, which depends on the amount of 

organic and inorganic materials (holding together the structural elements) and the cations adsorbed 

on their surface. The quantity of the waterproof crumbs is about 80% in the case of Chernozem 

soils while it is ≤ 5% in salt affected soils. 

 

 When determining the soil structure, the shape, size and arrangement of the structural 

elements are also taken into account. Three large groups are distinguished on the bases of spatial 

extent.  

 

Cubic: approximatly equally developed (crumbly, grainy, walnut, lumpy, polyhedral); 

Columnar: weakly developed in two directions; and well developed vertically in one direction 

(columnar); 

Plate-like: well developed in two directions (horizontally), and weakly developed in one direction 

(leafy, plate-like, layered).  
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 The crumbly soil falls into a few mm diameter spherical, multi-pore aggregate by the 

effect of mild pressures. Loosely matched structural elements are characterized by rounded edges 

and surface in the crumbly soil structure. From an agronomic point of view, the most favorable 

structure is found in Chernozem and brown forest soils. Grainy structure is more compacted than 

the crumb structure. The shape of the granules is characterized by the alternation of the curved and 

the flat surfaces. Narrow pores dominate in the granules; this type of structure can be found in the 

B level of Ramann's brown forest soils, in the plowed layers of meadow chernozem and meadow 

soils. 

The process of structural construction in soil are promoted by the tufted root of 

grasses, the humus, non-humus-like organic matter of the soil, the humic substances of the soil, 

the activity of mineral colloids, bacteria, fungi, eathworm, and the proper cultivation of the soil. 

Several factors contribute to the degradation of the soil structure; these are the intensive soil 

use, lack of necessary soil amelioration, extreme water management of soils, and excessive tillage. 

 

Purpose of the exercise: to exam the soil structure, to determinethe water resistance of structural 

elements, to understand the degradation of soil structure  

 

Required knowledge:  

Know the relationships between structure of soil and other features of soils.  

How to defend the soil structure? 

How to improve the structure for a long time? 

Exercises: 

What is soil structure concept? 

What kind of aggregates do you know? What kind of are in your soil? 

What kind of stick materials is involved in the formation of aggregates? 

What does the water resistance mean of soil crumbs?  

How can we determine the waterproofness of the crumbs? 

Determine the water resistance of structural elements in the soil! 

What is the difference between soil crumbs and grainy? 

What does the structural soil and soil degradation mean?  

Set up the incubation experiment with your own soil sample for the fifth practical lesson!  
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A) Experiment: Determine the content of nitrate nitrogen at the beginning of incubation and after 

14 days incubation period. The difference between the two values gives for us the net nitrification 

of the soils (net nitrification)! The seventh exercise is used to measure nitrate exploration 
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Exercise 6. Soil reaction (pH), and parameters influencing the soil pH 

 
Soil pH is one of the major chemical properties of soils. 

• Soil parameters related to soil pH 

In acidic soils the forms of soil acidity can measure: hydrolytic and echangeable acidity, 

In alkaline soils: lime and / or soda content and salinity can measure. 

• Redox conditions: depends on the oxygen supply of the soil air.   

• Organic and mineral management of soils; 

• Soil colloids. 

 

Soil pH is the negative logarithm of the hydrogen / hydroxonium ion concentration of the 

soil in aqueous suspension. Soil pH is measured in 1: 2.5 soil: water / 1N KCl suspension. The 

soils are classified according to the pH of the aqueous suspension: 

 

Grouping soil according to their pH in water suspension 

 

Grouping soils pH values  

strongly acid  < 4,5  

acid  4,5-5,5 acid 

slightly acid 5,5-6,8  

neutral 6,8-7,2 neutral 

slightly alkaline 7,2-8,5  

alkaline  8,5-9,0 alkaline 

strongly alkaline > 9,0  

 

When the pH of the soils in the distilled aqueous medium is < 5.8 or there is a larger difference 

between pH in destilled water and M KCl suspension, in this case the hydrolytic acidity (y1) 

should be determined. Based on the hydrolytic acidity value, we can calculate the requirement 

quantity of lime improving material. When the pHH2O of the soils is < 4.5 the exchangeable 



  
  
 
 
 

 

20 
 

acidity (y2) must be determined. The natural process of our neutral and acidic soils is the soil 

acidification, which is partly due to the human activities. So we have to regularly should be 

monitored the changes of soil conditions. 

 

Calculate the amount of lime improving material on the bases of y1, when: 

 

• y1 < 4 no soil improvement required; 

• y1 4-8 soil improvement is only required if the plant culture is sensitive on soil acidity;  

• y1 > 8 soil improvement is recommended/compulsory in all cases. 

Ca CO3 t / ha = y1 * (KA / 100) * 1.74 (KA = plasticity according to Arany) 

 

Forms of soil acidity 

 

1. Solvent acidity expresses the active acidity of the soil by the pH value, in suspension of 

distilled water (pH H2O).  This is the pH in KCl or pH CaCl2. 

 

2. Surface acidity (potential)  

In the acid soil, most of H+ is associated with colloids. However, with the changes of the 

circumstances, they may appear in the soil solution, with increasing its acidity. Therefore, this 

form of acidity is called hidden (potential) acidity. The titratable acidity can be: 

 Hydrolytic acidity (HAC) from Ca-acetate extract 

 Exchangeble acidity (EAC) from KCl extract. 

 

The alkalinity of the soil is caused by anions in equilibrium with alkaline metals and earth metals. 

When the soil is pH > 8.2, we refer to phenolphthalein alkalinity caused by - OH- and CO3
2- 

anions. When at pH < 8.2, hydrogen carbonate, silicate, metasilicate, aluminat anions and other 

hydrolysis salts caused the alkalinity. 

 

Grouping of soils by their salt content, the categories:  

When the soluble salt content is < 0.1%, the soil is not salted,  

Between 0.1 and 0.25%, slightly salted,  
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Between 0.25% and 0.50% moderately saline,  

When it is > 0,5% these are salty soil. 

 

The soils can be endangered by the secondary salinisation process. One of the reasons for this 

may be the decreasing or unequal distribution of precipitation and evaporative water management. 

Secondary salinisation can occur alongside water streams, canals, when the irrigation water has a 

higher salt content than it is allowed. 

 

Purpose of the exercise: to exam the soil reaction, to determine the various parameters of soil, 

which influence on the soil pH 

Required knowledge:  

 to know the relationships between soil reaction and other features of soils (soda and lime 

or salt contant)? 

 What kind of acidity forms are in the soil? 

 How to calculate the lime doses in the case of acid soil, if it necessary to improve the soil? 

 

 

Exercises: 

 

Determine the soil pH in distilled water and KCl solution. 

Is there any difference between the two measured pH values? What could be the 

explanation/reason for this? 

Decide whether the parameters of acidity or alkalinity do you measure during the further 

examinations!  

If the soil is acidic, the lime amelioration is necessary or not?  

What parameters are required to examine when pH of the soil is alkaline? 

What are the consequences of soil acidification? 

 

Set the other incubation experiment with your own soil!  

B) Experiment: To determine the carbon dioxide emission after 7 days incubation! Exercises to 

measure carbon dioxide emissions are also practiced on the seventh practice. 
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Exercise 7.  Organic matter in the soil 

 

The organic matter of the soil is humus, non-humic organic matter and organic matter of 

the living organisms. The all content of nutrient elements in the soil is the nutrient stock; a 

significant part of nutrient cannot be utilized by plants in direct. Humus is a specifically 

transformed organic material. There are several non-humic organic matters, so carbohydrates, 

proteins, nucleic acids, fats, waxes and lignin. 

Transformation of the plant and animal residues go through different processes. The 

release of organically bound elements into mineral forms is called mineralization. 

The sum of the most important synthesizing reactions is the humification. The readily 

degradable organic substances are rapidly mineralized, but the hard-to-break compounds are 

polymerized and bound to N-containing materials a new stable compounds are createrd with high 

molecular, and dark-colore, these are the humic substances.  

The processes of humification and mineralization depend on the chemical composition of 

the organic materials, the ratio of C: N, and the temperature, water supply, aeration, pH of the soil. 

The soil processes can be characterised by dynamic changes, the mineralization takes place under 

aerobic conditions and the accumulation of organic matter dominates under anaerobic conditions. 

Common features of our most productive soils are the presence of high-quality humus, the 

presence of calcium-humate, the crumbly porous structure, and a sufficient quantity and quality of 

the available dissolved mineral nutrients. Humic substances play a decisive role in the good soil 

structure, in nutrient management of the soil, regulation of heat and water management, 

and acid/alkaline buffering capacity of soils. 

The nutrient supply capability of the soil is to supply nutrients continuously, in which 

elements bound in organic compounds are discovered, mineral nutrients are produced. The 

nutrient forms released during the processes can be directly uptaken by the plants. The presence of 

nitrate nitrogen and hydrogen phosphates is especially important. The cycle of the elements are 

realized through the biogeochemical cycle of the soil by the activities of living organisms. For 

more information on the mineral content of soils, see the Agricultural Chemistry part of this 

subject. 
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An important part of sustainable farming is that the amount nutrient input to the soil (input 

ingredients of nutrient management) and the amount of nutrients are taken from the field by 

harvest (output constituents) should be balanced during a given growing season.  

In soils where the nutrient content in the soil is not sufficient, exploration of nutrient is usually 

less - without intervention. Soils rich in nutrients, with organic matter and humus, the exploration 

may take place with significantly higher speed. Mostly physico-chemical, chemical and biological 

process takes place in the exploration. 

In spite of the rich organic matter and humus of the soil sometimes the exploration processes 

are slowly, as other processes hinder the activity of living organisms (excessive water saturation, 

high clay content, acidic reaction etc.) in the soil. 

 

Principle of determination of carbon dioxide emissions: 

100 g of soil and 10 ml of 0.1M NaOH were placed in a glass jar. The sealed glass jar is incubated 

in a 28 Co thermostat. Then, after seven days, determine the amount of carbon dioxide that is 

formed. The following process is completed!  

2NaOH + CO2 = Na2CO3 + H2O  

The amount of excess sodium hydroxide (not bound to CO2) is determined with 0.1 M HCl. We 

also calculate carbon dioxide emissions from the amount of alkali used to carbon dioxide. 

 

Purpose of the exercise:  

 To exam and the transformation of organic matter in an incubation experiments.  

 To determine the carbon dioxide and nitrate nitrogen content of the soil.  

 Intensity of organic matter degradation refers to the degree of conversion of organic 

matter. 

Required knowledge: 

 Know the measurement methods of organic matter transformation! 

 Calculate the nitrate content and the carbon dioxide emission in the case of the student’s 

soil under incubation experiments! 

 Evaluate the soil mineralization process! 

Exercises: 

Measure the carbon dioxide emission during the incubation period! 
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Determine the quantity of nitrate in the soil! 

Compare the organic matter transformation of different soil! 

Compare the own results with the results in other soil types! 

 

Exercise 8.  Calculation of concentrations of solutions, making standard solutions 

 

Purpose of the exercise: 

Students get to know the basics of making solution with different concentration units. Students 

practice making calibration solutions 

 

Required knowledge:  

Solutions contain water and dissolved material in it. The concentration of a solution can be 

expressed by different ways. It is important to understand the basic terms of solution be able to 

prepare solutions with different concentrations. 

1/ Mass percent (m/m%) 

The mass percent is used to express, when the mass of the solute and the mass of solution is given:   

Mass Percent=Mass of Solute / Mass of Solution×100% 

2/ Volume percent (v/v%) 

The volume percent is used to express, when the volume of the solute and the volume of solution 

is given:   

Volume Percent=Volume of Solute / Volume of Solution×100% 

4/ Molarity 

The molarity represents the amount of moles of solute in 1 dm3 solution.  

1M=1mol/dm3 

5/ mg/dm3 

This concentration unit is used when the volume of solution and the mass of solute is given. 

 

Examples, calculations: 

1/ Prepare 100 g of 10m/m% NaCl solution! 

Weigh 10 g of NaCl and add 90g water.  
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2/ 500cm3 solution is composed of 1g NaCl in water. What is the molarity of solution?  

The molar mass of NaCl is 58.5g 

If 58.5g is 1 molar 

then 1g      X molar 

X=0.017molar 

If 500cm3 solution contains 0.017 molar NaCl 

then 1000cm3 solution contain 0.034 molar NaCl 

The molarity of the solution is 0.034M!  

 

3/ How to make 1:5 dilution in test tube? 

Pipette 1 cm3 of stock solution and add 4 cm3 of water. Mix it. 

 

4/ How to make fifty-fold dilution of stock solution into a 50cm3 volumetric flask? 

Pipette 1 cm3 of stock solution into a flask with 50cm3 volume and make it up to mark. Mix it! 

If the dilution ratio is not so nice it is better to use dilution formula: 

C1V1=C2V2 

where: 

V1= Volume of stock solution needed to make the new solution 

C1=Concentration of stock solution 

V2=Final volume of new solution 

C2=Final concentration of new solution 

This formula is valid when the concentration is in molarity or w/v%, but it is not valid for m/m%!  

 

5/ How to make 20 dm3 of 0.5M NaCl solution with using solid NaCl?  

0.5 M means: 1dm3 contain 0.5 molar NaCl (29.25g) 

In that case the NaCl needs for making 20dm3 solution: 20*29.25g=585g. 

Weigh 585g NaCl into a pot with more than 20 dm3 volume and make it up with water to sign of 

20dm3. 

 

6/ Make 50 dm3 of a 0.25 mol/dm3 (M) solution from 9.3 mol/dm3 solution! 
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C1V1=C2V2 

(9.3 mol/dm3) (X) = (0.25 mol/dm3) (50dm3) 

X= 1.34 dm3  

We need 1.34 dm3 stock solution, and water. The final volume must be 50dm3!  

 

7/ What is the molarity of the 2 dm3 solution containing 10g of NH4NO3? 

The molar mass of NH4NO3 is 14g+4g+14g+(3*16g)=80g 

If 80g NH4NO3 is 1 molar 

then 10g is              X molar 

X=0.125molar 

 

If 0.125molar NH4NO3 is in the volume of 2 dm3 solution, 

then X      1  

X=0.0625M 

The molarity of the 2 dm3 solution containing 10g of NH4NO3 is 0.0625.? 

 

8/ What is the K+ concentration of solution (mg/dm3) with 500 ml volume containing 1.293 mg 

KNO3? 

1 molar KNO3 contains 1 molar K 

1 molar KNO3 is 39g+14g+3*16g=101 g 

If 101 g KNO3 contains 39 g K 

then 1.293 g  KNO3 contains X g K  

X=0.5 g 

If 500 ml of this solution contains 0.5 g K+ 

then 1000 ml         contains 1g=1000mg K+.  

The concentration is 1000 mgK+/dm3! 

 

9/ How to make 1, 2, 3, 5, 10, and 20 mg (KNO3)/dm3 solutions of KNO3 from 100mg (KNO3)/dm3 

stock solution?  

Pipette 1, 2, 3, 5, 10 and 20 cm3 of stock solution of KNO3 into 100 cm3 flasks and make up to the 

mark with ion exchanged water. 
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10/ Make 100 mg K+ / dm3 stock solution with KCl. How much KCl must be measured? 

Make 200 cm3 of 1, 2, 3, 4, 6, 10 mg K+/cm3 standard solutions from stock solution!.  

 

Exercise 9.  Water hardness 1. 

 

Purpose of the exercise: 

Students get to know the basics of water hardness, the importance of this quality parameter 

 

Required knowledge:  

Calcium and magnesium salts (hydrogen-carbonates, chlorides and sulphates) dissolved in water 

cause the water hardness. Hard water often produces a noticeable precipitate (insoluble metals, 

soaps or salts) in containers.  

Hardness, in German Deegres (oD) is expressed as milligrams of calcium oxide per 100 cm3 

equivalent with dissolved calcium and magnesium salt. 

The water hardness in German Deegres (oD) between 0-4 is generally considered as very soft; 4-8 

soft; 8-14 moderate hard; 14-21 hard 21- very hard.  

Rainwater is the softest of the surface waters. The hardness of lakes and rivers varies depending 

on the season. 

Their are three types of water hardness:  

1/ temporary hardness 

Temporary hardness is caused by Ca(HCO3)2 and Mg(HCO3)2. These salts can be removed by 

boiling. 

2/ permanent hardness 

Permanent hardness is caused by CaCl2, CaSO4 and MgCl2 and MgSO4. These salts can not be 

removed by boiling. 

3/ total hardness  

Total hardness is the sum of temporary and permanent hardness. 

1/ Temporary hardness 
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The calcium- and magnesium-hydrogen carbonates cause the temporary hardness. This hardness 

may be elimintated by boiling of water, because these salts transform to insoluble calcium-

carbonate. Calcium-carbonate does not dissolve in water, that is why this salt does not cause 

hardness any more.  

Ca(HCO3)2    boiling ------ CaCO3 + H2O + CO2 

Mg(HCO3)2    boiling ------ MgCO3 + H2O + CO2 

The calcium- and magnesium hydrogen carbonates cause the alcalinity of water because of their 

hydrolysis.   

Ca(HCO3)2 + H2O = Ca2+ + 2 OH- + H2CO3 

Mg(HCO3)2 + H2O = Mg2+ + 2 OH- + H2CO3 

 

The water alcalinity is expressed by the titration of 100 cm3 water with 0.1 mol/dm3 HCl solution.  

The cm3 of 0.1 mol/dm3 HCl means the alcalinity of water. 

1/ Ca(HCO3)2 + 2 HCl= CaCl2 + 2 H2O + 2 CO2 

2/ Mg(HCO3)2 + 2 HCl= MgCl2 + 2 H2O + 2 CO2 

 

If we suppose that HCl react with Ca(HCO3)2 and Mg(HCO3)2 only, the temporary hardness can 

be determined by the next way (from equation 1, 2): 

1 cm3 0.1 mol/dm3 HCl reacts with 2,8 mg CaO.  

The titration value of 0.1 mol/dm3 HCl (in cm3) has to multiply with 2.8. The result is the 

temporary hardness of water.  

If water contain much dissolved NaHCO3, this salt also reacts with HCl. In that case the counted 

temporary water hardness (as written above) might be higher than that of total hardness! 

 

Exercise:  

Pipette 50 cm3 of drinking water into Erlenmeyer flask. Repeat the measurement three times. Use 

two or three drops methyl orange indicator. The methyl orange indicator shows yellow colour in 

basic solution and red in acidic solution. Fill the burette with 0.1 mol/dm3 HCl. Begin to drop the 

HCl solution and when the indicator changes its colour, stop the titration.  Bring the water boiling 

in order to remove the CO2, which disturbs to detect the equivalent point. Cool the water and 
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continue the titration process until the indicator changes its colour again. (reddish). Repeat the 

titration process three times. Average the results of three measurements.  

Alcality of water: 2 * X cm3 of HCl * f HCl  

Temporary hardness of water (oD): Alcalinity of water * 2.8  

 

Exercise 10. Water hardness 2  

Purpose of the exercise: 

Students get to know the basics of water hardness and chemical water softening. Students gain 

laboratory skills.    

 

Required knowledge:  

Determination of total water hardness   

 

Titrimetric method is also used for the determination of the total hardness of water.  

Total hardness is the total concentration of dissolved calcium and magnesium salts and is 

expressed in CaO equivalent (mg/100 cm3). The principle of the determination of total hardness 

by titration is that calcium and magnezium form complex with ethylenediamine-tetraacetic acid 

disodium salt.  

 

Ethylenediamine-teraacetic acid 

 

Na2EDTA forms 1:1 complex in a particular pH (pH=10) with calcium and magnesium ions.  
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Eriochrome black T is used as metal indicator which gives red complex compounds with the ions 

of the alkaline earth metals and gives blue colour without forming complex. 

 During titration, the Na2EDTA form complex with the free calcium ions first, followed by the 

free magnesium ions and finally the magnesium which forms a complex with the Eriochrome 

black T indicator. The colour of indicator changes continuously as a result of the release of the 

„free” indicator. The final blue colour appeared when all indicator become free. Titrate slowly unti 

the blue colour does not change any more. This is the end of the titration. The titration is carried 

out in a solution buffered by a pH between 10.0 and 10.5 (NH4OH+NH4Cl). 

 

Exercise:  

Pipette 50 cm3 of drinking water into Erlenmeyer flask. Repeat the measurement three times. 

Pipette 0.5 cm3 0.1 mol/dm3 HCl more than used by determination of water alcalinity in order to 

eliminate hydrogen-carbonates as CO2
 by boiling the water. After cooling the solution add 5 cm3 

NH4OH+NH4Cl buffer solution and use little amount (0.1 g) of Eriochrome-black T indicator. Fill 

the burette with 0.01mol/dm3 Na2EDTA.  
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Start the titration until the final blue colour appear. Repeat the titration process three times. 

Average the results of three measurements.  

Count the total water hardness 

1 cm3 of 0.01 mol/dm3 Na2EDTA reacts with 0.56 mg CaO (equivalent Ca and Mg salt).  

2* 0.01 mol/dm3 Na2EDTA cm3 * f Na2EDTA* 0.56 

 

Exercise: 

Measure tap water, rain water 

 

Water softening 

Water softening is the removal of dissolved calcium and magnesium salts, which cause the water 

hardness. Water softening can be achieved by using chemical compounds, ion-exhange resins, 

reverse osmosis, nanofiltration. The last three methods require investment, the use of chemical 

compounds is simple and cheap method.  

 

Water softening by chemical compounds 

Water softening can be solved in simply way with the use of sodium-carbonate (Na2CO3* 10H2O). 

This compound mainly reacts with salts causing permanent hardness. 

 

CaCl2 + Na2CO3 = CaCO3 + 2 NaCl 

MgSO4 + Na2CO3 = MgCO3 + 2 NaCl 

Calcium- and magnesium-carbonates do not solve in water and they can remove by filtration.  
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As 56 g CaO reacts with 286 g Na2CO3 * 10 H2O 

than 1 mg CaO                  X mg  

X= 5.1 mg Na2CO3 * 10 H2O 

 

5.1 mg Na2CO3 * 10 H2O cause 1 German Deegres (oD) decrease in 100 cm3 water.  

 

Water softening can be solved with the use of another compound, sodium-phosphate (Na3PO4* 

12H2O). This compound reacts with salts causing temporary and permanent hardness as well. 

 

3Ca(HCO3)2 + 2Na3PO4 = Ca3(PO4)2 + 6 NaHCO3 

3MgSO4 + 2Na3PO4 = Mg3(PO4)2 + 3 Na2SO4 

 

Calcium- and magnesium-phosphates insoluble precipitates and they can remove by filtration.  

 

As 3*56g CaO reacts with 2*380 g Na3PO4 * 12H2O 

than 1 mg CaO                  X mg  

X= 4.52 mg Na3PO4 * 12H2O 

 

4.52 mg Na3PO4 * 12H2O cause 1 German Deegres (oD) decrease in 100 cm3 water.  

 

Exercise: 

How many Na3PO4 * 12H2O needs to decrease 50 dm3 water with 5 oD? 

How many Na2CO3 * 10 H2O needs to decrease 100 dm3 water with 3 oD? 

How many Na3PO4 * 12H2O needs to decrease half liter water with 2 oD? 

 

Exercise 11. Soil fertility 1. 

Purpose of the exercise: 

Students get to know the basics of making soil extract and plant available phosphorus 

determination.  
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Required knowledge:  

The total phosphorus content of soils is in the range of 0.02-0.15%. P exists both as inorganic and 

organic matter in soils, the organic P is between 20-80% of total phosphorus. From the plant 

nutrition view point the quantity of plant available phosphate fraction of soil must be important to 

know. Three main soil phosphate fractions are important: phosphate in soil solution, phosphate 

adsorbed on soil surface (labile pool) and phosphate in insoluble compound (non-labile pool). The 

phosphate in soil solution and phosphate in the labile pool are easier available for plants, but the 

non-labile fraction phosphate can be released very slowly into the labile pool. Moreover some 

phosphate of labile pool is continuously being transferred to non-labile fraction. The 

transformation processes between three phosphorus fractions are continuous.  

Phosphate is present predominantly as HPO4
2- or H2PO4

- ions in soil solution and are taken up in 

these forms by plants.  The ratio of these species is pH dependent. At pH 5, H2PO4
- exist, whereas 

at pH 9 H2PO4
- is almost absent. 

The strong adsorption of phosphate on to the soil surface and the very low solubility of phosphate 

minerals lead to very low concentration of P (1-50µM) of soil solution. This very low P 

concentration imply that very little P is lost from soils by leaching.  

Many chemical methods are being used for the measurement of plant available P in the soil 

(BRAY, MECLICH, OLSEN). Different chemical extractants may consist of alkali, strong or 

weak acid, or their combination, which react with the soil. The suspension after a short time if 

filtered and soil solution is analysed for the available nutrient. For determination of plant available 

phosphorus content of soil ammonium-lactate acetic acid (AL) as soil extractant (pH=3,7) can be 

used.  

Because of very low P concentration of soil solution very sensitive technic is required for 

measuring the P. A spectrophotometric method is used for measuring plant available phosphorus 

in soil. The essence of method is when phosphate and ammonium molybdate form a complex 

molecule, which is reduced by stannic chloride to produce blue colour in solution. This blue 

colour compound is measured by passing light with 730 nm wavelength through the solution. The 

light is absorbed by coloured molecules and the amount of absorbed light is depended on the 

concentration of phosphate present.  

The relationship between the amount of absorbed light and concentration of the coloured complex 

in solution is given by Lambert-Beer law.  
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A = log   =    

where  

 

A is absorbance 

Io is the incident light intensity,  

I is the transmitted light intensity,  

 is a constant, 

c is concentration of absorbing molecules, 

   is the optical path length,  

When c is zero, the value of absorption is zero and Io=I because log Io/I= log 1=0. 

 

Calibration procedure 

Calibration is the comparison of measured values of unknown sample with values of standard 

samples of known and increasing concentration.  
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Make standard phosphate solutions 

Make standard phosphate solutions with a well-known, increasing phosphate concentration. 

Make a blank solution without having phosphate in it.  

 

Soil sample preparation 

 

Make a soil extraction for determination of plant available soil phosphorus  

5 g of soil must be extracted with 100 cm3 of ammonium-lactate+ acetic acid (AL) extractant. 

Shake the suspension for two hours and filtrate the suspension.  

Develop blue colour of standard solutions and soil extract  

Pipette 5 cm3 from blank, from all standard solutions and from filtered soil extract and develop 

blue colour with addition of 7,5 cm3 ammonium-molibdenate and 0.5 cm3 stannic chloride. Wait 

for 20 minutes until the final blue colour forms. 

Measuring processes (calibration and measuring the concentration of unknown soil extract) 

-Adjust the monochromator of spectrophotomer to 730 nm.  

-Set the zero point of spectrophotometer with the help of blank solution.  

-Measure the absorption of all the phosphorus standard solutions.  

-Plot the calibration curve, if the measured points are on the line. If the measured calibration 

points are seriously off the line, repeat the measurement.  

-Measure the absorption of unknown soil extract.  

-Read the concentration of P in soil extract from the calibration curve.  

-Count the AL soluble P content of soil in P2O5 (AL-P2O5 mg/kg).   

 

Exercise: 

  

5 g of soil sample and 100 ml AL extractant was shaking for 2 hours then the suspension was 

filtered. The concentration of this extract was 4.269 mg P/dm3. 

The first information about soil extract is 100 ml AL soil extract contains 5 g soil.  

The second information about soil extract is 1000 ml contains 4.269 mg P. In that case 100 ml 

solution contains 4.269 mg P/ 10.  

From the first and second information:  
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5 g soil contains-------------4.269 mg P/ 10. (In generally Y mgP/10) 

If we would like to know the P content in 1000g soil…. 

5 g soil contains-------------Y mg P/ 10.  

1000g soil contains------------(1000 *(0.1 *Y))/5 mg P 

1000g soil contains 20*Y mg P/l 

AL-P; mg/kg: The measured soil extract concentration (which is counted from calibration curve) 

has to multiply with 20! 

The result is mg P/kg, but we need mg P2O5/kg. 

The P has to count into P2O5! 

P            P2O5 

I molar P2O5 contains 2 molars P 

if 142 g P2O5         62 g P  

in that case 

    X*142/62g  ←   X g P 

2.29 

If we would like to count P to P2O5, the weight of P has to multiply with 2.29! 

If we would like to count P2O5 to P, the weight of P2O5 has to divide with 2.29! 

Count the AL-P2O5 content of soil in mg/kg, if the P concentration of soil extract is 2.654 mg/l. (5 

g soil, 100ml AL extractant). 

 

In order to know the P supply ability of soil, AL-P2O5 value, CaCO3 or pH has to be measured and 

soil properties must be known.  

 

Exercise 12. Soil fertility 2 

 

Purpose of the exercise: 

Students get to know the basics of making soil extract and plant available potassium 

determination.  
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Required knowledge:  

The total potassium content of soils range between 0.2-3.3%. There are four potassium fractions in 

mineral soils: K in soil solution, K adsorbed to the soil surface, K fixed in clay layers (by smectite, 

vermiculite) and K in minerals. 

The two first fractions are available for plants. The potassium content of the soil solution is 1-2 % 

of the exchangeable fraction and the exchangeable potassium is 1-2% of the total amount of 

potassium.  

 

There are several methods for measuring available potassium of soil. In Hungary ammonium-

lactate+acetic acid (pH=3,7) (AL) is used as extraction solution for measuring the exchangeable 

potassium and potassium in soil solution.  

 

Make a soil extraction for determination of plant available soil potassium  

Transfer 5 g of representative (air-dried, sieved <2mm) soil sample to a bottle. Add 100ml of 

ammonium-lactate+acetic acid extraction solution and shake by shaking machine for two hours. 

Filter the suspension and pipette 5 cm3 of filtration into a tube. Add 0.5 cm3 10 m/m% oxalic acid 

in order to eliminate the disturbing effect of much calcium. After precipitating of calcium-oxalate 

(the other day) measure the potassium by emission flame photometric method.  

 

Make standard potassium solutions 

Make standard potassium solutions with a well-known, increasing potassium concentration. 

Dry potassium nitrate at 105oC, and dissolve 1.293 g in water. If needed add 1 ml of 36% HCl as a 

preservative to it. Make the solution up to 500 cm3. What is the K concentration of this solution in 

mg/l unit? Make standard solutions of 1, 2, 3, 5, 10, 20 mg K/l concentrations.  

Make a blank solution without having potassium in it.  

 

Measuring processes (calibration and measuring the concentration of unknown soil extract) 
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-Set the zero point of flame photometer with the help of blank solution.  

-Measure the emission of all potassium standard solutions.  

-Measure the emission of unknown soil extract.  

-Plot the calibration curve, if the measured points are on the line. If the measured calibration 

points are seriously off the line, repeat the measurement.  

-Read the concentration of K in soil extract from the calibration curve.  

-Count the AL soluble K content of soil in K2O (AL-K2O mg/kg).   

 

Exercise:  

5 g of soil sample and 100 ml AL extractant was shaking for 2 hours then the suspension was 

filtered. The concentration of this extract was 6.269 mg K/dm3. 

The first information about soil extract is 100 ml AL soil extract contains 5 g soil.  

The second information about soil extract is 1000 ml contains 6.269 mg K. In that case 100 ml 

solution contains 6.269 mg K/ 10.  

 

From the first and second information:  

5 g soil contains-------------6.269 mg K/ 10. (In generally Y mgK/10) 

 

If we would like to know the K content in 1000g soil…. 

5 g soil contains-------------Y mg K/ 10.  

1000g soil contains------------(1000 *(0.1 *Y))/5 mg K 

 

1000g soil contains 20*Y mg K/dm3 

AL-K mg/kg: The measured soil extract concentration mg/dm3 (which is counted from calibration 

curve) has to multiply with 20! 
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The result is mg K/kg, but we need mg K2O/kg. 

The K has to count into K2O! 

K            K2O 

I molar K2O contains 2 molars K 

if 94 g K2O                  78 g K  

in that case 

    X*94/78g  ←   X g K 

1.205 

 

If we would like to count K to K2O, the weight of K has to multiply with 1.205! 

If we would like to count K2O to K, the weight of K2O has to divide with 1.205! 

 

Count the AL-K2O content of soil in mg/kg, if the K concentration of soil extract is 6.654 mg/dm3. 

(5 g soil, 100 cm3 AL extractant). 

 

In order to know a K supply ability of soil, AL-K2O, and KA values has to be measured and soil 

properties need to know.  

 

 

Exercise 13. Plant tissue test 

 

Purpose of the exercise: 

Students get to know the basics of plant tissue analysis  

 

Required knowledge:  

 

Detection of nitrate in plant tissue 

The objective for conducting plant tissue test is to identify the nutritional status of plant, whether 

additional fertilizer is needed or not. The objective for detection nitrate is to identify quickly 

whether plant accumulate a lot of nitrates in tissue? Most vegetables in edable parts may contain 
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very high concentration of nitrate. The high nitrate accumulation in plants is harmful to human 

health, might cause methaemoglobinemia or gastric cancer. Maximum levels for nitrate in 

vegetables were set in the EU by Commission Regulation (EC). The maximum levels are 

expressed as mg nitrate/kg fresh weight. For example for fresh lettuce (Lactuca sativa L.) 

harvested 1 April to 30 September the value is 2.500 mg/kg, and for harvested 1 October to 31 

March the value is 4500 mg/kg. For baby foods the limit value is 200 mg/kg.  

 

Principle of detection 

Detection is based on the Griess-Ilosvay reaction, a typical reaction of nitrite ion, in which nitrite 

ion gives red color with sulphanilic acid and α-naphthylamine. When nitrate is determined, the 

nitrate ion must be first reduced to the nitrite ion by adding zinc powder and citric acid.   

The nitrate in plant tissue is detected by „Nitrate powder”. The composition of nitrate powder 

as follows:  

- Sulphanilic acid, α-naphthylamine (coloring reagents) 

- Zinc powder (reducing agent) 

- Citric acid / tartaric acid (ensures acidity) 

- manganese sulphate (Eliminate chloride that disturb determination)   

- Barium sulfate carrier 

 

Performing the test 

Press plant tissue fluid onto filter paper. Spread the nitrate powder on the stain. Wait at least one 

minute to get the color. If reddish-pink color appears, the tissue fluid contains nitrate. The 

stronger, more intense reddish-pink color is, the more nitrate content in tissue fluid.  

The test is semi-quantitative method for nitrate detection. The colour of plant tissue must be 

compared with the result of nitrate calibration solutions, with well known concentration.  

  

Exercise 14. Chemical fertilizers 

 

Purpose of the exercise: 

Students get to know the physical and chemical properties of mineral fertilizers  
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Required knowledge:  

Investigation of nitrogen containing chemical fertilizers  

 

Chemical fertilizers are suitable for supplying nutrients for plants. Chemical fertilizers are 

produced from naturally occurring raw materials by chemical synthesis or conversion. 

Fertilizers can be grouped according to several criteria. One aspect of grouping is according to the 

nutrient content. According to this fertilizer can be simple fertilizer containing one nutrient, or 

compound or mixed fertilizers containing more nutrients. 

 

Simple, nitrogen containing fertilizers: 

 

ammonium salts:  

  -ammonium- nitrate, AN (34% N), NH4NO3, 

  -limestone ammonium nitrate LAN (27% N), NH4NO3 + CaCO3 

  -ammonium-sulphate AS (21% N), (NH4)2SO4 

    

metal nitrates: 

  calcium-nitrate (CAN) (15,5%N) 

 

amides: 

urea, U (46,6% N) 

 

   

1./ Solubility of fertilizers  

Place a little amount of all nitrogen containing fertilizer into a test tube and add water. Observe 

their dissolution. 

 

2./ pH test 

Determine the pH of the fertilizer solutions with the help of acid-base indicator.  
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3./ Detection of ammonium ion 

Ammonium salts (ammonium nitrate, limestone ammonium nitrate and ammonium sulphate) 

contain ammonium, so NaOH releases ammonia from their solution.  

 

NH4NO3 + NaOH = NaNO3 + H2O + NH3 

(NH4)2SO4 + 2NaOH = Na2SO4 + 2H2O + 2NH3 

Place a little amount of ammonium sulphate into a test tube, dissolve it and add NaOH solution.  

Observe the releasing of ammonia.  

What will happen if ammonium nitrate is supplied in basic soil? 

 

4./ Detection of nitrate  

Nitrate can be detected with Griess-Ilosvay reagent. Using Zn powder and HCl, the nitrate is 

reduced to nitrite. The nitrite react with Griess-Ilosvay I and II and forming red colour.  

Place a little amount of NH4NO3 fertilizer into a test tube, dissolve it and add a little amount of Zn 

powder and HCl slution. Wait some minutes and observe the bubbles in the solution. Explain what 

is happening? Pour Griess-Ilosvay 1 and II solutions into the solution and observe the appearing of 

red colour.   

 

5./ Detection of CaCO3  

 

All of ammonium salts dissolve in water except for limestone ammonium nitrate. The CaCO3 do 

not dissolve in water. The solution of CaCO3 with hydrochloric acid is buzzing (due to the 

evolution of carbon dioxide gas). 

 

CaCO3 + 2HCl = CaC12 + CO2 + H2O 

 

Place a little amount of limestone ammonium nitrate fertilizer into a test tube. Add hydrochloric 

acid and observe the bubbles in the solution.  

 

6./ Detection of SO4
2- ion 
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The sulfate ion can be detected with a solution of BaCl2. The Ba2+ ion forms a white powdery 

precipitate with the SO4
2- ion. 

 

(NH4)2SO4 + BaCl2 = BaSO4 + 2NH4Cl  

 

Place a little amount of ammonium sulphate fertilizer into a test tube, Add BaCl2 containing 

hydrochloric acid and observe the white precipitate.  

 

7./ Detection of urea  

 

Urea can be detected by biuret test. In the case of a positive reaction, the biuret reagent indicates a 

purple color. 

Place a little amount!!!! of urea fertilizer into a dry test tube, (Attention! Do not dissolve in 

water!) Heat the test tube gently. The urea melts first, and when the ammonia gas develops, the 

contents of the test tube solidify, forming a biuret. Add biuret reagent into the test tube and 

observe the forming of purple colour.  

 

 

testing of nitrogen containig fertilizers  (Summarize the results of our observations by completing 

the table) 
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Exercise: Fill in the table 

 

 

 

NH4NO3 

ammonium-

nitrate 

(NH4)2SO4 

ammonium -

sulphate 

NH2CONH2 

urea  

NH4NO3 + 

CaCO3 

limestone 

ammonium 

nitrate  

solubility   .  

 

the pH of water solution 

(colour of litmus)  

    

fertilizer solution + HCl solution 

(detection of CaCO3) 

-------- -------- --------  

fertilizer solution + BaCl2 

(detection of sulphate) 

--------  -------- -------- 

solid urea (urea test)  -------- --------  -------- 

fertilizer solution  + NaOH 

solution (detection of 

ammonium-ion  

   

      -------- 

 

fertilizer solution  + Griess 

Ilosvay reagents (detection of 

nitrate-ion) 

 

 

 

       -------- 

 

      -------- 

 

 

 

 

 


