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Course Task Collection
The aim of the lectures and the exercises are to provide students with a basic understanding of
theoretical and applied soil physics. Using the various methods taught, the students should be able
to describe and explain physical soil conditions and their respective changes, focusing on applied
soil physics.
Discussion of theoretical principles is followed by laboratory and field exercises and applications.
Performing laboratory and field measurements the students prepar description and practical
interpretation of soil test results.
Preparation of the laboratory soil test material
The teaching program is focusing on the typical soils of the Hungarian Plain (Arenosol,
Chernozem, Vertisol, Salt Affected Soils), which are represented in Institutes for Agricultural
Research and Educational Farm of Debrecen University. The laboratory work and field
measurements will be done with the soils and on the fields of these farms. For this purpose, the
required mass of disturbed and the required number of undisturbed soil samples will be collected
in advance from GPS marked places. Based on the GPS coordinates, on-site measurements will be
made at the same locations. The typical soil profiles of the sites and the sampling will be presented
by means of pictures at the introductory presentation.
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Exercise 1 Introduction
Purpose of the exercise: Getting acquainted with the subject matter to be examined
Required knowledge: basic soil science
Soil forming processes on the Hungarian Plain with regard to its physical characteristics
The Great Hungarian Plain is a Quaternary sedimentary basin containing fluvial sediments. Eolian
transport has also been active and there are large loess and wind-blown sand deposits. The basin
contains a layered deep aquifer, where the groundwater has an average fluctuation of 0-2 m yearly.
http://members.iif.hu/tot3700/factorsas.htm
The physical properties of a soil are the result of soil parent materials being acted upon by climatic
factors (such as rainfall and temperature), and being affected by ground water (depth, fluctuation,
salt content), and by vegetation, with time. A change in any one of these soil-forming factors
usually results in a difference in the physical properties of the resulting soil.
The most characteristic soils, developed on wind-blown sand deposits in the Nyírség region of
Hungary are Arenosols and Lamellic Arenosol Brown forest soil with thin layers of iron-rich sand
(Fig. 1.)

Fig. 1. Lamellic Arenosol with thin layers of iron-rich sand (Source: Kalmár et al., 2017)
KalmárJ., Kuti L., Kátai J., Figler R., Füleky Gy.: Kovárványcsíkok képződése a Nyírség
homoktalajában Agrokémia és Talajtan.66. pp. 9-34. 2017
The uncoated sandy soil has poor water management properties, however the colloid-rich layers
slow down the downward water movement.
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The soils developed on loess and alluvial parent material are very varied depending on the type of
loess (typical and infusion), catena position, ground water depth and salt content of ground water
(Fig.2).

Fig. 2. Main soil types of the Middle Tisza Region of the Great Hungarian Plane (Blaskó L.:
http://members.iif.hu/tot3700/kurzusok/BL_szikes_javitas.pdf.)
The physical and water regime properties of the various soils and their layers will be investigated
during the laboratory and field practice. Each student performs a series of tests on a soil sample
from the above sites.
Student task: Students choose a test area characterized by special problems (too high sand or clay
content, salt affected soils, swelling clay content etc.) on which the physical test sequences are to
be continued.
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Exercise 2. Particle Size Distribution or Soil Texture: Determination of mechanical
composition
Purpose of the exercise: Getting to know the most frequently used particle size classification
systems with special attention to the differences in sample preparation
Required knowledge: Basic soil science
Depending on the size distribution, primary particles (textural fractions) or soil separates are
usually divided into three classes, e.g., sand, silt, and clay. There are numerous systems of
classifying separates into different size classes. Most commonly used systems are published by the
U.S. Department of Agriculture (USDA) and by the International Society of Soil Science (ISSS).
(Lal and Shukla, 2005)
Table 1.

Two widely used systems of particle size distribution

The upper limit of the clay fraction, 0.002mm (2μm) is common to both classifications. In
Hungary the ISSS System is used.
Assessment of Particle Size Fractions
The process of determination of particle size distribution is called mechanical analysis.
The procedure has two-steps: dispersion and fractionation. Dispersion involves removal of
cementing material (compounds or substances which bind the particles together) to break
secondary particles into primary particles or soil separates. Dispersion agents used in this
determination depend on the nature of the cementing material (Table).
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The methods of pretreatments by using different dispersing agents are explained in detail in the
Soil Survey Field and Laboratory Methods Manual by USDA.
Table 2. Dispersion agents for destruction of adhesives in the structure

According the international (ISSS) methodology the organic material is are destroyed by
hydrogen-peroxide, the calcium-carbonate is solved by dilute hydrochloric acid and the iron
compounds are removed with sodium dithionite.
In the Hungarian methodology the destructive agents are ignored only sodium pyrophosphate
(dispersant) chemical pretreatment is used to disperse the aggregates into elemental particles.
The air dried soil is moistened until the upper limit of plasticity according to Arany (KA)
(description of the KA method see in Unit 4) with (0.5n) sodium pyrophosphate, then the soil
paste will be left for 24 hours.
After this pretreatment the suspensions is poured to 1000 ml sedimentation cylinders, which is
then filled up with additional distilled water. Based on the schedule table, 10 ml suspension is
pipetted from 10cm depth and put into a known-mass evaporating vessel.
Table 3. Time table for pipetting of different fractions of particle-size analysis from 10cm and
20cm depth

s=second, m= minute, h= hour
Hygroscopic moisture content. The weight-percentage moisture content of soil, equilibrated with
the air of certain relative humidity: “air-dry”. There are two indicators in this respect:
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hy1: equilibrated with a constant 32% relative air humidity (e.g. in a closed chamber above
CaCl2 6H2O at 20º C temperature)
Hy: equilibrated with constant 94,3 % air humidity (above 10 % H2SO4).
Tasks: The laboratory staff perform the pretreatments according to international (ISSS) and
Hungarian methodology and also distillate water preparation for a later micro-aggregate analysis.
The students define sand and silt fractions according the time table by pipette methods using
sedimentation procedures that are accepted as standard methods of particle-size analysis. Pipetting
of clay fraction, drying and measurement of samples will be completed by the lab staff.
Students start to determine the hygroscopic moisture content (hy1) at 35.2% atmospheric
relative humidity. The determination of the equilibrium moisture content will be completed on the
next practical lesson. The measured values will be used in estimation of soil texture.
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Exercise 3. Determination of mechanical composition
Purpose of the exercise: Getting to know the most frequently used texture classification systems
and transformation possibilities of different systems
Required knowledge: basic soil science
Texture is considered one of the most important properties influencing nearly all soil processes,
functions, and properties.

It can influence soil/water relationships, gas exchange, and plant

nutrition.
Soil particles are grouped into classes on the basis of size, and the relative proportions of these
classes characterize the texture of the soil.
A large number of particle size classification systems exist in the world (in different countries,
sometimes within countries), because it depends on the subjective decision of the
author/expert/user. The different size limit values make the international comparison of soil
texture data very difficult (sophisticated and sometimes impossible), therefore it was necessary to
accept an international system, which is shown as ISSS System in the table (It is called as
Atterberg system, too) (Várallyay, 2013).
A summary of several classification systems is published by Moeys (2018)
Julien Moeys, J.: The soil texture wizard: R functions for plotting, classifying, transforming and
exploring soil texture data. 2018
https://cran.r-project.org/web/packages/soiltexture/vignettes/soiltexture_vignette.pdf
For engineering purposes, results of mechanical analysis are expressed in the form of a frequency
diagram in which particle size is plotted against the percentage of the soil that falls within a
particular size range.
In the cumulated frequency curve each group is added to the preceding one until the total number
of observations is included; it commonly adds to 100%. A curve showing the accumulative
percentage by weight of particles within increasing or decreasing size limits as a function of
diameter; the percentage by weight of each size fraction is plotted accumulatively on the ordinate
as a function of the total range of diameters represented in the sample plotted on the abscissa.
(Canada. Dept. of Agriculture. Research Branch Glossary of terms in soil science. Research
Branch, Canada Dept. of Agriculture, 1976.)
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By means a summation curve a simple transformation of different systems can be graphically
solved (Fig. 3)
.

Fig. 3. Transforming soil texture data based on cumulated size distribution (Moeys, 2018)
The most widely used means for evaluation and verbal naming of textural composition is the
textural triangle.

Fig. 4. USDA textural triangle
The soil texture gives names associated with various combinations of sand, silt and clay. A coarsetextured or sandy soil is one comprised primarily of sand-sized particles. A fine-textured or clayey
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soil is one dominated by tiny clay particles. Due to the strong physical properties of clay, a soil
with only 20% clay particles behaves as sticky, gummy clayey soil. The term loam refers to a soil
with a combination of sand, silt, and clay sized particles. For example, a soil with 30% clay, 50%
sand, and 20% silt is called a sandy clay loam. (Soil Survey Division Staff, 1993)
For helping the textural classification of soils there are soil texture calculators, as well.
A useful excel application for computing the texture classes was published by the USDA Natural
Resources Conservation Service.

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_054167
Task: In the practice class by means of the summation curve the measured particle size values
transform in the USDA classification system and using the textural triangle and the soil texture
calculator express the results of particle size analysis.
The particle size measurement results will be evaluated by comparing the results obtained with
pretreatment according the International (FAO) and Hungarian methodology. Explain the possible
reasons for the differences or similarities in the results.
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Exercise 4. Simple methods for estimating the textural classes
Purpose of the exercise: Learn some simple methods to estimate mechanical composition
Required knowledge: basic soil science
Estimating soil texture is a fundamental practice universally applied by soil scientists to classify
the soil texture.
There are several simple methods and indices which can be used instead of the expensive, workand time-consuming particle size distribution analysis.
Accurately determining soil texture in a lab requires time and money; therefore, it is often
necessary to estimate soil texture in the field by feel, which can be very accurate if done correctly.
There are some finger tests, which are more or less modified in different countries.
The method used in Hungary is illustrated by Várallyay (Fig. 5.)

“
a) sand; b) sandy loam; c) sandy silt; d) silt (loam); e) clay
Fig. 5. „Feel estimation” of soil textural classes.
Some videos showing easy methods to evaluate soil textures:
https://www.youtube.com/watch?v=Mq4OjwTKXjU
https://www.youtube.com/watch?v=W0osjN0t-Ho
This methods are mainly used in field conditions for verbal description of texture in soil profiles
In the laboratory the texture can be estimated by using simple lab test methods.
In Hungary is a commonly used indicator is the upper limit of plasticity according to Arany (KA).
The quantity of water (cm³) that is necessary for preparing a fully water saturated “aggregate
free” soil paste from 100 g oven-dry soil sample to reach the “endpoint indicator”, which is the
“sticky point”. When the peaks formed from the past just turn down (Várallyay, 2003). (Fig. 6)
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Fig.6. Upper limit of plasticity according to Arany (KA)
The KA value is not applicable for soils with coarse fragments, for coarse sands and for organic
soils, because soil paste cannot be prepared from these soils, and therefore, sticky point indication
is not possible, in such cases the saturation percentage (SP) is used for the determination of soil
textural classes.
The method by Arany is used only in Hungary. All the old and recent Hungarian soil databases
contain this data. It provides basic information on all soil texture issues. A world-widely used
international standard method is the saturation percentage. It means the quantity of water (cm³)
that is necessarily given to 100 g oven-dry soil to have a uniformly wetted (aggregate free) soil
with “mirror-like” drop/film of water on its surface.
Saturation paste (SP) preparation
The saturation paste is a particular mixture of soil and water commonly used for measurements
and for obtaining soil extracts. At saturation the soil paste glistens as it reflects light, flows slightly
when the container is tipped and slides freely and cleanly from a spatula for all soils except those
with high clay content.
http://en.termwiki.com/EN/saturated_soil_paste_%E2%82%81
Demonstrations showing how to make a saturated paste of soil:
https://www.youtube.com/watch?v=VMrh82YDzYs
https://www.youtube.com/watch?v=FEZGt47p4Cg
Tasks: 1. Compare the results of the KA and SP test.
2. Determine the hy1 value.
3. Evaluate the results of sedimentation test after the distilled water disintegration and
calculate the outcome of the simplified mechanical analysis. (Simplified mechanical analysis (L).
Determination of only the sum of soil fine fraction (<0.02 mm) after a distilled water
disintegration.)
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4. Determine the sol textural class of the investigated soil sample according to the limit
values in table.
Table 4. Limit values of the simple tests for the main soil textural classes

Remarks: L %: soil fine fraction (<0.02 mm); KA: upper limit of plasticity according to Arany;
hy1: hygroscopic moisture content
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Exercise 5. Soil structure (Agronomy concept)
Purpose of the exercise: Learn simple methods to evaluate the water resistance of micro- and
macro-aggregates.
Required knowledge: basic soil science
Soil structure is the spatial arrangement and organization (“architecture”) of the solid particles in
soil into a certain structural pattern.
There are two aspects in the evaluation of soil structure:
Soil genesis concept (see later)
Agronomy concept. In that case favorable (good) or unfavorable soil structural status can be
distinguished irrespective to the genesis and morphology of structural elements. The main
characteristics of a “good” (optimum) structure – in most of the cases – can be identified as
follows: 1–3 mm size; spheroid shape (with rounded faces); porous peds; loose spatial
arrangement; stability against water and mechanical forces. Such structure guarantees an ideal
ratio among the solid, liquid and gaseous phases of soil; an optimum micro-environment for
microbial activity and root development; and good conditions for various agro technical
operations (Várallyay, 2013).
The main soil structure indices:
Dispersity factor (Kachinsky), K

Structure factor (Vageler): C

Where: a = < 0.002 mm fraction after dispersion; b = < 0.002 mm fraction without dispersion
Aggregate stability refers to the resistance the soil aggregates offer to the disintegrating influences
of water and mechanical manipulations.
Water may cause aggregate deterioration in two ways:


Hydration effect of water causes a disruption of the aggregate through the process of
swelling, dispersion and the exploding effect of entrapped air.



Kinetic effect of raindrops

Some simple methods for evaluation of soil structure are published by Beste (1999)
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Beste, A.: An applicable field method for the evaluation of some ecologically significant soilfunction-parameters in science and agricultural consulting practice. International Soil
Conservation Organization Conference. 1999
http://www.gesunde-erde.net/pdf-dateien/ISCO99.pdf
http://www.gesunde-erde.net/soilconservation.htm#aggregattest
The test has been standardized using a silting evaluation with verbally defined, soil type specific
silting images (Fig. 7).

Fig. 7. Evaluation scheme of silting during water stability test (Beste, 1999).
The water stability of soil aggregates can be determined by wet sieving. Numerous methods
measure aggregate stability. Most of procedures involve repeated agitation of the aggregates in
distilled water. A practical guide for measuring and evaluating wet sieving is published by
International Maize and Wheat Improvement Center (CIMMYT).
CIMMYT: Soil aggregate stability by wet sieving: A Practical Guide for Comparing Crop
Management Practices 2013
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Task: 1. Evaluate the micro aggregate stability of your soil sample by means of Vageler factor
using the date of particle size analysis (< 0.002 mm after dispersion and without dispersion).
2. Evaluate your soil sample using silting test by Beste (1999).
3. Evaluate soil aggregate stability of the soil sample by wet sieving.
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Exercise 6. Determination of Bulk density and total porosity
Purpose of the exercise: Getting to know to determine the pore volume of core sample and
aggregates and evaluate the bulk density from viewpoint of plant root growth possibilities
Required knowledge: basic soil science
Soil porosity refers to that part of a soil volume that is not occupied by soil particles or organic
matter. Pore spaces are filled with either air, other gases, or water. Large pores (macro-pores)
allow the ready movement of air and the drainage of water. They are also large enough to
accommodate plant roots and the wide range of tiny animals that inhabit the soil. Large pore
spaces permit fast infiltration and percolation of water through a soil or soil horizon. Small pores
(micro-pores) exhibit attractive forces strong enough to hold water in the pore. They are the water
retention system of the soil which provides water storage for plant roots. During precipitation,
macro-pores conduct water into the soil where it fills the micro-pores. At field capacity all pores
small enough to retain water against the pull of gravity are filled.
http://ecorestoration.montana.edu/mineland/guide/analytical/physical/porosity.htm
Soil porosity may be defined as that percentage of the soil volume, which is not occupied by solid
particles. The size, shape and spatial arrangement of solid soil constituents determine the
characteristics of soil pores: their size, shape, spatial arrangement, tortuosity, continuity, etc. The
porosity of soil determines the air- and water-filled pore volumes; the energy status, availability,
diffusivity, saturated and unsaturated flow of soil water. The moisture, air and heat regimes of
soils and their control create favorable ecological environment for microbial activity and for
natural vegetation or cultivated crops.
Total porosity can be calculated on the basis of specific gravity (particle density), and volume
weight (bulk density):

Where: PT: total porosity, volume %; Db: bulk density (weight of 100 cm³ soil with undisturbed
structure, including soil pores), g/cm³; Dp: particle density (weight of 100 cm³ soil solid particles),
g/cm³ or it can be characterized by the volumetric moisture percentage of a saturated soil (pF 0).
Methods for measurement of soil bulk density
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Core method: A metal cylinder is pressed or driven into the soil. The cylinder is removed,
extracting a sample of known volume. The moist sample weight is recorded. The sample is then
dried in an oven and weighed.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051670.pdf
Excavation Method
The excavation method involves digging out a small hole, then oven drying (at 105°C) and
weighing the excavated soil. The volume of the excavation is determined by lining the hole with
plastic film and filling it completely with a measured volume of water (or sand, or silicon beads).
Coarse fragments (diameter> 2 mm) are sieved out and bulk density is calculated as the mass of
dry, coarse fragment-free soil per volume of the excavated soil, where volume is also calculated
on a coarse fragment-free basis.
https://labmodules.soilweb.ca/soil-compaction-bulk-density/
https://www.researchgate.net/publication/327407343_Soil_Bulk_Density_Estimation_Methods_A
_Review
Clod method
The bulk density of clods, or coarse peds, is calculated from their mass and volume. The volume is
determined by coating the clod with a water-repellent substance (eg.: paraffin in a container kept
at 60 °C or a few degrees above 60 °C) into which the soil sample can be dipped. and by weighing
it first in air, then again while immersed in a liquid of known density, making use of Archimedes'
principle.
The measuring procedure is described in detail in Soil Survey Standard Test Method
https://www.environment.nsw.gov.au/resources/soils/testmethods/bdsc.pdf
Particle density
The weight per unit volume of the solid portion of soil is called particle density. Generally particle
density of normal soils is 2.65 grams per cubic centimeter. The particle density is higher if large
amount of heavy minerals such as magnetite; limonite and hematite are present in the soil. With
increase in organic matter of the soil the particle density decreases.
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Table 5. Particle density of different textural classes

http://www.agriinfo.in/?page=topic&superid=4&topicid=271
Bulk density as an indicator of soil compaction.
Bulk density is an indicator of soil compaction and soil health. It affects infiltration, rooting
depth/restrictions, available water capacity, soil porosity, which influence key soil processes and
productivity (Table 6).
Table 6. Relationship of soil bulk density to root growth based on soil texture.

USDA: Soil Bulk Density / Moisture / Aeration – Soil Quality Kit. Guides for Educators
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053260.pdf
Tasks: 1. Measure the bulk density of the undisturbed core sample and some macro-aggregates
from the investigated soil.
2. Calculate the pore volume in in both cases
1. Evaluate the bulk density from viewpoint of plant root growth possibilities.
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Exercise 7. Soil-water relationships: Soil water holding capacity
Purpose of the exercise: Getting to know to determine the water holding capacity of core sample
Required knowledge: basic soil science
Water retention (pF) curves
The soil moisture retention curve (pF curve) gives the relation between soil moisture suction and
soil moisture content.
The pF curves have special significance in the exact and quantitative characterization of the soil
moisture status and the hydro-physical properties of soils. pF curves clearly reflect the ratio
among the three soil phases (solid, liquid, gaseous); the total, water-filled and air-filled porosity¸
and the moisture content under the influence of various attractive forces in the case of various
moisture contents (under a given suction) (Fig.8).

Fig. 8. Water retention (pF) curve and soil moisture constants (Várallyay, 2013)
The soil moisture potential, or soil water suction, is given in pF = log(-pressure in cm H2O).
pF 0: total porosity (PT); total water capacity (WCT).
pF 2: minimum water capacity (WCM) or air capacity (AC).
pF 2.5: field capacity (FC): may be defined as the percentage of water remaining in a well-drained
soil 2-3 days after heavy rainfall or irrigation, when downward flow becomes negligible; or
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equilibrium moisture content above a shallow groundwater table. Conventional constants (= 1/3
atm. percentage), because its real value depends on the actual depth of the water table; the water
transmitting properties of soils; and their layering.
pF 4.2: wilting percentage(WP): originally a physiological term, defines soil moisture condition at
which the plant leaves show permanent wilting symptoms. Conventional constant (= 15 atm.
percentage), because its real value depends on the given plant (species, variety, physiological
state, etc.) and the transport coefficients (capillary conductivity, k; diffusivity, D) of the soil.
pF 2.5–pF 4.2: available moisture range (AMR): calculated as the difference between the
conventional FC and WP.
pF 6.2: hygroscopic moisture content (hy1): determined in an atmosphere with 32% relative
humidity, above CaCl2·6H2O at 20ºC (Várallyay, 2013).
There are two units to express differences in energy levels of soil water:
pF scale: The free energy is measured in terms of the height of a column of water required to
produce necessary suction or pressure difference at a particular soil moisture level. The pF,
therefore, represents the logarithm of the height of water column (cm) to give the necessary
suction.
Atmospheres or bars: It is another common mean of expressing suction. Atmosphere is the
average air pressure at sea level. If the suction is very low as occurs in the case of a wet soil
containing the maximum amount of water that it can hold, the pressure difference is of the order of
about 0.01 atmospheres or 1 pF equivalent to a column of water 10 cm in height. Similarly, if the
pressure difference is 0.1 atmosphere the pF will be 20. Soil moisture constants can be expressed
in term of pF values. A soil that is saturated with water has pF 0 while an oven dry soil has a pF 7.
(1 bar = 100 kPa = 1000 cm H2O)
http://www.agriinfo.in/?page=topic&superid=4&topicid=277
There are many laboratory methods to determine soil water holding capacity. These methods use a
variety of special apparatus to determine how much water a soil will hold under various
conditions. Most of these methods start with a water saturated soil sample. The saturated sample is
placed on a porous ceramic plate which is then placed in a closed chambers. A known amount of
pressure or suction is then put into the chamber, which forces water out of the soil sample and into
the porous plate and out of the chamber The water holding capacity of the soil is determined by
the amount of water held in the soil sample vs. the dry weight of the sample. The amount of
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pressure applied in these different methods can be as low as 1/3 atmosphere of pressure up to 15
atmospheres of pressure.
https://www.agvise.com/educational-articles/water-holding-capacity/
Forms of soil water storage
Maximum retentive capacity
•

When all soil pores are filled with water, the soil is saturated and it is at maximum
retentive capacity.

•

The topsoil will remain at maximum retentive capacity only as long as water continues to
infiltrate, because water held in the largest pores (gravitational water) will percolate
downward under the influence of gravitational forces.

A simple way to determine the main water capacity values (Fig. 9.)
•

By immersing the sample in water, the maximum water capacity can be determined.

•

Once infiltration has ceased, water in the largest soil pores will drain downward quite
rapidly.

•

After one to three days, this rapid downward movement becomes negligible and matric
forces begin to play a greater role in water movement.

•

The soil is then at field capacity. In this condition, water has moved out of macro pores
and air has moved in. Micro-pores are still filled with water and continue to supply plants.
Drainage continues but is much slower. Field capacity often corresponds to a matric
potential of -1 to -3 m (or -10 to -30 kPa), assuming drainage into a less-moist zone of
similar porosity

Fig.9. Simple way to determine the main water capacity values
Task: Determine the main water capacity values by immersing the undisturbed soil sample and on
sand beds with different moisture content.
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Exercise 8. . Water movement in soil, saturated flow
Purpose of the exercise: Getting to know to measure the hydraulic conductivity capacity of core
sample
Required knowledge: basic soil science
Saturated flow: in the case when all soil pores are completely filled (saturated) with water
Laboratory methods
Constant head method (for soils with K > 15 cm/day)

Fig. 10. Constant head apparatus for the laboratory determination of hydraulic conductivity
(Várallyay, 2013).
1. Tap. 2. Constant level measuring tank with overflow. 3. Brass cylinder and fitting tube with
rubber O-ring seal. 4. Nylon cloth. 5. Siphon. 6. Soil sample.
Calculation of saturated hydraulic conductivity measured by constant head apparatus

Where:
K: saturated hydraulic conductivity, cm/day;
Q: quantity of water filtrating through the soil core, cm³/day;
L: length of the soil core, cm;
r²π: surface area of the soil core, cm²;
Δhc: constant hydraulic head (cm), difference between the outside and inside constant water table
Falling head method (for soils with K < 15 cm/day)
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1. Glass tube. 2. Rubber stopper. 3. Fitting tube with rubber O-ring seal. 4. Brass cylinder. 5. Soil
sample. 6. Constant level measuring tank. 7. Siphon. 8. Glass beaker. 9. Nylon cloth.
Fig. 11. Falling head method for measuring saturated conductivity of soils
(Várallyay, 2013)
Calculation of saturated hydraulic conductivity measured by falling head method:

Where:
K: saturated hydraulic conductivity, cm/day
L: length of the soil core, cm;
r²π: surface area of the liquid container tube, cm²;
R²π: surface area of the core, cm²;
Δt: time interval of the measurement, day;
ΔH: hydraulic head (mm) at the beginning of the measurement;
Δh: hydraulic head (mm) at the end of the measurement
L: length of the soil core, cm
Task: Students build up both devices for measuring saturated water movement with teacher's help.
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Exercise 9. Water movement in soil, unsaturated flow
Purpose of the exercise: Students learn and practice the use of a tension infiltrometer under field
conditions.
Required knowledge: basic soil science
The hydraulic conductivity of unsaturated soils (capillary conductivity, k = cm/day) cannot be
characterized by a single value, but only as a function of suction or moisture content. In
unsaturated layers only the pores filled with water under the given suction can conduct water,
therefore capillary conductivity is always lower than saturated hydraulic conductivity (k < K). The
water-filled pore volume at a certain suction is reflected by the water retention (pF) curves. It is
obvious that with an increase in suction there is a decrease in moisture content, in water-filled
pore volume and, consequently, in capillary conductivity, as well. The general unsaturated flow
equation can be written as follows:

Where:
V:

vertical flux (flow velocity), cm/day;

k:

capillary conductivity, cm/day;

Ψ:

matric potential (suction), cm;

Δz:

height above a certain reference level, cm;

ΔΨ/Δz: suction gradient, cm/cm;
Ψg:

potential due to gravity (~ 1).

Measuring unsaturated flow
The measuring procedures are very time- and work-consuming, need special instrumentation and
the interpretation of measured output data is also difficult. Consequently, for practical purposes
field measurement equipment, or estimation procedures are preferred and used widely – on the
basis of simple, easily measurable routine soil parameters, such as texture, particle (→ pore) size
distribution, bulk density, measured or calculated moisture retention (pF) curves, saturated
hydraulic conductivity (K).
Tension disc inﬁltrometers have recently become very popular devices for in situ measurement of
soil hydraulic properties. They are designed to measure the unsaturated hydraulic properties of
soils. Water is allowed to infiltrate soil at a rate, which is slower than when water is ponded on the
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soil surface. This is accomplished by maintaining a small negative pressure on the water as it
moves out of the container tube.
http://www.soilmeasurement.com/phone/infiltrometer.html
Because the infiltrometer has an adjustable suction (0.5 to 7 cm) you can get additional
information about the soil by eliminating macro pores with an air entry value smaller than the
suction of the infiltrometer. This is done by controlling the infiltration with a small negative
pressure or suction. When the water is under tension or suction, it does not enter macro pores such
as cracks or wormholes, but goes further into and through the soil as determined by the hydraulic
forces in the soil.
Task: Students learn and practice the use of a tension infiltrometer under field conditions.
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Exercise 10. Water movement in soil, infiltration
Purpose of the exercise: Perform infiltration measurement with double ring infiltrometer and
rainfall simulator and describe measurement results with infiltration equation.
Required knowledge: basic soil science
In hydrology and soil science, infiltration is the process by which water on the ground surface
enters the soil. Infiltration rate is a measure of the temporal rate at which soil is able to absorb
rainfall or irrigation. It is measured in millimeters per hour. The rate decreases as the soil becomes
saturated (Fig. 12)

Fig. 12. Typical (a) time dependent (dI/dt) or rate and (b) cumulative infiltration (I) curves.
(Lal and Shukla, 2005)
Soil infiltration rate and cumulative infiltration can be described mathematically as a function of
time.
Morin and Benyamini (1977) described the infiltration rates (It) of bare soils under rain by the
following equation:
It = Ii + (Ii - If) exp (- ?pt)
Where:
Ii = initial infiltration rate of the soil - mm h-1
Ir = final (constant) infiltration rate of the soil - mm h-1
t = time from the beginning of the rain – hours
? = soil coefficient related to aggregate stability while forming the crust
P = rain intensity - mm h-1
http://www.fao.org/3/t1696e/t1696e05.htm
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If the precipitation rate exceeds the infiltration rate, runoff will usually occur unless there is some
physical barrier. It is related to the saturated hydraulic conductivity of the near-surface soil.
https://en.wikipedia.org/wiki/Infiltration_(hydrology)
Using the rainfall simulator by means of Morin - Beniamini equation effect of different rain
intensity on infiltration rate can be evaluated and the time until the beginning of ponding or
surface runoff can be predicted (table)
Table Effect of surface treatments on the runoff characteristics of a Vertisol
Surface treatment li

Ir

A

Time until the beginning of surface
runoff

Infiltration

intensity

Rain intensity (P) Rain intensity (P)

mm/h

20mm/h

40mm/h

Untreated

52

9

0,149

27,5

3,3

+CaCO3 (2t/ha)

76

11

0,142

41,8

8,5

+CaSO4 (2t/ha)

90

11

0,160

40,7

9,4

Mulch

77

0,1

0,031

130,8

31,8

Blaskó L. – J.K. Wafi Mohamed - Karuczka A.: Susceptibility to sealing and crusting of the main
Hungarian Plain soil types and elaboration of suitable method for its moderation. In: Int. Cong.
Soil Condition and Crop Produc. Gödöllő. 1998. 33-35.
Infiltration rate and infiltration test
The infiltration rate can be measured by ring and rainfall simulation methods.
The single ring and double ring methods are the most commonly used soil infiltration rate
measurement methods. The process of measurement in videos:
Measurement by double-ring infiltrometer:
http://www.fao.org/3/S8684E/s8684e0a.htm
Measurement of water infiltration in soil using the rain simulation method:
https://www.youtube.com/watch?v=YsEYs3YfkKE
Equations to describe infiltration:
Horton's equation
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It is an empirical formula that says that infiltration starts at a constant rate and is decreasing
exponentially with time, t. After some time when the soil saturation level reaches a certain value,
the rate of infiltration will level off to the rate fc.

Kostiakov equation
It is an empirical equation which assumes that the intake rate declines over time according to a
power function. The major limitation of this expression is its reliance on the zero final intake rate.
In most cases the infiltration rate instead approaches a finite steady value, which in some cases
may occur after short periods of time. The Kostiakov-Lewis variant, also known as the "Modified
Kostiakov" equation corrects for this by adding a steady intake term (f0) to the original equation.

Modified Kostiakov equation

Tasks: 1. Perform infiltration measurement with double ring infiltrometer and describe
measurement results with one of the infiltration equations.
2. Perform infiltration measurement with rainfall simulator and describe measurement results with
Morin- Beniamini equation.
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Exercise 11. Soil air permeability
Purpose of the exercise: To learn and practice the measuring of air permeability with a laboratory
air permeameter.
Required knowledge: basic soil science
It is an important transport function of soils which governs the aeration in agricultural soils and
thus has a significant effect on the plant growth and crop production.
Roots absorb oxygen for their respiration and release CO2. The supply of oxygen to roots in
adequate quantities and the removal of CO2 from the soil air are very essential for healthy plant
growth. When the supply of oxygen is inadequate, the plant growth either slows or ceases
completely as the accumulated CO2 hampers the growth of plant roots. The abnormal effect of
insufficient aeration on root development is most noticeable on the root crops. Abnormally shaped
roots of these plants are common on the compact and poorly aerated soils. The penetration and
development of root are poor. Such undeveloped root system cannot absorb sufficient moisture
and nutrients from the soil.
https://ecoursesonline.icar.gov.in/mod/page/view.php?id=14202
Factors affecting the composition of soil air
•

Soil with more pore space volume will have more air.

•

The drainage of excess water from soil macro pores improves soil aeration.

•

If the volumes of soil macro pores are high, soil aeration will be good.

•

Soil texture, bulk density, aggregate stability and organic matter contents influence the soil
macro pores.

•

The quantity of oxygen in soil air is less than that in atmospheric air.

•

The oxygen content of the air reduces with increasing depth of soil.

•

Surface soil will have more oxygen than sub soil because of quick replenishment from the
atmospheric air through diffusion.

•

Light textured soil or sandy soil contains more air than the heavy soil.

•

The concentration of CO2 is more in subsoil due to slow rate of replenishment and low
aeration in lower layer than in the surface soil.

•

High clay containing soils will have high soil moisture potential - which reduces the
oxygen diffusion rate and increases the CO2 accumulation.

Air permeability measurement methods
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Measuring principle: By analogy to hydraulic conductivity, air permeability is defined according
to Darcy’s equation as the factor of proportionality between the rate of air flow and the pressure
gradient along the flow distance.

https://en.eijkelkamp.com/products/field-measurement-equipment/air-permeameter.html
The air permeameter realizes the respective flow forms with different measuring probes. A
suitable measuring chamber produces a defined air flow in the test soil volume. Its flow rate is
determined from the pressure gradient over a calibrated throat in the measuring device. The
pressure difference over the soil volume that has been passed by the flow is recorded by another
pressure sensor and provides the pressure gradient of that flow.
http://www.starplex53.co.za/index.php/product-calalog/soil/soil-air-permeability-test-14-34-detail
The air permeability depends on the moisture content of soil sample, that why comparable results
can be obtained with the same moisture content (Fig. 13).

Fig. 13. Relationship between bulk density and air permeability on sandy soil at moisture content
pF2.5
Aranyos et al.: Changes in physical properties of sandy soil after long-term compost treatment.
Int. Agrophys. 2016, 30(3): 269–274
http://www.international-agrophysics.org/Keyword-air+permeability/69046
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Task: By using the „sand bed method” adjust the soil moisture content of core sample to the field
capacity and measure the air permeability with a laboratory air permeameter.
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Exercise 12. Penetrometer resistance of soils
Purpose of the exercise: To learn and practice the measuring of the resistance in different soil
layers by penetrometer.
Required knowledge: basic soil science
Soil penetration resistance (PR) is one of the most commonly used indicators of soil physical
quality in agronomic evaluations.
Handheld penetrometers are primarily used to determine the bearing capacity of the different
layers of the soil. Using this device the penetration resistance is determined; this is representative
for the bearing capacity of the soil. Since it is an easy to use measuring tool and it allows for quick
and accurate assessment of soil conditions, it is used for various purposes:
•

investigations of compaction of the soil

•

investigations of the growth conditions for plants to be expected

•

determination of compacted horizons

https://www.ugt-online.de/en/products/soil-science/penetrometer/manual-penetrometer/
A video on using a penetrometer to detect soil compaction:
https://www.youtube.com/watch?v=Zq_785JqRq8
To express the soil compaction, there are penetration resistance classes according to limit values
of soil mechanical strength (Table 7).
Table 7. Penetration resistance classes
Class

Penetration resistance (MPa)

Small

<0.1

Extremely low

<0.01

Very low

0.01–0.1

Intermediate

0.1–2

Moderate

1–2

Large

>2

High

2–4

Very high

4−8

Extremely high

>8

Source: Soil Survey Division Staff, 1990. (cit.: Lal and Shukla, 2004)

34

Task: Measure the moisture content and the resistance of the test soil in different layers. Based on
the results, determine the penetration resistance class in different layers of the soil.
(The optimum measurement condition is at field capacity moisture content, therefore the instructor
will measure the resistance of the test soil in the spring. The student compares his or her own
measurement result with the results under optimal conditions.)
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Exercise 13. On-site characterization of the investigated soils
Purpose of the exercise: To practice the measuring and evaluating some soil physical
characteristics, which are easy measurable or visually evaluable.
Interviewing researchers of the institutes on soil physical problems in the area, and about the
results of experiments on the investigated soils.
Required knowledge: basic soil science
On-site characterization of the soils
1. Feel method for estimating the textural class
2. Morphology of structural elements (Fig.14).

Fig. 14. Main types of soil structure. A. prismatic; B. columnar; C. angular blocky; D: subangular
blocky; E. platy; F. granular.
3. Water stability test of structural elements by silting
4. Penetrometer test by portable recording penetrometer
5. Interviewing researchers of the institutes, the students collect data on soil physical problems in
the area, about the results of experiments on problem soils.
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Exercise 14. Reporting on investigation results
Purpose of the exercise: Synthesis of measurement results
Required knowledge: basic soil science
The report is prepared jointly by the students investigating in the area, but it but includes the
measured results individually.
If the results are different, the students look for the possible reasons for the differences.
(The measured data can be different if they are derived from samples of different sites or
experimental treatments.)
In the report the measured and estimated soil characteristics and the evaluation of measurement
results are presented.
Based on the evaluation of test results soil physical characteristic or problems of the area are
summarized.
Taking into account the measurement results, the suggestions received in the interview and results
of relevant publication, a proposal is made for the mitigation of soil problems of the investigated
area.
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