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PREFACE

The methods described in this manual are those most frequently used in the
practice of soil analysis in Ukraine. The aim of the book is to help the undergraduate
students, majoring in Agronomy (including Agrochemistry and Soil Science major)
and Agroecology to fulfill bachelor’s degree programs in soil science. It may prove
especially useful for students who plan to engage in professional work requiring more
soil science than is included in the core curriculums in agriculture and ecology, and
for students who plan to do graduate study in soil science.

The methods described in this manual are documented by the former Soviet or
present-day Ukrainian standards, and some of them are in harmony with the ISO.

It is supposed to be a training manual more than a reference-book for the
specialists, so the methods in it are described in enough detail and explanation of
theory to satisfy the interests of teaching and self-preparation. We expect it to be of
especial value for the Ukrainian students taking their soil science course in English.

INTRODUCTION

SAMPLE COLLECTION AND PREPARATION

The purpose of any soil sample is to obtain information about a particular soil
and its characteristics. Sampling provides a means to estimate the parameters of those
soil characteristics with an acceptable accuracy at the lowest possible cost.

Soil variability and sample size are interferences to sample collection and
preparation. Soil material needs to be adequate in amount and thoroughly mixed in
order to obtain a representative sample.

Different disciplines and fields of research have their own regulations for
sample collection and preparation. This pertains to classical soil analyses requested
by soil survey, agrochemical procedures of soil research, soil microbiology and so on.
We shall confine our presentation here only to laboratory preparation of soil samples.

The objective of laboratory preparation is to homogenize the soil samples that
are used in chemical, physical, and mineralogical analyses. These analyses are
generally determined on the fine-earth (< 1 mm) fraction that has been air-dried (up
to 30°C) to a constant weight. Drying requires 4 to 7 days. In Ukrainian laboratory
practice it is customary to spread the soil sample (500-1000 g) as a thin layer on the
sheet of carton and dry it up in a clean and dry room, with no direct sun light, where
the air does not contain dust and gases (NH3, HCl, etc.).

In addition to laboratory preparation for bulk samples, undisturbed soil clods
that are used to determine some physical properties, e.g., bulk density and aggregate
porosity, also are processed.

To determine the skeletal part of the soil the sample after drying is weighed on
electric balance. Large clods are broken to pieces by hands. Roots, inclusions, and
new formations (concretions) are assiduously taken out and collected separately.
From the sample prepared in this way, subsamples are taken for the determination of
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humus, nitrogen, and other analyses. For that purpose, the soil is spread in a thin layer
on a sheet of brown paper in the shape of a square and divided into four parts by the
diagonals. Two opposite parts are poured into a carton (or plastic) container, where
soil is preserved in unpulverized condition. Such procedural steps are generally
applicable to the majority of soil and agrochemical analyses. The samples must be
labeled. One label of the sample is put in the container while another one is stuck to
its external surface.

The soil left on the brown paper is thoroughly mixed and leveled in a thin
layer. Using a tea spoon, the small portions of the soil are taken from random spots so
as to collect 25-30 g probe. This probe is kept in a paper bag and subsequently used
for the determination of humus and nitrogen. The rest of the soil is crushed in a
porcelain mortar with a rubber-end pestle and sieved through a round-hole (1 mm)
sieve. The soil, remaining on the sieve, should be repeatedly crushed and sieved till
only the skeletal part is left. The sieved soil is used for particle size analysis. Soil
skeleton is transferred into a porcelain cup, distilled water is added and the mixture
boiled for one hour. The soil is then transferred on the 1-mm sieve with water (using
a rinser) and dried.

The  washed  and  dried  soil  is  then  sieved  through  a  column  (series,  set)  of
sieves with openings of 10, 5, 3, and 1 mm and divided into the fractions of stones
and gravel. The percent of each fraction is calculated of the total weight of the sample
taken for analysis. Determination of the skeletal portion of the soil is needed for the
particle size analysis as well as for the studies of the soil’s petrologic composition.

Sample preparation for the determination of humus and nitrogen presupposes a
very through removal of visible organic residues from the soil. The use of a
magnifying glass and sifting of the sample through the 0.25 mm sieve allow to
prepare a soil sample free from organic residues, even the small ones, which still
preserve their anatomical structure.

The greater part of the soil sample being prepared for physico-chemical and
other routine soil analysis should be pulverized in a porcelain mortar with a porcelain
pestle and screened through a round-hole (1 mm) sieve. The sample thus prepared
should be kept in a glass or plastic container with a loose cover.

Safety. Dust from sample processing is a nuisance. A mast should be worn in
order to avoid breathing dust. Keep clothing and hands away from the crusher and
pulverizer when these machined are in use. The HCl, used to check carbonates, can
destroy clothing and irritate skin. Immediately rinse acid with water from clothing or
skin and seek professional medical help, if needed.

Hygroscopic Moisture. Hygroscopicity Coefficient.
Practical Applications of Soil Hygroscopicity

Any  air-dry  soil  contains  a  small  amount  of  moisture  which  is  called
hygroscopic.  The soil  adsorbs the molecules of  water  from the air  and retains them
on the surface of its solid particles. Hygroscopic moisture of the soil is determined by
the specific surface of the former and is directly proportional to it. The higher the
organic matter (OM) content and the heavier the texture of the soil, the greater is its
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hygroscopic moisture, other factors being equal. Among these other factors, the most
important is the humidity of the air. If the soil is kept for a sufficient period of time in
the air saturated with water vapor (P/P0)=1), it acquires what is known as maximum
hygroscopicity (MH).

Hygroscopic moisture and MH, as any other form of soil moisture, are
measured in % of oven-dry soil weight. The hygroscopic moisture of the soil is
determined in the following way. Aluminum container with a cover is dried in an
oven at 105°C till its weight acquires a constant value. Then it is cooled in a
dessiccator with CaCl2 at the bottom and repeatedly weighed on analytical balance.
The soil in an open container > 5 g of air-dry soil is weighed in this container (with
cover (lid) put on the bottom part) is dried in the drying oven (with thermoregulator)
for 5 hours at 105°C. Then the container is covered with a lid, cooled in dessicator
with CaCl2 at the bottom and weighed on analytical balance. The data are put in the
following table 1.

Table 1. Soil Hygroscopic Moisture and Hygroscopocity Coefficient
Determination

Weight (g) of

Samples
Number

Container
Number Container

Container
with air –
dry soil

Container
with

oven- dry
soil

Evaporated
water

oven-
dry-
soil

Wh,
% 100

100
2

h
OH

W
K

Hygroscopic moisture (Wh) is calculated by the formula:

%,100
b

aW h                                                                                               (1)

where a is the weight of evaporated water (g) and b  is the weight of oven dry
soil (g).

The  value  of  Wh should be reported to two decimal places. Hygroscopicity
coefficient (air-dry/ oven-dry ratio) is calculated by the formula:

,
100

100
2

h
OH

WK                                                                                             (2)

It  is  dimensionless  and  shows  how  many  times  the  weight  of  air-dry  soil  is
greater than the weight of oven-dry. This parameter is needed in all the formulas
calculating the results of soil analysis.

Maximum hygroscopic moisture or maximum hygroscopicity (MH) is
determined by keeping the drying containers with oven-dry soil in a dessicator
containing saturated K2SO4 solution.  The  dessicator  is  kept  in  a  dark  place.  The
drying containers should be made of glass, not aluminum. The relative air humidity in
a dessicator with well-fitting cover reaches 0.96-0.98 (96-98%). When the soil
reaches maximum hygroscopic moisture, its weight remains more or less constant.
For light textured soils poor in OM it takes half a week to reach MH. For some clay
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soils, rich in OM, it may take two weeks. In our country, there persists a tradition to
determine the permanent wilting point (PWP) of a soil by multiplying MH by the
factor of 1.5:

MHPWP 5.1                                                                                                 (3)

The factor itself is very conventional and changes within the range of 1.2 to
2.5. It was Prof. N.A.Kachinsky who proposed to use formula (3) for the mineral
soils.  As the soil  dries out,  the plants  will  begin to show the effects  of  reduced soil
moisture. During the day time they will tend to wilt. At first this wilting will be
removed by night time turgor. The rate of water supply to plants will be so slow that
the plant will remain wilted day and night. Although not dead, the plants are now
existing in a permanently wilted condition and will die if water is not added. The soil
moisture content at this stage is called the wilting coefficient (in Britain) or the
permanent wilting point (PWP, in the USA), Below PWP, the soil does not contain
any available moisture for plant growth.

To calculate the amount of available water (AAW, mm) in a given layer of
soil, h cm thick, provided that its field moisture (W, %) is uniform, it is necessary to
know the bulk density of the soil (d, g/cm3) in a given layer and use the formula:

dhPWPWmmAAW )(1.0,                                                             (4)

The so called maximum amount of available water (MAAW, mm), also known
as the active moisture diapasone in our country, is the amount of available water at
field capacity (FC) and calculated by the formula:

dhPWPFCmmMAAW )(1.0,                                                        (5)

In a conventional plow layer (h = 20 cm), the MAAW should be within 20-40
mm to be estimated as satisfactory for most field crops.

Another application of the concept of soil hygroscopicity is the determination
of the specific surface area of a soil material which can be defined as the total surface
area of particles per unit mass (weight).

Specific surface is commonly expressed in terms of square meters per gram of
oven-dry soil. It depends upon the size of the particles. It also depends upon their
shape. Flattened or elongated particles obviously expose greater surface per volume
or per mass than do equidimensional (e.g. cubical or spherical) particles. Silicate clay
particles are generally platy.

The specific surface of a soil material is a fundamental and intrinsic property
which has been found to correlate with cation exchange, retention of water, plasticity,
cohesion, and strength. Hence, it is a highly pertinent property to study, and its
measurement can help provide a basis for evaluating and predicting soil behavior.

The usual procedure for determining surface area is to measure the amount of
liquid needed to form a monomolecular layer over the entire surface of solid particles
in a process of adsorption. Water vapor also can be used (Kutilek’s procedure). But
polar adsorbent, such as water, may not obey the BET or Lengmuir equation (which
are expressed by similar graphs at low pressure), since their molecules tend to cluster
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at charged sites rather than to spread out evenly. All the same, Kutilek’s method is
still being employed, as it is simple and requires no sophisticated equipment. In this
method the oven-dry soil is kept in a closed dessicator with P/P0  0.2 (58% H2SO4
or, more safe, saturated CH3COOK solution). The hygroscopic moisture of the soil
(Wh) is determined after 3-4 days of incubation. Specific surface (S, m2·g-1) is
calculated thus:

)2.0/(14.36 0PPWS h                                                                              (6)

1. SOIL TEXTURE

Solid phase of a soil consists of particles having different size, shape, and
properties which were formed as a result of weathering and soil formation. By the
origin, the particles are divided into mineral, organic and organic-mineral. They are
represented by the phragments of rocks, grains of minerals, humus substances or the
products of their interaction with mineral sol components.

The particles are known in our soil science as mechanical elements, whereas
their relative content in soil – as granulometric or mechanical composition. Soil
texture is a term used in English-speaking countries.

1.1. Classification of Textural Particles and Their Properties

The properties of mechanical elements depend upon their size. The particles
close to each other in size are united into fractions. The most popular in Ukraine
classification of soil particles had been proposed by N.A.Kachinsky, the late
professor of Moscow University (Table 2).

Table 2. Particle Size Classification (according to N.A.Kachinsky)

Particle
diameter, mm

Name of a
fraction Group of a fraction Type of a fraction

> 3 Stones
3-1 Gravel Soil skeleton

1-0.5 Coarse Sand
0.5-0.25 Medium Sand
0.25-0.05 Fine Sand
0.05-0.01 Coarse Silt

Physical
Sand

0.01-0.005 Medium Silt
0.005-0.001 Fine Silt

< 0.001 Clay
Physical Clay

Fine
Earth

Clay fraction was subdivided into coarse clay (0.001-0.0005 mm), fine clay
(0.0005-0.0001 mm), and soil colloids (< 0.0001 mm). All particles, exceeding
1 mm in diameter, are known as soil skeleton, whereas these less than 1 mm – as fine
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earth. Fine earth particles are divided into physical sand (1-0.01 mm), including sand
and coarse silt particles, and physical clay (< 0.01 mm), including medium silt, fine
silt, and clay. The fractions of mechanical elements, also known as soil separates,
have different mineralogical and chemical composition, as well as physical and
physico-chemical properties.

Stones (> 3 mm) consist of clastic phragments of various rocks. When there is
too much of this fraction in the soil, its agronomical properties become worse, as this
impedes soil tillage and the use of machinery. Stones are in the way of seedling
emergence and the growth of plants. The soils with medium and high extent of
skeletality demand special practices of soil improvement.

Gravel (3-1 mm) consists mainly of the phragments of primary minerals. Its
presence in soils does not interfere with tillage operations, but soil properties may
become unfavorable, including rapid infiltration and low water holding capacity.

Sand fraction (1-0.05 mm) is composed mainly of primary mineral grains,
quartz dominating and feldspar following it. The fraction possesses high infiltrative
ability but no plasticity or the ability to swell on wetting and shrink on drying. Sand’s
retention capacity is low and it does not coagulate. Compared with gravel, this
fraction has a greater water-holding capacity, which, however, should be no less than
10% at field capacity for the sand to be satisfactory for the growth of crops.

Coarse silt fraction (0.05-0.01) does not differ much from sand fraction by
mineralogical composition. It is practically non-plastic, swells only to a slight extent,
prone to puddling. Its water retention ability remains low but capillary water in it is
easily movable. Ukrainian loesses are especially rich in this fraction, some of them
containing no less than 50 to 60 percent. Such loesses are prone to being eroded by
gullies.

Medium silt fraction (0.01-0.005 mm) has a relatively higher content of
micas which imparts to it the properties of plasticity and some adhesion. Its water-
holding capacity is sufficiently good, whereas infiltration coefficient is lower than in
previously described fractions. Colloidal properties remain weakly expressed. It does
not take part in the formation of soil structure and does not compose soil adsorbing
complex. Soils, rich in medium silt, are prone to puddling, compaction, crust and
plow toe formation. Soil structure is easily disintegrated in water. Tillage pulverizes
such soils very easily.

Fine silt fraction (0.05-0.001 mm) consists of secondary and very fine grains
of primary minerals. Being more dispersed, it is endowed with some properties not
characteristic of coarser fractions. It is prone to coagulation and formation of
structure.  It  has  an  adsorption  capacity  and  contains  an  increased  amount  of  soil
humus. When the content of fine silt is too high, the soils may have low infiltrability,
slow water movement along the capillaries, considerable content of unavailable
water, expressed swelling and shrinkage, crack formation., etc.

Clay fraction (< 0.001 mm) is composed mainly of fine-dispersed secondary
minerals. Quartz, orthoclase, and muscovite are the only primary minerals occurring
in it. Clay is endowed with high adsorption capacity, including cation retention and
exchange. It contains much organic matter and elements of plant nutrition. Its role in
soil aggregation is very great. But its permeability and infiltration coefficient are low,
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as  well  as  its  ability  to  yield  water  to  roots.  It  is  capable  to  swell  and  shrink  very
much on, respectively, wetting and drying. Coagulation and dispersion of this
fraction, being well expressed, play a decisive role in the formation and destruction of
soil aggregates. When coagulated (flocculated), this fraction endows the soils,
containing it, with good structure, sufficient water infiltration, total and aeration
porosity, low adhesiveness and, consequently, not too high resistance to soil tillage
performed at soil wetness close to lower plasticity index (maturity to tillage, as we
know it in Ukraine). When dispersed, this fraction contributes to unfavorable physical
and physic-mechanical properties, well expressed in sodic or sodicity-affected soil
species.

The classifications of soil particles popular in the other countries of the world
are given in the following table (Table 3).

Table 3. The Classifications of Soil Particles in Other Countries

USDA International System
Typical Analyses of

Two SoilsSoil Separate Diameter
Limit (mm) Sandy

loam, %
Clay

loam, %

Diameter limits (mm)

Very coarse sand 2.00-1.00 3.1 2.2
Coarse sand 1.00-0.50 10.5 4.0

Medium Sand 0.50-0.25 8.2 6.3
Fine Sand 0.25-0.10 25.3 8.4

Very fine sand 0.10-0.05 22.0 9.6

2.00-0.02

Silt 0.05-0.002 21.1 37.2 0.02-0.002
Clay < 0.002 9.8 32.3 < 0.002

1.2. Diagnostics of Soil Texture

The  best  way  to  diagnose  soil  texture  in  the  field  is  to  employ  the  so-called
”wet” procedure. The soil must be moistened to the consistence of putty. Sandy soils
do not even form a ball (cherry-sized). Loamy sands form some easily breakable balls
but do not mold into wires. Sandy (light) loams’ wires are thick and break to pieces
during molding. Medium loams my be shaped into wires 4 mm thick which break
when turned round a finger in an attempts to make a ring. Heavy loams may be
shaped into wires which do not break but give cracks on the external surfaces of ring.
Clays make rings without cracks.

Much  can  be  said  about  the  soil  in  the  field  by  merely  rubbing  a  bit  of  it
between the fingers. This is a ”dry” procedure of soil texture diagnostics. The
organoleptic features of soil texture, as diagnosed ”roughly” in the field, are given in
the following table (Table 4). Any field procedure, if done diligently, may yield
results close to more precise laboratory methods of soil size particle analysis.

Table 4. Signs of Soil Texture Diagnostics by Field Procedures
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Texture Dry sample
features

Sensations and signs when
rubbing dry sample

”Symptoms” of ”wet”
diagnostics

Sand Dry sample
features

Is almost entirely
composed of sand No ball and no wire

Loamy
sand Single grained

Sand grains dominate
while finer particles only

make an admixture
Weak ball and no wire

Light
loam

Clods are very
friable

Silt and sand particles
dominate

Strong ball, but the wire
breaks to pieces at

molding

Medium
loam

Not easy to
breaks the clods

to pieces

Nearly a half of the soil is
composed of silt and clay

Wire more or less strong,
but it breaks to pieces

when turned into a ring

Heavy
loam

Clods are hard to
break to pieces

by hand

No sandy particles visible.
Silt and clay dominate.

Wire cracks on the
external surface when
shaped into a ring, but

does not break

Clay

Clods, if dry, are
not easy to break
to pieces with a

hammer

No sandy particles. The
homogenious mass of a

sample may with
difficulty be rubbed into

powder

Wire does not even crack
when turned into a ring

round the finger

1.3. Mechanical (Particle-Size) Analysis

Particle size analysis (PSA) is one of the most requested analyses in soil
characterization because soil texture and the particle-size distribution can be related
to many other soil properties.

The Kachinsky pipette method is the most popular in Ukraine. The other
procedures and classifications, like that proposed by M.M.Godlin, are rarely used
now, though Godlin’s Classification of Soil Texture had been developed specially for
Ukraine long before it became an independent state.

In  any  of  pipet-methods  there  are  two  stages  of  soil  analysis:  1)  soil  sample
dispersing and 2) particle fraction sampling. The Kilmer and Alexander (1944) pipet
method was chosen by the former American Soil Conservation Service because it is
reproducible in a wide range of soils. Unlike in our country, air-dry soil is pretreated
to remove organic matter and soluble salts. The soil is dispersed with a sodium
hexametaphosphate solution (NaHMP), and mechanically shaken. The suspension is
diluted to 1L in sedimentation cylinder and stirred before each aliquot taking.

The sedimentation equation that is used to measure the settling rates of
particles of different sizes is as follows:

gdDRV 2

9
2

                                                                                            (7)

where V = velocity of fall, cm·sec-1;
R= particle radius, cm;
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D= particle density, g·cm-3;
d= liquid density, g·cm-3;

= fluid viscosity, poises, and
g= acceleration due to gravity, cm·sec-2.
This formula results from an application of Stokes’ low and is referred to as

Stokes’ law. Assumption used in applying Stokes’ law to soil sedimentation
measurements are as follows:

1. Terminal velocity is attained as soon as settling begins.
2. Settling and resistance are entirely due to the viscosity of the fluid.
3. Particles are smooth and spherical.
4. There is no interaction between individual particles in the solution.
Since soil particles are not smooth and spherical, the radius of the particle is

considered an equivalent rather than an actual radius. In this method, particle density
is assumed to be 2.6 g·cm-3. Kachinsky’s Soil and Parent material Texture
Classification is based on the ratio between the fractions of physical clay and physical
sand. In Ukraine it is known as one of ”two-member” classifications. But it also
depends on the prevailing type of soil formation process, as is evident from the table
below.

Nine textural classes may include different subclasses. To determine subclass
within a given class one has to know the percentages of the following fractions (mm):

Table 5. Soil Textural Classification by N.A.Kachinsky (1965)

Percent of Physical Clay (< 0.01 mm)
Prevailing Type of Soil FormationSoil Textural

Classes Podzolic Chernozemic Solonetzic (Sodic)
Sand: bound

loose
0-5

5-10
0-5
5-10

0-5
5-10

Loamy sand 10-20 10-20 10-15
Loam: light

Medium
heavy

20-30
30-40
40-50

20-30
30-45
45-60

15-20
20-30
30-40

Clay:   light
Medium

heavy

50-65
65-80
> 80

60-75
75-85
> 85

40-50
50-65
> 65

If a Podzolic Soil (Podzoluvisol, Albeluvisol, Spodosol) contains 15% of
physical clay, its textural class is loamy sand. If it contains 60% of sand and 25% of
coarse silt, its textural subclass will be coarse silt-sandy. What is dominant is put in
the second place. So the complete textural name of a given soil will be loamy-sand,

Gravel 1-3
Sand 1-0.05
Coarse silt 0.05-0.01
Silt 0.01-0.001
Clay < 0.001
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coarse-silt-sandy. Such a name may sound a bit clumsy to the native speakers of
English, but the tradition persists.

1.1.1. Simplified Analytical Procedure

Analytical  procedure  consists  of  two  stages:  1)  soil  sample  dispersing  and
2) particle fraction sampling. A 10-g sample of < 1 mm, air-dry soil is dispersed with
a sodium pyrophosphate solution (4%) in a porcelain cup using a glass stick with a
rubber point for 10 min. The dispersion occurs owing to the following process of
cation exchange:

72
4

724
4 4

2

2 OCaMgPNaSACOPNaSAC Ca
Mg

The suspension is then transferred to 1-liter measuring cylinder, through the
0.25 mm sieve placed in a funnel, to remove the fraction of coarse plus medium sand.
The fraction is properly washed on the sieve with distilled water from a rinser into the
cylinder. The purity of the 1-0.25 mm fraction is checked up by rinsing it on the sieve
into another porcelain cup and adding the finer particles to the suspension in the
cylinder. Clean 1-.25 mm fraction is then transferred using the rinser into a weighted
metallic cup and put on a water bath for evaporation. After evaporation of a liquid
part, the fraction is put into an oven where it is dried up for 2 hours at 105°C. Then it
is cooled in a dessicator for a few minutes and weighed on a damped balance to the
third decimal place. Percent of the sum of coarse and medium sand (1-0.25 mm)
fraction is calculated by the formula:

P
OKHamm 2100

)25.01%( ,                                                                         (8)

where  a  is  the  weight  (g)  of  particles  in  the  cup  and  P  is  the  weight  of  soil
sample taken for analysis. KH2O, as you already know, is the hygroscopicity
coefficient – the ratio between air-dry and oven-dry soil weight.

Note! Percentage of any fraction should be reported to two decimal places!
The suspension in a sedimentation cylinder is diluted to 0.5L, stirred, and 25-

ml aliquots removed with a pipet at calculated predetermined intervals based on
Stokes’ law (Table 7).

Table 7. Sampling Depths and Times for Fraction Sampling

Time interval between stirring and sampling at
various temperatures, °CFraction

number

Particle
size,
mm

Sampling
depth, cm 10 15 20 30

1  0.05 25 149 s 130 s 115 s 92 s
2  0.01 10 24 min 52 s 21 min 45 s 19 min 14 s 15 min 17 s
3 < 0.005 10 1h 39 min 1h 27 min 1h 17 min 1h 01 min
4 < 0.001 7 29h 00 min 25h 22 min 22h 26 min 15h 50 min
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The aliquots are dried at 105°C, cooled and weighed. Thus four samples are
taken from the suspension by the pipet (25 ml) into a weighed metallic evaporative
cup: 1) < 0.05, 2) < 0.01, 3) < 0.005, and 4) < 0.001 mm.

A suspension should be stirred for 1 min using a stirrer or any other device
before each sampling. Time should be measured after stirring finishing. The pipet
should be rinsed with distilled water after each sampling and the ”dirt” should be
added to the same evaporation cup.

Particle samples in weighted metallic evaporation cups should be put on water
bath for evaporation of liquid. Then they should be dried for 2 hours at 105°C in a
drying oven with thermoregulator and for as short a time as possible cooled in a
dessicator before weighing on analytical balance. Fraction percents (FP) are
calculated by the formula:

PV
KVca

FP OH

2

1 2
100)(

                                                                         (9)

where  C  is  the  weight  (g)  of  Na4P2O7 that  got  into  evaporation  cup  with  the
suspension  (with  each  ml  of  4%  Na4P2O7 taken for soil sample dispersing 0.04 g
Na4P2O7 gets into the sedimentation cylinder; with 25 ml pipet, 0.001 g of the salt get
into an evaporation cup); V1 (ml) is the total volume of suspension (either 500 or
1000 ml); V2 is the volume of suspension pipetted into evaporation cup. All the other
values of the formula are the same as in the previous one.

To determine soil texture by Kachinsky procedure it is necessary to know the
percentages of the following fractions (mm):

1-0.25
0.25-0.05
0.05-0.01
0.01-0.005 and
< 0.001

The necessary calculations are performed in the following way:
% (0.25-0.05) = 100-% (1-0.25)- %( < 0.05),
% (0.05-0.01) = %(< 0.05)- %(0.01),
% (0.01-0.005) = % (<0.01)- %(<0.005),
% (0.005-0.001) = %(<0.005)- %(<0.001),
% (<0.001) = % of the sample fraction (4).

Table 8. Soil Texture Laboratory Determination Results

Weight in grams of
Sample
fraction

Particle
size,
mm

Empty
evaporation

cup

Evaporation
cup with

dry particles

Dry
particles

of a fraction

% Fractions,
mm

% of
fractions

Names of
soil group

and
subgroup

1-0.25
On sieve 1-0.25  0.25-0.05

I < 0.05  0.05-0.01
II < 0.01   0.01-0.005
III < 0.005  0.005-0.001
IV < 0.001 < 0.001
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The final results of soil particle size analysis in our country are usually given
like in the following table 9.

Table 9. Texture of Dark-Brown Arid Steppe Soil

Size of textural fractions (mm) and their content, % of
oven dry soil weightHorizon and

depth, cm 1-
0.25

0.25-
0.05

0.05-
0.01

0.01-
0.005

0.005-
0.001

<
0.001 < 0.01

Textural
Group

Textural
Subgroup

H 0-20 0.24 7.60 29.05 9.62 18.75 32.73 62.10

Light
Clay

)

Coarse Silt-
Clayey

-
)

In the practice of Ukrainian pedology the soils are divided into light, heavy and
medium-textured by their resistance to tillage operations, more particularly
moldboard plowing. Light soils (sands and loamy sands) are easy to plow, heavy ones
– between.

Light soils (sands and loamy sands) are structureless (single grained or nearly
so), easily permeable to water, with favorable aeration and thermal regime, poor in
organic matter, nitrogen and ”ashy” elements of plant nutrition; their cation exchange
capacity is low as well as their water holding capacity. In Ukraine such soils more
often than not are endowed with excess acidity.

Heavy soils (heavy loams and clays) have a great resistance to tillage, say, four
or five times greater than sandy ones. They demand much ”toil and oil”. Their water-
holding capacity is high but their ”energy” to supply the plants with available water is
low. Their heat-related properties are unfavorable, as it takes a long time for them to
get dry and warm in spring. They are structuraless (massive) if they do not contain a
certain critical amount of humus. But enough humus and exchangeable calcium
provide them with good structure, resistant to raindrop impact. When structureless,
such soils easily puddle and form crusts.

In agronomical aspect, the most favorable soil texture is that of ”medium
soils”, like light and medium loams, and particularly silt-loam ones.

1.1.2. Texture of Ukrainian Soils

Light-textured sand and loamy-sand soils dominate in the Forest zone of
Ukraine (Polissya). The soils with heavier texture occur there too. Light soils were
formed in light textured parent materials like glacial outwash or alluvial deposits in
floodplains, which are the most widespread parent materials of Polissyan soils. Some
eolian and lacustrine deposits are light-textured too. The soils with heavier (mainly
loamy) texture are encountered on ”loess islands” and in glacial till (moraine).

The soils in the Forest-Steppe zone, formed mainly in loess and loess-like
parent materials are loamy in texture. Light and sandy loams dominate in the northern
part of the zone, whereas silty medium and even heavy loams increase their areas to
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the south. Light-textured Forest-Steppe soils are encountered primarily in the
floodplains of the river valleys and on the slopes.

Chernozemic Steppe zone of Ukraine is characterized mainly by heavy-
textured soils formed in heavy-textured parent materials like loess and clays. Soil
texture here becomes heavier to the south. On Donetsky Kryazh (upland), the soils
formed in the eluvium of chalk, slates, and sandstones are very skeletal. Light-
textured soils are encountered in floodplains.

Heavy-loam and clayey soils dominate in the Arid Steppe zone of Ukraine.
They were formed in heavy-textured loess and clays. Chocolate clay loam loess
dominates here as parent materials. Very often, the loess is underlain by red-brown
saline clays, which in their turn, are underlain by tertiary limestones, so that some
skeletal soils may be encountered on the slopes, formed in deluvium or mixed
eluvium-deluvium deposits.

Clayey soils are dominant in the steppe part of the Crimea.
In the mountain regions of the Crimea and Carpathians the soils are of different

texture and characterized by a varying extent of stonyness (skeletality).Such soils
formed in clastic eluvium, deluvium, proluvium and colluvium (talus) sediments. So,
generally speaking, the dominant textures of Ukrainian soils are medium and heavy
loams.

1.1.3. Some Applications of Soil Particle Analysis Data

Plasticity, water permeability, ease of tillage, droughtiness, fertility, and
productivity are all closely related to soil texture. Many clay soils expand and shrink
with wetting and drying, causing cracks in walls and foundations of buildings. The
intensity of the processes of soil formation, especially those connected with the
movement and translocation of mineral and organic compounds in soil profile
depends on soil texture.

One  of  such  pedogenic  characteristics  is  the  extent  of  soil  profile
differentiation by texture, which depends upon soil type and age and is calculated by
the formula:

A

B

da
dbK  ,                                                                                                 (10)

where K is the coefficient of differentiation; b is  the  content  of  clay
(< 0.001 mm) in the illuvial horizon; a is the content of clay in the eluvial horizon; dB
is the bulk density of the soil in the iluvial, and dA – that in the eluvial horizon.
By the extent of differentiation (K), the soils are:
5. Nondifferentiated (K 1);
6. Slightly differentiated (K = 0.7-1.3);
7. Moderately differentiated (K = 1.3-1.6);
8. More than moderately differentiated (K = 1.6-2.0);
9. Sharply differentiated (K > 2.0).
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Soil particle size analysis allows to evaluate the soils’ potential ability for
granulation (formation of soil structure). Granulometric factor of soil aggregation,
proposed by O.F.Vadyunina, is calculated by one of the following formulae:

for soils containing over 4% SOM:

100
)005.001.0(%)01.005.0(%

)001.0005.0(%)001.0(%
mmmediumsiltmmcoarsesilt

mmfinesiltmmclayGFSA ,              (11)

for soils containing less than 4% of SOM:

100
)001.005.0(%

)001.0(%
mmtotalsilt

mmclayGFSA ,                                                                 (12)

The higher the GFSA, the greater  the potential  ability of  the soil  to form and
preserve the aggregates of soil structure.

The following table 10 by V.F.Valkov gives the notions of the crop relations to
soil texture:

Maximum productivity for red pine (Pinus resinosa) occurs on coarser textured
soil than for corn (Zea maize) in Michigan. Loam soils have the greatest productivity
for wheat. When soils are irrigated and highly fertilized, however, the highest yields
of corn occur on sandy soils. The world record corn yield, set in 1977, occurred on a
sandy soil that was fertilized and irrigated (H.D.Foth, 1990).

Table 10. Crop rotations to soil texture (according to V.F.Valkov)

Soil Texture and Crops

Sand and loamy
sand

Light and medium
loam

Structured heavy
loam and clay

Weakly structured
eroded heavy loam

and clay
Rye Winter wheat Spring wheat Rice

Potato Oat Barley Maize
Lupin Millet Maize Alfalfa

Alfalfa (yellow) Rye Sorghum Plum
Watermellon Buckwheat Soybean Cherry

Mellon Barley Sunflower Melilotus albus
Pumpkin Flax Sugar beat Melilotus officinalis
Cherry Beans Hemp

Peas Beans
Potato Plum
Clover Apricot

Sugar beet Cherry
Apple
Pear
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1.1.4. Some Features of Soil Texture Determination in the USA
(Foth, 1990)

Soil separates in the USDA Classification are the size groups of mineral
particles less than 2 mm in diameter or the size group that are smaller than gravel.
Sand is the 2.0-0.05 mm fraction. Silt is the 0.05-0.002 mm fraction. Clay particles
have an effective diameter less than 0.002 mm (less than 2 microns).

Soils high in carbonate content do not easily disperse. Pretreatment of these
soils with acid destroys the carbonates. In some American procedures carbonates are
destroyed with NaOAC solution which is added to sample until carbonate bubbles no
longer evolve. NaOAC solution is then washed from the sample. After destruction of
carbonates, the standard PSA (particle size analysis) is followed. Iron and other
oxides coat and bind clay, silt, and sand particles to form aggregates. Soils with iron
cementation do not readily disperse. The iron oxides are removed using bicarbonate-
buffered, sodium dithionite-citrate solution (Mehra and Jackson, 1960).

Soils are pretreated with H2O2 to remove organic matter. The procedure is as
follows. Weigh 10 g of < 2 mm, air-dry soil to nearest mg on an electronic balance
and place in a 300-ml, tarred beaker. Add about 50 ml of distilled water and 5 ml of
H2O2 to soil sample at ambient temperature. Cover the soil sample with 50-ml water
glass. Allow initial oxidation of OM to complete and then place sample on hot plate.
Heat to 90°C. Add 5-ml increments of H2O2 at 45-min intervals until oxidation has
completed or until 30 ml of H2O2 have been added. Heat the sample for an additional
45 min to decompose excess H2O2. Place the sample in the oven and dry over night at
105°C. Remove the sample from the oven, place in a dessicator, and cool to ambient
temperature. Record the total weight (TW) of the sample to the nearest mg. Proceed
with standard PSA.

The Fundamentals of Soil Science by H.D.Foth describe a made-simple
procedure of PSA involving the use of a hydrometer (known by the name of
areometer in our country). The procedure was devised for rapidly determining the
content of sand, silt, and clay in a soil.

A sample  (usually  50  grams)  of  air-dry  soil  is  mixed  with  a  dispersing  agent
(such as sodium pyrophosphate solution) for about 12 hours to promote dispersion.
Then, the soil-water suspension is placed in a metal cup with baffles on the inside,
and stirred on a mixer for several minutes to bring about separation of the sand, silt,
and clay particles, The suspension is poured into a specially designed cylinder, and
distilled water is added to bring the contents up to volume.

The soil particles settle in the water at a speed directly related to the square of
their diameters and inversely related to the viscosity of the water. A hand stirrer is
used to suspend the soil particles thoroughly and the time is immediately noted. A
specially designed hydrometer is carefully inserted into the suspension and two
hydrometer readings are made. The sand settles in about 40 seconds and a
hydrometer reading taken at 40 seconds determines the grams of silt and clay
remaining in suspension. Subtraction of the 40-second reading from the sample
weight gives the grams of sand. After 8 hours, most of the silt has settled, and a
hydrometer reading taken at 8 hours determines the grams of clay in the sample. The
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silt is calculated by difference: add the percentage of sand to the percentage of clay
and subtract from 100 percent.

Table 11. Soil Texture and Adaptability of Orchards (by V.F.Valkov)

Zones of Soil Wetness

Texture Excessively wet
soddy-podzolic

Sufficiently moist
grey forest,

podzolized, leached
and typical chernozem

Insufficiently
moist

ordinary
chernozems

Droughty southern
chernozems and

chestnut soils

Sand

Poorly supplied with
nutrients and

therefore less than
moderately good

Less than moderately
good in the north. But

may be good for
sweet cherry. Not
good for apples.

Satisfactory
for orchards

Satisfactory and
occasionally good

Loamy-
sand

May be used for
orchards good for

sweet cherry
Satisfactory Good Satisfactory and

good

Light
Loam Moderately Good Good Good

Satisfactory,
sometimes not good

because of deep
salinity

Medium
Loam Satisfactory Good if properly

structured
Good and

Satisfactory

Not always
satisfactory because

of deep salinity

Heavy
Loam

Not quite satisfactory
with poor physical

properties and
puddling

Satisfactory if not
with impermeable

illuvial horizon

Satisfactory,
but not if
with deep
salinity

Not quite
satisfactory as a
result of deep

salinity

Clay

Unsatisfactory, with
poor physical
properties and

puddling

Unsatisfactory if not
properly structured

may be used on slopes

Satisfactory,
if not saline

Unsatisfactory,
with deep salinity

2. SOIL STRUCTURE

Soil particles may exist freely, not cemented with each other or be united into
structural aggregates of different shape and size. Soil aggregates may unite with each
other forming a distinctly structured pattern. Soil than behaves as a composite body
the properties of which depend on the manner in which the various particles are
packed and held together in a spatial network, commonly called the soil matrix. The
arrangement and organization of the particles in the soil is called soil structure.

The  quality  of  soil  structure  is  determined  by  the  size  of  aggregates,  their
shape, strength (resistance to crushing or raindrop impact), porosity, etc. In our soil
science there persists a tradition to classify soil aggregates into microstructure (< 0.25
mm in size), macrostructure (10-0.25 mm), and megastructure (> 10 mm). The most
agronomically favorable are the macroaggregates (10-0.25 mm), close to spherical in
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shape (grains and clods), endowed with considerable internal porosity (over 45% by
volume), mechanically strong and resistant to the action of water (raindrop impact
and surface flow). Soil aggregates most be loosely packed. Then ”spatial network”
should allow sufficient total soil porosity (55-65% by volume).

Soil aggregates, formed directly from primary particles are known as the
aggregates of the first order. Uniting with each other, they form the aggregates of the
second, third, and so on orders. With the growing size of an aggregate its strength and
resistance to mechanical forces and the action of water become lower.

M.I.Savvinov proposed his classification of agronomically favorable structural
aggregates (Table 12), which is still accepted in Ukraine. All the aggregates belong to
the so called cubic type of soil structure according to S.A.Zakharov’s classification.

The practice of soil cultivation made it abundantly evident that soil structure
affects soil physical and mechanical properties, conditions of soil tillage, water and
air related soil regimes, soil fertility, and plant growth.

Table 12. Classification of Agronomically Favorable Soil Aggregates
(by M.I.Savvinov)

Genus of Aggregates Species (Variety) of
Aggregates

Size (equivalent
diameter), mm

Blocky part of the soil (>
10 mm in diameter)

Blocks: coarse
medium

small

> 100
100-30
30-10

Cloddy part of the soil (10-
0.25 m in diameter)

Clods: coarse
medium

fine
grains

10-3.0
3.0-1.0
1.0-0.5

0.5-0.25
Silty part of the soil

(< 0.25 mm in diameter)
Microstructural elements

Silty-clay particles
0.25-0.01

< 0.01

2.1. M.I.Savvinov’s Procedure of Soil Aggregate Analysis

Usually the samples are collected from plow and subplow layers. But in
practice of soil structure research these two layers are characterized by ten-centimeter
sublayers: 0-10, 10-20, and 20-30 centimeters deep. The samples in the field are
collected using a spade from five points of the field, from which a mixed sample is
formed. Total weight of a sample should be within 1.5-2.5 kg. The soil is air-dried in
a thin layer on brown paper. All inclusions (roots, lits of straw, stones, etc) must be
separated from the samples. The procedure of aggregate analysis is in two stages: air
dry aggregate separation and water-stable aggregate separation in water, using a
standard set of sieves.

2.1.1. Dry Aggregate Analysis

1 kg of air-dry soil is weighed on technical balance and sieved through a
column of sieves with round holes of the following diameters (mm): 10; 7; 5; 3; 1;
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0.5; and 0.25. The bottom sieve is mounted on the bottom container, whereas the
uppermost one is covered with a lid. The soil should be sieved by small portions
(100-200 g), bending the sieves in various directions 5-15 times, avoiding intensive
shakes.

The ending of aggregate distribution should be checked. Each sieve should be
shaken a few times over a sheet of paper. If only some single aggregates fall through,
the sieving should be considered completed. Each sieve contains aggregates
exceeding the size of holes in their equivalent diameter. The fractions (separates) of
aggregates are transferred into porcelain dishes weighed beforehand, weighed on
technical balance, and their masses calculated by subtraction. The content of a
separate less than 0.25 mm in diameter is calculated by the difference between the
weight  of  soil  sample taken for  analysis  and the total  weight  of  separates over 0.25
mm in diameter. The weight of the initial soil sample is taken for 100%. The results,
obtained in this procedure, are given in the form of a table (Table 13).

Table 13. Soil Aggregate Composition (numerator: after dry procedure,
denominator: after wet procedure of sieving)

Aggregate diameter (mm) and their content in % of air-dry soil weight
Soil

Horizon
and depth,

cm > 10 10-7 7-5 5-3 3-1 1.-05 0.5-0.25 < 0.25

Southern
chernozem H 0-10 21.0 16.8 15.4 12.9

1.5
20.2
12.6

7.8
18.3

6.7
21.4

10.2
45.2

The  evaluation  of  the  soil’s  aggregate  composition  by  the  content  of  air-dry
agronomically favorable aggregates is made by the following scale (S.I. Dolgov and
P.U.Bakhtin).

Table 14. Evaluation of Soil Air-Dry Aggregate Composition

Content of aggregates within 0.25-10
mm in diameter, % by air-dry weight

Aggregate (structural) Composition
Evaluation

> 80 Excellent
80-60 Good
60-40 Satisfactory
40-20 Unsatisfactory
< 20 Downright bad

The results of dry sieving allow to calculate the coefficient of soil aggregation
) by the formula:

,BAK sa                                                                                               (13)

where  Ksa is  the  coefficient  of  soil  aggregation,  dimensionless;  A  is  the  total
weight of soil macroagregates (0.25-10 mm), and B – the combined weight of
aggregates of silt (< 0.25 mm) and blocks (> 10 mm). The greater value of Ksa
corresponds to a better state of soil aggregation.
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2.1.2. Wet Aggregate analysis

A mixed soil sample is prepared, 50 g in weight, from all the aggregate
separates obtained with dry sieving. The weight of each of the separates in grams is
numerically equal to the percent of a given separate divided by two. For example, if
the percent of a fraction within 10-7 mm in diameter is 16.8, the weight of this
separate for the composition of a mixed sample should be 8.4 g.

The separate less than 0.25 mm in diameter is not included in the sample as it
inhibits the process of wet sieving and is in the way of larger separates’ sieving.
Thus the weight of the sample will be less than 50 g but during the calculation of the
water-proof separate percents the total weight of a sample should be taken for 50 g.

The sample prepared in this way is transferred into a measuring cylinder 1L in
volume. The water is poured into the cylinder very slowly and along its wall to
ensure a gradual process of aggregate soaking in water with a gradual repulsion of air
from them. Otherwise, some of the aggregates could be rapidly (and unnaturally)
disintegrated. Soil sample in the cylinder, wetted in this way, should be left ”in
peace” for approximately 10 minutes and then the cylinder is filled with water to 1 L
mark and kept slightly bended for a minute or so to allow the evolution of air trapped
by the soil aggregates and water.

A  column  of  5  sieves  with  holes  of  5;  3;  1;  0.5;  and  0.25  mm  in  diameter
should be mounted on a holder. A column should not be covered with a lid or have a
bottom container. The sieves must be properly attached to each other by the wire arc
prodding the two ears of each sieve. The column is submerged into water in a large
container to the depth of 8-10 cm from the water surface.

The measuring cylinder containing soil aggregates and water is covered by a
sheet of glass, termed upside down and kept in this position a few seconds to allow
the soil to subside on the glass sheet and then put right again. Such an operation
should be repeated 10 times and then the cylinder in upside down position is
submerged  into  water  over  the  column  of  sieves,  glass  sheet  removed  and  the  soil
allowed to enter the column. After 50-60 seconds, when all the aggregates will fall on
the sieve column, the cylinder is taken out of the water. Part of the aggregates left in
the cylinder (< 0.25 mm in diameter) are not taken into account as it is calculated by
a difference.

The column of sieves are slowly raised underwater 5-6 cm upward but
remaining in water and quickly put down again. This operation must be repeated 10
times, after which two upper sieves are taken out of water, whereas the remaining
sieves are shaken in the above described way 5 more times.

All  the  sieves  are  taken  out  of  water  and  put  on  the  table.  With  a  rinser,  the
aggregates from each sieve are washed into a large porcelain dish. The excess of
water is poured out and the aggregates from each large dish are transferred into small
dishes weighed beforehand. Water from the dishes is evaporated on water bath, their
contents are dried in an oven, left on the table overnight and weighed on technical
balance. Weight of a separate multiplied by 2 gives the percent of water-stable
aggregates. The results are represented in the form of the previously given table
(Table 15).
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Table 15. Soil Structure Evaluation by the Content of Water-Resistant
Aggregates

Combined percent of water-
resistant aggregates over 0.25 mm

in diameter (by air-dry weight)

Aggregate Resistance to water
Evaluation

< 10 No resistance
10-20 Unsatisfactory
20-30 Not quite satisfactory
30-40 Satisfactory
40-60 Good
60-75 Excellent
> 75 Excessive

Evaluation of the state of soil structure by the content of water-proof
aggregates is carried out using the following table 15.

By the condition of soil structure the soils are divided into three groups:
structureless, with weak structure, and structured. These groups differ from each
other by water-related and physical properties. When particles are entirely unattached
to each other, the structure is completely loose, as it is in the case of coarse granular
soils or unconsolidated deposits of desert dust. Structureless soils in Ukraine are
represented by coarse-textured sands and loamy sands containing less than 10% clay.
The bulk density of such soils is very high and their OM content is very often less
than 1%. Their fertility is very poor.

The soils with weak structure are represented by sandy and coarse-silty
varieties of light and medium loams. Such soils contain over 50 percent of sand and
coarse silt (0.05-0.01 mm) particles. Clay content in them does not exceed
10-20%, and organic matter content is within 1-3%. The content of aggregates
resistant to the action of water does not exceed 50% by weight, total and aeration
porosities are low. Such soils easily form crusts and are prone to puddling.

Well-structured silty and clay loams, as well as same clays, are, as a rule, well
saturated  with  bases  and  contain  over  3%  of  SOM.  Their  bulk  density,  total  and
aeration porosities are favorable for plant growth. Their fertility is also rich, more
often than not.

2.2. Soil Microaggragate Analysis As Proposed by N.A.Kachinsky

The majority of soil particles in loams and clays are aggregated. Particles
below 0.01 mm in diameter are 90% aggregated. Soils’ microaggregated condition is
typical for them. Microaggregates differ from elementary particles of the same size
by microagregate porosity, which increase the total porosity of the soil, compared
with soils composed not of microaggregates but the elementary particles of the same
size. That is why water-related, physical, and mechanical properties of fine-textured
soils differ very much from single-grained ones and are determined to a much greater
extent by microagregate than by mechanical composition.
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Soil microaggregate composition is very dynamic. It changes within wide
range depending on soil use and development. The soil may become more or less
granulated. Soil texture is the limit of its disintegration. It is desirable to carry out soil
microaggregate analysis for plow and subplow layers parallelly with the particle size
analysis. This will enable the researcher to evaluate the soil’s potential ability for
granulation (aggregate formation).

The following separates of soil microaggregates are determined in the analysis
(mm): 1-0.25; 0.25-0.05; 0.05-0.01; 0.01-0.005; 0.005-0.001; and less than 0.001.

Like soil particle size analysis, the microaggregate analysis is composed of two
stages: 1) sample preparation and 2) determination of microaggregate separates.

10-20 g of air-dry soil pulverized with a rubber-ended pestle in a porcelain dish
and screened through the sieve with holes 1 mm in diameter are put in a 0.5 L beaker.
250 ml of distilled water is poured into a beaker with a soil and the system is left 24
hours in piece. After that the beaker is covered with a rubber stopper and shaken 2
hours in a horizontal plane (180 rpm). That is the end of the first stage.

The suspension is transferred into a 1L measuring cylinder through the screen
mounted on a funnel. The openings of the screen are 0.25 mm wide. Soil on the
screen is washed with distilled water till clean transparent water percolates through
the screen. Microaggregates 1-0.25 mm in diameter, left on the screen, are rinsed into
a weighed evaporation dish, the excess of water is poured out on the dish, which is
than put on water bath for the evaporation of the rest of water.

After evaporation of water, the dishes are dried in a thermostat for 3 hours at
105°C, cooled in a dessicator and weighed on analytical balance. The percent of
mictoaggregate separates are calculated in the same way as the percent of aggregate
separates during dry sieving procedure described in the previous section.

The cylinder with the rest of the microaggregates is poured up to volume (1L)
and the rest of the microaggregate separates are determined as in the particle size
analysis, based on the Stokes’ law. Time intervals and depths of sampling are given
in the following table (Table 16).

Table 16. Time intervals and depths of microaggregate separate sampling at
different temperatures of a suspension and soil particle density of 2.6 g·cm-3

(S.V.Astapov)
Time interval for suspension stirring before sampling at
various temperatures, °C

Separate
Number

Micro-
aggregate
size, mm

Depth of pipet
submersion, cm

10 15 20 30
I 0.05 25 3 min 49 sec 3 min 49 sec 2 min 57 sec 2 min 38 sec
II 0.01 10 38 min 06 sec 33 min 30 sec 29 min 40 sec 26 min 30 sec
III 0.005 10 2 hr 32 min  2 hr 13 min 1 hr 59 min 1 hr 46 min
IV 0.001 7 63 hr 29 min  55 hr 42 min 49 hr 20 min 43 hr 6 min

Separate percents are calculated by the formula:

1

210040
P

KPMSP OH ,                                                                                (14)
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where MSP is microaggregate separate percent (% of oven dry soil); P is dry
separate weight; P1 is  the  weight  of  air-dry  soil  taken  for  analysis;  K H2O is
hydroscopicity coefficient, and 40 is a coefficient for the transformation of results on
the entire volume of suspension with pipet volume equal to 25 ml: 1000:25=40.

While analyzing saline soils, soil extract is used instead of distilled water,
which is prepared in the following way: 40 g of air-dry soil are put in a large (over
1L) beaker. 1000 ml of distilled water are added to the soil. The mixture is stirred and
left to stand still for 24 hours, after which it is stirred for 5 minutes and filtrated.

Microaggregate analysis results are given in the form of a table (Table 17).

Table 17. Soil Microaggregate Composition

Microagregate Content, % of oven dry soilSoil
Name

Horizon and
its depth, cm 1-.025 mm 0.25-0.05

mm
0.05-0.01

mm
0.01-

0.005 mm
0.005-

0.001 mm
< 0.001

mm
– – – – – – – –

2.3. Evaluation of Soil Microaggregate Composition

The comparison of data of soil microaggregate and particle size analyses
allows to estimate the soil’s potential ability to form aggregates and ensure their
resistance to the action of water.

Soil dispersion factor, proposed by N.A.Kachinsky, characterizes the extent
of soil microaggregate disruptibility and is a percent of microaggregates < 0.001 mm
in diameter of the content of clay particles (also < 0.001 mm) determined by the soil
particle analysis:

,100
cp

ma
d M

MK                                                                                               (15)

where  Kd is  the  dispersion  factor,  Mma –  the  content  of  microaggregates  <
0.001 mm in diameter determined by the soil microaggregate analysis and Mcp – the
content of clay particles (< 0.001 mm in diameter) determined by the particle size
analysis.

Factor of soil structurability (Fageler’s factor) characterizes the resistance of
soil aggregates to the action of water. It is calculated by the formula:

cp

macp
SS M

MM
K

100)(
                                                                                  (16)

where  KSS is  the  factor  of  soil  structurability  in  percent,  and  the  other
parameter are the same as in the previous formula.

Soils with KSS over  90%  are  well  aggregated,  with  that  of  80-90%  –
moderately, and less than 80% – weakly aggregated.

The extent of soil aggregation (by Baver and Roades) is calculated by the
formula:
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,100)(
a

baK sa                                                                                           (17)

where  Ksa is the extent of soil aggregation in percent, a is the content of soil
microaggregates over 0.05 mm in diameter determined by microaggregate analysis, b
is the content of soil particles over 0.05 mm in diameter determined by the particle
size analysis.

Higher values of the extent of soil aggregation (Ksa) correspond to a greater
soil aggregate resistance to the action of water (raindrop impact and surface flow).

Example of calculations. The  following  data  were  obtained  as  a  result  of
chernozem’s microaggregate and particle size analyses (Table 18).

Table 18. Particle Size and Microaggregate Composition of Typical Light
Loam

Percent of particles within diameter range (m)Horizon
and its

depth, cm 1-0.25 0.25-0.05 0.05-0.01 0.01-0.005 0.005-0.001 < 0.001 < 0.01

H 0-20
–__
11.4

17.1
34.3

53.2
35.7

9.8_
12.2

7.2
4.8

12.7
1.6 29.7

Data in the numerator are the results of soil particle size analysis, data in the
denominator – those of the microaggregate analysis.

%,45.9
7.12
1006.1

dK %55.90
7.12

100)6.17.12(
ssK                                   (18)

As can be judged from these results, a given chernozemic soil from the Forest-
Steppe of Ukraine is characterized by moderate characteristics of soil dispersion
ability and propensity for granulation. This can be explained by low SOM content
and high content of coarse silt.

3. SOIL PHYSICAL PROPERTIES

Soil physical properties determine nearly all the processes occurring in the soil
and affect the growth and development of plants. The majority of practices of soil
tillage, amendment and amelioration are employed for to temporarily improve soil
conditions for plant growth, first of all soil general physical (density and porosity)
and physico-mechanical (resistance to tillage, penetrometer resistance, adhesion,
swelling and shrinkage, etc) properties. The division of soil physical properties into
general and physico-mechanical is traditional in our country. General physical
properties include particle density ( ) bulk density (

), and the total porosity (
) of the soil.
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3.1. Soil Particle Density Determination (S.I.Dolgov’s Procedure)

According to D. Hillel’s Introduction to Soil Physics, the density of soil solids
(mean particle density), s is computed by a simple ratio:

S

S
S V

M
                                                                                                    (19)

where  Ms is  the  mass  of  soil  solids  and  Vs – the volume of solids. Particle
density is the average density of soil particles. A soil is composed of mineral and
organic particles of varying composition and density. In most mineral soils, the main
density of the particles is about 2.6-2.7 g·cm-3,  and  is  thus  close  to  the  density  of
quartz, which is often prevalent in sandy and silty soils. Alumino-silicate clay
minerals have a similar density. The presence of iron oxides, and of various heavy
minerals, increases the average value of s, designated by D in Ukrainian literature,
whereas the presence of organic matter lowers it. In our textbooks, the solid phase
density is expressed in terms of specific gravity, being the ratio of the density of the
material to that of water at 4°C and atmospheric pressure.

D for mineral soils usually remains within the range of 2.40-2.80 g·cm-3. Sandy
soddy-podzolic soils, poor in OM content have it within the range of 2.65-2.70,
whereas  in  subtropical  and  tropical  soils  rich  in  R2O3 (Al2O3 + Fe2O3) it may be
within 2.70-2.80. Peats may have it within 1.40-1.80 g·cm-3.

S.I.Dolgov’s procedure of particle density determination is based on the use of
a piknometer. The soil must be specially prepared for the analysis: properly
pulverized and screened through the sieve with holes 1 mm in diameter. Distilled
water must be freshly boiled and cooled to room temperature.

Analytical procedure. A piknometer (or a measuring flask with a narrow
neck) is filled with specially prepared distilled water to the mark of its volume
(50 or 100 cm3) and weighed on analytical balance with a precision of 0,001 g. After
weighing the water is poured out of a piknometer into a conical flask. Get a weight of
air-dry  soil  (10  g)  in  a  porcelain  dish  and  transfer  the  soil  into  a  piknometer.  Soil
particles, stuck to the walls of a piknometer, should be carefully rinsed into it with a
minimum volume of distilled water from the conical flask. The total volume of soil
and water in a piknometer should be approximately 0.4 of its volume.

A piknometer, containing soil and water should be placed on a sand bath and
carefully  boiled  for  30  minutes  to  allow  the  removal  of  the  air  from  the  soil  and
water. After boiling, the piknometer with soil and water may be left overnight in a
laboratory to cool down to room temperature, after which the piknometer should be
field up with water to mark volume, carefully wiped from the water outside and
weighed on analytical balance to 0.001 g of precision.

D in g·cm-3 is calculated by the formula:

,
CBA

AD                                                                                               (20)

where A is the weight in grams of oven dry soil, to find which, one should
divide the weight of air-dry soil by the hygroscopisity coefficient (KH2O);  B  is  the
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weight in grams of a piknometer filled with water up to the mark volume, and C is
the weight in grams of a piknometer containing the soil and filled with water to mark
volume.

Example of calculation. 10 g of air-dry soil containing 3.52% of hygroscopic
moisture were taken for D determination. Weight of a piknometer filled with water is
equal to 128.862 g, whereas a weight of a piknometer containing the soil and filled
with water – 134.663 g. A, the weight of oven dry soil, is calculated thus:

.660.9
52.3100

10010 gA                                                                                 (21)

Particle density (D, g·cm-3) of the soil is calculated by the following ratio:

./50.2
663.134660.9862.128

660.9 3cmgD

The results of particle density determination are given in a form of a table
(Table 19).

Table 19. Soil Particle Density Determination

Weight of the soil, g Weight of the piknometer, gPiknometer
number air-dry oven-dry (A) with water (B) with soil and water (C) D, g·cm-3

8 10.0 9.660 128.862 134.663 2.50

3.2. Soil Bulk Density Determination

The bulk density ( b elsewhere and d in Ukrainian literature) is calculated from
the ratio:

t

S
b V

M
d                                                                                               (22)

where  Vt is the total volume of the representative soil body. The dry bulk
density  expresses  the  ratio  of  the  mass  of  dried  soil  to  its  total  volume  (solids  and
pores together). Obviously, b (d) is  always  smaller  than s (D), and if the pores
contribute half the volume, b is half of s, namely 1.3-1.35 if s is 2.60 or 2.70,
respectively. In sandy soils d may be as high as 1.6, whereas in aggregated loams and
in  clay  soils,  it  can  be  as  low  as  1.1g·cm-3.  The  bulk  density  is  affected  by  the
structure of the soil, i.e., looseness or degree of compaction, as well as by its swelling
and shrinkage characteristics, which are dependent on clay content and wetness.

The bulk density of the soil changes within wide range of values. For mineral
soils this range may be 0.9-2.0, and for organic ones (peats)
0.15-0.40 g·cm-3. Different horizons of soil profile may be characterized by its
different values. The lowest bulk densities are characteristic for the surface horizons
while the lower, especially the illuvial ones, may have high bulk densities. For
example, the humuso-eluvial horizon of a soddy-podzolic soil had a bulk density
within 1.2-1.4 g·cm-3, eluvial within 1.4-1.5, and illuvial – within 1.6-1.8 g·cm-3.  A



35

plow layer of a chernozemic soil had a bulk density of 1,0-1.3 g·cm-3,  whereas in a
subplow layer it was within 1.3-1.4, and in horizons transional to parent material,
lower again (1.1-1.2 g·cm-3). In the illuvial horizons, of columnar sodic soils the bulk
density may reach 1.9-2.0 g·cm-3. Tradition of Ukrainian soil science and agronomy
uses the terms equilibrium and optimum bulk densities of the soil. Equilibrium
density is characteristic of soils not subjected to tillage for a long time. The following
table (Table 20) gives the values of equilibrium bulk densities in the plow layer of
Ukrainian soils.

Table 20. Equilibrium Bulk Density in the Plow Layer of Ukrainian Soils

Soil and (generalized
data from many authors) d, g·cm-3 Soil and its texture d, g·cm-3

Soddy-podzolic
Sand
Fine sand
Loamy sand

1.6-1.65
1.35-1.45
1.45-1.60

Grey forest
Medium loam
Dark grey podzolized
Medium loam

1.25-1.35

1.20-1.30
Soddy-carbonatic
Loamy sand
Light loam

1.20-1.40
1.15-1.35

Podzolized chernozem
Medium loam 1.20-1.35

Soddy gleyed
Heavy loam 1,40-1.55

Typical chernozem
Medium loam 1.10-1.30

Meadow
Medium loam 1.15-1.30

Ordinary chernozem
Heavy loam 1.10-1.25

Lowland peat 0.12-0.18
Southern chernozem
Heavy loam
Light clay

1.20-1.30
1.25-1.35

Light grey forest
Medium loam 1.03-1.40

Dark chestnut
Heavy loam
Chestnut
Light clay

1.25-1.35

1.30-1.40

Optimum bulk density of the soil is such one which, other factor being equal,
favors the obtaining of maximum yields of crops. It may be specific for soil types and
varieties as well as for certain biological groups and crops. The following table
(Table 21) gives its values.

Optimum bulk densities are not constants. They change in time and in
connection with soil moisture. At high moisture the bulk densities within a given
range shift towards lower values, whereas with deficient soil moisture they become
higher.

Small grain crops are less demanding to soil compaction than intertilled crops.
Deviation of the bulk density to either side from the optimum causes the reduction of
yields.

Table 21. Optimum Values of  the Bulk Density of the Soil for Different Crops
(Data of O.G.Bondarev and V.V.Medvedev)
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Crop Bulk Density Range,
g·cm-3

Forest zone

Soddy podzolic loamy sands and light loams
Small grain crops
Corn (mayze)
Potato

1.25-1.35
1.10-1.30
1.15-1.25

Soddy podzolic medium and heavy loams
Small grain crops
Corn (mayze)
Potato
Fodder beans

1.10-1.40
1.10-1.20
1.10-1.20
1.10-1.30

Forest Steppe Zone

Grey Forest light loams
Small grain crops 1.10-1.40

Grey forest medium and heavy loams
Small grain crops

Corn (mayze)
1.05-1.30
1.00-1.25

Chernozems typical and podzolized, light loams
Small grain crops 1.10-1.40

Chernozems typical and podzolized, medium and
heavy loams

Small grain crops
Corn
Buckwheat
Millet
Sugar beet

1.10-1.30
1.00-1.25
1.20-1.30
1.20-1.40
1.00-1.25

Steppe zone

Chernozems ordinary and southern, chestnut
medium and heavy loams

Small grain crops
Corn

1.05-1.30
1.05-1.30

H.D.Foth in his Fundamentals of Soil Science describes the determination of
the bulk density in the following way: “Bulk samples of soil horizons are routinely
collected in the field and are used for chemical analyses and for some physical
analyses, such as particle-size distribution. Soil cores are collected to determine soil
bulk density. The soil cores samples are collected to obtain a sample of soil that
has the undisturbed density and pore space representative of field conditions.
Coring  machines  are  used  to  remove  soil  cores  with  a  diameter  of  about  10
centimeters to a depth of a meter or more”. The technique for hand sampling of
individual soil horizons are also used to determine bulk density. Care must be taken
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in the collection of soil cores so that natural structure is preserved. Any change in
structure,  or  compaction  of  soil,  will  alter  the  amount  of  pore  space  and,  therefore,
will alter the bulk density. The bulk density is the mass per unit volume of oven dry
soil, calculated as follows:

Bulk density = mass oven dry / volume;

The bulk density of a soil is inversely related to porosity.

3.2.1. Technique of Soil Bulk Density Determination

Before going to the field it is necessary to find the weights of metallic boring
cylinders (100, 200 or 500 cm3 in  volume) with two covers (lids).  Test  areas in the
field must well represent field conditions of soil porosity and compaction. They must
be squares in shape (1 1m). Plants are cut out, soil surface leveled, or a pit must be
dug to reveal the profile of the soil with genetic horizons in which the bulk density is
to be determined.

The  lids  are  removed  from the  cylinders  and  each  of  them is  driven  into  soil
vertically, sharp side down, by putting a broad wooden plank on the cylinder and
pushing it down by hand or slightly striking at it with a mallet. The cylinder must
completely go into soil with moderate effort, not using too much force, as this may
cause soil’s overcompaction. The wooden plank is removed and the cylinder covered
with the upper lid, the soil around it  dug out with a knife or a spade, if necessary.
After that the cylinder must be taken out of the soil, overturned, and the excess of soil
removed from its cutting base with a knife. The external walls of a cylinder must be
cleaned of the earth and than it can be covered with a second lid. In such a way 3 to 6
cores of the soil must be collected from a given test area. Having taken the cores of
the surface horizon, it is necessary to remove it with a spade thus allowing the
subsurface horizon to come to the surface. The procedure is repeated for the next
horizon and the rest of them which interest the researcher.

Soil from the holes after cores must be collected into drying containers for the
determination of soil moisture. The cylinders with soil cores in them are transported
to the laboratory and weighed. To calculate bulk density it is necessary to determine
the internal volumes of the boring cylinders by the formula:

hdV 2)
2

( ,                                                                                                   (23)

where is the cylinder’s volume in cm3; h is the height of a cylinder in cm, and d
 its interval diameter in cm. =3.14.

The bulk density is calculated by the formula:

)100(
100

WV
MdV ’                                                                                           (24)
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where dV is the bulk density in g·cm-3; M is the mass of soil with field wetness
in the cylinder, g; W is the field wetness of the soil (% by oven dry weight), and V is
the volume of a cylinder in cm3.

Example of calculation. The cylinder has a height of 10 and internal diameter
of 5 cm. The weight of an empty cylinder with two lids is 56.6 g. The same cylinder
with wet soil, taken in the field weights 286.6 g, so the weight of wet soil is 286.6-
56.6 = 230.0 g. Field moisture is 3.5%. The cylinder’s volume is equal to:

32 25.19610)
2
5(14.3 cmV                                                                            (25)

The bulk density is equal to:

313.1
)5.3100(25.196

1000.230 cmgdV                                                               (26)

The results of bulk density determination are presented in the form of a table
(Table 22).

Table 22. Soil Bulk Density Determination

Cylinder’s dimensions Cylinder’s weight, gNo of a
cylinder Height,

cm
Diameter,

cm
Volume,

cm3 empty With moist
soil

Weight, (g)
of moist

soil

Soil
moisture,

%

Bulk
density,
g/cm3

8 10.0 5.0 196.25 56.6 286.6 230.0 3.5 1.13

Bulk density is value may be estimated by a special scale given in the
following table (Table 23).

Table 23. Normal and Admissible (Tolerable) Values of Soil’s Bulk Density
for the Growth of Fruit Tree Roots (by I.M.Vashchenko)

Bulk Density, g·cm-3
Soil Horizons optimum admissible critical Roots do not grow

H-HP
PH-Pk

Pk

1.40
1.60
1.60

1.40-1.60
1.60-1.75
1.60-1.75

1.60
1.75-1.80
1.75-1.80

> 1.60
> 1.80
> 1.80

The admissible values of dV may be somewhat higher for lighter soils
compared with heavier ones. Speaking about fruit trees, it has to be admitted that
sweet cherry is the most sensitive to soil compaction, whereas prune and acid cherry
are the least responsive to it.

S.I.Dolgov with co-authors (1970) proposed a formula for the calculation of a
critical (the upper limit) bulk density. It can be employed for the calculation of a
lower limit of the optimum bulk density:

DFC
DAd

100
)100(

lim ,                                                                                        (27)
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where dlim = the limiting value of bulk density, g·cm-3; D= the particle density
of a soil;  FC is  soil  moisture (% of oven dry weight)  at  field capacity,  and A is  the
content of air in the soil in % by volume.

Soil compaction can also be evaluated by the following table (Table 24).

Table 24. Soil Compaction Evaluation by the Bulk Density (g·cm-3)

Extent of Soil CompactionSoil
depth,

cm
Very
loose Loose Moderately

loose Compacted Very
compacted

Particle
density,
g·cm-3

For soils containing up to 4% SOM
0-20 1.00 1.00-1.20 1.20-1.40 1.40-1.50 > 1.50 2.60
20-50 1.20 1.20-1.25 1.35-1.48 1.48-1.60 > 1.60 2.65
50-100 1.35 1.35-1.50 1.50-1.60 1.60-1.67 > 1.67 2.70

For soils containing over 4% SOM
0-20 0.95 0.95-1.10 1.10-1.20 1.20-1.30 > 1.30 2.50
20-50 1.10 1.10-1.20 1.20-1.30 1.30-1.40 > 1.40 2.60
50-100 1.25 1.25-1.35 1.32-1.40 1.40-1.50 > 1.57 2.70

With air content (A) equal to 15% by volume the upper limit of the bulk
density is calculated, whereas with A equal to 20%, - its lower limit; above the upper
limit the roots suffer from the deficit of oxygen at field capacity (FC), whereas below
the lower limit of the bulk density’s value the soil becomes excessively loose and that
leads to excessive loss of water from the soil through evaporation.

Example of calculations. Typical light loams chernozem has a particle density
in its plow layer equal to 2.40 g·cm-3 and its field capacity is 25.7%. Taking aeration
porosity for 15% of volume it is possible to find out the upper limit of admissible
bulk density of the soil:

326.1
40.27.25100
40.2)15100( cmgupperdV                                                           (28)

Taking aeration porosity for 20% we can calculate the lower limit of the bulk
density of the soil (dV lower):

319.1
40.27.25100
40.2)20100( cmgupperdV                                                           (29)

Thus with the soil’s saturation with water to field capacity (FC), the optimum
range of its bulk density should be within 1.19-1.26 g·cm-3. Lowering this value to
below  1.19  will  cause  an  excess  of  soil  water  losses  through  evaporation,  while
compacting the soil to over 1.26 of its bulk density may lead to oxygen deficit for the
growth  of  plant  roots.  To  complete  this  section,  we  illustrate  it  with  the  reaction  of
fruit  trees  on  the  bulk  density  of  loam  and  clay  soils  as  found  by  V.F.Valkov  and
S.F.Negovelov (Table 25).
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Table  25.  Fruit  Trees  Response  on  the  Compaction  of  Loam  and  Clay  Soils
(g·cm-3, data of V.F.Valkov and S.F.Negovelov)

Condition of Trees Soil depth,
cm

Sweet cherry
and apricot

Apple, pear,
and peach

Prune and
acid cherry

The trees are grown for
a long time and give

abundant yields

20-80
80-150
150-300

1.45
1.45
1.50

1.50
1.50
1.50

1.50
1.55
1.50

The trees grow and fruit
satisfactory

20-80
80-150
150-300

1.45
1.48
1.50

1.50
1.55

1.55-1.75

1.55
1.60-1.70
1.65-1.75

The trees are very
stunted and do not fruit

20-80
80-150
150-300

1.50
1.55
1.60

1.60
1.65
1.70

1.70
1.70

 3.2.2.  Use  of  Bulk  density  Values  in  Calculation  of  Other  Soil
Characteristics

D.H.Hillel in his Introduction of Soil Physics justly asserts that the bulk
density is the master variable of soil physics. It is also a master variable in calculation
of a series of  agronomically important  soil  characteristics,  such as soil  porosity,  the
weight  of  soil  layers,  stores of  water  in the soil,  as  well  as  the stores of  SOM, total
and available elements of plant nutrition as well as in transformation of percents by
weight in percents by volume and vice versa.

The weight of soil layers is calculated by the following formula:
a) for oven dry soil (Wods, mt/ha):

)(100 cmhdW vods                                                                                       (30)

where Wods = weight of oven-dry soil in metric tons per hectare and h (cm) =
thickness of a layer in centimeters.

b) for wet soil (Wws, soil with field moisture):

hamtWcmhdW vws /),100()( ,                                                                   (31)

where  W  is  the  field  moisture  of  the  soil  in  percent  of  oven  dry  weight.  To
calculate the stores of different components of the soil the following formula are
employed:

a) by content in percent of oven dry mass of carbonates, gypsum, soluble salts,
etc.

hamtdhpM V /, ,                                                                                      (32)

where p is the percent of a given component.

b) by the content of moisture in the soil in percent of oven-dry soil. M can be
calculated in mt/ha or in millimeters of ”water column“:



41

)/(/, 3hamtdhWM V ,                                                                        (33)

,,1,0 mmdhWM V                                                                                   (34)

where W is soil moisture in percent of oven dry soil.

c) by nutrient element content in mg per 100 g of oven dry soil (P):

hakgdhPM V /, ;                                                                                     (35)

,/,001,0 hamtdhPM V and                                                                     (36)

2/,1,0 mgdhPM V ,                                                                                   (37)

where P is the content of nutrient element in mg per 100 g of oven dry soil.

d) by the content of exchangeable cations in meq per 100 g of oven dry soil:

,/,001,0 hamtdhNM Vcat and                                                                    (38)

2/,1,0 mgdhNM Vcat ,                                                                               (39)

where N is the number of milligrams of exchangeable cation in one equivalent.

3.3. Soil porosity

The majority of our textbook define soil porosity as a total volume of all the
pores and hollow spaces between mechanical elements and soil aggregates expressed
in percent of total soil volume in undisturbed state, as it lies in the field.

By the size of soil pores they are divided into small (capillary) ones and large
(noncapillary) ones. Soil porosity is expressed in percent by volume of soil or in parts
of this volume as a unity. Conventionally, capillary porosity is composed of pores
less than 1 mm in size. It, in its turn, is divided into macrocapillary
(1.0-0,1 mm), mesocapilarry (0.1-0.001 mm), and microcapillary (< 0.001 mm in
size). Noncapillary pores are greater than 1 mm in size.

By their ability to water retention, soil pores are active or passive.  In active
pores the movement of free water occurs under the action of surface tension (menisci)
and gravity forces. Active porosity includes noncapillary, macrocapillary and
mesocapilarry porosity of the soil. Microcapillary pores are passive as they do not
allow their water to be removed by the root suction. The water in them is not
available for plants. Passive pores, therefore, are not agronomically important.

Large pores in the soil are filled with air most of the time. They form what is
known as soil’s aeration porosity.

Active pores, filled with capillary water, are the most valuable from the
agronomical point of view and they should occupy no less than 20-25% of total soil
porosity. The ratio between noncapillary and capillary porosities should be
approximately 1:1. Soil porosity depends on soil texture, aggregate and
microaggregate composition, organic matter (humus) content, activity of soil
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organisms (like earth worms, etc), practices of soil tillage and reclamation. Total
porosity in mineral soils is in the range of 30-60, and peat soils  80-85 percent of
soil volume (Table 26). Soil porosity and size of pores change in different horizons of
soil profile. Maximum porosity is characteristic of chernozems well supplied with
SOM. Minimum values of porosity are encountered in the illuvial (spodosol)
horizons of columnar (sodic) solonetz soils (< 30%) as well as in sandy soils poor in
OM (30-35%).

Table 26. Total and Differential Porosity (% by volume) of Different Soils and
Soil Layers (by V.A.Kovda)

Porosity
capillary noncapillarySoils and parent

materials total % of total
Sands 30-35 25-35 65-75

Loamy sands 35-45 45-55 45-55
Loams 40-47 65-85 15-35

Loess and loess
like loams 40-55 60-65 35-50

Clays 45-55 90-97 3-10
Plow layer of

chernozem 55-60 40-45 55-60

Surface horizon of
peat 80-85 95-98 2-5

3.3.1. Total Porosity Determination

Total soil porosity is calculated using the values of its particle and bulk
densities by the formula:

,100)1(
D
dTP v                                                                                           (40)

where TP = total porosity of percent by soil volume;
DV = bulk density of the soil, and D = particle density of the soil.

For some light and medium-textured soils, which do not appreciably swell at
wetting, the value of total porosity may be found from their wetness at full capacity,
expressed in percent of oven dry weight by the formula:

Vd
tyFullcapaciTP ,                                                                                          (41)

Optimum values of total porosity for loams and clays lie in the range of
55-65, and for sands and loamy sands in that of 45-55 percent by volume
(Table 27).

Table 27. Evaluation of Total Porosity
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Total porosity, % by volume Evaluation
> 70 Excessively loose soil

55-65 Excellent total porosity for a plow layer
50-55 Satisfactory for a plow layer
< 50 Unsatisfactory for a plow layer

40-25 Too low, typical for illuvial and gleyed
horizons of soil profile

By  the  value  of  total  porosity  the  extent  of  soil  compaction  is  estimated
(Table 28).

Table 28. The Extent of Soil Compaction as Evaluated by Total Porosity in %
of Soil Volume

Extent of Soil CompactionSoil depth,
cm Very loose Loose Moderately

loose Compacted Very
compacted

Particle
density,
g·cm-3

For soils with organic matter content below 4%
0-20 > 60 60-53 53-47 47-42 < 42 2.60

20-50 > 55 55-50 50-45 45-40 < 40 2.65
50-100 > 50 50-45 45-41 41-38 < 38 2.70

For soils with organic matter content above 4%
0-20 > 62 62-56 56-52 52-48 < 48 2.50

20-50 > 58 58-54 54-50 50-46 < 46 2.60
50-100 > 54 54-51 51-48 48-44 < 44 2.70

3.3.2. Determination of Differential Soil Porosity

To calculate aeration porosity and the volume of pores filled with capillary
water (active porosity) it is necessary to know the following soil characteristics: bulk
density, particle density, maximum hygroscopic moisture, permanent wilting point,
and field capacity.

Calculation of capillary porosity filled by active water at field capacity is
carried out by the formula:

Active capillary porosity = VdPWPFC )( ,                                              (42)

where FC is soil moisture (% by oven dry weight) at field capacity and PWP is
soil moisture in the same units at permanent wilting point.

Aeration porosity at any soil moisture (W) is calculated by the formula:

VdWTProsityAerationPo                                                                        (43)

Volume of pores filled with water at permanent wilting point
(PWP=1.5 Maximum Hygroscopic Moisture) is calculated by the formula:

VPWP dPWPP ,                                                                                           (44)
whereas volume of soil filled with water at maximum Hygroscopic Moisture

(MHM) is calculated by the formula:
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,5.1:VMHM dMHMP                                                                                   (45)

where 1.5 is the density (g/cm3) of hygroscopic (adhesion) water.

There is a proposal to calculate the volume of pores filled with loosely held
water of the films by the formula:

,25.1:)( VLHWF dMHMPWPP                                                                   (46)

where 1.25 is the density (g/cm3) of loosely held water of the films.

The following table gives certain understanding of the differential porosity of
typical chernozem from Mytnytsya Experimental Fields of the National Agricultural
University (Table 29).

Table 29. Differential Porosity of Typical Light Loam Chernozem
(% of volume)

Volume of pores filled with waterHorizon
and its

depth, cm

Total
Porosity capillary Loosely held

of the films
Tightly held
of the films total

Aeration
Porosity

H 0-20 50.4 23.1 3.1 5.2 31.4 19.0

For any mineral soil aeration porosity at field capacity should not be below 15
percent of soil volume for normal oxygen supply of plant roots. The process of soil
aeration is one of the most important determinants of soil productivity. Plant roots
adsorb oxygen and release carbon dioxide in the process of respiration. The diffusive
transport of gases such as O2 and CO2 in the soil is very important for gas exchange
of soil  with atmosphere.  Many scientists  proved the diffusion coefficient  in the soil
(DS)  to  be  smaller  than  that  in  bulk  air  (Da)  and  to  be  a  function  of  the  air-filled
porosity (fa expressed in part of total volume). Thus Penman (1940) found a linear
relation (D.Hillel, 1982).

a
O

S f
D
D

66.0 ,                                                                                             (47)

where  0.66  is  a  tortuosity  coefficient,  in  the  words  of  D.  Hillel,  ”suggesting
that the apparent path is about two-thirds the length of the real average path of
diffusion in the soil”. Speaking about peat soils, it is worth-while to stress that their
aeration porosity should be no less than 30-40 percent by volume for normal gas
exchange between the soil and atmosphere.

3.4. Soil Hardness (Penetrometer Resistance)

Instances of soil compaction and increasing resistance to tillage are highly
prevalent and becoming more so in modern agriculture. If plant roots are to grow
through  compacted  soil  they  must  displace  soil  particles  to  widen  the  pores  by
exerting a pressure greater than the soil’s mechanical strength or hardness. In many
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of the studies of root penetration in compact media, soil resistance has been
characterized by means of penetrometers of various types. Soil hardness is, therefore,
known by the name of penetrometer resistance and can be measured using the
penetrometers ( ). In other words, soil hardness is its properly to resist
the vertically applied external force which tries to disunite soil mass. Soil
hardness is measured in kg·cm-2 or kPa.

Soil hardness depends on its texture, organic matter content, exchangeable
cations, bulk density and moisture. Very dispersed, massive, compact soils with high
content of exchangeable sodium and, especially, when dry have a great value of
hardness, whereas soils with good structure, high organic matter content, well
saturated with exchangeable calcium and magnesium have lower hardness. Special
tools used for the measurement of soil hardness are known as penetrometers.
Yu.Yu.Revyakin’s penetrometer is very popular in our country. It allows to measure
soil hardness in the 0-30 cm layer of soil.

3.4.1. Determination of Soil Hardness with Yu.Yu.Revyakin’s
penetrometer

The penetrometers main working part is a plunger screwed on the lower end of
a stock, which with the help of a handle and through the measuring spring inserts into
the soil. The measuring spring constricts in proportion to the soil’s resistance to
crumpling.

The character of plunger’s penetration into soil changes when it reaches a plow
sole (plow pan) or encountered stones, large roots of trees, etc on its way.

A penetrometer has a self-register to draw the graph of soil hardness.
Orthogonal diagram is 30 cm in length, which corresponds to the depth of stock’s
thrust  deep  in  the  soil.  Maximum ordinate  of  a  diagram is  50  mm.  A diagram on  a
paper with 1 mm netting is mounted on the stanchion of a penitrometer by means of
pressing frame. A pencil moves relative to diagram along the plunger’s penetration in
the soil and at the same time across it, in correspondence with the measuring spring
constriction.

The abscissa of a diagram directly corresponds to the centimeters of soil depth,
whereas ordinate – to the construction of a spring in mm. To obtain the force of soil
resistance (P, kg) it is necessary to know the strength of a measuring spring – 
(kg/mm).  Then  the  total  pressure  on  the  plunger  will  be  equal  to  P=h· .  Soil
penetrometer resistance will be calculated by the formula:

,
S
P

S
nhT                                                                                           (48)

where  P  is  the  total  soil  resistance  to  plunger’s  penetration,  kG,  and  S  is  the
area of a plunger in cm2. Plungers with different diameters are used in practice of soil
hardness  measurement,  so  that  their  working  areas  may be  1,  2  or  3  cm2. Compact
soil demand thin plungers, in loose soils – thicker ones may be employed. The
measurement should be repeated in no less than five points. Parallelly soil samples
are collected for the determination of moisture. Measurement results are accompanied
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by the data on soil moisture and are presented in a table (Table 30) as well as in the
form of a graph.

Usually the measurements of soil hardness should characterize a series of soil
depths (1, 5, 10, 15, 20, 25, and 30 cm).

Table 30. Soil Hardness (Penetrometer Resistance)

Ordinate length, mm; repetition
Soil

depth,
cm 1 2 3 4 5 Mean

value

(P)
abscissa

of a
calibrating
graph, kG

Plunger’s
area, cm2

T,
kG/cm2

Soil
moisture,
W, % of
oven dry
weight

1
5

10
15
20
25
30

Soil hardness can be estimated by the scale proposed by N.A.Kachinsky
(Table 31).

Table 31. Scale of Soil Hardness (N.A.Kachinsky)

Soil Hardness
kG/cm2 kPa

Soil Condition

< 10 < 1.0 Loose
10-20 1.0-2.0 Moderately loose
20-30 2.0-3.0 Slightly compacted
30-50 3.0-5.0 Compacted
50-100 5.0-10.0 Very compacted
> 100 > 10.0 Massive

Penetrometer allows to determine the diversity of a plow layer by physical
properties caused by different tillage.

3.4.2. Calculation of Soil’s Resistance to Tillage from the Values of Its
Penetrometer Resistance

There is tradition in our soil science and agronomy to measure the specific
resistance of a given soil to tillage (mainly moldboard plowing, using a standard
plow).  It  is  the ratio between the force spent  on cutting,  inversion,  and friction of  a
furrow slice upon the plow and the area of the furrow slice, measured in kG/cm2.

The value of soil’s resistance to tillage depends on soil texture, organic matter
content, composition of exchangeable cations, moisture, and condition of the field.
By the  value  of  soil  resistance  to  tillage  the  force  of  plow pull  is  calculated  by  the
formula:
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,baKP                                                                                                 (49)

where K is the specific soil resistance to plowing in kG/cm2,  a – the depth of
plowing in cm, and b – the width of plowing in cm.

Dynamometers are employed in the measurement of specific soil resistance to
tillage. The procedure is very involved and requires much time and effort. It is much
simpler to calculate this soil characteristic from the values of penetrometer resistance
using O.N.Oganesyan’s equation:

S
nPK 052.0 ,                                                                                         (50)

where K is the specific soil resistance to tillage in kG/cm2,  n  – coefficient  of
friction, dimensionless: P – soil’s penetrometer resistance in kG/cm2; S – the area of a
plunger in cm2, and 0.052 – transformation coefficient. If n is assumed to be equal to
1, and account is taken that P:S=T, the equation becomes transformed to the
following one:

2/052.0 cmkGTK ,                                                                                   (51)

and the force of a plow pull can be calculated by the formula:

baTP 052.0 ,                                                                                      (52)

3.5. Soil’s Physical Maturity for Tillage

It pertains to such soil condition when the soil in the field has low stickiness
(adhesion), minimum specific resistance to tillage and maximum ability for
granulation forming clods and grains 0.5-10 mm in size without large blocks and silty
aggregates, forming in this way the most favorable ratio among soil’s solid phase,
water, and air.

Physical maturity corresponds to a definite field moisture of the soil. Lighter
soils (sands and loamy sands) become earlier mature in spring than heavier ones.
Soils with greater SOM content also ”mature” earlier than the soils with low SOM
content. Under laboratory conditions, the soil’s maturity for tillage is determined by
the moisture of soil granulation (”graining”).

Granulation Moisture Determination by M.M.Godlin’s Procedure

30 g of air dry soil, sieved through 1 mm screen are weighed in porcelain dish
10-12 cm in diameter on technical balance. Distilled water is added to the soil drop
by drop from a burette, the soil in a dish being vigorously mixed with a glass stick
having  a  melted  (and  therefore  smooth)  end.  From time  to  time  the  bits  of  soil  are
pressed to the walls of the dish and again mixed together. At first some fine grains are
formed, like buckwheat kernels, which subsequently unite with each other to form
pea-like clods. The entire mass of the soil becomes dark from moisture and there are
no dry and therefore lighter in color soil grains. That significes the end of soil
granulation. When a single drop from a burette begets a glittering water film on the
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surface of the soil, it means that water there is in excess. Granulation moisture is
calculated by the formula:

h
S

W
g W

P
PW 100 ,                                                                                       (53)

where Wg is  soil’s  granulation moisture in percent  of  oven dry soil, Pw is  the
weight (ml) of water poured from a burette, Ps is the weight of air dry soil taken for
the determination, and Wh is hygroscopic moisture of a given soil in percent of oven
dry weight.

4. SOIL WATER AND WATER-RELATED PROPERTIES

Water is one of the six factors of soil productivity as identified by
O.N.Sokolowsky. The amount of water in a unit mass or volume of soil as well as its
energy state and availability are important factors affecting the growth of plants.
Numerous other soil properties depend very strongly upon water content. Soil
mechanical properties, such as consistency, plasticity, strength, compatibility,
penetrability, stickiness, and trafficability, swelling and shrinkage, etc are associated
with water content. Soil water content also governs the air content and gas exchange
of the soil, thus affecting the respiration of roots, the activity of microorganisms, and
the chemical state of the soil (e.g., oxidation-reduction potential). For a plant, to
create 1 g of dry matter, from 200 to 1000 g of water are needed, and these ratios are
known as transpiration coefficients and are very important in crop production.

4.1. States and Forms of Soil Water

From the  physical  point  of  view,  water  in  the  soil  may  be  in  liquid,  gaseous,
and solid state.

Liquid water forms a complex continuum with solid and gaseous phases of
the soil. Making a transition from one state to the other, the water acquires new
properties. H.D.Foth in his Fundamentals of Soil Science, speaking on the soil water
energy continuum, stresses the importance in the soil of three forms of water:
adhesion water, cohesion water, and gravitational water.

Adhesion water is strongly absorbed and very immobile and unavailable to
plants. The gravitational water, by contrast, is beyond the sphere of cohesive forces,
and gravity causes gravitational water to flow rapidly down and out of the soil (unless
downward flow is inhibited). The cohesion water is intermediate in properties and is
the most important for plant growth.

O.D.Rode (1965) identifies five forms or categories of soil water: solid (ice),
chemically bound, vapor, physically bound, and free.

Physically bound water, adsorbed on solid particles and tightly held water of
the films correspond to the term adhesion water, whereas physically bound water of
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the loosely held water films and water in soil capillaries held by the force of surface
tension correspond to cohesion water.

So the terms used in our country physically bound and capillary water
“envelope” the American terms adhesion and cohesion water. Adhesion water is
known to us under the term adsorption or hygroscopic water, whereas loosely held
adsorption water of the films plus capillary water available to plants and most
agronomically important are known elsewhere in the world as cohesion water.

Water Vapor in Soil. When soils are unsaturated, some of the pore space is
air-filled and water moves through the pore space as vapor. Generally, vapor pressure
is high in warm and moist soil and low in cold and dry soil.  Vapor flow, then occurs
from warm and moist  soil  to and into cold and dry soil.  Soil  conductivity for  vapor
flow is little affected by pore size, but it increases with an increase in both total
porosity and pore space continuity. Water vapor movement is minor in most soils, but
some 15 to 20 mm of water may be formed in the root-containing soil layer, as a
result of vapor condensation, in a year.

Physically bound (adsorbed) water. Water molecules are electrically neutral;
however, the electrical charge within the molecule is asymmetrically distributed. As a
result, water molecules are strongly polar and attract each other through H bonding.
Soil particles have sites that are both electrically negative and positive. For example,
many oxygen atoms are sites of negativity that abstract the positive poles of water
molecules. The mutual attraction between water molecules and the surfaces of soil
particles result in strong adhesive forces. If a drop of water falls on to some oven dry
soil, the water molecules will spread themselves over the surfaces of the soil particles
to form a thin film of water. This layer, or film of water, which will be several water
molecules thick, is called adhesion water. It is so strongly adsorbed that it moves
little, if at all. It has the lowest energy level and is the most immobile water in the soil
and is generally unavailable for the use by plant roots and microorganisms.

The  ability  of  dry  soil  to  adsorb  water  vapor  from  the  air  is  named
hygroscopisity, and water adsorbed in this way  hygroscopic water or hygroscopic
moisture of the soil (Wh). The amount of hygroscopic moisture in the soil is
dependent on the air humidity, soil texture, and organic matter content. The heavier
the humidity of the air and the greater the specific surface area of the soil (which, in
its turn, is greater if soil is heavier by texture and contains more organic matter)  the
greater are the values of the hygroscopic moisture of a soil.

The greatest amount of water which can be adsorbed by the dry soil from the
air is known as maximum hygroscopic moisture of the soil (MHM).  Loosely held
water of the films is formed in the soil when its moisture begins to exceed MHM. It
forms many-molecular layers (films) and is held by the soil with the suction force of
1-10 atmospheres. The attraction for molecules in the second layer of water
molecules is much less than for molecules in the innermost layer. The attractive
forces of water molecules decrease inversely and logarithmically with distance.
Beyond the sphere of strong attraction of soil solid particles, cohesive forces operate
between water molecules because of hydrogen bounding. Water is retained in soils
because of cohesive forces and it is called cohesion water.  The state of soil moisture
when the amount of film water in the soil reaches its maximum is called the
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maximum molecular water capacity of  the  soil  (MMWC).  MMWC   0.6-0.7  of
MHM for mineral soils of light and medium texture, and soil water with in excess of
approximately 1.5×MHM, starts to be available to plants.

Free water in the soil is in liquid state and not retained by the forces of
sorption. It can move in the soil by the action of surface tension and gravity forces.
Such water is divided into capillary and gravitational.

Capillary water in  the soil  films the capillars  of  various size and shape.  The
height (h) of capillary rise is determined by the radius of a capillary and for vertical
cylindrical capillaries if can be calculated by Juren’s formula:

rdg
h 2

,                                                                                                    (54)

where  is the coefficient of surface tension, r  radius of a capillary and
d  the density of water.

For the soil conditions h in cm may be calculated by the following simple
formula:

,:15.0, Rcmh                                                                                            (55)

where R is the radius of a capillary in mm.

Surface tension (menisus) forces become evident in the soil capillaries less
than 8 mm in diameter, whereas the most active pores are from 100 to 3 microns in
size. Pores layers than 8 mm in diameter are filled with gravitational water or air,
whereas pores less than 3 microns in size are filled with tightly held and practically
unavailable waters. In our soil science there is a tradition to speak of capillary water
in two forms  suspended one and perched from below one. Suspended capillary
water does not have any connection with ground water or capillary fringe. Its
maximum amount corresponds to the field capacity (FC) of the soil. Perched water
is that of capillary fringe over the “mirror” of ground water.

There is still another form of free water known in our soil science as capillary-
seated water. It may be present in stratified soil. If the water is moving through loam
soil and the wetting front encounters a dry sand layer, the welting front stops its
downward movement. The wetting front then continues to move laterally above the
sand layer. Why? Because the unsaturated hydraulic conductivity in the dry sand is
less than that of the wet silt loam soil above. The path of water movement is
interrupted because the water films in many adjacent sand grains do not touch each
other.  In time,  the water  breaks through the silt  loam soil  and enters  the sand layer.
Such a phenomen is of great practical importance. Any sand or gravel layers
underlying loamy soils, enables the loam soil layer to retain more water than if the
soil had a loam texture throughout.

Gravitational water is soil water that exists in aeration pores, and that is
normally removed by drainage because of the force of gravity. Gravitational water in
soil is detrimental when it creates oxygen deficiency. According to H.D.Foth,
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gravitation water is not considered available to plants because it normally drains out
of soils. In our soil science, gravitational water is classified in two forms:
1) that which drains out of soil and 2) ground water.

4.2. Field Moisture of the Soil and Methods of Its Determination

The content of water in the soil in a given movement of time is known as soil
moisture. The moisture in the soil is practically the only source of water supply for
terrestrial plants. Soil moisture also greatly effects the availability of nutrients from
fertilizers, the solubility of chemical amendments, and time and quality of soil tillage
operations, as well as dates of planting, irrigation, and as a consequence, the
productivity of cropfields, meadows, and pastures. Soil moisture determination is
thus an integral part of all soil-genetic, agronomical, and ecological research
schemes.

Methods of soil moisture determination are divided into direct and indirect.
The simplest and most available procedure is gravimetric one, which is based on soil
sample drying under standard conditions. The errors of the gravimetric method can be
reduced by increasing the sizes and number of samples. However, the sampling
method is destructive and may disturb an observation or experimental plot
sufficiently to distort the results. For these reasons, many workers prefer indirect
methods, which permit making frequent or continuous measurement at the same
points, and, once the equipment is installed and calibrated, with much less time,
labor, and soil disturbance. The most popular indirect methods are those of electrical
resistance and neutron scattering.

4.2.1. Soil Moisture Determination by Gravimetric Procedure

In a given procedure the amount of water in the soil is determined by drying
the soil at 105°C for 6-10 hours.

To measure soil moisture, the samples are collected in the field using an auger
from soil cores into drying containers (aluminum boxes with lids).

Depending on the task of further soil research, soil moisture is determined in
all horizons of soil profile or in their sublayers, for example, elementary soil layers
10  cm  thick.  Very  often  the  samples  are  collected  from  the  entire  root-sustaining
depth of soil (1 or 2 meters). For some ameliorative purposes, the depth may reach 3-
5 meters, especially if there is a need to study the deep layers of salt accumulation
before the questions of soil irrigation are to be answered. For agronomical purposes,
the  samples  are  collected  at  different  stages  of  plant  growth  and  development.  The
repetition of measurement should be no less than 3 to 5, the greater number employed
for shallower depth.

The use an auger allows to collect samples from soil holes at every 5-10 cm of
depth. After filling the boring part of an auger with soil the auger is pulled out of the
hole and the soil with the help of a special knife or a spoon is scrubbed directly into a
drying  container  which  is  covered  with  a  lid  and  placed  in  a  special  kit.  All  the
containers  are  numbered  and  weighed,  each  of  them is  filled  with  the  soil  from the
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borer up to 2/3 of its volume. The number of a containers and depth of sampling are
registered in a special log-book. The containers with the soil must be transported to
the laboratory as soon as possible in vertical position and tightly covered with lids.
The hole in the field is filled with the soil and compacted from above.

Each container is opened up in the laboratory and the soil, if any, is wiped off
its external surface. The containers with lids on the bottom are weighed on technical
or electronic balance with sensitivity of 0.01 to 0.001 g.

Weighed  containers  with  lids  on  the  bottoms  are  placed  on  the  shelves  of  a
thermostat, which is then heated to 105°C, and dried to constant weighed. Soil with
an increased OM content (peat, sod, forest litter) is dried at the temperature not
higher than 90°C.

After drying the containers are taken out of a thermostat, covered with lids,
cooled to room temperature and weighed. Control weighing after repeated 2-hour
drying must not give a deviation from previous weighing over 1%.

Soil moisture is calculated to two decimal points by the formula:

,100
13

32

PP
PP

W                                                                                      (56)

where  W  is  soil  moisture  in  percent  of  oven-dry  soil;  P2 is  the  weight  of  a
container with moist soil; g; P3 is the weight of a container with dry soil, g, and P, is
the weight of an empty container.

The results of soil moisture determination are put in a table (Table 32).
Coefficient field moist soil / oven dry soil (KW) is calculated by the formula:

100
100 wKW                                                                                            (57)

Table 32. Field Moisture Determination in Typical Chernozem

Weight of a container, gDepth,
cm

No of
drying

container Empty, P1
With moist

soil, P2

With dry
soil, P3

W, % of
oven-dry
weight

KW

0-10 0576 37.8 62.8 62.6 22.6 1.23

Comparing the soils with different bulk density, the content of moisture may
be calculated in percent of soil volume by the formula:

,VmV dWW                                                                                         (58)

where WV is soil moisture expressed in percent of soil volume, dV is the bulk
density of a soil, and Wm – the soil moisture in percent of oven dry weight.

As the precipitation is measured in millimeters of water, the stores, of water in
the soil may be expressed in the same units. The calculations are made by the
formula:

,1.0, Vmm dhWW                                                                           (59)
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where  W  is  soil  moisture  in  percent  of  dry  weight,  h  is  the  thickness  of  soil
layer, for which the stores are calculated in cm, and dV is the bulk density of the soil
in this layer in g/cm3.  Without  the  coefficient  of  0.1  the  stores  of  water  will  be
expressed in metric tons or cubic meters per hectare. Thus, if a need arises to
transform millimeters of water in the soil into metric tons per hectare the former
should be multiplied by ten:

mmWW hamt ,10, /                                                                                 (60)

In  the  practice  of  agronomy,  the  content  of  moisture  in  the  soil  is  very  often
expressed in relative units – percent of field capacity:

FC
WWrelative

100                                                                                      (61)

Relative moisture calculated in this way allows to evaluate water supply of
crops at a certain period of time (Table 33).

Table 33. Optimum Soil Moisture for Various Crops (by V.F.Valkov)

Content of water in the soil in percent of the FC
> 100 100-80 80-70 70-60 < 60
Rice Cucumbers Potatoes Sugar beets Tamerix

Tea Buckwheat Wheat Alfalfa
Mint Peas Rye

Cabbage Barley
Clover Sunflower
Oats
Corn
Soybean

Example of calculations. The measurement of soil moisture in typical
chernozem found out that in the upper 0-20 cm layer of soil (h) it is 22.6% of oven
dry weight (Wm), field capacity (FC) in this layer is 26.8%, and bulk density – 1.25
g/cm3. The crop grown in the field is sugar beet. Using the aforementioned formulal,
we calculate:

1) soil moisture in percent of soil volume:

VVW %2.2825.16.22                                                                        (62)

2) the stores of soil moisture in millimeters:

mmmmW 2.4525.1206.221.0,                                                     (63)

3) the stores of soil moisture in m3:

hammW /452102.45, 33                                                                      (64)
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Water content relative to field capacity (FC):

%3.84
8.26
1006.22

relativeW                                                                         (65)

Such relative water contact is an evidence of an excess of moisture in the plow
layer for the sugar beet crop, as optimum relative water content for this crop should
be within 60-70% of FC.

4.3. Soil Properties Related to Content and Availability of Water

The essential soil characteristics related to soil water are water-holding
capacity, suction force, infiltration rate and capillary rise.

Soil’s water-holding capacity is its ability to retain water by the forces of
sorption and surface tension. Such capacity is dependable upon soil texture, porosity,
structure, bulk density, OM content, and the presence of soluble salts in the soil.
According to which forces are the most important in water retention, there are several
kinds of water-holding capacity. From the agronomical point of view the following
kinds are the most important: full capacity, field capacity, and maximal adsorption
capacity. No less important from the point of view of soil water, availability to plants
are maximum hygroscopic moisture (MHM), permanent wilting point (PWP), and the
moisture of capillary discontinuity. As we have already discussed the determination
of hygroscopic moisture and calculation of hygroscopicity coefficient (KH2O), we
shall here direct our attention to already mentioned maximum hygroscopic moisture
(MHM) and its determination.

4.3.1. Maximum Hygroscopic Moisture (MHM) and Its Determination

Maximum hygroscopic moisture (MHM) is the greatest amount of moisture
that can be adsorbed by the solid phase of the soil from the surrounding air nearly (by
96-98%) saturated with water vapor. The soil characteristics depends on soil texture
(particle size composition), the amount and quality of soil colloidal matter, organic
matter content, and specific surface area of the solid phase. Maximum hygroscopic
moisture  of  the  soil  is  greater  if  soil  texture  is  heavier  and  organic  matter  content
higher, as these soil features greatly increase its specific surface area and the ability
to absorb water from the air. Some values of the MHM are given in the following
table (Table 34).

Table 34. Maximum Hygroscopic Moisture of Different Soils (S.A.Verigo and
L.O.Razumova)

Soil material MHM, % of oven-dry weight
Sand 0.5-1.0
Loamy sand 1.0-3.0
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Loam: light 3.0-5.0
            medium 4.0-7.0
            heavy 6.0-9.0
Clay 9.0-15.0
Lowland peat 30.0-40.0

As was already stated, water in the soil at MHM is strongly held on the surface
of solid particles and unavailable to plants and microorganisms. Multiplying it by the
factor of 0.6 to 0.7, we can calculate an approximate value of maximum adsorption
capacity (MAC). Multiplying it by the factor of 1.5 we can calculate a no less
approximate value of the permanent wilting point (PWP). Meteoservice recommends
a factor of 1.34 instead of 1.5.

4.3.2. Soil’s MHM Determination by A.V.Nikolaev’s Procedure

Equipment needed for the determination includes glass drying containers, a
dessicator with a lid, saturated K2SO4 solution and equipment needed to determine
soil moisture.

Procedure. A sample of specially prepared (air-dry and screened through
1 mm – sieve) soil is placed in a prelimarily weighed on analytical balance drying
container 5 cm in diameter and 3 cm in height). Sample weight for clay and loam
soils should be within 10-15 and for loamy-sand and sand soils – within 15-20 g.
There should be at least two determinations for each test variant. Containers with the
soil not covered by the lids are placed on a porcelain platform in a dessicator the
bottom part of which is filled with saturated K2SO4 solution (110-130 g of salt in 1L
of water). The solution should contain undissolved crystals of the salt and it creates
the relative humidity of the air under the dessicator’s lid of 98%. The dessicator must
be tightly covered with its lid, the edges of which must be properly lubricated with
vaseline. The dessicator with drying containers and soil inside it should be kept in a
shaded place with minimal changes of temperature. After the passage of 3 to 5 days,
the dessicator is opened, glass containers covered with lids, weighed and put back in
the dessicator. The next weighing is made after every 3 to 5 days after the previous
one  till  the  weight  shows  signs  of  being  constant  or  the  difference  does  not  exceed
0.01  g.  The  duration  of  soil  saturation  with  water  vapor  may  last  for  some  2  to  4
weeks, depending on soil texture and OM content (which, in their turn, determine the
specific surface area of a given soil). After saturation, soil moisture is determined by
gravimetric procedure.

Approximate values of the MHM can be calculated. In mineral soils with low
and moderate OM content the value of MHM well correlates with soil particle-size
composition. N.M.Afanasyeva and V.P.Panfilov proposed the following regression
equation:

,0965.13083.0 KMHM                                                                    (66)
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where K is the content of clay fraction (< 0.001 mm in diameter) in percent of
oven dry weight.

E. Mitscherlich proposed to calculate the specific surface area of the soil by
multiplying the MHM by the factor of 4:

,4, 12 MHMgmS                                                                              (67)

where S is the specific surface area of the soil in square meters per gram of
oven-dry soil.

Example of useful in this respect calculations. Light loam typical chernozem
soil with typical for Ukrainian loess content of coarse silt (0.05-0.01 mm in diameter)
within 50-60% of oven dry weight  contains 15% of clay fraction.  This allows us to
calculate:

a) the MHM of the soil:

%,53.30965.1153083.0MHM                                                         (68)

b) the permanent wilting point (PWP):

%30.553.35.15.1 MHMPWP  and                                                 (69)

c) the specific surface area of a given soil:
121.1453.34 gmS                                                                           (70)

4.3.3. Permanent Wilting Point

The Glossary of soil science terms in H.D.Foth’s Fundamentals of Soil Science
gives the following definition of the permanent wilting point (PWP):

“The largest water content of a soil at which indicator plants, growing in that
soil, wilt and fail to recover when placed in a humid chamber. Often estimated by the
water content at -15 bars, -1,500 kipopaskals, or -1.5 megapaskals soil matric
potential. D.Hillel in his Introduction to Soil Physics stresses the controversial
character  of  this  term:  “The  wilting  point,  if  defined  simply  as  the  value  of  soil
wetness of the root zone at the time plants wilt, is not easy to recognize, since wilting
is often a temporary phenomenon, which may occur in midday even when the soil is
quite wet. The permanent wilting percentage (Hendrick and Veihmeyer, 1945) is
based upon the wilting coefficient concept of Briggs and Shantz (1912) and has been
defined as the root-zone soil wetness at which the wilted plant can no longer recover
turgidity even when it is placed in a saturated atmosphere for 12 hr”. Be it as it may,
the PWP characterizes the lower limit of the content of available water in the soil
which is of great importance for agronomical and ameliorative soil characterization.

The value of PWP depends on soil texture, OM content, and the kind of plants
grown in it. The heavier the texture and the greater the OM content – the higher the
value of the PWP (Table 35).
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Table 35. The Value of PWP in Different Soils (S.A.Verigo and
L.O.Razumova)

Soil material PWP, % of oven-dry weight
Sand 0.5-1.0
Loamy sand 1.5-4.0
Loam: light 3.5-7.0
            medium 5.0-9.0
            heavy 8.0-12.0
Clay 12.0-20.0
Lowland peat 40.0-50.0

Biological Methods of the PWP determination are the most “trustworthy”.

4.3.3.1. Determination of Soil’s PWP by Seedling Growth Procedure

A layer of coarse-grained sand 1 cm thick is placed on the bottom of
cylindrical aluminum container 6-7 cm in height and 4 cm in diameter. A glass tube
8-9 cm in length is placed into each container and filled nearly to the top with air-dry
soil preliminarily sieved through the 1 mm sieve (it takes some 40-60 g of soil to fill
the tube). 4 to 5 kernels of preliminarily germinated barley are planted in each
container. The soil is moistened through the tube until capillary water rises to the
surface of the soil.

Before the seedlings emerge, the containers are kept in a thermostat at the
temperature within 20-25°C. With the appearance of the first leave on each of the
seedlings only three of them, uniformly developed, are left in each container. The
containers are then moved to well illuminated room but not under direct sun rays and
keep the seedlings at room temperature. Water, lost by evapotransporation, is refilled
every day through the tube.

When the second leaf becomes larger than the first, the plants are watered for
the  last  time  and  the  surface  of  the  soil  is  covered  by  a  mixture  of  molten  paraffin
with Vaseline (4:1 by weight), whereas the tube is sealed with a cotton tampoon. To
allow gas exchange, a few holes are made in a thickened mixture with a pin.

At the moment of  time,  when the first  signs of  wilting appear,  the containers
are transferred to a dessicator with some water in the bottom part. If the plants renew
their turgor overnight they are repeatedly moved to an illuminated room till they
acquire the signs of wilting. The soil is considered to reach the PWP if the turgor in
plants is not renewed after 12 hours in the atmosphere saturated with water vapor.
Then the plants with soil blocks are removed from the containers. A layer of paraffin
with a layer of soil 1-1.5 cm thick are discarded. The remaining soil is put in
porcelain  dish  and  the  lower  portion  of  the  soil  and  sand  are  discarded.  Plants  and
seeds are removed from the soil and its moisture is determined by gravimetric
procedure. Soil moisture will correspond to the PWP.

4.3.4. Field Capacity (FC)
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Glossary of soil science terms in H.D.Foth’s Fundamentals of Soil Science
gives the following definition to the field capacity of the soil: “The content of water,
on mass or volume basis, remaining in a soil 2 or 3 days after having been wetted
with water and after free drainage is negligible”.

When the soil has been wetted from the surface flow rate generally becomes
negligible within a few days, or it may seem that the flow causes entirely. D.Hillel in
his Introduction of Soil Physics states that “field capacity concept originally derived
from rather crude measurement of water content in the field and in recent years, with
the development of theory and more precise experimental techniques, the field
capacity concept has been recognized as arbitrary and not an intrinsic physical
property”. He hastens to add that “the common working definition of field capacity
takes no account of such factors as the antecedent (preinfiltration) wetness of the soil,
the depth of wetting, the possible presence of ground water table, etc”.

Granted that the field capacity concept is subjective, it is nevertheless
considered by many to be necessary. Field capacity must be measured directly in the
field. Too many practitioners still ignore this simple truism, preffering instead to
assume that “moisture retention at 1/3 bar is field capacity”.

D.Hillel made a summary of factors affecting FC. The field capacity may vary
between about 4% (by mass) in sands, to about 45% in heavy clay soils, and up to
100% or even more in certain organic soils (Table 36).

Table  36.  Field  Capacity  in  the  Upper  1  Meter  Layer  of  Different  Soils
(L.P.Rozov)

Field Capacity in % of Total Porosity
Soil Texture Soils not affected by

sodicity
Soils affected by

sodicity

Total Porosity,
% by volume

Sand 25-30 – 30-35
Fine sand 30-40 50-60 35-40

Loamy sand 40-50 60-65 40-45
Light Loam 50-60 65-75 40-45

Medium Loam 60-70 75-85 45-50
Heavy Loam 70-80 85-90 45-50

Clay 80-90 90-95 50-60

Among the factors affecting FC are the following:
1) Soil texture. Clayey soils retain more water, and retain it longer, than sandy

ones. Hence, the finer the texture the higher the apparent FC, the slower its
attainment, and the less distinct and stable its value. Soil structure may also affect
water retention.

2) Type of clay present. The higher the content of montmorillinite is, the
greater is the content of water adsorbed and retained at any time.

3) Organic matter content. It (SOM) can help retain more water, though the
amount of OM normally present in mineral soils is too low to retain any significant
amounts of water. The effect of OM on soil structure can, however, be significant.
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4) Depth of wetting and antecedent moisture. In general (but not always) the
water the profile is at the outset, and the greater the depth of wetting during
infiltration, the slower the rate of redistribution and the greater the apparent field
capacity.

5) The presence of impending layers in the profile, such as layers of clay, sand,
or gravel, can inhibit redistribution and increase the observable field capacity.

6) Evapotranspiration. The rate and pattern of the upward extraction of water
from  the  soil  can  affect  the  gradients  and  flow  directions  in  the  profile  and  thus
modify the redistribution or internal drainage process.

In  our  textbooks  the  FC  is  defined  as  the  greatest  amount  of  capillary-
suspended water which the soil can retain after wetting and free percolation of
gravitational water. At FC the soil contains the greatest amount of water available to
plants.

The difference between the FC and the PWP is known as the range of active
soil moisture (RASM):

PWPFCRASM ,                                                                                    (71)

The task of irrigation is to achieve the moisture of FC in the active or root
inhabited layer of  the soil  and not  allow the soil  wetness to decrease to the level  of
the moisture of capillary discontinuity.

N.A.Kachinsky proposed the following grading of the FC (Table 37).

Table 37. Soil Field Capacity Evaluation (by N.A.Kachinsky)

Heavy-Textured Soils
FC, % of oven dry weight Grade Light-Textured Soils

20-30 Best Well-cultured sandy soil may have
FC within 20-25% in a plow layer

30-40 Good Sandy soils with FC no less than 10%
are satisfactory for field crops

25-30
< 25

Satisfactory
Unsatisfactory

For forest trees sandy soils are
satisfactory with FC no less than 3-5%

The values of FC and PWP determine available water supplying power of
soils. This power is related to the amount of available water a soil can hold. As has
been already stated, the available water is the difference in the amount of water at
field capacity (-30 kPa or -0.3 bar) and the amount of water at the permanent wilting
point (-1,500 kPa or -15 bars). The amount of available water is related to both
texture and structure, because it is dependent on the nature of the surfaces and pores
or soil matrix. Soils high in silt (silt loams) tend to have the most optimum
combination of surfaces and pores. They have the largest available water-holding
capacity. These soils contain about 16 centimeters of plant available water per 100
centimeters of depth. Sands have the smallest available water-holding capacity. This
tends to make sands droughty soils. Much of the plant available water in sandy soils
can move rapidly to roots when water near roots is depleted, because of the relatively
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high hydraulic conductivity at these relatively high potentials. Plants growing on clay
soils, by contrast, may not absorb as much water as they could use during the day
because of lower hydraulic conductivity and slower replacement of water near roots
when water is depleted. This results in a tendency to conserve the available water in
fine-textured soils. In essence, the water retained at field capacity in sands is more
plant available than the water in fine-textured soils at FC. Sands tend to be more
droughty than clays because they retain less water at FC, and the water retained is
consumed more rapidly.

4.3.5. Capillary Capacity (CC)

Capillary capacity (CC) is the greatest amount of capillary water held by
surface tension forces within the capillary fringe. It’s value depends on soil texture,
structure, porosity, and height over the “mirror” of ground water. On the very
“mirror” it value is close to full capacity whereas near the upper boundary of
capillary fringe it is close to the field capacity (FC). Being very much the function of
the height over the water table, the capillary capacity cannot be defined with nearly
satisfactory precision.

4.3.5.1. Capillary Capacity Determination by Laboratory Procedure

This determination is carried out in soil samples with undisturbed constitution.
Such samples (soil cores) can be collected using special augers (like those of
Nekrasov and Kachinsky) directly on test plots. Steel cylinders 5 or 10 cm in height
and 100, 200, 500 and 1000 cm3 in volume with perforated bottoms can be employed
for the purpose.  Before expedition to the field a circle of  filter  paper is  put  on each
bottom (perforated lid) and slightly moistened with distilled water. Each cylinder is
weighed on technical balance with 0.01 g of sensitivity. In the field the perforated lid
is taken off and the cylinder is installed in boring cartridge. Soil sample is taken at a
specified depth range. Parallelly soil samples are taken in drying containers for the
determination of soil moisture.

After sample collecting, the cylinder is taken out of the boring cartridge,
covered with both lids, and transported to the laboratory. The lower lid is carefully
taken off and substituted by the perforated lid with filter paper. The upper lid is taken
off and the soil in the cylinder with perforated lid and filter paper is weighed. The
cylinder  is  put  in  a  basin  with  water,  the  level  of  which  is  such  as  to  allow  the
moistening of perforated lid but not the soil. Soil capillaries should suck the water
through the filter paper from the basin, which should be refilled with water from the
reservoir standing next to it through the wisk made of filter paper. The cylinders are
weighed every day till their weight becomes constant. After that they are put on filter
paper for 2 minutes to allow the removal of water which cannot be hold by soil
capillaries, properly wiped with filter paper and weighed.

Capillary capacity is calculated by the formula:
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where  CC  is  the  capillary  capacity  in  %  of  oven  dry  soil  weight,  P2 is the
weight of soil in the cylinder saturated with capillary water in grams, and P3 is the
weight of oven-dry soil in the cylinder in grams, which, in its turn, is calculated by
the formula:
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where  P1 is  the  weight  of  the  soil  with  field  moisture  and  W  is  the  field
moisture of the soil in % of oven-dry soil.

4.3.6. Full Capacity

Full Capacity (FuC) is the greatest amount of moisture which the soil can
contain when all its pores are filled with water, except the pores filled with trapped
air of which there are no more than 5-8%of total porosity. FuC, therefore,
corresponds to the total porosity of the soil.

The level of soil wetness close to FuC may be characteristic of submerged
horizons with ground water or inundated swamp soils. In automorphic soils such
wetness may arise temporarily, after spring snow melting or during heavy rainstorms.

The value of full capacity is dependent on soil texture, structure and porosity,
and in mineral soils may be within 40-50%, being occasionally reduced to 30% or
increased to 80% of soil volume. This soil characteristic may be determined by
laboratory techniques or calculated by various formulas.

4.3.6.1. Laboratory Method of Full Capacity Determination

The laboratory determination of full capacity makes use of the same soil
sample in which capillary capacity has been determined. Cylinders with soil are put
in  a  basin  upon  glass  sticks.  The  level  of  water  in  the  basin  or  a  container  for  the
boiling of laundry must be high enough to cover the level of soil in the cylinders. In
such a state the soil is left in the basin for 24 hours, till water fills all the pores. Then
the cylinders are covered with upper lids not extracting them from water, overturned,
taken out, properly wiped with cloth or filter paper, and weighed. To make sure that
all the pores are filled with water, and the soil really is at full capacity of its wetness,
they may be repeatedly put into water and weighed again. Full capacity is calculated
by the same formulas which were used for the calculation of capillary capacity.
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4.3.6.2. Full Capacity Determination by Calculations

Full capacity of the soil may be calculated by the value of its total porosity:

,%100)1(
D
dTPFuC of soil volume,                                                     (74)

,%
d

TPFuC  of oven-dry soil,                                                                      (75)

where D is the particle density, d – bulk density, both in g/cm3, and TP – the
total porosity of the soil in % of soil volume.

Such calculation is only allowable for the soils light-textured enough not to be
too prone to swelling on wetting.

4.4. Some Applications of Soil Characteristics Pertaining to Soil Moisture
and Physical Properties Related to Water

The values of different soil moisture characteristics still do not allow us to
make  definite  conclusions  about  water  supply  of  crops  and  other  plants.  Plants  use
large quantities of water and their ability to satisfy their water needs by absorbing
water from the soil and the effect of the soil water potential on nutrient uptake and
plant growth are different.

In agronomical aspect the most important is the so-called productive water,
which can be consumed by plants resulting in their growth (synthesis of dry matter).
Productive  and  available  waters  are  one  and  be  same  thing  in  our  soil  science  and
agronomy, though strictly speaking, there should be some difference between them.
Any water in the soil over the PWP is productive. Only with its presence the plants
can grow. It’s stores are calculated by the formula:

PWPtpr WWW                                                                                      (76)

where Wpr in the amount of productive moisture in a given layer of soil in mm,
Wt is  the  total  amount  of  water  in  a  given  layer  of  soil  in  mm,  and  WPWP is the
amount of  water  in the same layer and in the same units  at  permanent wilting point
(or 1.5 MHM).

The concept of the maximum range of available water (“range of active
water”) has already been characterized: it is known in our country as the range of
active soil moisture (RASM):

.PWPFCRASM                                                                               (77)

In American textbooks of soil science this value is understood as available
water supplying power of soils or available water-holding capacity of soils
(AWHCS). It is water within 15 and 1/3 bars of soil’s suction power.

But not all water is equally available to plants within this range. The most
available is water in the range of field capacity to the moisture of capillary
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discontinuity  (MCD).  It  is  much  less  available  in  the  range  of  PWP  to  MCD.  This
must be taken into account in planning irrigation.

Soil moisture deficit (SMD) is another concept used in our soil science and
agronomy. It is the difference between FC and actual soil moisture at a given moment
of time (Wt):

tFC WWSMD                                                                                    (78)

Summing up soil moisture deficits for the layers of 0-50 or 0-20 cm allows to
determine the amount of water for a single event of irrigation. Irrigation rate should
not  exceed  SMD  in  order  to  avoid  the  losses  of  water  for  runoff  or  percolation  to
deeper (and saline!) layers of soil.

In the practice of soil irrigation the SMD is calculated by the formula:

VtFC dhWWSMD ,                                                                   (79)

where SMD is computed in mt/ha, or, which is the same, m3/ha; h is the so-
called active layer of soil which should be irrigated and in which the bulk of plant
root systems are located (very often h=1 m), and dV is the bulk density of the soil in a
given (active) layer.

Single rate of irrigation is computed by the formula:

VdhSMDhamSRI )/( 3 .                                                                        (80)

Agronomically important are the stocks of available water in the plow layer of
a soil during the operation of planting. Later on, it is important to know the stocks of
available  water  in  the  upper  1-meter  layer  of  soil  which  contains  90-95%  of  crop
roots. The stocks of available water are calculated for each ten-centimeter layer of
soil in millimeters by the formula:
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where  Wpr is the amount in mm of productive water in a layer of soil h cm
thick; Wt is field moisture of the soil in a given layer in % of oven-dry weight, WPWP
is  the  of  moisture  the  same  layer  of  soil  at  permanent  wilting  point
(PWP=1.5×MHM), and dV is the bulk density of the soil in g/cm3 in a given layer.

It is important to know the amount of productive water in conventional plow
layer  (0-20  cm)  and  the  upper  1  meter  layer  of  soil  and  make  evaluation  of  soil
wetness by the scale given in the following table (Table 38).

Table 38. Soil Productive Water Content Evaluation

Water Content in mm Grade
In 0-20 cm layer

> 40 Good
40-20 Satisfactory
< 20 Unsatisfactory
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In 0-100 cm layer
> 160 Very good

160-130 Good
130-90 Satisfactory
90-60 Low
< 60 Very low

The amount of productive moisture determines the type of soil climate during
crop growth (Table 39) which is the essential factor of crop productivity.

Table 39. Soil Climate Types by A.M.Shulgin
Amount of Productive Moisture, mm

0-20 cm 0-100 cm Soil Climate Type

> 50 > 200 Excessively wet
30-50 150-200 Wet
20-30 100-150 Moderately wet
10-20 50-100 Insufficiently wet
< 10 < 50 Dry

The practice of agronomy demands not only the determination of soil moisture
stocks but their prognostication for a certain period of time too. L.A.Razumova
developed a method of prediction of productive soil moisture stocks in the upper
meter layer at the beginning of tillage operations in spring. It (Wsr) depends on the
stocks of soil moisture in autumn (Waut) and the amount of precipitation (r) during the
period of fall and winter. The changes in the amount of productive moisture during
winter are described by the equations:

For regions with unstable winter:

2056.0115.0 drW ,                                                                  (82)

For regions with unstable winter:

3362.021.0 drW ,                                                               (83)

where W is the change in the amount of productive water in 1-meter layer of
soil in period from the date of last determination in autumn to the date of air
temperature transition through 5°C in spring, in millimeters;  is the amount of
precipitation in that period in millimeters, and d is soil moisture deficit in spring in
millimeters. The expected amount of productive water in spring will be:

WWW autsp                                                                                             (84)

4.5. Brief Outline of Soil Water Potential and Related Determinations

Soil water experiences the action of various forces and moves under this
action. Thus water moves from the soil surface downward through soil, from the soil
to and into roots, microorganisms, and seeds. The pressure of soil water, which is an
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indication of tendency for soil water to move, is expressed by the soil water
potential. H.D.Foth (1990) states: “Technically, the soil water potential is defined as
the amount of work that must be done per unit quantity of water to transport or move
reversibly and isothermally an infinitesimal quantity of water from a pool of pure
water at specified elevation and at atmospheric pressure to the soil water at the point
under consideration”. The symbol for the water potential, everywhere in the world is
Greek letter psi, . The total water potential, t, is made up of several subpotentials,
including adsorption, capillary, osmotic, and gravitational ones:

gocat ,                                                                                  (85)

mca  ,                                                                                              (86)

where m is known as matric potential.
The gravitational potential, g is  due  to  the  position  of  water  in  a

gravitational field. It is important in water-saturated soils. The movement of water
through saturated soils or from high to low elevations are due to this potential. The
higher the water above the reference point, the greater the gravitational water
potential. The water pressure or gravitational potential at the top of water-saturated
soil will decrease as the water level drops. When the gravitational water has been
removed, and drainage stops, the gravitational potential will be zero.

The matric potential is the most agronomicaly important. When a soil is
unsaturated and contains no gravitational water, the major movement of water is
laterally from soil to plant roots. The important forces affecting water movement are
adhesion and cohesion. Their effects are intimately affected by the size and nature of
primary soil particles and peds which form soil matrix. The interaction of the soil
matrix with the water produces the matric water potential ( m ). Adsorbed water has
lower potential to do work than water in raindrops. Negative work is required to
transfer  water  from  raindrops  to  the  films  on  soil  particles.  This  causes  the  matric
potential to have a negative sign. The drier a soil is, the greater is the tendency of the
soil to wet and the greeter is the release of energy when it becomes wetted. The drier
a soil is, the lower is the matric potential.

The osmotic potential ( o) is caused by the forces involved in the adsorption
of water molecules by ions from the dissolution of soluble salts. The osmotic
potential is a measure of the work that is required to pull water molecules away from
hydrated ions. If the salt content of the soil solution is low, the osmotic potential has
little significance. In saline soils, however, the osmotic potential has the effect of
reducing water uptake by roots, seeds, and microorganisms. The sign of the osmotic
potential is also negative.

Measurement and Expression of Water Potentials. Water potentials are
frequently expressed as bars that are approximately equal to atmospheres. A bar is
equivalent to a 1.020 centimeter column of water.

The matric potential can be measured by vacuum gauge potentiometers.
They consist of a rigid plastic tube having a porous fired clay cup on one end and a
vacuum gauge on the other.  The potentiometer  is  filled with pure water,  and at  this
the vacuum gauge reads zero. The potentiometer is then buried in the soil so that the
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porous cup has good contact with the surrounding soil. Since the potential of pure
water in the potentiometer is greater than water in unsaturated soil, water will move
from the potentiometer into the soil. At equilibrium, the vacuum gauge will record
the matric potential. According to H.D.Foth (1990), vacuum gauge potentiometers
work in the range 0 to -0.8 bars, which is biologically important range for plant
growth. They are used in irrigated agriculture to determine when to irrigate. A bar is
equivalent to 100 kilopascals (kPa). Using kilopascals, the water potential at field
capacity is -30 kPa and at the PWP is – 1,500 kPa.

In a saturated soil at equilibrium with free water at the same elevation, the
actual pressure is atmospheric and the suction (positive pressure) is zero. As suction
is increased, more water is drawn out of the soil and more of the relatively large
pores, which cannot retain water against the suction applied, will empty out.
Recalling the capillary equation (-P=2 /r), we can readily predict that a gradual
increase in suction will result in the emptying of progressively smaller pores, until, at
high suction values, only the very narrow pores retain water. Soil moisture
characteristic curve (SMCC) is the function of soil wetness and the suction, which
correspond to this wetness. This function is usually measured experimentally and
represented graphically by a curve (x = wetness in % of mass or volume, and y =
suction in pressure units). The suction-water content curves in sorption and
desorption form a hysteresis loop, the desorption curve being over that of sorption,
the main reason for this being the geometric nonuniformity of the individual pores
resulting in the “inkbottle” effect.

4.6. Electrical Resistance and Neutron Scattering Methods of Soil Wetness
Determination (from D.Hillel, 1982)

Electrical Resistance Method. The electrical resistance of a soil volume
depends not only upon its water content, but also upon its composition, texture, and
soluble salt concentration. On the other hand, the electrical resistance of porous
bodies placed in the soil and left to equilibrate with soil moisture can sometimes be
equilibrated against soil wetness. Such units (electrical resistance blocks) generally
contain a pair of electrodes embedded in gypsum, nylon, or fiberglass.

The electrical conductivity of moist porous blocks is due primarily to the
permeating fluid rather than to the solid matrix. Thus it depends upon the electrolytic
solutes present in the fluid as well as upon the volume content of the fluid. Blocks
made of such inert materials as fiberglass are highly sensitive to even small variations
in salinity of the soil solution. Blocks made of plaster of Paris (gypsum) maintain a
nearly constant electrolyte concentration corresponding primarily to that of a
saturated solution of CaSO4. This tends to mask, or buffer, the effect of small or even
moderate variations in the soil solution (such as those due to fertilization or low
levels of salinity). However, an undesirable consequence of the solubility of gypsum
is that these blocks gradually deteriorate in the soil. For this and other reasons (e.g.,
temperature sensitivity) the evaluation of soil wetness by means of electrical
resistance blocks is likely to be of limited accuracy. An advantage of these blocks is
that they can be connected to a recorder to obtain a continuous indication of soil
moisture changes in situ.
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Neutron Scattering Method. First developed in 1950s, this method has gained
widespread acceptance as an efficient and reliable technique for monitoring soil
moisture in the fields. It allows less laborious, more rapid, nondestructive, and
periodically repeatable measurements, in the same locations and depths, of the
volumetric wetness of a representative volume of soil. The method is practically
independent of temperature and pressure. Its main disadvantages are the high cost of
the instrument, low degree of spatial resolution, difficulty of measuring moisture in
the soil surface zone, and the health hazard associated with exposure to neutron and
gamma radiation.

The instrument, known as a neutron moisture meter, consists of two main
components: a) a probe, which is lowered into an acces tube (which maintains the
bore hole and standardizes measuring conditions) inserted vertically into the soil, and
which contains a source of fast neutrons and a detector of slow neutrons; b) a scaler
or ratemeter (usually battery powered and portable) to monitor the flux of slow
neutrons scattered by the soil.

The energies of the neutrons emitted by a source of fast neutrons vary from 1
to 15 MeV (million electron volts) with a preponderant energy range of 2-4 MeV and
an average speed of about 1600 Km/sec. The fast neutrons are emitted radially into
the soil, where they encounter and collide elastically (as do billiard balls) with
various atomic nuclei. Through repeated collisions, the neutrons are deflected and
“scattered”, and they gradually lose some of their kinetic energy. As the speed of the
initially fast neutrons diminishes, it approaches a speed which is characteristic for
particles at the ambient temperature. For neutrons this is about 2.7 km/sec,
corresponding to an energy of about 0.03 eV. Such neutrons are called slow
neutrons. Such slow neutrons continue to interact with the soil and are eventually
absorbed by the nuclei present. Of all nuclei encountered in the soil, the ones most
nearly equal in mass to neutrons are the nuclei of hydrogen, which are therefore the
most effective fast neutron moderators of all soil constituents. If the soil contains an
appreciable concentration of hydrogen, the emitted fast neutrons are thermalized
before they get very far from the source, and the slow neutrons thus produced scatter
randomly  in  the  soil,  quickly  forming  a  swarm or  cloud  of  constant  density  around
the probe. By and large, the density of slow neutrons is nearly proportional to the
concentration of hydrogen in the soil, and therefore more or less proportional to the
volume fraction of water present in the soil. As the thermalized neutrons repeatedly
collide and bounce about randomly, a number of them, approximately linearly related
to the concentration of soil moisture, return to the probe, where they are counted by
the detector of slow neutrons. The detector cell is usually filled with BF3 gas. When a
thermalized neutron encounteres a 10B nucleus and is absorbed, an alpha particle is
emitted, creating an electrical pulse on a charged wire. The number of pulses over a
measured time interval is counted by a scaler, or indicated by a retemeter.

For the sake of safety, and also to provide a convenient means of making
standard readings, the probe containing the fast neutron source is normally carried
inside a protective shield, a cylindrical container filled with lead. With strict
observance of safety rules, the equipment can be used without undue risk.
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5. SOIL ORGANIC MATTER

The  second  edition  of  Soil  Chemistry  by  H.L.Bohn,  et  al.,  (1985)  gives  the
following  definition  of  soil  organic  matter  (SOM):  “It  is  an  accumulation  of  dead
plant matter, partially decayed and partially resynthesized plant and animal
residues…  Some  definitions  of  SOM  are  restricted  to  soil  humus,  omitting  any
consideration of undecayed organic residues and of soil biomass. We use the term
SOM in its more general sense, referring to specific components by name when such
identification is necessary”. The textbook hastens to add that “humus is generally
defined as that OM that has been transformed into relatively stable form by soil
microorganisms”. Our native textbooks define humus as a complex, dynamic pull of
organic polymolecular compounds of acidic nature formed as a result of
decomposition and humification of organic remains and involved interaction with the
mineral  components  of  the  soil  resulting  in  the  formation  of  a  system  of  organic-
mineral derivatives.

M.B.McBride in his Environmental Chemistry of Soils (1994) stresses that
“humus, which lost all the visible features of the organic residues from which it
formed, is subdivided into polymers termed humus substances which can be
separated into humic acid, fulvic acid, and humin, according to their solubility in
strong acid base”. He admits that although the scheme of separation “appears to be
somewhat crude and arbitrary, it does achieve a degree of segregation of polymeric
materials as gauged by their more important chemical properties. There is the
following classification scheme of soil organic mater (Fig. 1):

Fig. 1. A Classification Scheme for Soil Organic Matter (In M.B.McBride.
Environmental Chemistry of Soils)

Some fundamental properties of humus substances are given by the same
authors in the following table (Table 40).
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Table 40. Some Fundamental Properties of Humic Substances

Properties Fulvic Acid Humic Acid Humin
Molecular 1000-5000 10,000-100,000 > 100, 000

% C 42-47 51-62 > 62
% O 45-50 31-36 < 30
% N 2.0-4.1 3.6-5.5 > 5

Acid content
(moles/kg) 14 5 < 5

As is evident from the table, the fulvic acid       humic acid       humin sequence
represents a continuum of properties with increasing resemblance to lignin (a
complex aromatic polymer) suggested in the higher molecular weight fractious. SOM
actively participates plant nutrition, formation of favorable soil physical properties,
migration of elements within the soil and the entire ecosphere. Some 90% of total soil
nitrogen, 80% of sulfur and 60% of phosphorus are associated with soil humus.

5.1. Methods of SOM Determination

In our country, we often speak about the determination of soil humus, meaning
by it the percent of soil organic carbon multiplied by the factor of 1.724 (assuming
that humus contains 58% organic carbon). Soil organic matter has been defined by
modern soil science as the organic fraction of the soil exclusive of undecayed plant
and animal residues. Our “humus” and “soil organic matter” elsewhere are the
synonyms in our understanding here. Soil Survey Laboratory Manual of the USDA
determines soil organic matter as generally including only those organic materials
that accompany soil particles through a 2-mm sieve.

5.1.1. Wet Combination Method of I.V.Tyurin

As  organic  C  is  the  major  component  of  SOM,  a  measurement  of  organic  C
can serve as an indirect determination of OM. Organic C determination is either by
wet or by dry combustion. Ukrainian soil survey and agrochemical laboratories use
the wet combustion method of I.V.Tyurin preferably in N.A.Simakov’s modification.
Values for organic C are multiplied by the “Van Bemmelen factor” of 1.724 to
calculate OM (Dutch chemist Jacob Van Bemmelen (1830-1911) studied soils’
adsorptive capacities). As was already stated, this factor is based on the assumption
that OM contains 58% organic C. The proportion of organic C in SOM for a range of
soils and even for the different layers of the same soil is highly variable. Any
constant factor that is selected is only an approximation. The preference in the world
is to report organic C rather than to convert the organic  to OM through the use of
an approximate correction factor, as the tradition persists in Ukraine.

A wet combustion technique of I.V.Tyurin is based on organic C oxidation by
potassium dichromate (0.4N) in acid solution (H2SO4: water=1:1):

3C+ 2K2Cr2O7 + 8H2SO4         3CO2 + 2K2SO4 + 2Cr2(SO4)3 + 8H2O.
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All dichromate methods assume that the organic  in the soil has an average
oxidation state (number) of zero and an equivalent weight of 3 g per equivalent when
reacting with dichromate. The excessive quantity of K2Cr2O7 in acid solution is
determined by titration with 0.2N Mohr salt solution:

6Fe2SO4 +  (NH4)2SO4 +  K2Cr2O7 +  7H2SO4 = Cr2(SO4)3 +  3Fe2(SO4)3 +
6(NH4)2SO4 + K2SO4 + 7H2O.

An indicator for the titration may be diphenylamine or phenyl-anthranilic acid.
The presence of significant amounts of ferrous ions results in a positive error.

The dichromate oxidizes ferrous to ferric iron:

Cr2O7
2- + 6Fe2+ + 14H+       2Cr3+ + 6Fe3+ + 7H2O.

Significant chloride salinity of the soil may also be the source of a positive
error, but this circumstance still needs verification.

Safety. Wear protective clothing when working with dichromate and acid! Use
sodium bicarbonate and water to neutralize and dilute spilled acids and dichromate.

Laboratory Procedure

0.1-0.3 g of air-dry soil is weighed on electronic or torsionic balance (± 1 mg
sensitivity) and placed in a 100-ml heat-resistant conical flask. A teacher or a lab
instructor will prompt the student what exact weight to take, though
V.V.Ponomaryova and T.O.Plotnikova (1975) recommend to take the following
weight of the soil:

Expected SOM content, %  Weight of sample, g
< 1 0.5
1-2 0.5-0.25
2-4 0.25-0.15
4-7 0.15-0.05
> 7 0.05

Add exactly 10 ml of 0.4N 2K2Cr2O7 with H2SO4 to a flask from a burette. The
reagent (oxidizer) should be added slowly by drops, each drop flowing along the
same line on the internal surface of a flask. The reagent is rather viscose and there
should not be any orange color on the internal surface of a burette. Put a small funnel
on the flask to return the drops of condensed vapor during the subsequent heating.
Place the flask with soil and reagent on an electric heater, wait till the boiling starts
and gently boil the content for 5 minutes sharp. Regulate the gentleness of boiling
periodically taking the flask from electric heater and putting it back. The bubbles on
the surface of a boiling liquid should not be larger than a buckwheat grain. The vapor
must not be allowed to make funnel “dance’ on the flask, that being “fraught” with a
positive error. If the dichromate-acid mixture turns a blue-green color, all the
dichromate has been reduced. A way out of the problem is to repeat the determination
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or to add additional exact portion of oxidizer (K2Cr2O7 +H2SO4).  Let  the  flask  get
cool. Rinse the funnel and the inside of a flask with a least possible volume of
distilled water (20-25 ml). Add 4 drops of an indicator (phenylanthranilic acid) and
immediately titrate the content of a flask with 0.2N Mohr salt solution by single
drops. When the color changes to violet, be very careful not to miss a moment when a
single drop changes the color to beer-bottle green. The burettes for titration are
usually connected to bottles containing 0.2N Mohr salt solution. The bottles are
painted black to prevent the reagent’s oxidation on light, or, to be exact, to slow
down the process of oxidation. To make the meniscus more distinct, it is convenient
to place a cardboard or any other screen behind the burette. Make sure that, when a
reading is taken, the eye is on the level of the lower edge of the meniscus.

For control (blank) determination exactly 10 ml of 0.4N K2Cr2O7 +H2SO4 are
taken into a flask without the soil and the procedure is repeated exactly like in the
case with the soil.

Organic C percentage should be calculated by the following formula and
reported to two decimal places (on the oven-dry basis):

P
KKbaOC OHms 2100003.02.0)((%) ,                                        (87)

where  OC(%)  is  percent  of  organic  carbon  in  oven-dry   soil; a and b are  the
volumes of 0.2N Mohr salt solution (ml) used for the titration without the soil (blank
titration) and with it, respectively; Kms is  a  correcting  coefficient  to  the  Mohr  salt
solution titre (normality); KH2O is  the soil’s  air  dry /  oven dry ratio (hygroscopicity
coefficient), and P is the weight of a sample in grams.

Soil organic matter (SOM) or humus content is calculated by the formula:

(%).724.1(%) OCSOM ,                                                                     (88)

In Ukrainian agronomic practice there exist a tradition to calculate organic
matter (humus) stocks in a plow-layer and in a 1-m-layer of a soil, in metric tons (mt)
per hectare (ha). Humus stock in an elementary h-cm thick layer of a soil is
calculated by the formula:

,)((%))/( dcmhSOMhamtHS                                                            (89)

where d is the bulk density of a soil in a given layer (g/cm3).

NB: The presence of significant amounts of chloride in the soil results in a
positive error. Soil Survey Laboratory Methods Manual of the SCS, USDA states that
if the chloride in the soil known, it is possible to use the following correction factor
(Walkley, 1947) for the organic C:

Organic C(%) = Apparent %C in the soil – (% Cl- in soil) / 12           (90)



72

There are all reasons to believe that the presence of significant amount of
ferrous oxides in the soil also results in a positive error. All Fe2+ is oxidized to Fe3+

and it is not difficult to make a proper correction.
Dichromate methods that do not use additional heating do not give complete

oxidation of OM. Even with heating, the recovery may not be complete. Walkey and
Black (1934) determined the average recovery factor of 76%.

Some information on American experience. Organic C by the Walkey-Black
method is a wet-combustion technique. A sample is oxidized with 1N potassium
dichromate and concentrated sulfuric acid (1:2 volume ratio). After 30 min, the
reaction is halfed by dilution with water. The excess dichromate is potentiometrically
back-titrated with ferrous sulfate. A blank is carried through out the procedure to
standardize the ferrous sulfate. Parent organic C is reported on an oven-dry soil basis
(Soil Conservation, 1984).

The American experts in the field stress the fact that even with heating the
recovery may not be complete. The studies have recovery factors ranging from 60%
to 86%. Thus, an average correction factor yields erroneous values for many soils.
The Walkey-Black method is only an approximate or semiquantitive estimate of
organic  C.  The  presence  of  chloride  in  the  soil  results  in  a  positive  error.  I  was
already stated how to calculate a corrected value of ferrous ions results in a positive
error. The dichromate oxidizes ferrous to ferric iron.

Cr2O7
2- + 6Fe2+ + 14H+ = 2Cr3+ + 6Fe3+ + 7H2O.

The presence of manganese dioxide results in a negative error (Walkey, 1947).
When heated in an acidic medium, the higher oxides of manganese, e.-g., MnO2,
compete with dichromate for oxidizable substances.

2MnO2 + C0 + 4H+ = CO2 +2Mn2+ + 2H2O.

When the soil has carbonized material, e.g., char-coal, graphite, coal and soot,
the Walkley-Black method gives low recovery of this material, i.e., recovery range is
from 2 to 36%.

Reagents employed in American methods include distilled deionized (DDI)
water, potassium dichromate, 1.000N, primary standard. Dissolve 49.035 g of
K2Cr2O7 reagent,  dried 105° ,  in 1-Lvolumetric flask with DDI water,  sulfuric acid
(H2SO4), conc., reagent, ferrous sulfate, 1N, acidic. Dissolve 1 kg of FeSO4×7H2O in
6L of DDI water. Carefully add 640 ml of conc. H2SO4 with stirring. Cool and dilute
to 8 L with DDI water.

5.2. Evaluation of SOM Status

The concept of SOM status was developed in the Soviet Union by
L.O.Grishina and D.S.Orlov. The evaluation of this status requires, in addition to
total SOM content, the determination of soil humus quality characteristics
(Table 41).

Table 41. Evaluation Characteristics of SOM Status



73

Characteristics Level of Evaluation Range of Values
1 2 3

SOM content, %

Very high
High

Moderate
Low

Very low

> 10
6-10
4-6
2-4
< 2

1 2 3

SOM stocks in 0-20 cm / 0-100
cm layer, mt/ha

Very high
High

Moderate
Low

Very low

> 200 / > 600
150-200 / 400-600
100-150 / 200-400
50-100 / 100-200

< 50 / < 100

C:N ratio, characterizing the
enrichment with nitrogen

Very high
High

Moderate
Low

Very low

< 5
5-8
8-11

11-14
> 14

Extent of SOM humification,
(Cha / Cfa) × 100, %

Very high
High

Moderate
Low

Very low

> 40
30-40
20-30
10-20
< 10

Type of humus, Cha / Cfa

Humatic
Fulvic-humatic
Humatic-fulvic
Fulvic (fulvatic)

> 2
1-2

1-0.5
< 0.5

Content of free humatic acids, %
of total humatic acid content

Very high
High

Moderate
Low

Very low

> 80
60-80
40-60
20-40
< 20

Content of humatic (humic)
acids, bonded with Ca, % of total

humatic acid content

Very high
High

Moderate
Low

Very low

> 80
60-80
40-60
20-40
< 20

Content of tightly bonded
humatic acids, % of total humatic

acid content

High
Moderate

Low

> 20
10-20
< 10

Content of nonhydrolysabble
(nonextractable) residue, % of

total organic carbon

High
Moderate

Low

> 60
40-60
< 40

Optical density of humatic acid Very high > 0.10
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0.001% E465 High
Moderate

Low
Very low

0.08-0.10
0.06-0.08
0.04-0.06

< 0.04
Soil Biological Activity

(respiration) kg of CO2 evolution
per hour per hectare

High
Moderate

Low

> 10
5-10
< 5

It was already stated how to calculate SOM stocks in an elementary layer of
the soil, h cm thick. As it is a custom in our country to evaluate soil enrichment with
OM by its stocks in 0-100 cm layer, it is necessary to know SOM percent and bulk
density of each elementary layer h cm thick (10 cm more often than not) composing
0-100 cm layer. The stocks of SOM in each layer are added together to obtain its
stocks in 0-100 cm layer:

),/(,...2221111000 hamtdhadhadhaSOMS nnn                    (91)

where a is SOM percent in an elementary layer h cm thick and having a density
d g/cm3.

An average SOM content in a certain layer of soil should be calculated as
weighed average value by the depth of elementary layers:
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where a is SOM percent in an elementary layer h cm thick.
To complete this section, we shall list the items of equipment, glassware,

and reagents needed for the Tyurin’s procedure: torsionic or analytical balance,
electrical hotplate, glass plate, glass stick, spatula, magnifying glass, pincers, agate
mortar with a pestle, sieves with holes 1.0 and 0.25 mm in diameter, dry 100-ml
flasks, conical 250-ml flasks, funnel, rinser with distilled water, buret (burette) with a
glass tap, buret with a clip. 0.4N potassium dichromate solution in H2SO4 (conc.
H2SO4 :  H2O = 1:1), 0.2N Mohr salt solution, and indicator (diphenylamine, but
preferably phenylanthranilic acid).

5.3. Calculation of Energy in SOM as Proposed by S.A.Aliyev

Supporting his idea on the research results of I.V.Tyurin, who found out that
each mole of oxygen employed in organic matter oxidation corresponds to 52-56
calories of energy, S.A.Aliyev (1978) proposed to calculate the stocks of energy
contained in soil humus Qh (in millions of calories per hectare) by the formula:

P
dhbaQ V

h
10675.2)(

,                                                          (93)
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where  (a-b)  is  the  volume  (ml)  of  0.1N  K2Cr2O7 in  H2SO4 used for the
oxidation of soil humus, P is the weight (g) of soil sample taken for analysis, h is the
depth of a layer in meters, 2.675 cal/g corresponds to 1 cm3 of  0.1N  K2Cr2O7 +
H2SO4,  and dV is  the bulk density of  the soil  in cm3·g-1.  So the amount of  energy is
calculated for a given layer of the soil, h cm thick. It is understandable that the
calculations could be made for 0-100 cm layer of the soil or for the total depth of soil
profile.

In 1973 S.A.Aliyev proposed a formula allowing to calculate the heat of
combustion of organic compounds, knowing their atomic composition:

,/),487.0(53490 gcalNOOHCQ                                                    (94)

where C, H, O, and N are the contents of every organogenic element in a given
organic compound (%).

Using this formula, and knowing the elementary composition of soil humus
and its components, it was found out that combustion heat of humic (humatic) acids
was within 4,370-5,100 cal·g-1 and that of humins- in the range 4,050-4,520 cal·g-1.
Strange that it may seem, but the average combustion heat of total humus was about
5,500 cal·g-1.

5.4. Determination of SOM’s Reactivity by M.I.Laktionov’s Proposal

According to not very clear definition by M.I.Laktionov, the index of soil
organic matter reactivity (ISOMR) characterizes quantitative and qualitative changes
in SOM and their interconnection with agronomical properties of cultured soils.

In cultivated soils, as a rule, changes in CEC lag behind the changes in humus
content. Soil culturing leads to soil humus improvement. Humus, according to
M.I.Laktionov, becomes more reactive and its adsorption capacity, including CEC,
increases. SOM losses in cultivated soils are, in a way, compensated by the growth of
its adsorption capacity. The ISOMR should be determined, first of all, in a plow layer
of soil.

Actually it  is  the determination of  the CEC which corresponds to 1 % of soil
humus. The ISOMR values reflect the changes in “agronomical quality of soil humus
in cultivated soils depending on the duration of soil use in agriculture, level of crop
rotations technologies, crop rosaxions, fertilizing systems and the practices of soil
reclamation. This index, therefore, may be used to evaluate and grade the extent of
soil “culturedness” which is an important parameter of soil evaluation at least in
Ukraine. A table below illustrates “the changes of chernozem soil culturedness” in
long-term field experiment in Myronivka Research Institute of Wheat Breeding.
Different fertilizing systems in a field crop rotation considerably effected the values
of the ISOMR (Table ).

Table  42.  Index  of  SOIL  ORGANIC  MATTER  REACTIVITY  (in  meq  per
100 g of oven-dry soil) Under Various Fertilizing Systems (M.I. Laktionov’s data)

Fertilizing System
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No fertilizers Organic
fertilizing

Mineral
fertilizing

Organic-mineral
fertilizing

12.6 11.6 14.8 12.3

It is not recommended to determine the ISOMR in soils containing less than
2% of SOM in a plow layer. Having determined the percent of SOM and the CEC of
the soil (in meq per 100 g of oven-dry soil), it remains to divide the second value by
the first and in this way calculate the value of the ISOMR. The unit of measuring,
according to M.I. Laktionov, will be meqs per 100 g soil and percent of SOM
content, whereas it would be wiser to express it in meqs per 1% or 1 g of soil humus.

5.5. Qualitative Composition of Soil Organic Matter

5.5.1. Determination of SOM Composition by Sodium Pyrophosphate
Method of Kononova and Belchikova

A given method is employable for noncarbonatic and carbonatic mineral soils.
Using sodium pyrophosphate it is possible to separate three essential groups of
humus substances: humic (humatic) acids, fulvic acids and nonextractable residue of
humus compounds (humin). The procedure allows to characterize the lability and
nature of soil humus.

Treatment of the soil with the mixture of Na4P2O7 and NaOH (pH 12.5) causes
the most complete substitution of exchangeable calcium, iron, and aluminum by
sodium cation and formation of soluble humates and fulvates of sodium and insoluble
of replaced cations:

[SAC4-]Ca2+ + Na4P2O7          [SAC4-]4Na+  + CaMgP2O7
             Mg2+

Extraction of humus substances from the soil by the mixture of Na4P2O7 +
NaOH. 5g of specially prepared soil (preparation is the same as for the total SOM
determination) are put in a conical flask 250 ml in volume. At the end of working day
the soil in the flask is poured over by 100 ml of freshly prepared mixture, a 1 liter of
which contains 44.6 g Na4P2O7 ×  10H2O and 4 g NaOH. Pyrophosphate
concentration will be 0.1M. Concentration and normality of NaOH will be 0.1M (N),
pH of the mixture should be about 13.

The flask is covered with rubber stopper to isolate its content from the CO2 of
the air, carefully but assiduous shaken, not allowing the soil mass to besmear the
internal surface of the flask too much, and left in peace for 16-18 hours.

Next morning the flasks are shaken again and their content filtrated through the
filter 15-17 cm in diameter put into a simple conical tight filter (blue band),
7-9 cm in diameter, or centrifuged. The portions of the soil, left on the filter, are not
included in analysis.

Determination of organic C in the extract (extractable organic C).
5-15 ml of extract (depending on its optical density) are pipetted into a
thermoresistant conical flask, 100 ml in volume. The extract in a flask is neutralized
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by a few drops of 1N H2SO4 which are added till the extract becomes turbid. The
flask is put on the boiling water bath till its content evaporates to dryness. Organic
carbon is determined in the flask by a well-known Tyurin’s procedure. Some 0.1-0.3
g of ignited loess or sand must be added to the solids in the flask before the addition
of an oxidizer (K2Cr2O7 + H2SO4).

Titration  with  the  Mohr  salt  solution  (0.1N)  is  carried  out  in  the  same  flask,
rinsing it with 10-15 ml of distilled water and using phenylanthranilic acid as an
indicator. Extractable organic carbon is calculated in percent of total organic carbon
and in percent of oven dry-soil, using the formulas:

Extractable C, % of oven-dry soil = P
KKNba OHMS 2100003.0)(

;       (95)

Extractable C, % of total organic C = oilofovendrysCP
KKNba

org

OHMS

%
100003.0)( 2 ;       (96)

where a is the volume (ml) of Mohr salt solution used in blank determination,
b is the volume (ml) of Mohr salt solution used in experimental determination (with
the soil), N is the Mohr salt solution normality (usually 0.1N), Kms is the correcting
coefficient depending on the actual Mohr salt normality, 0.003 is the milliequivalent
of C in grams, P is the weight of soil sample corresponding to the volume of extract
taken for analysis, and KH2O is the hygroscopicity coefficient of a soil.

Determination of humic acid carbon (Cha) in the extract. 20-25 ml of
extract (depending on its optical density) are pipetted to a beaker of appropriate
volume.  1N H2SO4 is added to the beaker by drops and its content is mixed with a
glass stick. As the reaction of coagulation proceeds, the extract becomes turbid
(pH 1.3-1.5). Approximately 0.2-0.5 ml of Na2SO4 are needed for the coagulation.
The content of a beaker is assiduously stirred with a glass stick, the beaker is covered
with a glass plate and warmed up on water bath for 30 minutes at 80°C, after which
the beaker is taken off the water bath and left to stand for 16-18 hours to attain
complete sedimentation.

Next morning the flakes of humic acid gel are filtered and collected on the
filter. The filtration is done using small funnels and tight filter paper (blue band) 7 cm
in diameter and moistened preliminarily with 0.05 N H2SO4. The liquid part is put on
the filter first and then-the flakes. Filter with a sediment should be rinsed a few times
with cool 0.05N H2SO4 till the becomes colorless (at the beginning of rinsing the
filtrate may be of yellowish color owing to the admixture of FA (fulvic acids).

Acid filtrate with rinsing waters is discarded. A funnel with a filter and humic
acid sediment is put on a measuring flask 25-100 ml in volume, depending on the
amount of sediment. The sediment is washed through the filter by a hot 0.05N NaOH,
using a rinser.

At first the hot solution is added by small portions in a beaker, in which humic
acids were precipitated: to dissolve humic acid gel on the internal surface of a beaker
a glass stick is employed. Dissolved particles are transferred on the filter. A filtrate is
repeatedly rinsed with hot NaOH solution till the gel is completely dissolved which is
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testified by the absence of a color in filtrate. Sodium humate solution in measuring
flask is cooled to ambient temperature and filled up to volume with distilled water.

To determine Cha,, 5-20 ml of filtrate from measuring flask (depending on its
optical density) are pipetted into a conical flask 100 ml in volume and the procedure
is continued as it was during the determination of total extractable organic carbon.
Determination results are calculated by the same formulas as were employed in the
calculation of total extractable organic carbon and expressed in the same units, that is
as percent of total organic carbon and percent of oven-dry soil.

Determination of fulvic acid carbon (Cfa) in the extract. This carbon is
calculated as a difference between total extractable carbon and humic acid carbon:

hactabletotalextrafa CCC                                                                   (97)

Cfa is expressed in the same units, that is as percent of total organic carbon and
as percent of oven-dry soil.

Additional Determinations. A described analytical procedure may be
complimented by the following determinations carried out with separate soil samples:

a) determination of carbon of organic compounds which are extracted from the
soil by 0.1N H2SO4. This analysis is performed in accordance with
V.V.Ponomaryova’s  method.  It  allows  to  estimate  the  solubility  of  soil  organic
compounds in mineral acids, which is particularly important for podzolic and sod-
podzolic soils. The procedure is as follows.

5 g of air-dry soil, sieved through 1-mm sieve are placed in a conical flask 250
ml  in volume. 200 ml of 0.1N H2SO4 are added to the soil and after proper shaking it
is left to stand till the next morning, being sealed with a stopper.

Next day, the extract is filtered into a measuring 500-ml flask through ordinary
filter paper. The soil on the filter is rinsed with 0.1N H2SO4, the filtrate in the
measuring flask is added to the volume (500 ml) and properly shaken.

To determine organic carbon, 25-50 ml of extract are pipetted into a 100-ml
conical flask, resistant to heat, neutralized by adding some dry Na2CO3 till the
precipitate of R(OH)3 appears in the flask, and evaporate to dryness on water bath.
Organic C is determined using the Tyurin’s procedure described earlier in this
manual.

b) determination of free and bonded with labile forms of R2O3 humic acids
extracted from the soil directly (without prior decalcication) by 0.1N NaOH.

c) Determination of the qualitative composition of soil humus should be
complimented by the characterization of humic acids by their optical density, which
reflects the extent of carbonization (aromatization, cyclicity) of humus compounds.
Aromatic nucleus of any “humus acid molecule” possesses hydrophobic properties,
whereas the presence of chainy fragments with functional groups imparts hydrophilic
properties to soil humus. Spectrophotometers are employed to determine optical
density of various humus preparations. Very often the coefficient of extinction is
determined at two wave lengths: 465 (E4) and 665 (E6) nanometers. The E4/E6 ratio,
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independently of carbon concentration in solution, is more or less constant for
humic acids of a given type of humus.

Research results on soil humus quality determination are usually represented in
the form of a table (Table 43).

Table 43. SOM (Humus) Composition in the Conventional Plow Layer
(0-20 cm) of Ordinary Chernozem (data of V.Belchikova)

Of total extractable Cha

Total
Corg. in

soil

Corg. in
0.1N

H2SO4
extract

Corg. in
0.1M

Na4P2O7
+ 0.1M
NaOH
extract

Cha Cfa
Cha
Cfa

E4/E6

Free and
bonded

with labile
R2O3

Bonded
with Ca2+

Nonextractable
Corg in soil

1 2 3 4 5 6 7 8 9 10

5.0
0.15
3.0 2.50

50.0
1.85
37.0

0.65
13.0 2.85 3.4 0.17

9.2
1.68
90.8

2.85
50.0

5. 6. Soil Organic Matter Balance and Methods of Its Calculation

H.D.Foth in his Fundamentals of Soil Science created a literary image, stating,
that  “the  pool,  or  amount  of  organic  matter  in  a  soil  can  be  compared  to  a  lake.
Changes in the water level in a lake depend on the difference between the amount of
water entering and leaving it”. Soil organic matter regulation is important for
cultivated fields and for the entire biosphere.

By organic matter balance in the soil we understand the difference
between the amounts of its input from various sources and amounts of its losses
trough different channels during the same time range.

Three types of SOM balance were identified: 1) non-deficit, 2) positive, and 3)
negative. SOM is constantly subject to decomposition and loss. Each soil and
cropping situation requires the addition of a certain amount of OM each year to
maintain a non-deficit balance. Many scientists believe that one of the most serious
causes  of  OM  loss  is  soil  erosion  which  tends  to  preferentially  remove  the  OM
fraction. While some naturally rich soils, like chernozems, are being farmed, it is
virtually impossible to maintain the OM content of a virgin soil. In all possible cases
the level of SOM should not be allowed to drop below a certain (critical) level!

5.6.1. G.Y.Chesnyak’s Method of SOM Balance Calculation

SOM Balance is calculated for a given crop rotation and for a full cycle of crop
sequence. Calculation of a mean yearly balance is done by the formula:

t
yrhamtB 21/, ,                                                     (98)

where B is a mean yearly SOM balance per hectare of a crop rotation, in
mt/ha×yr; 1 is the total amount of newly formed humus under crops during the full
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cycle of crop sequence, mt/ha; 2 is an increase in the formation of humus during
the  same time  cycle  as  a  result  of  organic  manuring,   is  the  total  amount  of  soil
humus decomposed under crops of a crop rotation during the same time cycle, mt/ha,
and t is the duration of a complete cycle of crop sequence in a given crop rotation,
years.

Humification coefficients are employed to calculate the amount of humus
formed from crop residues and organic manures. They show what part of the dry
weight of residues and that of farm manure is transformed into SOM (humus).
Humification coefficients (Khum) are given in the following table (Table 44).

Table 44. Humification Coefficients for Crop Residues and Farm Manure in
the Soil (G.Y.Chesnyak)

Crop Residues and Farm Manure K hum
Sugar and fodder beet 0.10
Winter Wheat for green fodder 0.13
Potato, vegetables, pumpkins and the like 0.13
Sunflower 0.14
Corn for silage, other crops for silage 0.17
Winter wheat for grain 0.20
Corn for grain 0.20
Barley, oat, spring wheat, millet 0.22
Buckwheat, annual grasses, pea, soybean, etc 0.23
Alfalfa, clover and other perennial grasses 0.25
Farm manure (dry matter) 0.23

The dry weight of plant residues is calculated by the regression equations
(Table 45), in which x is the amount of residues on the surface of the soil in hundreds
of kg per hectare, x1 – the amount of subsurface (root) residues in the same units, and
y is the yield of a crop in the same units.

2 is calculated by multiplying the rate of farm manure (D) applied during
the time of complete crop sequence cycle by the coefficient of dry matter content
(0.25) and by the coefficient if its (dry matter’s) humification (K):

KD 25.02                                                                                   (99)

with K=0.23, 2 = 0.058D

Knowing soil  loss as a  result  of  erosion allows to compute the corresponding
loss of SOM.

Table 45. Regression Equations for the Calculation of Air-dry Weight of Crop
Residues (x) knowing Crop Yield (y)

ResiduesCrop surface subsurface
Winter wheat x= 0.23y + 13.5 x= 0.71y + 10.0
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Spring barley x= 0.29y + 6.8 x= 0.54y + 9.3
Oat x= 0.19y + 14.8 x= 0.42y + 8.4
Millet x= 0.50y + 7.4 x= 0.57y + 12.6
Buckwheat x= 0.28y + 8.5 x= 0.65y + 11.5
Corn for grain x= 0.20y + 1.6 x= 0.83y + 7.2
Pea, soybean x= 0.12y + 4.5 x= 0.36y + 8.9
Sunflower x= 0.41y + 3.2 x= 0.16y + 4.9
Sugar beet x= 0.005y + 2.8 x= 0.06y + 5.7
Fodder beat x= 0.003y + 2.4 x= 0.05y + 5.2
Corn for silage and other silage crops x= 0.006y + 5.7 x= 0.10y + 13.5
Perennial grasses (hay) x= 0.12y + 5.9 x= 1.02y + 4.7
Potato, vegetables, pumpkins, etc. x= 0.008y + 0.5 x= 0.07y + 8.9
Annual grasses (hay) x= 0.12y + 6.8 x= 0.5y + 13.3

Table 46. Annual Soil Loss as a Result of Water Erosion on the Slopes
(V.F.Gakhov and G.O.Mozheiko)

Zone Slope Steepness, degree Soil Detachment, mt/ha

Forest

0.5-2
2-5
5-10
> 10

7-8
17-20
50-65

115-140

Forest-Steppe

0.5-2
2-5
5-10
> 10

6-10
17-37
60-95

145-190

Steppe

0.5-2
2-5
5-10
> 10

1.5-4.5
6-15

23-45
60-120

SOM losses as a result of its decomposition (mineralization) are given in the
following table (Table 47).

SOM losses for the duration of a crop rotation (8-10 years) are calculated by
the formula:

,...21 nPPPP                                                                                  (100)

where P the loss of SOM as a result of mineralization during complete cycle
of crop sequence (8-10 years) in mt/ha; P1 … Pn are the losses of SOM under various
crops or in different fields of a crop rotation in the same units.

Table 47. Annual SOM Losses Through Mineralization On Typical
Chernozem, mt/ha (G.Y.Chesnyak)

Crop SOM loses,
mt/ha Crop SOM loses,

mt/ha
Clean fallow 2.00 Corn for silage 1.47
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Pea, soybean 1.50 Barley 1.23
Winter wheat for

forage 1.24 Oat 1.20

Annual grasses, millet 1.10 Spring wheat, buckwheat 1.10
Winter wheat for grain 1.35 Potato and vegetables 1.61

Sugar beet 1.59 Sunflower 1.39
Corn for grain 1.56 Alfalfa 0.60

Root crops 1.60

1, which is the amount of newly formed SOM at the expense of crop
residues (mt/ha) is calculated by the formula:

,...22111 humNnhumhum KOKOK             (101)

where O1 … On are total amounts of residues (surface + subsurface) in mt/ha (x
+ x1 /  10),  left  by each of  the growing crops;  Khum1 … KhumN are the corresponding
coefficient of dry residue humification in parts of a unity. As was already stated,
SOM balance per hectare of a crop rotation per year is computed by the formula,
given at the beginning of this subsection:

t
yrhamtB 21/, .                                                  (102)

If this balance appears to be negative, an additional rate of farm manure per
hectare per year ARFM (mt) can be calculated by the formula:

058.0
BFRFMARFM ,                                                             (103)

where FRFM is factual (already being applied) rate of farm manure per hectare
per year (mt) and B is the absolute value of a negative SOM balance (mt), 0.058, as
was  already  shown,  is  the  amount  of  humus  (SOM)  created  in  the  soil  by  1  mt  of
farm manure (mt).

True, the value of 0.058 is best to be used for the Forest-Steppe chernozems,
whereas for the Forest zone this value should be 0.042, and for the Steppe – 0.054.

So far we were speaking about farm manure. But when other forms of organic
manures and fertilizers happens to be in use, it may be useful to employ the following
relative values (Table 48).

Table 48. Relative Value of Organic Fertilizers

 Fertilizers (Manure) Relative Value
Farm manure (up to 77% moist) 1.0
Solid fraction of farm manure obtained without the use of litter 1.0
Semiliquid manure (up to 90-93% moist) 0.5
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Liquid manure (93-97% moist) 0.25
Manure sludge (> 97% moist) 0.10
Manure-peat compost 1.2
Peat-poultry-dropping compost 1.3
Poultry droppings (with litter), up to 65% moist 1.2
Semi-liquid poultry droppings, up to 90% moist 0.65
Straw (+8-12 kg N per mt) 3.4
Sapropel (60% moist) 0.23
Green manure 0.25

Example of Calculations. To solve a concrete problem, we should know that a
given crop rotation is situated on medium loam typical chernozem with moderate
humus content. Crop sequence in a crop rotation is as follows:
clean  fallow         winter  wheat           sugar  beet             barley  with  perennial
grasses         perennial grasses          winter wheat       sugar beet       corn for silage
corn for grain. Farm manure is applied in two fields: clean fallow and the second
field of sugar beet (30 mt/ha in each field); mineral fertilizers are applied in
accordance with fertilizing system. Yields of crops are as fallows (in hundreds kg per
hectare): winter wheat after clean fallow – 44.8; sugar beet – 405; barley – 36.4;
alfalfa (hay) – 52.6; winter wheat – 39.2; sugar beet – 390; corn for silage – 320;
winter wheat 36.6, and corn for grain – 43.2.

1. Using regression equations, we calculate the weight of plant residues
which get into the soil and on its surface under various crops:

Winter wheat after clean fallow:
Surface residues

x = 0.32y +13.5 = 0.32 × 44.8 + 13.5 = 27.8 hkg / ha;                               (104)

subsurface (root) residues

x1 = 0.71y + 10.0 = 0.71×44.8 + 10.0 = 41.8 hkg / ha;                               (105)

total amount of residue: x + x1 = 27.8 + 41.8 = 69.6 hkg / ha = 7 mt/ha.

The  same  calculations  we  do  for  all  other  crops.  The  results  we  put  in  the
following table (Table 49).
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Table 49. Amount of Residues After Each Crop of a Crop Rotation

Surface Residues
Subsurface

Residues
Total amount

Crop
Yield

hkg/ha Regression

Equation

hkg/ha
Regression

Equation

hkg/ha

hkg/ha mt/ha

1 2 3 4 5 6 7 8

Clean fallow – – – – – – –

Winter wheat 44.8 x = 0.23y + 13.5 27.8 x = 0.71y + 10.0 41.8 69.6 7.0

1 2 3 4 5 6 7 8

Sugar beet 405 x = 0.005y + 2.8 4.8 x = 0.06y + 5.7 30.0 34.8 3.5

Barley 34.6 x = 0.29y + 6.8 16.8 x = 0.54y + 9.3 28.0 44.8 4.5

Alfalfa 52.6 x = 0.12y + 5.9 12.2 x = 1.02y + 4.7 58.4 70.6 7.1

Winter wheat 39.2 x = 0.23y + 13.5 26.0 x = 0.71y + 10 37.8 63.8 6.4

Sugar beet 390 x = 0.005y + 2.85 4.8 x = 0.06y + 5.7 29.1 33.9 3.4

Corn for silage 320 x = 0.006y + 5.7 7.6 x = 0.10y + 13.5 45.5 53.1 5.3

Winter wheat 36.6 x = 0.23y + 13.5 25.2 x = 0.71y + 10 36.0 61.2 6.1

Corn for grain 43.2 x = 0.20y + 1.6 10.2 x = 0.83y + 7.2 43.0 53.2 5.3

2. Using the coefficients of humification, we calculate the amount of humus
formed from crop residues.

Winter wheat after clean fallow:

1 = 1 × Khum1 = 7.0 × 0.20 = 1.4 mt/ha.                                                 (106)

Sugar beet:

2 = 2 × Khum2 = 3.5 × 0.10 = 0.35 mt/ha, and so on for the rest of the crops
(Table 50).

Table 50. The Amount of Humus (mt/ha), Formed from Crop Residues and
Farm Manure

Crop

Amount of
Crop

Residues
mt/ha (0)

Humi-
fication

coefficient
(Khum)

Humus,
formed

from the
Residues,
mt/ha ( 1)

Rate of
Farm

Manure,
mt/ha

Coefficient
of Humus
formation

from
Manure (K)

Humus,
formed from

the
Residues,
mt/ha ( 2)

Total New
Formation of

Humus,
mt/ha
1 + 2)

1 2 3 4 5 6 7 8
Clean fallow – – – – – – 1.74
Winter wheat 7.0 0.20 1.40 – – – 1.40

Sugar beet 3.5 0.10 0.35 – – – 0.35
Barley 4.5 0.22 0.99 – – – 0.99
Alfalfa 7.1 0.25 1.78 – – – 1.78
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1 2 3 4 5 6 7 8

Winter wheat 6.4 0.20 1.28 – – – 1.28
Sugar beet 3.4 0.10 0.34 30 0.058 1.74 2.08

Corn for silage 5.3 0.17 0.90 – – – 0.90
Winter wheat 6.1 0.20 1.22 – – – 1.22
Corn for grain 5.3 0.20 1.06 – – – 1.06

Total amount of newly formed humus per hectare of a
crop rotation

per 10 years of complete cycle

per year
12.80
1.28

3. We calculate the amount of humus formed from farm manure: in the field
of a clean fallow 2 = FMR× 0.058 = 30 × 0.058 = 1.74 mt/ha. In the same way we
calculate it for the field of sugar beet. The results are put into the same table.

4. We  then  calculate  the  amount  of  soil  humus  lost  as  a  result  of
decomposition (mineralization) in each field of a crop rotation, and its total loss in 10
years of a crop rotation (complete cycle):

P = 2.0 + 1.35 + 1.59 + 1.23 + 0.6 + 1.35 + 1.59 + 1.47 + 1.35 + 1.56 = 14.09
mt/ha.                                                                                                                    (107)

5. SOM balance in the fields of a crop rotation per hectare of a crop rotation
per year we calculate thus:

13.0
10

09.14
10

48.332.9/ yrhaBmt .                                                (108)

Calculation results are put in the following table (Table 51).

Table 51. SOM Balance in a Crop Rotation

Crop Yield, hkg/ha

Humus formed
in the soil
from crop

residues and
farm manure,
mt/ha 1 + 2)

Humus lost
from the soil
as a result of

mineralization,
mt/ha (P)

Balance,
mt/ha (B)

1 2 3 4 5
Clean fallow – 1.74 2.00 -0.26
Winter wheat 44.8 1.40 1.35 +0.05

Sugar beet 405 0.35 1.59 -1.24
Barley 34.6 0.99 1.23 -0.24
Alfalfa 52.6 1.78 0.60 +1.18

Winter wheat 39.2 1.28 1.35 -0.07
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1 2 3 4 5
Sugar beet 390 2.08 1.59 +0.49

Corn for silage 320 0.90 1.47 -0.57
Winter wheat 36.6 1.22 1.35 -0.13
Corn for grain 43.2 1.06 1.56 -0.50

per 10 years 12.80 14.09 -1.29SOM balance
per 1 ha of a
crop rotation per year 1.28 1.41 -0.13

6. We calculate the factual rate of farm manure per ha of a crop rotation per
year. Per 10 years of complete crop sequence 60 mt/ha of farm manure were applied
per hectare of a crop rotation (30 + 30).

7.  Mineral farm manure rate for the attaining of a non-deficit SOM balance
will be:

./24.8
058.0
13.06 yrhamtMFMR                                                    (109)

In the practice of crop production this can be achieved by applying 35 mt/ha of
farm manure in the field of a clean fallow and 50 mt/ha of the same manure in the
field of sugar beet. Thus the rate of farm manure per hectare per year will be 8.5 mt.

5.6.2. Some Information on SOM Balance Calculation by the Method of
O.M.Lykov

The method proposed by O.M.Lykov proved good for non-chernozemic soil-
climatic zone. It is “too demanding” for crop rotations on chernozem soils, which
means that in their case the balance is “untrustworthy” deficient and demands the
application of too high rates of farm manure or other organics. We think the method
quite applicable o the Forest zone of Ukraine. The calculations are more complicated
and cumbersome as compared with Chesnyak’s method, so we shall limit our
discussion in this manual only to the most essential information.

The method is based on the balance of nitrogen in the system:

 soil             plant            fertilizers.

SOM balance is predicted on the basis of inputs and losses of organic carbon in
the  soil.  All  calculations  are  made  in  terms  of  kilograms  of  organic  carbon,  not
humus.

Organic carbon input consists  of  organic  carbon  of  crop  residues,  organic
manures and fertilizers, seeds, seedlings, and carbon fixation by blue-green algae.

Organic carbon losses from the soil include the decomposition
(mineralization) of soil organic compounds in a given technology of crop production
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as well as organic carbon loss through percolation and surface runoff from the root-
abundant layer for which the balance is usually calculated.

SOM mineralization results in the formation of mineral forms of nitrogen used
by plants and microorganisms. The C/N ratio in the plow layer of sod-podzolic soils
is approximately equal to 10:1. When the rates of nitrogen fertilizers are low, their
nitrogen participates in the formation of crop yield alongside the nitrogen contained
in soil humus. When fertilizing systems presuppose the application of high rates of
nitrogen, about one-half of the crop’s need in nitrogen is supplied by soil humus,
which undergoes decomposition. The amounts of nitrogen used by different crops for
the formation of yield are given in the following table (Table 52).

The assimilation of mineral fertilizer nitrogen with recommended rates of
fertilizer  application  by  crops  is  50%,  nitrogen  of  plant  residues  –  also  50%,  and
nitrogen of farm manure – 25%. Clover can supply itself with 80% of total nitrogen
needed, peas – with 20%, at the expense of nitrogen fixation.

Table  52.  The  Uptake  of  N  (kg/ha)  By  Crops  Per  1  mt  of  Essential  and
Corresponding Amount of Residual Product

Crop Uptake Crop Uptake
Winter wheat 35 Barley 26

Rye 24 Flax (seed) 106
Corn for grain 24 Buckwheat 34

Oat 28 Potato 5
Pea 66 Root crops 5

Corn for silage 2.5
Lupin in (hay) 26

The amounts of residues left by the crops are calculated by the following
regression equations (Table 53).

Table 53. Regression Equations for the calculation of the Amounts of Residues
from Yields of Crops

Crop Yield Range, hkg/ha Regression Equation
Winter wheat 10-50 x = 0.41y + 19.9

Barley 10-50 x = 0.54y + 10.1
Potato 70-240 x = 0.07y + 3.54

Corn for silage 120-360 x = 0.1y + 6.27
Clover in mixtures with

small grain crops 20-100 x = 0.23y + 35.1

Flax 6-14 x = 3.12y + 3.19

Humification coefficients in Lykov’s methods pertain to organic carbon of
residues, not to their dry weight, as in Chesnyak’s method. For approximate
calculations it can be assumed that residues contain in 40% of carbon of their air-dry
weight. 25% of organic carbon contained in the residues of small grain crops is
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transformed into carbon of soil humus. For the residues of silage crops it is 15%, for
the  carbon  of  farm  manure  –  30%.  Only  8%  of  organic  carbon  contained  in  the
residues of potato and vegetables are transformed into carbon of soil humus. Content
of carbon in farm manure is 9% of its raw weight. As only 30% of this carbon turns
into humus carbon it is not difficult to calculate that 1 mt of farm manure forms in the
soil 27 kg of humus carbon. The following table (Table 54) gives an example of soil
humus carbon balance calculation in a four-field crop rotation on sod-podzolic soil.

In a given crop rotation farm manure was applied only under potato
(20 mt/ha), which means 5 mt/ha×yr. As the balance of humus carbon is –
354 mt/ha×yr, it is possible to calculate the additional rate of farm manure needed to
ensure a non-deficit humus carbon balance:

./13
27
354 yrhamt                                                                                    (110)

Table 54. The Balance of Carbon in SOM of Sod-Podzolic Soil Under
Specialized Grain Producing Crop Rotation

Input of nitrogen, kg/ha

Crop Yield,
hkg/ha

Uptake
of

nitrogen,
kg/ha

with
manure

with
mineral

fertilizers

with
crop

residues
total

Mineralization
of humus
carbon to
meet the
deficit of

nitrogen in the
soil, kg/ha

Amount
of

newly
formed
humus
carbon,
kg/ha

Balance
of

humus
carbon,
kg/ha

Potato 150 162 22.5 20 8.5 51.0 1110 585 -525
Winter
wheat 25 115 13.5 30 15.1 58.6 566 601 -265

Barley 25 97 9.0 30 11.8 50.8 464 236 -228
Winter
wheat 25 115 – 30 15.1 45.1 701 301 -400

per rotation 2841 1423 -1418Humus carbon balance per year 710 356 -354

Total rate of farm manure in a given crop rotation should be no less than
5+13=18 mt / ha·yr.

5.6.3. The Use of Mathematical Model for the Prediction of Soil Organic
Carbon Balance

Mathematical models are widely used in Ukraine to predict the stocks of
organic carbon contained in soil humus in a given layer of the soil for a certain
duration 9t, years) of a crop rotation. One of the simpler models is composed of two
differential equations, making a system:

YK
dt
dy

xKyK
dt
dx

3

121

                                                                                       (111)
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The solution of this system yields the following predication equation, derived
by L.R.Petrenko (2000):

31
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0
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Ke
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KxX tK
t ,                                                                      (112)

where Xt is the stocks of organic carbon in soil humus in a given layer of the
soil t years since the beginning of observations, mt/ha; X0 is the stocks of organic
carbon in soil humus in the same layer of the soil at the beginning of observations,
mt/ha; K21 is the humification coefficient of organic carbon of plant residues and
organic manures, approximately like that in Lykov’s method, dimensionless (parts of
unity);  is an average amount of organic carbon which comes to the soil every year
with plant residues and organic manures in mt/ha; K1 is mineralization coefficient of
soil  humus  carbon  as  a  part  of  its  total  stocks  in  a  given  layer  of  the  soil,
dimensionless (parts of unity); K3 is an average annual coefficient of transformation
of carbon contained in plant residues and organic manures, dimensionless (parts of
unity); y is the amount of non-humus organic carbon (a mean yearly value) coming to
the soil with plant residues and manures, mt/ha; and e is natural logarithm basis.

To calculate the stocks of soil organic matter (humus) Xt should be multiplied
by the factor of 1.724.

Nondeficit balance of SOM corresponds to the inequality Xt  X0.
Another criterion for non-deficit (zero) balance may be expressed by the

equation:
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For  example,  if  x  =250  mt/ha  (1  m layer),  K1=0.005; K3 = 0.8, and K21=0.30
(data realistic for a forest-steppe crop rotation on typical chernozem),  should be
equal to 3.3 mt/ha to ensure a non-deficit SOM balance. The probable amount of
organic carbon supplied annually by crop residues may be 2 mt/ha, provided that 5
mt/ha  of  crop  residue  are  left  every  year.  Then  another  1.3  mt/ha  of   should  be
supplied by farm manure, each mt of which contains 0.09 mt of carbon. Dividing 1.3
by 0.09 we obtain 14.4 mt/ha×yr of farm manure needed in this case for a non-deficit
balance of soil humus.

6. PHYSICO-CHEMICAL PROPERTIES OF THE SOIL

These properties of the soil are dependent upon the quantity and quality of its
colloidal  matter,  which  forms  the  essential  part  of  what  is  known in  our  country  as
soil adsorbing complex (SAC). These soil properties reflect the ability of the soil for
cation and anion retention and exchange and the laws governing these phenomena. A
good understanding of physico-chemical properties of the soil is needed for many
practical applications, as, for example, the regulation of soil reaction and the use of
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chemical amendments, conservation of soil structure and its ability to withstand
erosion caused by wind and water. A proper knowledge of cation exchange will help
one to make correct decisions while deciding the problems of crop fertilization and
irrigation, as well as to predict the possible development of some soil degradations.

6.1. Soil’s Ability for Cation Exchange and Retention

Soil adsorbing complex (SAC) is a carrier of its cation exchange capacity.
According to our textbooks, it is a pool of mineral, organic, and organic-mineral
colloidal components of the solid phase, capable of ion exchange. The predominantly
negative charge of soil colloids retains cations in the water film on the colloidal
surfaces. According to H.L.Bohn et al., 1985, the cations classed as exchangeable, are
one of the three major categories (solid phase, exchangeable, and soluble) of ions in
soils. Exchangeable ions are loosely defined as those placed from the soil by
solutions of neutral salts. According to K.K.Gedroiz, these are the cations held by the
SAC and capable for exchange reactions with the cations of soil solution.
Exchangeable cations include Ca2+, Mg2+,  K+, Na+, NH4

+,  H+, Al3+, etc. Exchange
reaction between the adsorbed cations and the cations of soil solution can be
illustrated by the equation:

[SAC10-] Ca2+, Mg2+, K+, Na+, NH4
+, H+, Al3+ + 5 BaCl2 = [SAC10-] Ba2+, Ba2+,

Ba2+, Ba2+, Ba2+ + CaCl2, MgCl2, KCl, NaCl, HCl, AlCl3.

There are some essential laws governing the processes of cation exchange,
namely

1. Any cation adsorbed by the SAC can be replaced by another cation.
Exchange reactions are reversible.

2. Cation exchange from the solutions of neutral salts proceeds very rapidly
and in stoichiometric ratios.

3. With increasing concentration of a replacer cation, the concentration of
replaced from the SAC cation increases in the solution though not proportionally, but
to a lesser extent. This law means that cation exchange, being a reversible process,
can be described by the equations (isotherms) of cation exchange.

4. Within a given valence series, the degree of replaceability of an ion
decreases as its dehydrated radius increases. Divalent ions in general are retained
more strongly than are monovalent ions, trivalent ions are retained even more
strongly, and quadrivalent ions such as thorium are essentially unreplaced by an
equivalent amount of KCl. An apparent exception is the ”H+” ion. Monovalent
”hydrogen” in this case behaves more like trivalent lanthanum. In order of relative
ion replaceability it can be written:

Li+  Na+ > K+  NH4
+ > Rb+ > Cs+  Mg2+ > Ca2+ > Sr2+  Ba2+ > La3+  ”H+”

(Al3+) > Th4+.

The lyotropic series written above is taken from soil chemistry of Bohn et al.,
1985. The reverse order characterizes each ion’s strength of retention by
montmorillonite.
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It is ”agronomically important” to remember the following series:

Na+ < NH4
+ <K+ <Mg2+ <Ca2+ <H+ <Al3+

The composition of exchangeable cations in the SAC determines a number of
agronomically important soil properties: soil granulation and strength of its structure,
character and degree of SOM retention and distribution in the profile, formation of
organic-mineral complexes and salts, soil reaction and buffering capacity, soil
resistance  to  acid  rains  and  the  other  anthropogenic  agents  of  acidity,  etc.
Exchangeable cations are macro- and microelements of plant nutrition.

Soils, well saturated with calcium, have a reaction close to neutral, high
buffering capacity against acidification; their colloids form stable gels, which favors
the formation of agronomically valuable structure. Such soils are endowed with good
physical and mechanical properties and their resistance to tillage is not too high.

Soils with considerable content of exchangeable sodium have an alkaline
reaction, their colloidal matter is dispersed and they do not form agronomically
favorable strong aggregates. Their ability for swelling and shrinkage is well
expressed, and properties related to water movement and availability are poor. They
are prone to puddling and formation of crusts. Increased compaction, low aeration
porosity, and high penetrometer resistance make them unsuitable for crop growth.

Soils with an excess of exchangeable hydrogen and aluminum have an acid
reaction, low OM content, poor structure or complete absence of it, and poor supply
with elements of plant nutrition.

Every soil type is endowed with certain exchangeable cations. In chernozems
and  chestnut  soils,  Ca2+ and Mg2+ dominate; in sod-podzolic and grey forest soils,
there is a considerable percent of H+ and Al3+ in the SAC; sodic soils (solonetz) have
a considerable amount of exchangeable Na+;  swamp  (peat  and  muck)  soils  may  be
relatively enriched with Fe3+.

The soil and its adsorbing complex are characterized by the value of cation
exchange capacity (CEC), measured by a total sum of adsorbed cations capable for
exchange reactions. In our country this characteristics is measured in milliequivalents
of exchangeable cations per one hundred of oven-dry soil and, very often designated
with a symbol E0. Elsewhere in the world the symbol CEC is used. The value of CEC
is increasing with increasing soil pH. In Soil Chemistry by Bohn, et al., 1988, it is
stated: ”the sum of exchangeable Ca2+, Mg2+, K+, Na+, and Al3+ generally equals, for
all practical purposes, the soil’s CEC. The CEC can very from as little as 10 mmoles
ion charge kg-1 for extremely coarse-textured soils to 500 to 600 mmoles ion charge
kg-1 for fine-textured soils containing large amounts of 2:1 layer silicate minerals and
organic matter”.

CEC of Ukrainian soils differs in wide range: from 1-10 meq/100 g in sod-
podzolic Polissian soils to 50-60 meq/100 g in heavy loam and light clay chernozems,
whereas in peat layers of swamp soils its value reaches 100-200 meq/100 g.

The reason why the CEC value increases with increasing pH is that the charge
of many soil colloids increases with increasing pH. It is especially so in organic
colloids with their –COOH and –OH  functional groups, the dissociation of which
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increases their negative charge at high pH. The colloids, represented by silicate clay
minerals, like kaolinite, also increase their negative charge and, consequently, their
CEC at  high pH, owing to hydroxyl dissociation.  At pH > 8.0 even [Al(OH)4]- ions
may be formed. Aluminum and iron hydroxide colloids (nonsilicate clays) also
increase their negative charge and their CEC at high pH. 2:1 layer silicate minerals
(montmorillonite) increase their CEC with increasing pH to almost insignificant
degree, owing to the growth of some negative charge on the edges of their plates. But
even their CEC may become up to 5% higher.

It  is  very  important  for  any  soil  to  know  the  ratio  between  two  groups  of
exchangeable cations: 1) Al3+ and H+ and 2) Ca2+, Mg2+, K+, Na+, NH4

+, etc. The first
group  characterizes  soil’s  potential  acidity  and  the  second  is  known  as  the  sum  of
exchangeable bases. It is allowable to write with a known extent of approximation
that

,0 SHhE                                                                                             (114)

where  Hh  is  hydrolytic  acidity  of  the  soil  and  S-  the  sum  of  exchangeable
bases, both in meq/100 g.

Such an equality is correct for the soils unsaturated with bases, whereas for
these saturated with them the following equality holds true:

,0 SE                                                                                                       (115)

Carbonatic and saline soils are, as a rule, saturated with bases. But in the
majority of soils E0 > S. Soils are evaluated by the value of the sum of exchangeable
bases as shown in the following table (Table 55).

Table 55. Grouping of Soils by the Sum of Exchangeable Bases

Sum of exchangeable bases Content of exchangeable Ca2+,
Mg2+, K+, Na+, etc., meq/100 g.

Very low < 5.0
Low 5.1-10.0

Moderate 10.1-15.0
Increased 15.1-20.0

High 20.1-30.0
Very high > 30.0

The contents of exchangeable Ca2+ and Mg2+ are very agronomically important
and the soils are divided into 6 groups by their values (Table 56).

Soils, well saturated with exchangeable bases, are those of the Steppe zone:
ordinary and southern chernozems, chestnut soils, solonetz’ (sodic soils), solonchaks
(very saline soils) and the soils elsewhere formed in carbonatic parent materials or
under the influence of well mineralized (saline) ground waters.
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Table  56.  Grouping  of  Soils  by  the  Content  of  Exchangeable  Calcium  and
Magnesium

Ca2+ Mg2+
Content Value meq per 100 g of oven-dry soil

Very low 0-2.5 0-0.5
Low 2.6-5.0 0.6-1.0

Moderate 5.1-10.0 1.1-2.0
Increased 10.1-15.0 2.1-3.0

High 15.1-20.0 3.1-4.0
Very high > 20.0 > 4.0

Unsaturated with bases soils always contain exchangeable H+ and Al3+. This
group of soils includes podzols, sod-podzolic soils, grey forest soils, the greater part
of swamp soils, as well as leached and podzolized chernozems.

When the problems of acid soil liming are solved, it is important to know the
extent to which the SAC is saturated with exchangeable bases, the percent base
saturation (PBS), defined as:

100
0E

SPBS   or 100
SHh

SPBS                                                            (116)

In our textbooks, the PBS is designated by a letter V (V%). By the value of this
characteristic, the soils are divided into 5 groups (Table 57).

Table 57. Soil Grouping by Percentage Base Saturation (V%)

Group Grade Percentage Base Saturation
Very low < 30

Low 30.1-50.0
Moderate 50.1-70.0
Increased 70.1-90.0

High > 90

In American textbooks this parameter (PBS) is presented as of considerable
historical importance, but its definition is a bit stronger:

2.87
100),,,(

orCECatpH
KNMgleCaexchangeab

PBS                                                      (117)

The pH used for cation exchange and CEC determinations must be specified
whenever  this  concept  is  to  be  used.  In  our  country  the  S  is  determined  at  acid  pH
(0.1N HCl) and Hh at pH 8.2-8.4. So there are good reasons to doubt the validity of
this parameter (V%) in evaluating the soil’s need in liming.

Indeed, states the Textbook of soil chemistry by H.L.Bohn, et al, consider a
soil of pH 5 that has 5 mmoles (+) of exchangeable acidity, and CEC of 80 at pH 7 or
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100 at pH 8.2. The percent base saturation of this soil is 62% based on the CEC at pH
7, 50% based on the CEC at pH 8.2, and 83% at the native soil pH. All this means,
that there is good reason that dealing with the problems of soil acidity and liming
rates, we should characterize our soils by their percent base saturation (PBS) at
specified pH levels!

The determinations of the composition of exchangeable cations, sum of
exchangeable bases (S), cation exchange capacity (CEC), different forms of soil
acidity and alkalinity, soil acid-base buffering capacity, etc are the methods applied
to the kind of soil absorbing capacity known as physico-chemical or exchangeable in
K.K.Gedroiz’ classification, still widely used in Ukraine.

The CEC of the soil is determined to evaluate the capacity of SAC, which
allows to judge about the presence and activity of soil colloids. In carbonatic and
gypsiferous soils, the determination of CEC is the only reliable method to evaluate
their absorbing capacity.

While investigating sodic and sodicity-affected soils, it is necessary to
determine  CEC  and  exchangeable  sodium  content.  In  acid  soils,  in  addition  to
exchangeable calcium and magnesium, it is necessary to determine exchangeable
hydrogen and aluminum or various forms of soil acidity (active, exchangeable, and
hydrolytic).

Although imprecise, the PBS is still useful for soil genesis and classification
purposes and the empirical liming recommendations. From the standpoint of soil
chemical properties and reactions, however, the base saturation is more correctly an
acidity index or liming index in the USA.

Using different laboratory procedures, it is useful to know that because of their
reversibility, cation exchange reactions can be driven in either the forward or reverse
direction by manipulating the relative concentrations of reactions and products.
Common techniques for driving the reactions toward completion include use of
high (e.g. 1M) concentrations of exchanging cations, and maintaining low
concentrations of product cations by leaching or repeated washings.

To replace the exchangeable cations from the SAC, ammonium chloride,
sodium chloride, and ammonium acetate are dominantly used. Ammonium acetate is
the subtest of these replacers. With its interaction with acid, unsaturated with bases
soils,  a  weak  acetic  acid  forms  in  the  solution  which  does  not  ruin  the  soil.  When
ammonium or sodium chlorides are employed for the purpose, hydrochloric acid
forms in the resulting solution, which is strong enough to push into liquid phase some
nonexchangeable forms of cations and some sesquioxides (R2O3).

While conducting research with SAC, it is necessary to create a proper pH in
the solutions used to extract the exchangeable cations. These solutions should also be
checked up on the presence of cations, which should be determined as exchangeable.

6.1.1. Preliminary Testing

Before replacement of exchangeable cations from the SAC, it is necessary to
test soil samples on the presence of carbonates, gypsum and soluble salts, to make a
decision on the further treatment of the samples. In carbonatic (calcareous) and
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gypsiferous soils, the exchangeable cations are not determined and their analysis is
limited to the CEC determination. In saline soils, the soluble salts should be leached
from the soil with distilled water or appropriate corrections should be made on the
content of soluble cations, first of all, of calcium and magnesium in the soil extract.

Carbonate testing. Approximately 1 g of soil is placed in a porcelain dish,
moistened with several drops of distilled water to allow trapped air go out. A few
drops of 10% HCl are added to the soil. If the bulbs of CO2 appear on the surface, the
soil is considered carbonatic.

Gypsum testing. 2 grams of soil are placed into a testing tube to which 10 ml
0.2N HCl is poured. The tube is shaken for 2 minutes and its content filtered out. A
few drops of 5% BaCl2 is added to filtrate and the flask containing it is shaken or its
content  stirred  with  a  glass  stick.  If  SO4

2- ions are present in a filtrate, some white
precipitate of BaSO4 appears, and the soil is considered to contain gypsum.

Testing for soluble salts. Qualitative reactions on the presence of Cl- and
SO4

2- are performed in separate portion of water extract (soil-distilled water = 1:5, the
mixture being shaken for 3 min and filtrated). 5 ml of soil extract is poured into a
testing tube. Two drops of 10% H2SO4 are added to it. After shaking, a few drops of
5% AgNO3 are added and the tube is shaken. White precipitate of AgCl testifies the
presence of Cl-.

Cl- + AgNO3 = AgCl    +NO-
3.

By the look of the precipitate, semiquantitative conclusions are made, whether
there is little Cl-, moderate, or great amount.

To check up the presence of SO4
2-,  10  ml  of  soil  extract  are  placed  into  a

testing tube, 1 ml 10% BaCl2 is added to them, and then the content of the tube is
heated to boiling point and boiled for a minute. White precipitate of BaSO4 proves
the presence of soluble sulfates in the soil:

  SO4
2- + BaCl2       BaSO4 + 2Cl-

It is usually determined whether the content of SO4
2- is low, moderate or high.

6.1.2. Determination of Exchangeable Cations by the Method of
Schollenberger

Soil sample is treated with 1N ammonium acetate (CH3COONH4). NH4+ - ions
replace the exchangeable cations (Ca2+, Mg2+,  K+, Na+, etc) in equivalent ratio.
Exchange reaction proceeds by the scheme:

[SAC10-] (Ca2+, Mg2+, K+, Na+, H+, Al3+) + 10 CH3COONH4

[SAC10-]10NH4+ + Ca(CH3COO)+
2 Mg(CH3COO)2 +  CH3COOK  +

CH3COONa  + CH3COOH  + Al(CH3COO)3

A positive feature of this method is the fact that weak acetic acid, that forms as
a result of exchange reactions, does not ruin the soil’s aluminosilicate complex.
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A negative feature of this method is the fact that acetate ions and organic
matter that gets into a fitrate must be removed or bound before the determination of
exchangeable Ca2+ and Mg2+ by the complexonic procedure (with EDTA-2Na). But
in the process of filtrate evaporation CH3COONH4 is easily destroyed and is
completely removed from the system by the subsequent ignition of dissolved solids.
This procedure allows to determine Ca2+, Mg2+, K+ and Na+ in the same filtrate. Ca2+

and Mg2 are determined by complexonic (complexonometric) procedure, whereas K+

and Na+ are determined by the flame photometry technique.

6.1.3. Complexonometric Determination of Calcium and Magnesium

The procedure is based on the formation of stable in alkaline environment
complex compounds of these elements with EDTA. Complexones are certain
aminopolycarboxylic acids and their salts. The one most commonly used is known as
Trilon B, the disodium salt of ethylenediaminetetraacetic acid. The structural formula
of Trilon B is

By  the  amount  of  Trilon  B,  used  to  bind  Ca2+ and  Mg2+, their sum is
determined in filtrate. Both, Ca2+ and Mg2+ form very stable soluble internal complex
salts with Trilon B. The metal replaces hydrogen atoms of the – COOH groups and is
also linked by co-ordinate bonds to nitrogen atoms, as the following equation shows:

At  first  the  sum  of  Ca  and  Mg  is  determined  and  then  only  Ca2+. Mg2+ is
determined by the difference between the two determinations.

That internal complex salts are highly stable, may be judged by the very low
values of instability constants. In particular, Kinst of the Ca2+ complex is 2.6×10-11 and
that of the Mg2+ complex is 2×10-9.

Indicator complexons (like Chromogen Black or Murexide) form coloured
unstable complexes with Ca2+, Mg2+, Cu2+, Fe2+, etc.



97

Thus, the indicator known as Chromogen Black Special ET-00, has the
following structural formula:

If is of dark lilac color when dry. If the indicator is represented schematically
by  H2R, all the processes taking place during the titration may be represented as
follows:

H2R       2H+ +R2-

dark lilac                    blue

Ca2+ + R2-         CaR (at pH 8-10)
 blue                wine-red

CaR + Na2[H2Tr] = Na2 [CaTr] + R2- + 2H+ (at pH 8-10).
red-wine      colourless                 colourless                blue

The determination of calcium alone is performed in the presence of murexide
at pH 12, attained by adding NaOH or KOH solution into filtrate before
determination. Murexide forms a comlex internal salt with Ca2+ alone  and  it  has  a
pink color. As the filtrate is titrated with Trilon B, this complex is decomposed and
the color of the solution changes to violete. Schematically the reaction may be written
as

Ca – murexide + TrB         Ca – TrB + murexide
pink                                                                           violete

Analytical Procedure. 5-10g of air-dry soil, prepared for analysis (10 g – for
light-textured or poor in humus soils), are put in a porcelain dish. Add approximately
20-30 ml of 1N CH3COONH4 (pH 6.6-7.0) and start to treat the soil by “decantation”
procedure, which means that after each addition of CH3COONH4 the soil in the dish
is stirred with a glass stick, for two minutes the particles are allowed to settle and the
liquid is poured or the filter, under which a conical flask is put, 500-700 ml in
volume. Such repeated “washings” are stopped when some 200-300 ml of filtrate are
collected in a conical flask. Then the soil is transferred from the dish to the filter with
1N CH3COONH4,  using  a  glass  stick  and  continued  to  be  washed  with  the  same
reagent till the negative check-up reaction on the presence of Ca2+ in the liquid
percolating through the soil. This check-up reaction will show whether exchangeable
calcium (and the other exchangeable bases formerly contained in the soil) was
completely removed from the soil.
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The check-up reaction is performed with Chromogen Black indicator. 2-3 ml
of filtrate are collected from the funnel in a testing tube and 3 drops of Chromogen
are added to them. The absence of cherry-red color in the testing tube proves the
absence of Ca2+ and is an evidence of complete replacement of exchangeable Ca2+

and Mg2+ from the SAC.
Filtrate is transferred to the measuring flask 500 ml in volume, added to the

volume with distilled water and shaken. 50 or 100 ml of filtrate are pipetted into a
porcelain evaporation dish and evaporated on water bath. SOM is decomposed by
adding of a few drops of hydrogen peroxide and 10% HNO3. Dry residue in the dish
is then ignited in muffle furnace at 400°C. The ignited residue is dissolved in 10 ml
of 10% HCl, diluted with distilled water and filtrated into a measuring (200 ml) flask.

6.1.4. Determination of Exchangeable Ca2+ + Mg2+

Analytical procedure. 50 ml of filtrate are pipetted into a conical 250 ml flask
and diluted with distilled water to 100 ml. 1-2 ml of hydroxylamine hydrochloride
NH2OH×HCl are added to the solution to bind manganese, if present. Copper and
zinc ions are removed by addition of 1 ml of 1.5-2% Na2S solution. To create alkaline
reaction, 15 ml of chloride-ammonical buffer mixture (NH4OH + NH4Cl) are added
to  the  solution.  Before  titration  with  Trilone  B,  10-15  mg of  dry  Chromogen  Black
indicator is added to the solution. Titration with 0.05N Trilone B should be done with
energetic shaking of the flask till cherry-red color of titrated solution changes into
blue at the point of equivalence. It is recommended to perform the titration in the
presence of a “vitness” – an intentionally overtitrated solution.

Calculation of the sum of calcium and magnesium is performed by the
formula:

P
Ka

A OH 2
10005.0

                                                                            (118)

where A is the content of Ca + Mg in meq per 100 g of oven-dry soil, a is the
volume (ml) of Trilon B, used for the titration; 0.05 is the normality of Trilon B, KH2O
is  the  soil’s  hydroscopicity  coefficient,  and  P  is  the  weight  of  air-dry  soil  sample
corresponding to the volume (an aliquot) of a filtrate taken for titration.

6.1.5. Determination of Exchangeable Calcium

Analytical procedure. 50 ml of filtrate are put into a conical 250 ml flask and
diluted with distilled water to 100 ml. 1-2 ml of 10% NaOH are added to this solution
to create alkaline reaction (pH >12.5). 20-30 mg of dry murexide are added, and the
solution is titrated with 0.05N Trilon B. Titration should be performed with caution,
by drops and continual shaking of the flask till pink color changes into violet. The
titration is considered completed if the violet color does not change its intensity with
the addition of 1-2 too many drops of Trilon B. As in the case with sum Ca2+ + Mg2+,
this titration is better be performed with a “witness” flask “before the eyes”.
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Exchangeable Ca2+ content in the soil is calculated by the formula:

P
Ka

B OH2
10005.0

                                                                            (119)

where B is the content of exchangeable calcium in the soil in meq/100 g; the
other symbols in the formula are the same as in the previous one.

Exchangeable magnesium content in the soil in milliequivalents per 100 g of
oven-dry soil is calculated by the formula:

,BAC                                                                                                     (120)

where C is the content of exchangeable Mg2+ in meq/100 g, A is the content of
the sum of exchangeable cation Ca2+ and Mg2+, in meq/100 g and B – the content of
exchangeable Ca2+ in meq/100 g.

Example of calculations. The weight of soil sample, taken for analysis, is 10
g;  KH2O=1.04; total volume of filtrate = 500 ml, 100 ml of which were taken for
evaporation and subsequent ignition; ignited residue was dissolved in 200 ml of
distilled water, 50 ml of which were taken for analysis; 3.5 and 2.8 ml 0.05N Trilon
B were used for titration during the determination of the sum Ca2+ + Mg2+ and Ca2+,
respectively. First, we calculate the weight of the soil sample corresponding to the
amount of filtrate taken for titration. 500 ml correspond to 10 g of soil, 100 ml of
filtrate will, therefore, correspond to 2 g of soil; ignited residue was dissolved in 200
ml  (2  g),  of  which  50  ml  were  taken  for  titration,  which  corresponds  to

g5.0
50
2002 of air-dry soil sample. The further calculations are as follows:

,100/4.36
5.0

04.105.01005.3 gmeqA                                                        (121)

,100/1.29
5.0

04.105.01008.2 gmeqB                                                        (122)

.100/3.71.294.36 gmeqC                                                                         (123)

Thus, in the case of a given soil, exchangeable Ca2+ content is 29.1 and that of
exchangeable Mg2+ – 7.3 meq/100 g.

Glassware and reagents: porcelain evaporation dish, 100 ml in volume; a
glass stick with a rubber point; funnel 10-12 cm in diameter; conical 500-750 ml
flask, measuring 500 and 200 ml flask, 50 ml pipette, two conical 250 ml flasks.
Ammonium acetate solution: 1N CH3COONH4. H2O2 solution (30%), HNO3 solution
(10%),  HCl  solution  (10%).  Distilled  water,  purified  from  the  admixtures  of  Ca2+,
Mg2+, Cu2+,  and Mn2+,  0.05N Trilon B, 5% NH2OH×HCl, sodium sulfide or sodium
ethylditiocarbonate salt (C5H10NS2Na×3H2O), chloride-ammoniacal buffer solution,
10% NaOH, indicators : chromogen Black and Murexide.

6.1.6. Determination of Exchangeable Potassium and Sodium on the Flame
Photometer
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Exchangeable potassium and sodium are determined in 1N ammonium acetate
extract from the soil on the flame photometer.

If the soil contains soluble salts it needs proper treatment with distilled water.
In water extract, the sodium and potassium cations are also determined on the flame
photometer (blank determination), which will allow to make corrections on the
content of soluble salts. The difference between the results obtained in two extracts –
ammonium acetate and water, will show an actual content of exchangeable potassium
and sodium in the soil.

After preparation of a flame photometer for working regime, it should be
calibrated by the scale of standard solutions. To prepare the scale, the following
volumes of the initial standard solution should be put into measuring 200-ml flasks:

Number of standard solution:                     1 2  3   4   5    6   7
Volume (ml) of initial standard solution:   0 1  2   5  10  15  20
Content of potassium K+ (Na+), mg/ml:     0 5 10 25 50  75 100
The measuring flasks, containing the initial standard solution, are filled to the

mark (200 ml) with 1N CH3COONH4. Flame photometer should be set at zero with
standard solution number 1. After that, the determination of potassium (sodium)
concentrations is started by measuring them first in standard solution with known
concentrations and then – in test ones. The measurements are carried out three times
and mean arithmetic values are calculated.

By the indications of a flame photometer and K+ (Na+) contents in the series of
standard solutions, a calibration graph is drawn by which the concentrations of a
given element are determined in test solutions.

Content of exchangeable K+ or Na+ in the soil is calculated by the formula:

1000
100

)( 2

P
KVa

NaK OH ,                                                                       (124)

Where K+(Na+) is the content of potassium (sodium) in mg per 100 g of soil; a
is the concentration of K+(Na+) found from the calibration graph; mg×L-1; V is the
total volume (ml) of test solution; 100 is the coefficient for the calculation of results
per 100 g of soil; 1000 is the coefficient for the calculation of the number of
milligrams of K+(Na+) per 1 ml of solution; KH2O is the soil’s hygroscopicity
coefficient, and P is the weight of the soil sample (g). If a need arises to calculate the
content of K+(Na+) in percent of soil mass, the results obtained from using this
formula should be divided by 1000 (to convert milligrams into grams).

To obtain the results in more customary units, such as milliequivalents per 100
g of oven-dry soil, the values in mg per 100 g of soil are divided by the equivalent
masses of the elements: 39.1 for potassium and 23.0 for sodium.

Example of calculations. The weight of the soil sample taken for analysis =
10 g,  KH2O = 1.04, total volume of solution = 500 ml; the concentration found from
the calibrating graph,

.80.6;65.1 11 LmgaLmga KNa                                                              (125)
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.100/58.8
100010

04.110050065.1 gmgNa                                                      (126)

%.0086.0100058.8%Na                                                                   (127)

.100/37.00.23:58.8100/, gmeqgmeqNa                                                     (128)

.100/4.35
100010

04.110050080.6 gmgK                                                       (129)

%.0354.01000:4.35%K                                                                           (130)

.100/905.01.39:4.35100/, gmeqgmeqK                                                     (131)

Laboratory equipment, glassware and reagents: flame photometer,
measuring 1000 ml flask, measuring 200-ml flasks, glass 50-ml beakers; initial
standard solution (1.908 g of chemically pure KCl or 2.542 g of the same grade NaCl
are weighed on analytical balance up to 0.001 g of sensitivity, dissolved in
1-L measuring flask in 1N CH3COONH4 and filled to a mark with the same solution.
1 ml of this solution contains 1 mg K+ (Na+).

6.1.7. Determination of the Sum of Exchangeable Bases by the Method of
Kappen-Gilkowiz

The sun of exchangeable bases (Ca2+ + Mg2+ +  K+ +  Na+ +  NH4
+, etc) is

sometimes called the base exchange capacity (BEC), which in practice of Ukrainian
soil science is designated by a symbol S (meq/100 g). Alkaline and alkaline-earth
metal cations are known as bases in our soil science.

Principle of a method. The method is based on the treatment of soil sample
with a definite quantity of 0.1N HCl, taken in excess. The hydrogen cations of HCl
replace the exchangeable cations in the SAC according to the scheme:

[SAC6-]Ca2+, Mg2+, K+, Na+ + nHCl        [SAC6-]6H+ + CaCl2, + MgCl2, + KCl,
+ NaCl + (n-6)HCl

The quantity of HCl that was in excess is determined by titration:

HCl + NaOH = NaCl + H2O

Knowing  the  amount  of  HCl  before  an  dafter  the  interaction  with  the
exchangeable bases, the sum of exchangeable bases is calculated by the difference.

Analytical procedure. 20 g of air-dry soil are put in a conical flask and shaken
for 1 hour with exactly measured 100 ml of 0.1N HCl. After complete filtration, the
extract is shaken for 0.5 min to make it homogenic and 25 ml of it is pipetted into the
150-ml flask for titration in the presence of phenolphthalein with 0.1N NaOH till the
content of the flask acquires a stable slightly pinkish color. Stable means not
disappearing for a minute or so. Slightly pinkish means like that of strawberry soap.
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For a control  (blank) determination of  the exact  quantity of  HCl added to the
soil  for  the  reaction  of  cation  exchange,  25  ml  of  0.1  N HCl  are  titrated  with  0.1N
NaOH, with a known correction coefficient to its normality, in the presence of
phenolphthalein. Base exchange capacity (S) is expressed in meq per 100 g of oven-
dry soil and calculated by the formula:

,)(2
20

10041.0)(
2

2
OHNaOH

OHNaOH KKba
KKba

S                      (132)

where a is the volume (ml) of 0.1N NaOH used in control (blank) titration, b is
the volume (ml) of the same reagent used in the titration of a filtrate (test flask),
KNaOH is a correcting coefficient for the normality of 0.1N NaOH if it was not
prepared from the fixanal, KH2O is soil sample’s hygroscopicity coefficient. It is
important to understand that S is determined only in the soils unsaturated with bases!
There is no reason for its determination in calcareous soils, as the HCl will react not
only with exchange bases but with “free” CaCO3 too:

CaCO3 + 2HCl       CaCl2 + H2O + CO2,
and the result will contain a positive error which may be rather great.
Another thing to remember is a limited quantity of H+ in milliequivalents

contained in 100 ml 0.1N HCl, which actually is: 100×0.1=10 milliequivalents. If the
weight  of  soil  sample  is  20  g  it  means  that  the  maximum  quantity  of  HCl  (or  H+)
reacting with 100 g of air-dry soil will be: 10×100/20=50 milliequivalents 950
meq/100g). But even in Ukraine there may be some chernozemic soils, slightly
unsaturated with bases, with S over 50 meq/100 g, so more than 100 ml 0.1N HCl,
should be taken for their analysis.

Glassware and reagents. 250-ml flask, 100-150-ml conical flasks, 100-ml
measuring flask, funnel, 50-ml pipette, 50- ml burette, filters fast (white or yellow
band), titrated 0.1N HCl, titrated 0.1N NaOH, phenolphthalein.

6.1.8. Cation Exchange Capacity (CEC) Determination by
P.V.Zakharchuk’s Method

This method is considered to be universal in Ukraine, as it allows to determine
the CEC of both, noncarbonatic and carbonatic soils. But it hardly deserves to be
called a standard procedure as the initial exchangeable cations are replaced from the
SAC by 0.05N HCl and reaction is acid.

Principle of the method. Soil  sample  is  treated  with  0.05N  HCl  by
decantation procedure till the replacement of exchangeable bases from the SAC is
complete:

[SAC10-] Ca2+, Mg2+, K+, Na+,  H+, Al3+ + nHCl [SAC10-] 10H+ + CaCl2 +
MgCl2 + KCl + NaCl + AlCl3 + (n-9)HCl

The soil, saturated with exchangeable H+,  is  then  treated  with
1.0N(CH3COO)2Ca, and the adsorbed hydrogen cations are replaced with calcium
and acetic acid is formed in accordance with the scheme:
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[SAC10-] 10H+ + 5Ca(CH3COO)2 [SAC10-] 5Ca2+ + 10CH3COOH + free HCl
Acetic acid formed in this reaction is then determined by titration with 0.1N

NaOH by the expenditure of which it is possible to determine the CEC of the soil:
CH3COOH + NaOH = CH3COONa + H2O

The amount of free hydlochloric acid absorbed by the soil and filter paper is
determined in a parallel analysis and subtracted from the formerly found “cation
exchange capacity”. The reaction proceeds by the equation:

Free HCl + NaOH = NaCl + H2O

Carbonatic soils are treated with 0.1N HCl till complete decomposition of free
carbonates (cessation of CO2 evolution in the form of bulbs). Then the soil is treated
with 0.05N HCl by decantation procedure.

Checking on the presence of carbonates. 1  g of air-dry soil is put in a
porcelain dish, moistened with several drop of distilled water and added 1-2 ml 10%
HCl. Effervescence is a witness of the presence of carbonates.

Analytical procedure. Two  portions  of  the  soil,  10  g  each,  are  weighed  on
technical balance and put into porcelain 100-150-ml dishes. 50 ml 0.05N HCl are
poured into each dish, their contents thoroughly mixed with a glass stick with rubber
end for two minutes and the suspension thus formed allowed to settle. The more or
less thansluscent liquid is poured using a glass stick into the filters of moderate
density and of the same size. The filters are put into funnels which in their turn, are
put on the conical 250-500-ml flasks. The dishes with the soil again receive their 50
ml 0.05N HCl and formerly described operation is repeated. It should be repeated no
less than 5 times. The soil is transferred from the dishes on the filter using the rinser
(wash bottle) with 0.05N HCl. Using the same volumes of 0.05N HCl, the soil on the
filters is washed with it till the negative reaction on calcium in the filtrate pouring
from the funnels. Negative reaction on Ca2+ will mean complete replacement of
exchangeable bases and their substitution by H+.

The check-up reaction on the presence of Ca2+ is done in the fresh portion of a
filtrate (=50 ml), collected directly from the funnel, which is neutralized with a few
drops of NH4OH, by adding to it of 5 ml of saturated ammonium oxalate solution. To
make sure about the presence of Ca2+ in filtrate, it should be heated to boiling point
and left to stand for 20 minutes. The presence of Ca2+ is testified by the appearance of
white crystalline precipitate of CaC2O4:

CaCl2 (filtrate) + (NH4)2C2O4           CaC2O4 + 2NH4Cl

The absence of CaC2O4 precipitate proves complete replacement of
exchangeable cations of the soil by H+ cations.

The  last  portion  of  0.05N  HCl  after  Ca2+ replacement is poured onto both
filters, filling them to approximately 5 mm below the edge. The filtration is allowed
to be completed.

A wet filter paper with the soil is carefully taken up from one of the funnels
and put into a conical 250-ml flask. 100 ml 1N Ca(CH3COO)2 are added to it and the
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mixture is shaken on a rotator for 30 min, allowed to settle, and filtrated through the
ashless filter into a measuring 250-ml flask.

25 ml 1N (CH3COO)2Ca  are  again  added  in  this  flask  with  the  remainder  of
soil and filter, the flask is shaken 2-3 min and the liquid in it filtrated into the already
mentioned measuring flask. This operation is repeated till the volume of filtrate
collected in the described way reaches 250 ml. The filtrate in the measuring flask is
shaken to make it homogeneous and 50 ml of it are pipetted into a beaker (100-150
ml),  and  after  addition  of  3  drops  of  phenolphthalein,  the  content  of  the  beaker  is
titrated with 0.1N NaOH to pale-pinkish color. The color in this case should be like
that which appears in a porcelain dish with 50 ml of 1N (CH3COO)2Ca, used in the
analysis, on addition of 3 drops of phenolphthalein.

Total quantity (in meq/100 g) of H+ adsorbed by the soil as exchangeable
cation and absorbed by the soil and filter paper physically (like free HCl) is
calculated by the formula:

),100/(
10051.0

21
1 gmeq

P
KKa

H OHNaOH                                              (133)

where a1 is  the volume (ml)  of  0.1N NaOH used for  the titration of  50 ml of
filtrate; p is the weight of air-dry soil sample, taken for analysis, and KH2O is
hygroscopicity coefficient of a given soil.

The second wet filter with the soil in it is put into a preliminarily weighed dry
conical flask (250 ml) and weighed on technical balance. Some 5-10 dry filters
should be weighed too, and their mean arithmetic weight calculated.

The amount of free 0.05N HCl absorbed by the soil and filter paper (in grams)
should be calculated by the formula:

V (g, ml) = weight of flask, containing wet soil and filter paper – weight of
empty flask – weight of dry filter paper – weight of the soil, taken for analysis.

(100-v) ml of distilled water are added to the content of the flask from a
burette, then the flask is shaken for 10 min and its content filtrated into a dry flask
through the dense (slow) ashless filter.

After the completion of filtration, 50 ml of filtrate are pipetted into a 100-150-
ml beaker and free HCl, absorbed physically, is titrated in the presence of 3 drops of
phenolphthalein by 0.1N NaOH to pale-pink color, which does not disappear for at
least  60  sec.  The  amount  of  H+ contained in physically absorbed 0.05N HCl
(adsorbed by the soil exchangeable H+ do not titrate in this case) as calculated by the
formula:

),100/(
10021.0

21
2 gmeq

P
KKa

H OHNaOH                                              (134)

where a2 is  the volume (ml)  of  0.1N NaOH used for  the titration of  50 ml of
filtrate, all the other symbols are like those in the previous formula.

The CEC of the soil, expressed in meq/100 g, is equal to the difference
between H1 and H2:
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.100/,21 gmeqHHCEC

Example of calculations. 5 g of air-dry soil were taken for analysis; the
volume of 0.1N NaOH (ml), used titrate 50 ml of filtrate obtained at the treatment of
the soil with 1N Ca(CH3COO)2 = 3.26; the volume of 0.1N NaOH (ml) used for the
titration of 50 ml of filtrate obtained at the treatment of the soil with distilled water =
0.18; KNaOH = 1.0; KH2O = 1.02.

gmeqH 100/2.33
5

02.1100511.026.3
1                                              (135)

gmeqH 100/73.0
5

02.1100511.018.0
2                                              (136)

CEC (E0) = 33.2-0.73=32.47 meq/100 g.                                                    (137)

Glassware and reagents. Porcelain 100-150-ml dishes, glass sticks 10 cm in
length with rubber ends, conical 250-ml flasks, funnels 6-8 cm in diameter,
measuring 250-ml flask, dry 250-ml flasks, beakers (100-150 ml), 50-ml pipette, 50-
ml burette; 0.05 N HCl, 1.0N (CH3COO)2Ca, 0.1N NaOH, phenolphthalein.

6.1.9. Determination of Exchangeable Sodium by the Method of
M.M.Godlin

The method yields only satisfactory results, though by its technique and
quickness of operation it is better than many others. It is usable for noncarbonatic and
carbonatic soils which, though, do not contain soluble salts and gypsum.

For qualitative determination of soluble salts and gypsum, approximately 10 g
of air-dry soil is treated by a five-fold volume of distilled water, and for the check-up
on the presence of gypsum alone – by 1% HCl. Soil suspension is filtrated and
qualitative reactions are performed on the presence of ions in the portions of a
filtrate: on Cl- with AgNO3, SO4

2- with BaCl2 and Ca2+ with (NH4)2C2O4.
Exchangeable cations, including Na+, can be replaced from the SAC by the

cation of any salt, which is not present among the exchangeable cations of a given
soil, if the anion of a salt does not form insoluble salts with the exchangeable cations
of the soil. But in a given procedure, the exchangeable Ca2+ of a soil is not in the way
of exchangeable Na+ determination.

Principle of the method. Exchangeable Na+ cations are replaced from the
SAC by Ca2+ cations of the saturated Ca(OH)2 solution or Ba2+ cations of the
saturated Ba(OH)2 solution:

[SAC2-] 2Na+ + Ca(OH)2  [SAC2-] Ca2+ + 2NaOH

In the filtrate, obtained after soil interaction with Ca(OH)2,  the  excess  of
Ca(OH)2 is precipitated with (NH4)2CO3, the CaCO3 precipitate being removed by
further filtration. NaOH in this filtrate forms Na2CO3 with (NH4)2CO3:

Ca(OH)2 (excess) + (NH4)2CO3 =     CaCO3 + 2NH4OH
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2NaOH + (NH4)2CO3 = Na2CO3 + 2NH4OH

Later on, the filtrate will be subject to evaporation on water bath and NH4OH
will be removed:

NH4OH =  NH3 +   H2O

The  crystals  of  Na2CO3,  formed  in  evaporation  dish,  are  dissolved  in  a
minimum volume of hot distilled water and in the solution, obtained in this way,
exchangeable sodium will be determined by titration with 0.05N H2SO4 in the
presence of methylrot (methyl-red) indicator till the color of the evaporation dish
content becomes rosy (rose-red):

Na2CO3 + H2SO4       Na2SO4 + H2O +  CO2.

Soils with an increased exchangeable Na+ content (which are a rarity in
Ukraine), with exchangeable sodium percent (ESP) over 20, should be analyzed using
a saturated solution of barium hydroxide.

Soils, containing noticeable amounts of soluble salts (NaCl, CaCl2, Na2SO4,
etc), should be leached from them by repeated treatments with distilled water or 50%
ethanol.

Analytical procedure. After checking up the soil on the presence of soluble
salts  with  the  reaction  of  qualitative  analysis,  the  sample  (10-20  g)  of  air-dry  and
sieved through the 1-mm sieve soil is weighed on technical balance. The weight of
the sample is smaller with greater expected content of exchangeable sodium. The
sample is put into a conical 1500-ml flask into which 1000 ml of saturated Ca(OH)2
solution (“limestone milk”) is poured. After a vigorous shaking the system is left to
stand still for 3 hours, during which it should be repeatedly shaken some 5-10 times.

After the passage of three hours, the content of the flask is shaken once again
and filtered through a pleated filter into a measuring 250-ml flask. A filtrate contains
exchangeable sodium, replaced from the SAC, in the form of NaOH and the excess of
Ca(OH)2.

A measured volume of filtrate (250 ml) is transferred into a 500-ml beaker for
the precipitation of Ca(OH)2, for the purpose of which 30 ml 10% (NH4)2CO3 and 1
ml 10% NH4OH are added to it.

NH4OH is added to prevent the hydrolysis of (NH4)2CO3 and the formation of
HCO3

- ions, due to which the precipitation of Ca(OH)2 will not be complete.
The beaker with all its ingredients is heated to boiling point and its content is

allowed to evaporate in the process of boiling by approximately 1/3 of its initial
volume. To ensure complete precipitation of Ca2+ in  the  form  of  CaCO3, the
precipitating reagent (10 ml 10% (NH4)2CO3 + 0.5 ml 10% NH4OH) is again added
to the content of a beaker. A well crystallized white precipitate of CaCO3 appears in
the beaker after a while.

The content of the beaker is then filtered through a slow filter and the crystals
of CaCO3 on the beaker’s bottom is properly (8-10 times) washed with 2.5%
(NH4)2CO3 allowing each time the liquid to completely percolate through the
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sediment on the filter. The filtrate, obtained as a result of the above-described
operation, is allowed to evaporate in a large porcelain evaporation dish on water bath.
(NH4)2CO3 is completely decomposed into    NH3,     CO2, and   H2O.

Dry Na2CO3 in the dish is then dissolved in a minimum volume of a hot
(preliminarily boiled) distilled water. A glass stick may be used to make this
operation more efficient and less time-consuming. Still remaining hot, the content of
the dish is titrated with 0.05 N H2SO4 in the presence of methyl-orange or methyl-red
indicator. As the first signs of rose-red color appear, the dish is heated till its content
begins to boil, to allow a complete disappearance of CO2 from the sphere of reaction.
After that, the titration continues to the appearance of distinct rose-red color for
which 2-3 drops of 0.05N H2SO4 are usually needed.

The “limestone milk” (saturated Ca(OH)2 solution) usually contains some
impurities of alkaline metal cations (K+, Na+, etc). To take these impurities into
account and not to allow a positive error because of their presence in the sphere of
reaction, a blank determination is needed. The entire analytical procedure is carried
out without the soil: after the filtration of “limestone milk”, Ca(OH)2 is precipitated
in 250 ml of a filtrate, and so on.

The exchangeable Na+ content in the soil is calculated by the formula:

,
1004)(

242

P
KKNba

Na OHSOH                                                         (138)

where Na is the amount of exchangeable Na+ in the soil in meq/100 g, a is the
volume (ml) of H2SO4 needed for the titration of a test variant (with the soil), b is the
volume (ml) of H2SO4 needed for the titration of a blank variant (without the soil), N
is the normality of the H2SO4 solution (usually 0.05N), 4 means that 250 ml of filtrate
out of its total volume (1000 ml) were taken for further analysis, and p is the weight
(g)  of  air-dry  soil  sample  taken  for  analysis.  If  a  need  arises  to  know  the
exchangeable Na+ content in per cent, the value obtained from the above-given
formula is multiplied by 0.023, which is a milliequivalent of Na+ in grams.

Example  of  calculations:  10g  of  air-dry  soil  were  taken  for  the  analysis;
hygroscopicity coefficient = 1.04; 1000 ml of “limestone milk” were added to the soil
and 250 ml of filtrate taken for analysis (Ca(OH)2 precipitation and so on); 5.2 ml of
0.05N H2SO4 were discharged for the titration of a test and 0.3 ml of the game
reagent – for the titration of blank dish; KH2SO4 = 1.0.

4.10
10

04.11004105.0)3.02.5(100/, gmeqNa                                 (139)

%Na+ = 0.023×10.4 = 0.24%.                                                                     (140)

Glassware and reagents: conical 1500-ml flask, measuring 250-ml flask,
heat-resistant 500-ml beaker, 10-12-cm funnel, porcelain evaporation 100-ml dish;
saturated Ca(OH)2 solution; 10% and 2.5% (NH4)2CO3, 10% NH4OH, 0.05N H2SO4,
methyl-orange (methyl-red) indicator.
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6.1.10. Determination of Carbonates in the Soil by Gas-Volumetric
Procedure

The presence of CaCO3 and MgCO3 in the soil (1-10 and more percent) makes
it carbonatic. CaCO3 is the dominant component of soil carbonates, so their content is
determined by the content of CO2 in CaCO3.

CaCO3 content in surface horizons of soils may be within 0.2-15%. Down the
profile the percent of carbonates may reach 20-25% and more. Very often it may be
that the accumulation of carbonates in the lower soil horizons is related to their
presence in parent material, whereas their accumulation in the upper horizons – with
the life activity of plants as well.

In the majority of cases, the presence of carbonates in the soil favorably effects
soil formation and productivity. For the majority of agricultural crops, grown in
Ukraine, CaCO3 content in soils within 5-15% is favorable, whereas at higher
content, the availability of microelements, as well as iron and magnesium becomes
greatly reduced; which instigates the development of chlorosis in plants. It is useful
to know that an excess of carbonates in soils may cause the development of chlorosis
under certain unfavorable conditions of plant growth, like:

– reduced air temperature and increased soil moisture or/and air humidity;
– soil compaction, poor aeration, high penetrometer resistance of the soil,

which impedes root growth,
– soil salinity and sodicity,
– high water table of saline ground water and frequent changes in their water

table level.
It is also useful to know that there occurs practically no chlorosis with soil

carbonate content up to 15%. If this content is within 15-50% and farming practices
not sufficiently advanced, fruit trees may suffer from it. If CaCO3 content in the soil
is over a half of its mass, all perennial plants will usually suffer from chlorosis,
including fruit trees, vines, and shrubs. By the extent of their resistance to chlorosis,
fruit trees should be placed in the following series of decreasing resistance:
apricot        plum        cherry       sweet cherry        apple       pear.

The presence of carbonates in the soil is determined by the action on it of 10%
HCl. The carbonates give “effervescence” reaction, described by the equation:

CaCO3 + 2 HCl = CaCl2 + H2O +  CO2

The  bubbles  of  CO2 are easily discernible so the carbonates are detected
already during the field survey.

Principle of the method. An air-dry soil sample is acted upon by an excess of
10% HCl in closed system, the pressure and temperature in which can, however, be
regulated and made like those of the ambient atmosphere. Knowing the weight of 1
ml of CO2 at certain temperature and pressure, it is possible to calculate the percent of
CaCO3 in oven-dry soil.

Analytical procedure. Soil sample for analysis is weighed on analytical or
electronic balance. The soil must be air-dry and sieved through 1-mm sieve. Sample
weight is usually between 0.5 and 5 g, depending on the presumable CaCO3 content.
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This content may be visibly evaluated by adding to the soil of 2-3 drops of 10% HCl
(Table 58):

Table 58. Visible CaCO3 Content Diagnostics

Signs of effervescence Presumable %CaCO3 Sample weight (g)
Very “tempestuous” > 10 0.5-1.0

Strong and prolonged 5-10 1.0-1.5
Strong but short-lived 5-3 1.5-2.0
Weak and short-lived 3-2 2.0-3.0

Very weak and not well
discernible 3-1 3.0-5.0

Absent (some weak noise
can be heard) < 5.0 > 5.0

Thus, the greater the content of CaCO3, the smaller weight of the soil should be
taken for analysis.

Soil  sample  is  placed  on  the  bottom  of  a  glass  jug.  A  crucible  or  small
medicine bottle with 20 ml 10% HCl is also put on the surface of a jug’s bottom, free
from  the  soil.  The  jug  is  covered  with  a  rubber  stopper  connected  to  one  of  the
calcimeter’s graded vessels by rubber tubing.

This graded vessel should be connected to atmosphere and the jug by turning
the three-way tap in a proper position. Another vessel is connected with a conical
flask filled with water. The flask should be placed on the upper shelf and the spring
clip on the tubing, connecting it with a calcimeter, released to allow water to reach
zero mark on the graded vessel, after which the tube should be disconnected from the
vessel, with a clip. The three-way tap is then put in a position to close the connection
with the atmosphere and allow the vessel to be connected to the jug, containing
reacting components: soil and HCl. The jug is carefully bended to allow the acid
(HCl) to pour out of its container (a crucible or medicine bottle) and start reacting
with CaCO3 of the soil. As water level in the vessel connected with reaction sphere is
pushed down by the CO2 resulting from reaction, it is correspondingly rising up in the
vessel connected with conical flask, containing water, which at a given moment is
isolated from the vessel by the spring clip. Conical flask is put on a lower shelf and
the clip released. The water from calcimeter vessels should be allowed to flow into
the flask till the levels of water in both vessels become equal. The clip on the rubber
tubing closed again, and reaction jug-shaken. CO2 evolving from the reaction once
again will change the levels of water in calcimeter vessel. The “operation of leveling“
should be repeated. It should be repeated as many times as are required for the levels
to remain the same after reaction jug shaking. By the grades on the vessel it is
possible to measure the volume (ml) of CO2 evolved as a result of soil carbonates
interaction with hydrochloric acid. The mass of this CO2 is calculated by the formula:

,1 VPP                                                                                                    (141)
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where P is the mass (mg) of CO2 evolved from the analysed soil sample, P1 is
the  mass  (mg)  of  1  ml  of  CO2 at atmospheric pressure and temperature in the
laboratory (see Table), and V is the volume of CO2 in ml.

CaCO3 content in the soil is calculated by the formula:

,
001.0100272.2

2

p
KP

A OH                                                                  (142)

where A is the CaCO3 content in % of oven-dry soil, 2.272 is the ratio between
the molecular weight of CaCO3 and  CO2, KH2O is the soil’s hygroscopicity
coefficient, 0.001 is used to convert milligrams into grams of CO2, and p is  the
weight of air-dry soil taken for analysis.

Example of calculations. Weight of air-dry soil, taken for analysis, is 2 g;
volume of CO2,  evolving  as  a  result  of  soil  reaction  with  10% HCl,  is  25.2  ml;  air
temperature in the laboratory is 20°C and atmospheric pressure – 765 mm Mercury
(Hg); KH2O = 1.03;   P = 1.867 × 25.2 = 47.05 mg.

%.51.5
2

001.003.1100272.205.47A                                                    (143)

Equipment, glassware, and reagents. Calcimeter. Barometer. Thermometer.
Crucible (Medicine bottle). Bottle with dosing cape (20 ml). 10% HCl.

6.2. Sodic and Sodicity-Affected Soils, Their Chemical Amendment and
Reclamation

Sodic (solonetz) and sodicity-affected soils in Ukraine are occurring in the
regions of northern, central and left-bank forest-steppe zone, on Donetsky upland, in
the eastern part of Kharkiv region, on Sivash and Kerch peninsula, and on the
lowland  to  the  north  of  the  Black  sea.  These  soils  are  endowed  with  alkalinity,
originated by the presence of carbonates of alkaline and earth-alkaline metals. Part of
soil alkalinity is also caused by the presence of Na+ and other alkaline cations in the
SAC. Excessive soil alkalinity, like excessive acidity, is a negative soil property. Our
soil science differentiates between the active and potential types of soil alkalinity.

Active alkalinity is determined by the presence of hydrolytically alkaline salts
in soil solutions. The hydrolysis of such salts results in the formation of considerable
quantities of hydroxyl ions. Active alkalinity is known as that caused by normal
carbonates (like Na2CO3), bicarbonates (like NaHCO3), and total, which is the sum
of the first two. By the extent of active alkalinity, the soils are divided into three
groups (Table 59).
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Table 59. Levels of Soil Alkalinity

pHH2O Level of Alkalinity Soil that might have it
7.2-7.5 Weakly alkaline Southern chernozem, chestnut sodicity-affected soil
7.6-8.5 Alkaline Sodic soil, saline-sodic soil
> 8.5 Very alkaline Sodic soil, sodic solonchak

Potential alkalinity is caused by exchangeable Na+ cation in the SAC. Solid
phase interacts with soil solution and the following reactions may create an alkaline
environment:

[SAC2-]2Na+ + H2CO3           [SAC2-]2H+ + Na2CO3,

Na2CO3 + H2O          NaOH + NaHCO3,

NaOH           Na+ + OH-

Very alkaline soil reaction is unfavorable for most crops and other plants. At
soil pH over 8.5, the soils become prone to swelling on wetting, stick to tillage
implements, and have high resistance to tillage. When dry, such soils become too
hard for plant roots to pentrate them, and form cracks from which soil moisture
rapidly evaporates.

There are many ways in which soda carbonates (NaHCO3 and Na2CO3) form in
soil environment. Such ways are known as chemical, colloidal, and biochemical:

CaCO3 + 2NaCl + H2CO3        2NaHCO3 + CaCl2

CaCO3 + Na2SO4 + H2CO3 2NaHCO3 + CaSO4

[SAC-]Na+ + H2CO3         [SAC-]H+ +NaHCO3,

Na2SO4 + 2C = Na2S + 2CO2

Na2S + H2CO3 = 2NaHCO3 + H2S

Soda  has  a  negative  effect  on  the  crops.  Some of  them begin  to  wilt  and  die
with its concentration in the soil about 0.005%.

Soil sodicity (solonetzic properties) is caused not only by the exchangeable
Na+ but also by Mg2+ when there is too much of it. There are some magnesium-sodic
(magnesium solonetz) soils in Ukraine containing up to 50% of exchangeable Mg2+

of the total CEC. The use of chemical amendments, mainly gypsum is called forth to
“correct” the negative properties of sodic and sodicity-affected soils.
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Table 60. Mass (mg) of 1 ml of CO2, Depending on Atmospheric Pressure and Temperature

Atmospheric Pressure, mm MercuryTemperature,

°C 742 744.5 747 749 751 753.5 756 758 760 762.5 765 767 769 773

25 1.797 1.803 1.810 1.816 1.823 1.829 1.836 1.842 1.847 1.852 1.856 1.861 1.866 1.871

24 1.803 1.809 1.816 1.822 1.829 1.835 1.842 1.848 1.853 1.858 1.862 1.867 1.872 1.877

23 1.809 1.815 1.822 1.828 1.835 1.841 1.848 1.854 1.859 1.864 1.868 1.873 1.878 1.883

22 1.815 1.821 1.828 1.834 1.841 1.847 1.854 1.860 1.865 1.870 1.875 1.880 1.885 1.890

21 1.822 1.828 1.835 1.841 1.848 1.854 1.861 1.867 1.872 1.877 1.882 1.887 1.892 1.897

20 1.828 1.834 1.841 1.847 1.854 1.860 1.867 1.873 1.878 1.884 1.888 1.893 1.898 1.903

19 1.834 1.840 1.847 1.854 1.860 1.866 1.873 1.879 1.884 1.889 1.894 1.899 1.904 1.909

18 1.840 1.846 1.853 1.859 1.866 1.872 1.879 1.885 1.890 1.895 1.900 1.905 1.910 1.915

17 1.846 1.853 1.860 1.866 1.873 1.879 1.886 1.892 1.892 1.902 1.907 1.912 1.917 1.922

16 1.853 1.860 1.866 1.873 1.879 1.886 1.892 1.898 1.903 1.908 1.913 1.918 1.923 1.928

15 1.859 1.866 1.872 1.879 1.886 1.892 1.899 1.905 1.910 1.915 1.920 1.925 1.930 1.935

14 1.865 1.872 1.878 1.885 1.892 1.899 1.906 1.912 1.917 1.922 1.927 1.932 1.937 1.942
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6.2.1. Determination of the Extent of Soil Sodicity and Calculation of
Gypsum Rates

The extent of soil sodicity (alkali, solonetzic properties) is very important in
our country for decision making on the rates and ways of soil gypsing. The extent of
soil sodicity depends on exchangeable sodium percent (ESP, as it is known in other
countries of the world) of the CEC of the soil, which is designated by A in Ukraine
and calculated by the formula:

0

100
E

aA ,                                                                                                   (144)

where A = the exchangeable sodium percent (ESP), % of the CEC, a is the
content of exchangeable Na+ in meq/100 g (milliequivalents per 100 g of oven-dry
soil), and E0 is the cation exchange capacity of the soil in meq/100 g. According to
soil sodicity classification proposed by Antipov-Karatayev (Table 61), the soils are
divided into five groups by the extent of soil sodicity.

Table 61. Soil Classification by the Extent of Sodicity (Alkalinity) Proposed by
I.N. Antipov-Karatayev

Extent of Sodicity Exchangeable Na+ percent (ESP) of the CEC
Nonsodic < 5

Slightly sodicity-affected 5-10
Moderately sodicity-affected 10-15

Very sodicity-affected 15-20
Sodic (solonetz) > 20

Example of calculations. If  the  exchangeable  Na+ content in the soil is 9.6
meq/100 g, and the cation exchange capacity (CEC) is 35.4 meq/100 g.

%1.27
4.35
1006.9A ,                                                                                    (145)

By Antipov-Karatayev’s is classification; given in the following table, the soil
is sodic (solonetz).

In present-day practice of soil survey in Ukraine the extent of sodicity may be
determined  by  the  degree  of  soil  profile  illuviation  (N),  which  is  calculated  by  the
formula:

,100
BA
ABN                                                                                              (146)

where A is  the  content  of  clay  (<  0.001  mm)  fraction  in  eluvial  and B- in
illuvial horizon. Such an approach proved useful for sodic soils with low ESP but
morphologically well expressed features of sodicity and the presence corresponding
soil properties lowering soil productivity.
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Table 62. Soil Grading by the Extent of Sodicity

Extent of Sodicity Degree of Profile Illuviation
Nonsodic < 4

Slightly sodicity-affected 4-12
Moderately sodicity-affected 12-19

Very sodicity-affected 19-27
Sodic (solonetz) > 27

To evaluate the rate of soil sodicity development, Ukrainian Research Institute
of Soil Science and Agricultural Chemistry proposed an index of sodic process
intensity which  is  the  ratio  between  the  activities  of  Na+ and  Ca2+ in soil solution
(Table 63).

Table 63. Expected Rate of Soil Sodicity Development

Intensity of Soil Sodicity Development a Na / a Ca
Sodicity does not develop < 0.5

Sodicity develops very slowly 0.5-1.5
Sodicity develops slowly 1.5-3.0
Sodicity develops quickly 3.0-6.0

Sodicity develops intensively 6.0-10.0
Sodicity develops very intensively > 10.0

Gypsum is applied to the soils with exchangeable Na+ content over 5% of the
CEC. A series of formulas were proposed for gypsum rate (D) calculation:

for neutral soils:
D = 0.086 (Na – 0.05E0) × h × dV (147)
for soils with slight alkalinity:
D = 0.086 [(Na – 0.05E0) + (C-0.7) ] × h × dV (148)
for magnesial (low-sodium) sodic soils:
D = 0.086 [(Na – 0.1E0) + (Mg-0.3 E0) ] × h × dV (149)
where D is  gypsum  rate,  mt/ha  of  CaSO4×2H2O; Na is exchangeable sodium

content in meq/100g; Mg is exchangeable magnesium content, meq/100 g; E0 is  the
CEC of the soil, meq/100g; dV is the bulk density of the soil in the layer of gypsum
incorporation, g/cm3; h is the depth of this layer in cm; S is the content of toxic soil
alkalinity (HCO3

- -  Ca2+) in soil extract, meq/100g; C is the content of sodium
carbonate (CO3

2- - Na+) in soil extract,  meq/100g, and 0.086 is the milliequivalent of
CaSO4×2H2O in grams.
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Gypsum Rate Calculation by the Threshold of Soil-Water Suspension
Coagulation

Analytical Procedure. 100 g of air-dry and well-pulverized soil is put on the
bottom of each of four 500-ml measuring cylinders. The increasing rates of chemical
amendment (gypsum material)  are added to the soil  in the cylinders,  for  example,  –
50,100, 150 and 200 mg. The cylinders are filled with distilled water to the mark,
carefully but energetically shaken and left in peace overnight. The minimum rate of
the material which causes a distinct coagulation (lightening) of soil-water suspension
should be considered a desirable gypsum rate (GR). The rate of gypsum application
(D, mt/ha) is calculated by the formula:

,VdhMD                                                                                               (150)

where M is the weight (g) of gypsum material placed in the cylinder with
distinct signs of coagulation (flocculation) of soil-water suspension; h is the thickness
(cm) of soil layer into which this material is expected to be incorporated, and dV is the
bulk density of the same layer in g/cm3.

If the test with suspension flocculation was performed using pure and dry
CaSO4×2H2O, the physical  rate of  a  really available dypsing material  (Dm) may be
computed by the formula:

,
)100(

100100/, WC
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where D is what it stands for in a previous formula, C is  the  percent  of
CaSO4×2H2O in an available material (which will actually be applied in the field),
and W is the moisture of this material in percent of oven-dry weight. Gypsum rates
are normally from 2-3 mt/ha on sodicity-affected to 8-10 mt/ha on sodic (solonetz)
soils.

6.2.2. Gypsum-Soil Interactions

Calcium ions of the gypsum “neutralize” soda in soil solution and replace
sodium cation from the SAC:

Na2CO3 + CaSO4·2H2O      Na2SO4 + CaCO3 + 2H2O

[SAC2-]2Na+ + CaSO4         [SAC2-]Ca2+ + Na2SO4.

If  the  amount  of  soluble  salt,  Na2SO4, forming  in  the  soil  as  a  result  of  its
interaction with gypsum is not too great, there is practically no harm for the plants.
But with large rates of gypsum application, there may be an excess of Na2SO4 which
should be removed from the zone of root penetration by leaching. In non-irrigated
farming, this may be achieved by proper snow-trapping and accumulation of surface
runoff.

Gypsum and phosphogypsum are the main materials for chemical amendment
of sodic soils. Some other materials, like sulfur, sulfuric acid, ferrous sulfate, pyrite
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may also be employed for this purpose. The possible ways of their interaction with
the soil may be described by the following equation:

sulfur (sulfuric acid)

2S + 3O2 + 2H2O         2H2SO4 (microbial oxidation)

H2SO4 + CaCO3 + H2O          CaSO4·2H2O + CO2

[SAC2-]2Na+ + CaSO4·2H2O          [SAC2-]Ca2+ + Na2SO4 + 2H2O
ferrous sulfate

FeSO4 + 2H2O = Fe(OH)2 + H2SO4

H2SO4 + 2CaCO3        CaSO4 + Ca(HCO3)2

                              pyrite

2FeS2 + 7O2 + 2H2O      FeSO4 + 2H2SO4

Na2CO3 + FeSO4       Na2SO4 + FeCO3

FeCO3 + 2H2O        Fe(OH)2 + H2O + CO2

Many chemical reactions are reversible, so the sodium salts must be leached
beyond the layer of maximum root accumulation.

6.2.3. Time, Ways and Place of Gypsum Application in Crop Rotations

Chemical  amendments  can  hardly  be  expected  to  solve  all  the  problems  of
sodic soils improvement. They should be used in combination with agrotechnical
(related to soil tillage), hydrological and biological practices of sol reclamation. Only
in such combinations the chemical amendment will show its greatest efficiency.

While making decisions on soil gypsing, it is a must to take into account the
resistance of  crops and other plants  to soil  sodicity,  by the extent  of  which they are
divided into four groups (Table 64).

Table 64. Resistance of Agricultural Crops to Soil Sodicity

Extent of Resistance Crops
Very strong Mellilotus albus and officinalis, mustard

Strong Agropyron repens and other varieties of agropyron,
barley, all varieties of beets, including sugar beet

Moderate Alfalfa, ryegrass, Sudan grass, millet, oat, rye
Weak Winter wheat, sorghum

On sodicity-affected soils of the Forest-Steppe zone with small areas of sodic
(solonetz) soils in the field, special crop rotations could be introduced with the
following sequence of crops: sugar beet (fodder beet), spring small grain crops under
planted with alfalfa, alfalfa, alfalfa, and winter wheat. On the areas with frequent
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occurring of sodic soils the crop rotation may include the following crops: sugar beet,
millet or oat underplanted with mellilotus, mellilotus, winter wheat.

For chemical amendments to be effective, their solubility should at least be
sufficient. Their solubility in soil environment is greatly increased if they are properly
mixed with the soil. In the field crop rotations, traditionally used in Ukrainian crop
production, the amendments should be applied under row (intertilled) crops, which
favors the accumulation of moisture and additional mixing with the soil during tillage
operations.

In the Steppe and Arid Steppe zones of Ukraine, the best place for gypsum or
any other amendment application is the field of clean fallow or the field right after an
intertilled crop. On irrigated areas, the gypsum can be applied under the first crop
during plowing as primary tillage operation in autumn or in spring under cultivation.

On sodicity-affected chernozems (ordinary and southern) and on chestnut soils
with sodic layer (nitric horizon) never placed on the surface of the soil during
plowing, the entire rate of gypsum is plowed down; on irrigated fields it is applied
after plowing and incorporated by the harrows. On sodic soils with columnar
structure of sodic horizon and the horizon over it prone to crushing, where plowing is
fraught with inverting to the surface of a part of sodic horizon, one-half of the
gypsum rate is applied under plow and another half-under cultivation.

On grasslands and haylands the meliorating materials are applied in the
beginning of land reclamation under the most sodicity-and salt-resistant species of
grasses. Large gypsum rates are applied in two operations: one half under plowing in
autumn, and the rest – during spring disking or cultivation.

H.L.Bohn,  et  al.  in  their  Soil  Chemistry  (1985)  list  some plants  according  to
their sensitivity to exchangeable sodium in soils (Table 65).

Table 65. Tolerance of Various Crops to Percent of Exchangeable Sodium in
Soils

Tolerance  to  ESP  and
Range at which Affected

Crop Growth Response Under
Field Conditions

1 2 3
Extremely sensitive
 (ESP = 2-10)

Deciduous fruits
Nuts
Citrus
Avocado

Sodium toxicity symptom
even at low ESP values

Sensitive (ESP = 10-20) Beans Stunted growth at low
ESP values even thought
the physical condition of
the soil may be good

Moderately tolerant
(ESP = 20-40)

Clover
Oats
Tall fescue
Rice
Dalligrass

Stunted growth due to
both nutritional factors
and adverse soil
conditions.
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1 2 3
Tolerant (ESP = 40-60) Wheat

Cotton
Alfalfa
Barley
Tomatoes
Beets

Stunted growth usually
due to adverse physical
conditions of soil.

Most tolerant (ESP =
more than 60)

Crested or Fairway
Wheatgrass
Tall wheatgrass
Rhoades grass

Stunted growth usually
due to adverse physical
conditions of soil.

American scholars’ views well corresponds with those of I.M.Antipov-
Karatayev, that for plants that are extremely sensitive to sodium, as little as 5%
exchangeable sodium may be lead to toxic accumulations of sodium in leaf tissues.
They also state that mechanism of sodium toxicity is that its accumulation in tissues
near the end of the plant transpiration stream leads to necrosis, burn of leaf tips and
margins, and eventual death. Some plants are able to screen out such ions (like Na+

and Cl-) through their root membranes.
The set of practices for sodic soils reclamation includes chemical practices:

application of gypsum and other amendments; the practices of soil tillage: chisel
plowing to the depth of 15-45 cm or deep moldboard plowing to the depth of 60-70
cm; the practices of land surface leveling, the creation of percolating soil water
regime by the practices of water harvesting, snow-trapping, slitting, horizontal
drainage, irrigation, etc. The use of organic manures and mineral fertilizers improve
the efficiency of gypsum and other soil amendments. The cultivation of resistant
crops in the first years of sodic soil reclamation creates more favorable conditions for
the growth of barley, sugar beet, and winter wheat.

6.3. Soil Acidity and the Methods of Its Determination and Control

6.3.1. What is Soil Acidity

By soil  acidity the soil  scientists  understand the ability of the soil to acidity
water and the solutions of neutral salts. The carriers of soil acidity are represented
by carbonic and organic acids, hydrolytically acid salts, free H+ ions in soil solution
and exchangeable H+ and Al3+ cations in the soil adsorbing complex (SAC).

To  understand  the  origin  of  soil  acidity,  we  shall  resort  to  Soil  Chemistry  by
Bohn, et al., 1985: “Rainfall over a large portion of the Earth’s surface exceeds
evapotranspirations for much of the year, and soil leaching results. Such leaching
gradually removes soluble salts, more readily soluble soil minerals, and bases.
Consequently, the leached surface soil becomes slightly to moderately acid, although
the subsoil may remain neutral or alkaline”.

There  are  numerous  other  cases  of  the  origin  of  soil  acidity,  but  they  are  of
secondary importance. The chemical behavior and properties of acid soils, and the
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diagnosis and amelioration of their adverse effects, are the main subjects of this
chapter of our manual.

The reaction of soil solution is  determined  by  the  ratio  between  the
concentrations of free H+ and OH- ions. If the concentration of H+ is equal to that of
OH-, the reaction is neutral; if the concentration of H+ exceeds  that  of  OH-, the
reaction is acid, and if the concentration of H+ is lower than that of OH-, the reaction
is alkaline.

Depending on pH of soil-water extract, soil reaction is known under the name
(Table 66).

        Table 66. Reaction Depending on pH and H+ Concentration

The evaluation pH H+ concentration, mole(+)·L-1

Very acid 3-4 10-3-10-4

Acid 4-5 10-4-10-5

Weakly acid 5-6 10-5-10-6

Neutral 7 10-7

Weakly alkaline 7-8 10-7-10-8

Alkaline 8-9 10-8-10-9

Very alkaline 9-10 10-9-10-10

pH is a negative decimal logarithm of the H+ ion concentration in solution: pH
= - log [H+]. Acid reaction is typical for podzols, sod-podzolic, grey forest and some
swamp soils; neutral reaction is usual for chernozems, and sodic soils. By a tradition,
in our soil characterization we differentiate between active and potential soil acidity.
An  equilibrium  exists  between  these  two  forms  of  soil  acidity,  which  can  be
expressed by the following equation:

[SAC-]H       H+ [Soil Solution].

The acidity bounded with solid phase is dominant in all acid soils.
Active soil acidity is the acidity of the soil solution. Its carries are the H+

(H3O+,  H7O3
+)  cations in the liquid phase of  the soil.  It  may be measured by pHH2O

(soil: distilled water = 1:5). Active acidity directly affects the growth and
development of plants and microorganisms in the soil. The following table shows the
most favorable pH of soil solution for crops and microorganisms (Table 67).

Thus, for some plants optimum soil pH is the range 4.0-5.5, whereas for others
it is within 7.0-8.0. Nitrogen fixing bacteria develop best of all at pH close to 7, and
soil fungi – at its acid values. Soil pH greatly affects its nutrient availability. Nitrogen
availability is maximum between pH 6 and 8, because this is the most favorable range
for the soil microbes that mineralize the nitrogen in organic matter and those
organisms that fix nitrogen symbiotically. High phosphorus availability at high pH
above 8.5 – is due to sodium phosphates that have high solubility. In calcareous soil,
pH 7.5 to 8.3, phosphorus availability is reduced by the presence of calcium
carbonate that represses the dissolution of calcium phosphates. Maximum phosphorus
availability is in the range 7.5 to 6.5, increasing acidity is associated with increasing
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iron and aluminum in solution and the formation of relatively insoluble iron and
aluminum phosphates.

 Table 67. Optimal Soil Reaction for Crops and Microorganisms

Crop pH Crop pH

Winter wheat 6.3-7.7 Poa pratensis 5.3-6.0
Spring wheat 6.0-7.5 Oat grass 5.3-6.0
Barley 6.8-7.5 Dactylis glomerata 6.0-8.0
Winter rye 5.5-7.5 Flax 5.5-6.5
Oat 5.0-7.5 Hemp 7.1-7.4
Maize (corn) 6.0-7.0 Tobacco 6.5-8.0
Rice 4.0-6.0 Carrot 5.5-7.0
Millet 5.5-7.5 Cabbage 6.5-7.4
Buckwheat 4.7-7.5 Cucumber 6.4-7.0
Pea 6.0-7.0 Onion 6.4-7.9
Soybean 6.5-7.1 Tomato 6.3-6.7
Bean 7.0-8.0 Lettuce 6.0-6.5
Sunflower 6.0-6.8 Pumpkin 5.3-6.0
Sugar beet 7.0-7.5 Apple tree 6.5-7.5
Potato 5.0-5.5 Pear tree 4.5-6.0
Fodder beet 6.2-7.5 Apricot 7.0-8.5
Turnep 6.0-6.5 Cherry 6.5-8.5
Alfalfa 7.0-8.0 Vine tree 7.0-8.7
Clover 6.0-7.0 Soil fungi 3.5-6.0
Melilotus 7.0-8.7 Azotobacter 6.7-6.8
Ryegrass 6.8-7.5 Nutrificators 6.0-8.0
Tymothy grass 5.0-7.5 Denitrifying bacteria 7.0-8.0

Potassium, calcium, and magnesium are widely available in alkaline soils. As
soil acidity increases, these nutrients show less lability, as a result of the decreasing
CEC and decreased amounts of exchangeable nutrient cations.

Iron and manganese availability increase with increasing acidity because of
their increased solubility. These two nutrients are frequently deficient in plants
growing in alkaline soils because of the insolubility of their compounds. Boron,
copper, and zinc are leachable and can be deficient in leached, acid soils. They can
become insoluble (fixed) and unavailable in alkaline soils. In acid soils, molybdenum
is commonly deficient owing to its reaction with iron to form an insoluble compound.
For all plant nutrients as a whole, good overall nutrient availability occurs near pH
6.5.

H+ ions,  present  in  soil  solution,  make  only  a  small  part  of  the  H+ ions
adsorbed by the SAC. In addition to this, active soil acidity changes very much
during the period of crop growth. The value of active acidity cannot, therefore, be a
reliable index of soil’s need in liming for the neutralization of excessive acidity.
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Potential soil acidity is that of the solid phase of the soil and soil solution. It is
caused by H+ and Al3+ ions adsorbed by the SAC. Potential acidity is always greater
than the active one,  as  it  is  composed of  the acidity of  the soil  solution and acidity
formed by exchangeable cations of H+ and Al3+.

Conventionally, the potential acidity is in two forms: exchangeable and
hydrolytic.

Exchangeable acidity manifests itself in the interaction of the soil with the
solution of a neutral salt (hydrolytically neutral, that is the salt of strong base and
strong acid), like KCl, BaCl2, etc.

Exchangeable ions do not move into water extract, but a considerable part of
them are replaced into solution by the cations of hydrolytically neutral salt:

[SAC2-]2H+ + 2KCl         [SAC2-]2K+  + 2HCl

Exchangeable acidity is measured by pHKCl.  But  it  can  be  determined  by
titration and expressed in millimoles (+) per 10 g of oven-dry soil (meq/100 g). It
value depends on the amount of exchangeable H+ and the presence of exchangeable
Al3+ in  the  SAC,  which  also  can  be  replaced  by  the  neutral  salt  cations  into  liquid
phase:

[SAC3-]Al3+ + 3KCl         [SAC3-]3K+, + AlCl3

AlCl3 + 3H2O      Al(OH)3 + 3HCl

In our textbooks, there is little information on Al3+ as a carries of soil acidity.
So we have to resort  to Bohn’s at  al  Soil  Chemistry (1985) to elucidate this  matter.
The hydrolysis reactions of aluminum monomers can be represented schematically as

Al(H2O)3+
6 + H2O = Al(OH)(H2O)2+

5 + H3O+

Al(OH)(H2O)2+
5 + H2O = Al(OH)2(H2O)+

4 + H3O

Al(OH)2 (H2O)+
4 + H2O = Al(OH)3(H2O)0

3 + H3O
Al(OH)3(H2O)0

3 + H2O = Al(OH)4(H2O)-
2 + H3O

Each reaction is driven to the right by the consumption of hydrogen
(hydronium, H3O+) ions through reaction with added or indigenous hydroxyl ions.
Successive hydrolysis reactions are associated with solutions of successively higher
pH, since the sink for hydronium ions increases with increasing pH.

The Al(OH)2+ ion is of minor importance and exists over only a narrow pH
range. The Al3+ ion is predominant below pH 4.7, Al(OH)2

+ between pH 4.7 and 6.5
(!), Al(OH)3

0 between pH 6.5 and 8, and Al(OH)4
- above pH 8.  In addition to these

soluble forms, sodic-phase Al(OH)3 precipitates throughout the pH range covered,
wherever its salability product is exceeded.

Some agricultural crops grow well in acid soils but drastically reduce their
yields with increasing content of soluble aluminum in the soil. By their relations to
soluble aluminum in the soil, the crops are divided into four groups:

1) resistant to high aluminum content: timothy grass, oats, maize (corn);
2) moderately resistant to aluminum: lupins, pea, vicia, beans;
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3) sensitive to aluminum: barley, flax, winter rye, and
4) very sensitive to aluminum: alfalfa, clover, sugar beet, winter wheat.
The yields of sensitive to aluminum crops begin to fall down with soluble

aluminum content 1.5-2.0, and those of moderately resistant – with 3.5-4.0 meq/100
g.

According to Ukrainian textbooks, with soil pHKCl over 5.0 the “availability”
of aluminum in the soil considerably decreases and its content drops below critical
values.

Of  the  anthropogenic  agents  of  soil  acidity,  mineral  fertilizers  are,  so  far,  the
most potent. All NH4

+ salts, applied to soils as fertilizers (NH4NO3, (NH4)2SO4, etc),
may acidify the soil. Paradoxically, even anhydrous ammonia, which initially reacts
with water in soil to produce alkalinity:

NH3 + H2O = NH4
+ + OH-

is ultimately nitrified, so that the net potential effect is generation of one mole
of H+ per mole of NH3 applied to the soil:

NH4
+ + O2       NO3

-  + 2H+ + H2O

Phosphate salts, applied to soils as fertilizers, may acidity over the long term:
Ca(H2PO4) = Ca2+ + H2PO4

-

H2PO4
- = H+ + HPO4

2-

In nonacid soils the reaction is likely to be of the type:

2H2PO4
- + 3Ca2+       Ca3(PO4)2(S) + 4H+,

whereas in acid soils the reaction might be similar to

H2PO4
- + Al3+          AlPO4 (S) + 2H+.

Hydrolitic acidity displays  itself  when  the  soil  reacts  with  the  solution  of
hydrolytically alkaline salt, like CH3COONa, (CH3COO)2Ca, etc. It was found out by
Kappen  and  other  soil  chemists  that  the  soil  treated  with  1N  CH3COONa solution
“shows” greater acidity than that treated with 1N KCl. Part of H+ ions in the SAC
which  were  not  replaced  by  K+ ions  of  KCl  are  replaced  by  Na+ of  CH3COONa.
Why?  The  simplest  way  to  answer  this  question  is  to  state  that  as  the  pH  of  the
solution becomes greater, so becomes the CEC of the soil and its components parts (S
+  Hh).  Thus,  for  example,  the  functional  group  of  organic  soil  colloids  (mainly,  –
COOH) dissociate better at higher than at lower pH. The charge of organic colloids
and, therefore, their CEC increase correspondingly. There are other components of
the SAC, whose CEC behaves in the similar  way,  including a part  of  the total  CEC
which is known as hydrolytic acidity (Hh). So hydrolytic acidity is a sum total of all
forms of soil acidity (active acidity + exchangeable acidity + some additional acidity
created by the H+ ions which it is possible to replace from the SAC at pH 8.2 of 1N
CH3COONa  and  which  were  not  replaced  at  pH  6.0  by  1N  KCl).  Technically  it  is
possible to understand the relations between active (pHH2O), exchangeable (pHKCl),
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and hydrolytic soil acidities as that existing between three Russian dolls –
matryoshkas. Active acidity consists of only one, the smallest of matryoshkas,
exchangeable – of two dolls – the smallest and a larger one, and hydrolytic – of three
matryoshkas – the next one larger than the previous. Hydrolitic acidity is determined
by titration and expressed acidity is determined by titration and expressed in meq/100
g. Though it is a scientific “archaism”, it still remains important in Ukraine for many
practical applications. By the extent of their acidity, the soils are grouped into 6
groups (Table 68).

Table 68. Soil Groups by the Extent of Acidity

Index of Soil
AcidityExtent

of Acidity pHKCl
Hh,

meq/100 g

Examples of Soils

Extra acid < 4.0 > 6.0
Some peat soils, swampy-podzolic soils,
Carpathian brown forest soils, podzolized brown
forest soils (also Carpathian, not Crimean)

Very acid 4.1-4.5 5.9-5.1
Sod-podzolic soils, gleyed sod-podzolic soils,
peaty-gleyed soils, peat and muck soil in North-
Western Polissya, Soddy-brown forest soils

Moderately
acid 4.6-5.0 5.0-4.1 Sod-podzolic soils, podzolic soddy-soils, light

grey forest soils, esp. gleyed ones
Slightly

acid 5.1-5.5 4.0-3.1 Grey forest soils, dark grey podzolized soils, esp.
gleyed ones, soddy soils on “borovi” terraces

Close to
neutral 5.6-6.0 3.0-2.1 Dark grey podzolized soils, podzolized, leached,

and regrated chernozems, soddy (sod) soils

Neutral > 6.0 < 2.0 Some of the typical and ordinary chernozems,
meadow-chernozemic soils, cinnamonic soils

6.3.2. Methods of Soil Acidity Determination

6.3.2.1. Active Acidity Determination by Potentiometric Procedure

H.D.Foth’s Fundamentals of Soil Science states that soil pH is commonly
determined by: 1) mixing one part of soil with two parts of distilled water or neutral
salt solution, 2) occasional mixing over a period of 30 minutes to allow soil and water
to approach an equilibrium condition, and, 3) measuring the pH of the soil-water
suspension using a pH meter.

H.L.Bohn’s, et al., Soil Chemistry hastens to stress that measurements of soil
pH can be highly ambiguous. Two factors appreciably influencing soil pH
measurements are the soil-solution ratio and the equilibrium salt concentration.
Increasing either factor normally decreases the measured soil pH. The combination of
exchange and hydrolysis in 0.1 to 1M salt solutions can lower measured soil pH as
much as 0.5 to 1.5 units, compared to soil pH measured in distilled water suspension.
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In  our  country,  both  forms  of  soil  pH,  pHH2O and  pHKCl have their practical
applications.

The measurement of pH is the most common chemical measurement in soils.
The unique property of ion-sensitive electrodes is a membrane that develops an
electrical potential, or voltage, in response to a change in the concentration of a single
ion.  In  the  pH  electrode,  a  silver  wire  coated  with  AgCl  is  dropped  into  an  HCl
solution.  The  HCl  solution  is  separated  from  the  test  solution  by  a  membrane  of
special glass, usually a lithium silicate of particular composition. Differences in H+

activity across this membrane cause a difference in electrical potential, which can be
measured by a sensitive potentiometer. The use of glass electrode allows to determine
pH in a wide range of its values. Solution color and the presence of coarse suspended
particles do not affect the measurement results.

Analytical procedure. 20 g of air-dry soil prepared for laboratory analyses
(sieved  through  1-mm sieve)  are  put  in  a  100-ml  flask.  50  ml  of  distilled  water  are
added  to  the  soil.  The  flask  is  covered  with  a  stopper,  shaken  for  5  min  and  left  to
stand for 24 hours. The translucent part of soil suspension, formed after such a
prolonged standing, is poured into a beaker, in which the pH is determined by a
potentiometer.

In forest litters and peat soils the ratio air-dry soil: water should be 1:25.
With numerous determinations the following procedure is employed: 10 g of

air-dry soil are put into a 50-100-ml flask. 25 ml of distilled water are added to the
soil and the suspension is shaken for 5 min.

The lighter part of a suspension is poured into a beaker, in which the pH is
determined by a potentiometer.

Equipment, glassware, and reagents: pH-meter, 50-100-ml flasks, 50 ml-
measuring cylinder, 50 ml- beakers.

6.3.2.2. Exchangeable Acidity Determination by the Method of
Daikukhara

This form of soil acidity is determined by the soil’s interaction with neutral salt
solution:

[SAC2-]2H+ + 2KCl         [SAC2-]2K+ + 2HCl

In a case when aluminum ions dominate in the SAC, the reaction proceeds as
follows:

[SAC3-]Al3+ + 3KCl        [SAC3-]3K+ + AlCl3

The hydrolysis of AlCl3 occurs in the following way:

AlCl3 + 3H2O       Al(OH)3 + 3HCl

The amount of hydrochloric acid formed in both cases is determined by
titration:

HCl + NaOH       NaCl + H2O
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Analytical procedure. 40 g of air-dry and prepared for analyses (sieved
through the 1-mm sieve) are put in 250-300-ml flask, into which 100 ml 1N  (pH
5.6-6.0) are poured. Covered with a stopper the flask is shaken for one hour and its
content filtrated through a medium-compacted filter (white band) into another flask.
The first turbid portions of a filtrate are discarded. 50 ml of a filtrate are pipetted into
a flask for titration (100-150 ml). In the presence of 3 drops of phenolphthalein, the
content of the flask is titrated 0.1N NaOH till a pale pink color persists for a minute
or longer. The value of exchangeable acidity is calculated by the formula:

P

KKa
H

OHNaOH
exch

2
75.110021.0

                                                     (152)

where a is the volume of 0.1N NaOH used for a titration, KNaOH is a correction
coefficient on NaOH solution normality, 1.75 is conventional coefficient taking into
account the completeness of exchangeable H+ replacement; KH2O is  the  soil’s
hygroscopicity coefficient, and p is the weight of air-dry soil sample taken for
analysis. Hexch is expressed in meq/100 g.

Example of calculations. 40 g of air-dry soil have been taken for analysis; 1.6
ml 0.1N NaOH have been used for the titration of 50 ml of filtrate; KNaOH = 1.0; KH2O
= 1.02. Total exchangeable soil acidity Hexch in meq/100 g will be:

.43.1
40

02.175.110021.06.1
exchH                                                       (153)

Glassware and reagents: flat-bottom 250-300-ml flasks. Conical 100-150-ml
flasks. Measuring 100-ml flask. Filter paper of medium compactness. 1.0N KCl (pH
5.6-6.0). 0.1N NaOH prepared from the Fixanal. Phenolphtalein.

6.3.2.2. Exchangeable Acidity Determination by Potentiometric
Procedure

The procedure is employed for numerous determinations. Exchangeable acidity
is expressed in pH units.

Analytical procedure. 20 g of air-dry soil are put in a flat-bottom 100-ml
flask. 50 ml 1.0N HCl (pH 5,6-6,0) are added to it by a measuring flask. The flask
with  suspension  is  covered  with  a  stopper  and  periodically  shaken  in  the  course  of
one hour. A lightened part of suspension is poured into a glass beaker for the
determination of pH on the pH-meter.

6.3.2.3. Hydrolytic Acidity Determination by the Method of G.Kappen

This form of soil acidity is determined by the H+ ions held more tightly by the
SAC and to replace which a more alkaline reaction is needed created by
hydrolytically alkaline salt solution. The reaction may proceed in two stages:

CH3COONa + H2O        CH3COOH + NaOH

[SAC2-]2H+ + 2NaOH        [SAC2-]2Na+ + 2H2O
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[SAC-]H+ + CH3COONa        [SAC-]Na+ + CH3COOH
Analytical procedure. 40 g  of  air-dry  soil  are  placed  in  a  250-ml  conical  or

other flat-bottom flask and shaken for 1 hour with 100 ml of 1N CH3COONa. After
complete filtration into another flask, 25 ml of filtrate are pipetted into a beaker and
titrated in the presence of phenolphtalein till the appearance of a stable pinkish color.
The reaction is as follows:

CH3COOH + NaOH = CH3COONa + H2O

Hydrolytic acidity (Hh) in meq per 100 g of oven-dry soil is computed by the
formula:

,75.1
40

75.110041.0
2

2
OHNaOH

OHNaOH
exch KKaKKaH                    (154)

where a is  the  volume  of  01N  NaOH  used  for  a  titration.  All  the  other
designations are the same as in the previous formula for the exchangeable acidity.

It is in place to remind here that Hh is used for the percentage base saturation
(PBS, V%) computation by the formula:

HhS
SV 100,%                                                                                                  (155)

where S is the sum be exchangeable bases, characterizing the soil and
determined by the Kappen-Gilkowiz procedure. It is in place to remind here that in
our country this characteristic (V,%) is used alongside the pHKCl to determine the
extent of the soil’s need in liming.

It  is  also  in  place  to  remind  here  that  in  our  country  the  CEC  of  soils
unsaturated with bases is very often calculated as S + Hh, which, though, does not
satisfy the requirements of the appropriate standard, harmonized with the ISO.

Hydrolytic acidity of the soil may also be determined by the pH of soil + 1N
CH3COONa suspension prepared by the above-described Kappen procedure.

This shortens the time of analysis, excluding filtration and titration procedures.
The relationship between the suspension (1N CH3COONa: soil = 100:40) pH and
hydrolytic acidity of the soil can be illustrated by the following table which allows to
convert pH units into Hh in meq/100 g (Table 69). L.R.Petrenko (2007) proposed to
calculate the Hh by the following theoretically obtained formula:

.73.41065.52 susppH
susppHHh                                                          (156)

where pHsusp is suspension (CH3COONa + soil) pH, or by statistically (by
regression analysis) obtained equation:

).167.2exp(1066.7 .
6

susppHHh                                                                   (157)
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Table  69.  Transformation  of  Suspension  (soil:  1N CH3COONa =  40:100;  1
hour shaking) pH into the Units of Hydrolytic Soil Acidity (Hh, meq/100 g)

pH to two decimal points
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09pH

susp. Hydrolytic acidity, meq/100 g
6.0 17.3 16.9 16.6 16.2 15.8 15.5 15.2 14.9 14.5 14.2
6.1 13.9 13.6 13.3 13.1 12.8 12.5 12.2 12.0 11.7 11.5
6.2 11.2 11.0 10.8 10.5 10.3 10.1 9.84 9.64 9.44 9.23
6.3 9.04 8.83 8.65 8.45 8.25 8.11 7.92 7.76 7.59 7.41
6.4 7.28 7.11 6.97 6.81 6.69 6.53 6.38 6.25 6.11 5.98
6.5 5.85 5.73 5.61 5.48 5.37 5.25 5.14 5.03 4.92 4.82
6.6 4.71 4.61 4.52 4.42 4.32 4.23 4.14 4.05 3.96 3.82
6.7 3.79 3.71 3.63 3.56 3.48 3.40 3.33 3.26 3.19 3.13
6.8 3.05 2.99 2.92 2.86 2.80 2.74 2.68 2.62 2.52 2.52
6.9 2.46 2.41 2.35 2.31 2.25 2.21 2.16 2.11 2.07 2.02
7.0 1.98 1.94 1.90 1.86 1.82 1.78 1.74 1.70 1.67 1.63
7.1 1.60 1.56 1.53 1.50 1.46 1.43 1.40 1.37 1.34 1.31
7.2 1.28 1.26 1.23 1.20 1.18 1.15 1.13 1.10 1.08 1.06
7.3 1.03 1.01 0.99 0.97 0.95 0.93 0.91 0.89 0.87 0.85
7.4 0.83 0.81 0.80 0.78 0.76 0.75 0.73 0.72 0.70 0.68
7.5 0.67 0.66 0.64 0.63 0.61 0.60 0.59 0.58 0.56 0.55
7.6 0.54 0.53 0.52 0.51 0.49 0.48 0.47 0.46 0.45 0.44
7.7 0.43 0.43 0.42 0.41 0.40 0.39 0.38 0.37 0.37 0.36
7.8 0.35 0.34 0.33 0.33 0.32 0.31 0.31 0.30 0.29 0.29
7.9 0.18 0.28 0.27 0.26 0.26 0.25 0.25 0.24 0.24 0.23
8.0 < 0.23

6.3.2.4. Determination of Exchangeable Acidity and Available
(Exchangeable) Aluminum by the Method of O.V.Sokolov

Method principle. The procedure is based on the replacement of exchangeable
H+ and Al3+ from the SAC by 1.0N KCl.

[SAC4-]H+, Al3+ + 4KCl        [SAC4-]4K+ + HCl + AlCl3

AlCl3 + 3H2O       Al(OH)3 + 3HCl

The acid formed as a result of these reactions is determined by titration. This is
exchangeable acidity caused by the sum of hydrogen and aluminum cations.
Aluminum ions may be precipitated by 3.5% NaF solution:

AlCl3 + 6NaF       Na3AlF6 + 3NaCl

The second titration (after Al3+ precipitation) allows to determine a part of
exchangeable acidity caused by H+ ions. The content of aluminum in the soil is
determined by the difference between these two determinations.

Analytical procedure. 80 g of air-dry and sieved through 1-mm sieve soil are
put into 300-600-ml flask. 200 ml 1.0N KCl (pH 5.6-6.0) are added to the soil using a
measuring flask. After 15-min shaking the suspension is left overnight and then
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filtrated through a medium-compaction filter. The first portion of a filtrate should be
discharged. To determine total exchangeable acidity, 50 ml of filtrate are pipetted
into 100-ml Erlenmeier flask, put on electric hot plate boiled for 5 min for the
escaping of CO2. Hot solution is titrated with 0.01N NaOH with phenolphthalein’s
presence till pale-pink color remains for a minute or longer.

50 ml of initial filtrate are taken into another Erlenmeier flask, boiled and
cooled to ambient temperature 3 ml 3.5% NaF are added to it, and the solution is
titrated with 0.01N NaOH to the above-described color. Exchangeable acidity caused
by H+ and Al3+ ions in milliequivalents per 100 g of oven-dry soil is calculated by the
formula:

P

KKa
H

OHNaOH
exch

2
75.1100401.0

                                                   (158)

where a is the volume of 0.01N NaOH used for the titration of 50 ml of filtrate;
all the other members of the formula are known from the previous ones.
Exchangeable acidity caused by only H+ cations is calculated by the same formula
only a will be equal to the volume of 0.01N NaOH used for the second titration, after
the sedimentation of Al3+. Al3+ content is the soil in meq/100 g will be found by the
difference:

Al3+ = (H+ + Al3+) – H+

Having multiplied the obtained value in meq/100 g by 9 (aluminum’s
equivalent weight, g) we will obtain the result in mg of Al3+ per 100 g of soil; mg/100
g divided by 1000 will give a percent of available Al3+ in the soil, and multiplied by
10, Al3+ content in p.p.m.

Example of calculations. The weight of air-dry soil, taken for analysis, is 80g.
52.6 ml 0.01N NaOH were used for the first, and 22.6 ml – for the second titration.
KNaOH = 1.0; KH2O = 1.05.

1. Exchangeable acidity, caused by H+ and Al3+ cations will be equal to:

.100/83.4
80

05.175.11004101.06.52)( 3 gmeqAlHH exch                (159)

2. Exchangeable acidity caused by H+ cations only will be equal to:

.100/07.2
80

05.175.11004101.06.22)( gmeqHHexch                         (160)

3. Available (exchangeable) aluminum content in the soil will be:

4.83 - 2.07 = 2.76 meq/100 g                                                                     (161)

2.76 × 9 = 24.8 mg/100 g                                                                           (162)

24.8 × 1000 = 0.0248%                                                                              (163)

24.8 × 10 = 248 ppm.                                                                                 (164)
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Glassware and reagents: flat-bottomed flasks (300-500 ml), Erlenmeier
flasks (100 ml), measuring 200-ml flask, funnel, 50-ml pipette, 100-ml burette, filter
paper (pink band); 3.5% NaF; 0.01N NaOH, phenolphthalein.

6.3.3. Chemical Amendment of Acid Soils

6.3.3.1. Lime’s Interaction with Acid Soils

To reduce an excess of soil acidity different materials are used in Ukraine.
More often then not, these are sedimentary rocks consisting dominantly of calcite
(CaCO3) and also dolomite (CaCO3 · MgCO3). The lime reacts with an acid soil as is
shown by the following set of equations:
CaCO3 + H2O + CO2 = Ca(HCO3)2

[SAC2-]2H+ + Ca(HCO3)2         [SAC2-]Ca2+ + H2O + CO2

Ca(HCO3)2  + H2O         Ca(OH)2 + 2H2CO3

[SAC2-]2H+ + Ca(OH)2         [SAC2-]Ca2+ + 2H2O

Ca(OH)2       Ca2+ + 2OH-

The lime also reacts with organic and nitric acids, neutralizing them:

2 R-COOH + CaCO3 = Ca(R-COO)2 + H2O + CO2

2HNO3 + CaCO3 = Ca(NO3)2 + H2O + CO2

In acid soils, containing exchangeable aluminum, the following reaction takes
place:

[SAC6-]2Al3+ + 6CaCO3 + 6H2O       [SAC6-]3Ca2+ + 3Ca(HCO3)2 + Al(OH)3

In soils with hydrolytic acidity over 5 meq/100 g, phosphoritic meal may be
used to neutralize very acid reaction:

[SAC2-]2H+ + Ca3(PO4)2        [SAC2-]Ca2+ + 2CaHPO4

As a result of this reaction, phosphorus becomes much more available for plant
nutrition.

6.3.3.2. Soil’s Need in Liming and Its Determination

The extent of soil’s need (requirement) in liming is determined by a set of soil
characteristics which are considered taking into account the biological peculiarities of
crops and other plants, as well as types of crop rotations and the character of land use
in farming. The set of soil characteristics includes the degree and value of soil
acidity, percentage base saturation (PBS, V%), soil texture, organic matter content
and soil buffering capacity.
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By the measure of soil acidity and need in liming, the soils in Ukraine are
divided into five groups (Table 70). Nowhere in the world is the need in liming
classified in such detail. Still, many issues of liming especially with the purpose of
neutralizing an excess of acidity formed by the anthropogenic sources still demand
the attention of researchers.

Table 70. Ukrainian Soils’ Need in Liming in Dependence on pHKCl

Measure of
Acidity pHKCl Need in Liming

Very strong < 4.0 There is an urgent need in lime application in all
types of crop rotations

Strong 4.1-4.5 The same

Moderate 4.6-5.0

First of all, there is a need in liming in vegetable
and feed crop rotations on loamy sand and loamy
soils; there is a moderate need in field crop rotations
on sandy soils

Weak 5.1-5.5

There is a considerable need in liming of loamy-
sand and loamy soils, especially in crop rotations
with perennial grasses, feed, and vegetable crops.
Last to lime are sandy and found-sandy soils

Close to neutral 5.6-6.0

Lime is applied to chosen loamy-sand and loamy
soils in crop rotations with lime-loving crops. Soils
with pHKCl over 6.5 do not need liming, regardless
of the zone.

To determine the soils’ need in liming by the value of hydrolytic acidity, the
following table (Table 71) is employed:

Table 71. Ukrainian Soils’ Need in Liming Depending on Hydrolytic acidity

Hh, meq/100 g Need in Liming
> 4 Soils need urgent liming in all soil-climatic zones of Ukraine

4-3

Soils need liming first of all in the Forest and Forest-Steppe
zones. There is a moderate need in liming for the soils of
Transcarpathia and Western regions of the Forest-Steppe zone
and a week need in the Mountainous regions of the
Carpathians

3-2
The soils of the Forest and Forest-Steppe zone have a moderate
need in liming, whereas the Transcarpathian soils have a weak
need, and there is no need in the Carpathian Mountains.

2-1.8
It is worth while to lime the podzolized soils of the Forest-
Steppe zone, but there is a definite need of lime application on
light-textured Polissian soils

1.8-1.5 There is a weak need in liming of light-textured soils
< 1.5 There is no used in liming
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Table 72. Soil Need in Liming Depending on RBS

< 50% Urgent need in liming
50% First-order need in liming
50-70% Moderate need in liming
70-90% Liming is carried out depending on the set of crops

in crop rotations and rate of mineral fertilizing
> 90% No need in liming

By their response to liming, agricultural crops are divided into four groups:
1. Very good response: clover, alfalfa, all varieties of beets, cabbage, hemp,

and rape;
2. Good response: wheat, maize, barley, peas, sunflower, cucumber, onion,

etc.;
3. Positive response: rye, oat, buckwheat, flax, and tomatoes, and
4. Weak positive response: potato, lupin, seradella, etc.
It is important to remember that if the Forest-Steppe chernozems effervesce

below the depth of 50 cm, and their Hh exceeds 2 meq/100 g, the lime should be
applied once in a ten-year crop rotation under sugar beet or perennial grasses.

Heavy-textured soils demand higher rates of aglime than light-textured one.
The reaction of soil solution is especially important for fruit trees. Normal reaction
for most of them is in the range pHH2O 6-8. With pH < 5 for apple-trees < 6 for plum-
trees and cherry-trees there appears a need in liming. Choosing land plots for
orchards, the following table (Table 73) may be of help.

Table 73. Soil Reaction and Orchard Requirements (by V.F.Valkov)

pHH2O Suitability for Orchards and Lime Requirement
< 3.5 Unsuitable for orchards

3.5-4.5 May be used for planting orchards after liming

4.5-6.0 Suitable for fruit trees but liming is desirable for cherries and
plums (apricots)

6.0-8.0 Good for orchards

8.0-8.5 Good for plums, cherries, and apricots; satisfactory for
apples and pears

> 8.5 No good for orchards

6.3.3.3. Calculations of Liming Rates

The most universal in Ukraine is the formula used for the calculation of liming
rates (DCaCO3, mt/ha) as “full rate by hydrolytic acidity”:

,05.0
3

dhHhDCaCO                                                                          (165)

where Hh is hydrolytic soil acidity in meq/100 g; h is the thickness in
centimeters of soil layer into which lime will be incorporated, and d is bulk density of
the soil in this layer (h), g/cm3.
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Actually, more or less agronomically valid reasoning on lime requirement
should take into account at least three factors: 1) zone of crop production (Polissya or
Forest-Steppe, etc.); 2) Soil texture and, therefore, its buffering capacity, and 3) a
character of a crop rotation (a set and the sequence of crops). These three factors
allow to determine the optimum pHKCl and V,% values for a given crop rotation,
using the following reference tables of the Typical Recommendations on Liming
(1977).

Table 74. Optimum pHKCl Values

Crop Rotations Pastures and
grasslands

Soil Texture field with
flax

field with
grasses, flax,
and potatoes

with sugar
beet and
alfalfa

feed
with
crops

vegetable
feed crops

cereal
grasses

cereal
legume
grasses

1 2 3 4 5 6 7 8
Forest zone of soddy-podzolic soils

Sand and
loamy sand 5.0 5.3 – 5.5 5.6 5.2 5.4

Light and
medium loam 5.2 5.4 6.2 5.8 6.0 5.4 5.6

Heavy loam
and clay 5.4 5.5 6.4 6.0 6.2 5.6 6.0

Peat – 4.8 – 5.0 5.2 5.0 5.2
1 2 3 4 5 6 7 8

Forest-Steppe zone of grey forest, podzolized, and chernozem soils
Sand and

loamy sand – 5.6 6.0 5.8 6.0 5.5 5.8

Light and
medium loam 5.4 5.6 6.5 6.0 6.4 5.7 6.2

Heavy loam
and clay 5.6 5.8 6.7 6.2 6.6 5.9 6.4

Peat – 5.0 – 5.0 5.2 5.0 5.2

Table 75. Optimum V,% Values

Crop Rotations Pastures and
grasslandsSoil

Texture field
with
flax

field with
grasses, flax,
and potatoes

with sugar
beet and
alfalfa

feed
with
crops

vegetable feed
crops

cereal
grasses

cereal
legume
grasses

Forest zone of soddy-podzolic soils
Sand and

loamy
sand

65 70 – 70 85 70 80

Light and
medium

loam
70 75 90 80 90 75 85

Heavy
loam and

clay
75 80 95 85 95 80 90

Peat
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Forest-Steppe zone with grey forest, podzolized, and chernozem soils
Sand and

loamy
sand

70 80 90 85 90 80 85

Light and
medium

loam
75 85 95 90 95 85 90

Heavy
loam and

clay
80 90 98 95 98 90 95

Peat

The rate (D, mt/ha) of CaCO3 is calculated by the formula:

fact

optfactopt

pHS
VpHpHhdHhS

D
100

,%)()(05.0 2

                                       (166)

where S is the base exchange capacity in meq/100 g of the soil in a layer h
centimeters thick with bulk density d, g/cm3; Hh is the soil’s hydrolytic acidity in
meq/100g, pHopt and pHfact are, respectively, optimum pHKCl and factual pHKCl of the
soil in this layer, and V%opt is optimum value of base saturation percent of the soil in
the same layer.

American approach to liming is different from ours. We use 1 eq of lime to
neutralize 1eq of acidity. Americans use 2 eq of lime to neutralize 1 eq of acidity,
taking into account that lime hydrolyzes in the soil to form OH- (one  equivalent  of
OH- per two equivalents of CaCO3):

CaCO3 + H2O = Ca2+ + HCO3
- + OH-.

In the last decades, the so-called normative method of liming rate calculation,
proposed  by  T.G.Grinchenko  et  al  is  used  in  Ukraine.  The  rate
(D, mt/ha) is calculated by the formula:

,10 pHxD                                                                                 (167)

where  pH is the difference between the optimum and factual values of
capable pHKCl,  x  is  the amount of  CaCO3 capable to increase pHKCl by 0.1 pH unit,
mt/ha. The values of x are given in the following table (Table 76) and they, in a way,
reflect  the  soils’  buffering  capacity,  depending  on  texture  and  SOM  content.  The
table also shows that the value of x is different for 0.1 pH unit in different pH ranges
even for the same soil.

It is still allowable to determine the rates of lime from pHKCl and  texture  of
acid Polissian soils and light-textured soils of the Western regions of Ukraine (Table.
76). The rates obtained in this way are approximately equal to 0.5-0.75 of complete
rate calculated by hydrolytic acidity. But research results and practical experience of
“agrochemservice” in our country showed that these rates do not give full effects, and
increases in crop yields are limited to 4-5 years.



134

Table 76. Normative Lime (CaCO3) Rates to Increase Soil pHKCl by 0.1 Unit
(T.O.Grinchenko)

Soil Texture Soil Group by Extent of
Acidity

Normative Lime
Expenditure to Increase

pHKCl by 0.1pH
Soddy-Podzolic Soils

Sand and loamy sand
Very acid (pH < 4.5)

Moderately acid (pH 4.6-5.0)
Slightly acid (pH 5.1-5.5)

0.45
0.61
0.63

Light and medium
loams

Very acid (pH < 4.5)
Moderately acid (pH 4.6-5.0)

Slightly acid (pH 5.1-5.5)

0.71
0.81
0.84

Grey Forest Soils and Podzolized Chernozems

Sand and loamy sand
Very acid (pH < 4.5)

Moderately acid (pH 4.6-5.0)
Slightly acid (pH 5.1-5.5)

0.48
0.62
0.65

Light and medium
loams

Very acid (pH < 4.5)
Moderately acid (pH 4.6-5.0)

Slightly acid (pH 5.1-5.5)

0.66
0.80
0.91

Heavy loam
Very acid (pH < 4.5)

Moderately acid (pH 4.6-5.0)
Slightly acid (pH 5.1-5.5)

0.68
0.81
0.93

Table 76. Approximate Rates of CaCO3 for the Soils of Polissya and Western
Regions of Ukraine (mt/ha)

pHKClSoil Texture < 4 4.5 4.6 4.7-4.8 4.9-5.0 5.1-5.3 5.4-5.5 > 5.6
Sand, loose
and bound 4.0 3.0 2.5 2.0 1.5 1.0 1.0 0.5

Loamy sand 4.5 3.5 3.0 2.5 2.0 1.5 1.5 1.0
Light loam 5.5 4.5 4.0 3.5 3.0 2.5 2.5 2.0

The application of high rates of mineral fertilizers is an anthropogenic agent of
soil acidity. The following table (Table 77) gives the rates of CaCO3 per unit weight
of fertilizers in the zone of Polissya.

The complete (full) rates of lime calculated by the hydrolytic acidity of the soil
(an equivalent for an equivalent, or mole for mole) may be too high for some soils
with low buffering capacity and adversely affect the availability of macro- and
microelements of plant nutrition. Ukrainian Research Institute of Crop Production, in
cooperation with the other research organizations, determined optimum rates of lime
(mt/ha) relative to complete rate calculated from hydrolytic acidity (Table 78).
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Table 77. Rates of CaCO3 per Unit Weight of Fertilizers to Neutralize Their
Acidifying Effect in Polissya Zone

Fertilizer Chemical Composition CaCO3 Rate
Ammonium chloride NH4Cl 1.40
Ammonium sulfate (NH4)2SO4 1.20

Sodium- Ammonium sulfate (NH4)2SO4 · Na2SO4 0.90
Ammonium nitrate NH4NO3 0.75
Ammoniacal water NH3 + H2O 0.40

Anhydrous ammonia NH3 2.90
Urea CO(NH2)2 0.80

Ammophos NH4H2PO4 0.65

If other materials (not CaCO3) are used for liming, conversion coefficient
should be used to calculate liming rates: 1.20 for MgCO3, 1.78 for CaO, 2.50 for
MgO, 1.72 for Mg(OH)2, and 1.35 for Ca(OH)2.

Table 78. Optimum Rates of Lime for Acid Soils in Ukrainian Forest and
Forest-Steppe Zones

Soil

CaCO3 Rate
Relative to

Complete Rate by
Hydrolytic Acidity

Comments to Consider

Soddy-podzolic sandy 0.75
With high rates of mineral

fertilizers the rate may be increased
to 1.0

Soddy-podzolic loamy
sand 1.0

The rate may be reduced to 0.75 in
crop rotations with flax, lupin, and

potatoes and average rates of
mineral fertilizers within 0.5-0.6

mt/ha
Soddy-podzolic light

loam
Soddy-podzolic gleyed

1.0

1.0

Soddy-podzolic gleyed
from the surface 0.5

If hydrolytic acidity is over 4
meq/100g, the rates may be 0.75-

1.0
Grey forest and

podzolized soils,
leached chernozems

1.0

Carpathian brown
forest soils 0.5-0.25

If hydrolytic acidity is within 4.5-
8.0 meq/100g, the rate should be

0.5, if over 8, – 0.25
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Example of calculation. If lime material contains 50% CaCO3 and 40%
MgCO3, then its lime content in % of CaCO3 will not be 90% (50 + 40) but 98% (50
+ 40×1.2).

Physical weight of aglime (PWA, mt/ha) is calculated taking into account %
CaCO3, moisture, and the content of intensive particles:

CBW
D

PWA CaCO

)100)(100(
1003

3 ,                                                                         (168)

where DCaCO3 is the rate of CaCO3 (chemically pure and dry), mt/ha; W is the
percent of moisture in the material, B – the percent of inactive (too large, over 3 mm
in diameter) particles and C – the percent of CaCO3 in the material.

To decide if a repeated liming is needed, an agrochemical survey is carried out
on the farm. Soil characteristics obtained by the survey are compared with those
presented in Table 79. Time of repeated liming may also be determined by the
method of calcium and magnesium balance calculations, which is a very involved
task of agricultural chemistry in our country.

Table 79. Soil Acidity (pHKCl) Values Suggesting the Necessity of Repeated
Liming

Crop Rotations Pastures and
Haylands (cultured)

Soil
Texture

field with
large

areas of
flax

field with
grasses,
flax, and
potatoes

field with
sugar beet

and
alfalfa

with fodder
crops serving
a dairy farm

with
vegetable

and fodder
crops

with
cereal
grasses

with
cereal

legume
grasses

Sand and
loamy
sand

4.8 5.0 5.3 5.2 5.2 4.8 5.0

Light and
medium

loam
5.0 5.2 5.6 5.4 5.4 5.0 5.2

Heavy
loam and

clay
5.2 5.4 5.8 5.5 5.6 5.2 5.4

Peat 4.4 4.6 5.2 5.0 5.0 4.3 4.6

An average periodicity of liming recommended for “Ukrainian conditions”
may be seen from the Table 80.

Table 80. Periodicity of Acid Soil Liming in Ukraine, years

Zone and Region Liming Periodicity,
years

Forest
Volynska 6
Rivnenska 6

Zhitomirska 6-7
Chernigivska 6-7
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Forest-Steppe
Kyivska 6

Ternopylska 6-7
Vinnytska 7
Sumska 7

Carpathian Region
Zakarpatska 4-5

Ivano-Frankivska 5-6
Chernivetska 5-6

Lvivska 6

Actual periodicity of liming is very much dependent on the rates of mineral
fertilizers and intensity of acid rains.

6.3.3.4. Time, Place and Way of Lime Application in Crop Rotations

Optimal soil reaction for the growth and development of crops is controlled by
rates of liming material, its composition, place in a crop rotation, time and method of
application to the soil. Crop response to liming is very important for correct decision
making in this field. Maximum efficiency of lime should show itself on the crops of
the first and the second group, but it should be much weaker on the crops of the third
and fourth group. It is very important for the regions with potato, flax, and lupin
production. Optimum soil pH ranges (pHKCl) should be 5.0-5.5 for potato, 4.5-6.0 for
lupin, and 5.5-6.5 for flax. Taking this into account, all kinds of ground lime in crop
rotations with small grains, potato, and flax are applied to the soil when growing
potatoes: in fall, under moldboard plowing or in spring, under re-plowing or spring
cultivation. When growing flax and lupin, the lime should be applied in fall, under
plowing as primary tillage operation.

It is no good to apply lime under potatoes, flax, and lupin in the form of CaO
and Ca(OH)2, which sharply change soil reaction. Dolomite meal is the best form for
these crops.

In the forest-steppe crop rotations, the lime is applied under the crops
preceding those unfavorably sensitive to it, and which themselves favorable response
to liming, like sugar beet, clover, alfalfa,  cabbage, rape and peas. Good results fallow
the application of lime directly under sugar beet crop while disking the residue of a
previous crop (winter wheat) before plowing it down.

In the western regions of Ukraine, where flax and lupin are grown in 9-10-
field crop rotations, the lime should be applied in two equal portions: at the beginning
and in the middle of a crop rotation period, taking into account the sequence of crops.
It is admissible to apply lime in winter over the plowed surface of level land (or
slopes up to 4°), in windless days, over the freshly fallen and not too deep snow. But
it should not be allowed on areas which may be flooded in spring (Table 81).



138

Table 81. Calendar of Liming Practices

Month of the year Place and time of practices

April – May Under spring small-grain crops and, first of all, under the
cover of perennial grasses

June – August
After harvesting fallow-occupying crops and perennial
grasses of the first and second year of growth preceding
winter wheat

September – October After harvesting winter and spring small grain and
intertilled crops

November – March
Over frozen soil or snow on level land under all crops,
except flax and potatoes, on newly reclaimed meadows
and pastures

 7. SALT-AFFECTED SOILS, THEIR RESEARCH AND RECLAMATION

Salt-affected  soils  are  common  in  arid  and  semiarid  regions,  where  annual
precipitation is sufficient to meet the evapotranspiration needs of plants. As a result,
salts are not leached from the soil. They accumulate in amounts or types detrimental
to plant growth. In Ukraine, such soils are also encountered in subhumid regions of
Polissya and Forest-Steppe zone, on the left bank of the Dnipro where they develop
under conditions of high water table of ground water with sodium carbonate and
bicarbonate salinity. Salt-affected soils in Ukraine are especially widespread in the
Arid Steppe zone, but the also may occur within irrigated lands elsewhere. A recent
survey indicates that as much as one-third of all irrigated lands in the world may be
plagued by salt problems.

Generally speaking, the three main natural sources of sail salinity are mineral
weathering, atmospheric precipitation, and fossil salts (from former marine or
lacustrine environments). Saline irrigation waters and highly saline brines or
industrial wastes may also contribute to soil salinity.

In Ukraine the soils  are considered saline if  they contain 0.2-0.3% of soluble
salt in their profile. Ukrainian salt-affected soils are represented by solonchaks (very
saline ones), solonets (sodic) and solonchaky (less saline than solonchaks) soils.

Irrigation instigates the development of soils with secondary salinity or
sodicity.

The most frequently encountered soluble salts are represented by Na2CO3,
NaHCO3, NaCl,  MgCl2, CaCl2, Na2SO4, and MgSO4. Na2CO3 and NaCl (and other
chlorides) are the most toxic, whereas sulfates are thought to be the least toxic. The
salts like CaCO3, MgCO3, and CaSO4 are thought to be nontoxic.
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7.1. Soil Extract Analysis

Soil extract analysis is the determination of soluble salts extracted by distilled
water  from the  soil  (soil  :  water  =  1:5).  The  procedure  is  very  quick  and  allows  to
determine type and extent of soil salinity and ascertain the necessity of soil leaching
from toxic soluble salts. This analytical procedure is necessary for all alkaline soils,
which may prove to be sodic – saline.

Soil extract analysis results should give answers to the following questions:
1. What is the general content of soluble salts in the soil and what is the extent

of its salinity?
2. What is the qualitative and quantitative composition of salts causing soil

salinity?
3. Are there any toxic salts? What is their general content?
4. What type of soil salinity occurs in a given soil and what are the prospects of

their reclamation?
As a result of soil extract analysis, the following soil characteristics are

determined and evaluated:
1. Total dissolved solids percent.
2. Soil extract’s pH.
3. Content of cations (Ca2+, Mg2+, K+, Na+, etc) and anions (CO3

-, HCO3
-, Cl-,

SO4
2-, etc) in soil extract.

Obtained characteristics are expressed in percent to three decimal points and in
miliequivalents per 100 g of oven-dry soil to two decimal points.

7.1.1. Preparation of Soil Extract

100 g of air-dry and specially prepared (sieved though 1-mm sieve) soil is put
in 750-ml flask. 500 ml of distilled water are added to the soil (soil : water = 1:5).
The water should not contain CO2 and the impurities of Ca2+, Mg2+ and Cu2+ (freshly
distilled and boiled water).

Carbon dioxide causes the carbonates of calcium and magnesium to become
more soluble bicarbonates. This distorts analysis results increasing total alkalinity and
total dissolved solids percent (CaCO3 + H2O + CO2          Ca(HCO3)2).

The flask is covered with a stopper, shaken by hand for three minutes and
immediately filtrated through folded filter. First turbid portions of filtrate are
transferred on the filter again, till the filtrate becomes transluscent.

After completion of filtration, the filtrate is properly shaken. The flask with
soil extract should be kept under cover to prevent its evaporation as well as the
absorption by it of the gases in the laboratory (CO2, NH3, HCl, etc.).

Soil extract should be analyzed immediately after filtration. Kept for two days
or longer, it starts to rot.

Soil extracts from peat and litters are prepared with 1:20 ratio, that is 25 g of
air-dry peat is mixed with 500 ml of distilled water.
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7.1.2. Qualitative Analysis of Soil Extract

1. Cl- ion detection. 5 ml of soil extract is taken into a testing tube and
acidified with two drops of 10% H2SO4. After adding a few drops of 5% AgNO3 the
content of the tube is shaken. The presence of Cl- in soil extract is proved by the
appearance of AgCl precipitate:

NaCl + AgNO3 = AgCl   + NaNO3

Visually, by the amount of precipitate, a tentative judgement is made about the
relative content of Cl- in soil extract: high, medium, or low.

2. SO4
2- ion detection. 1  ml  10%  BaCl2 is added to 10 ml of soil extract in

testing  tube,  which  is  then  boiled  for  one  minute.  The  presence  of  SO4
2- ion  in  soil

extract is proved by the appearance of white BaSO4 precipitate:

Na2SO4 + BaCl2 = BaSO4 + 2NaCl

The same visual assessment is made as in the case with AgCl: low, medium,
high, or very high content.

3. Ca2+ ion detection. 5 ml of 4% (NH4)2C2O4 are added to 5 ml of soil extract
in a testing tube,  which then is  heated till  the boiling just  starts.  The appearance of
white precipitate of CaC2O4 testifies to the presence of Ca2+ in soil extract:

CaCl2 + (NH4)2C2O4 = CaC2O4 + NH4Cl

The above-mentioned visual assessment of Ca2+ concentration in the extract
(very low, low, medium, high or very high) should be made in this case too.

7.1.3. Dry Residue (Total Dissolved Solids) Determination

In a portion of soil extract (25 ml) pH should be determined and conclusion
made on active soil reaction and possible character of soil salinity. For example, if
pH exceeds 8.4, it may be an evidence of Na2CO3 salinity which is the most toxic to
plants.

The  total  dissolved  solids  (TDS) are determined by evaporating a definite
volume of soil extract to dryness. It is usually recommended to pipet 50 ml of soil
extract  into  a  weighed  porcelain  dish  (evaporation  cup)  and  put  it  on  a  water  bath.
Evaporated cups with dry residue of dissolved solids should then be kept in electric
drying oven for two hours at above 80-90°C (not any higher as the organic
components would be charred and CO2 of the carbonates may be lost). Percent of
TDS may be calculated by the formula:

,
100

%
2

2

VP

KVa
TDS

OH                                                                         (169)

where a is the weight of dissolved solids in the cup, g; P is the weight (g) of
air-dry soil sample taken for analysis; V1 is the volume (ml) of water added to the soil
sample during the soil extract preparation, V2 is the volume (ml) of soil extract
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pipetted for the TDS percent determination, and KH2O is the hygroscopicity
coefficient of a given soil.

Early appraisals of the salinity of soil-water extracts or irrigation waters were
generally in terms of TDS. The presence of hygroscopic water within the resultant
salt (and not only salt) mixtures, however, made the values for TDS strongly
dependent upon the conditions used for drying.

More recently, salinity has been measured in terms of the electrical
conductivity (EC) of the solution. It overcomes the ambiguities of TDS measurement,
is quicker and sufficiently accurate for most purposes. To determine the EC, the
solution is placed between two electrodes of constant geometry and constant distance
of separation. Conductance is the reciprocal of resistance and has units of reciprocal
ohms or siemens (formerly mhos).

Several empirical relationships are important. For solutions in the EC range
from 0.1 to 5 dsm-1 (mmho×cm-1):

TDS = (mg×L-1) = EC (dsm-1) × 640.
For soil extract in the EC range from 3 to 30 dsm-1

OP(bars) = EC (dsm-1) × (-0.36),

where OP is the osmotic potential, or the negative of the osmotic pressure.

7.1.4. Total Mineral Dissolved Solids Percent Determination

In other words, it is the determination of residue of total dissolved solids after
ignition. A porcelain cup, containing TDS, after determination of their percent, is
ignited for 1-2 hours in the muffle or crucible furnace at the temperature not
exceeding 600 °C.

After cooling in the dessicator, the cup is weighed once again for 30 minutes,
cooled and weighed again. The operation is repeated till the weight becomes
constant. The percent is calculated by the formula used for the calculation of TDS
percent.

7.1.5. Potentiometric Determination of Soil Extract’s pH

15-20 ml of extract is poured into a dry 50-ml beaker. Using pH-meter, the
extract’s pH is measured to two decimal points of a unit.

7.1.6. Active Soil Alkalinity Determination

The alkalinity of soil solution (active alkalinity) is effected by the presence of
free hydroxyls (OH-). It is caused by carbonates and bicarbonates of alkaline and
earth-alkaline metals which undergo hydrolysis, interacting with water, and
determine the alkaline reaction of soil solution or extract. Some hydrolytically
alkaline salts of silicic and organic acids may also contribute to active soil alkalinity.

Soil alkalinity from normal carbonates is caused mainly by Na2CO3 well
soluble in water. The hydrolysis of Na2CO3 mainly proceeds in the following way:
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Na2CO3 + 2H2O = 2NaOH + H2O + CO2

The dissociation of Na2CO3 increases solution pH to 8.5-10:

NaOH           Na+ + OH-.

So alkalinity caused by CO3
2- (Na2CO3) is of very aggressive and toxic nature.

In soils with pH below 8.3 the carbonate (CO3
2-) ions are absent and alkalinity

is created only by bicarbonate (HCO3
-) anion.

The determination of active soil alkalinity caused by normal carbonates is
done  by  titration  of  portion  of  soil  extract  with  0.05N  H2SO4 in the presence of
phenolphthalein till the pink color disappears:

2 Na2CO3 + H2SO4 = 2NaHCO3 + Na2SO4

As can be seen from the equation, normal carbonate ions turn into bicarbonate
ions, pH is reduced below 8.3 and pink color of phenolphthalein disappears. So only
a  half  of  Na2CO3 is  titrated  in  this  case,  and  total  amount  of  CO3

2- (alkalinity from
normal carbonates) will be proportional to double amount of the acid used for the
titration. That must be taken into account performing calculations.

Analytical procedure. 25-50 ml of soil extract are poured into each of 100-ml
conical flasks and three drops of phenolphthalein are added into each flask. The
appearance of pink color evidences to the presence of CO3

2-.  In  such  a  case,  the
extract is titrated with 0.05N H2SO4 to discoloration. The titration is more precise if
conducted in the presence of a witness: the second flask after the first is titrated
“more exactly”. Active soil alkalinity caused by normal carbonates (CO3

2-) in
milliequavalents per 100 g of oven-dry soil is calculated by the formula:

,
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gmeqCO OHSOH                                   (170)

where a1 is the volume (ml) of H2SO4 solution used for the titration of 50 ml of
soil extract; N is  the  normality  of  H2SO4 solution (usually 0.05N); V is the total
volume of soil extract prepared for analysis; and V1 is the volume of soil extract
pipetted for CO3

2- determination (ml); p is the weight (g) of air-dry soil sample taken
for soil extract analysis.

To obtain the amount of CO3
2- in percent of oven-dry soil, the following

calculation is performed:

,100/,03.0% 2
3

2
3 gmeqCOCO                                                              (171)

where 0.03 stands for the milliequivalents of CO3
2- expressed in grams.

The data of soil alkalinity determination are put in the following table
 (Table 82).

Total active soil alkalinity determination is done by titration of soil extract with
0.05N H2SO4 in the presence of methyl-orange (pH 4.4):

2NaHCO3 + H2SO4 = Na2SO4 + 2H2O + 2CO2
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Ca(HCO3)2 + H2SO4 = CaSO4 + 2H2O + 2CO2

Table 82. Determination of Soil Alkalinity Caused by Normal Carbonates

CO3
2- content

Soil
Sample

No

Weight
of the

soil taken
for

analysis,
g

Volume
(ml) of

water used
for extract
preparation

Volume
(ml) of
filtrate,

taken for
titration

Correcting
coefficient
(KH2SO4)

Volume
(ml) of
0.05N
H2SO4

used for
titration

Meq/100 g %

P V V1 KH2SO4 a1

The reaction, therefore, proceeds to the complete “destruction” of carbonates:

HCO3
- + H+           CO2 + H2O

Analytical procedure. Into  the  same  flask,  in  which  CO3
2- has been

determined (without overtitration), we add 2 drops of metyl-orange and titrate the
light yellow content of the flask to stable pinkish color with 0.05N H2SO4. The
titration  should  be  done  “with  a  witness”  –  the  first  flask,  so  that  the  second  one
would be titrated “with more precision”. Total active soil alkalinity in
milliequivalents per 100 g of oven-dry soil is calculated by the formula:

,
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gmeqHCO OHSOH                          (172)

where a1 is the volume (ml) of H2SO4 solution used for the titration during the
determination of alkalinity caused by CO3

2- (a1 in the previous formula); a2 is the
volume (ml) of H2SO4 solution used for the titration in a given determination of
HCO3

- caused alkalinity; N is the normality of H2SO4 solution (usually 0.05N); V1 is
the volume of a filtrate taken for a given determination. All the other symbols and
values are the same as in the previous formula used for CO3

2- calculation.
HCO3

- content in percent of oven-dry soil is calculated by the formula:

,100/,061.0% 33 gmeqHCOHCO                                                         (173)

where 0.061 stands for the milliequivalent weight of HCO3
- in grams. The data

are put into the table (Table 83).

Table 83. Total Active Soil Alkalinity Determination

Volume of 0.05N H2SO4
used for titration, ml

Total alkalinity
(HCO3

-)Soil
sample,

Weight (g)
of air-dry
soil taken
for extract
preparation

Volume
(ml) of

water taken
for soil
extract

preparation

Volume
(ml) of
filtrate
taken
for

titration

with
phenolphthalein

with
metyl-
orange

Correction
Coefficient
for  H2SO4

solution
normality

meq/100g %

P V V1 KH2SO4
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7.1.7. Chloride Ion Determination by Mohr’s Method

The essence of a given procedure lies in the titration of soil extract with
AgNO3 in the presence of K2CrO4. Solubility product of AgCl is achieved earlier than
that of Ag2CrO4, so when Cl- ions are completely bound by Ag+ cations, they begin to
form a brick-red precipitate with CrO4

2- which signifies the end of titration.
Analytical procedure. 1 ml (10 drops) of 10% K2CrO4 is added to the content

of a flask in which total active alkalinity has been determined (without overtitration)
and the content  of  a  flask is  titrated with 0.05N AgNO3 till red-brick color appears.
The reactions proceeds according to the equations:

NaCl + AgNO3 = NaNO3 + AgCl

K2CrO4 + AgNO3 = 2KNO3 + Ag2CrO4

The amount of chloride-ion in meq per 100 g of oven-dry soil is found by the
formula:

,
100

100/,
1

3 2

PV
KVKNa

gmeqCl OHAgNO                                          (174)

where a is the volume of AgNO3 solution with N normality used for the
titration; KAgNO3 is the correction coefficient to exact normality of a solution; V is the
total volume of soil extract, V1 – its volume taken for a given analysis, and P –  the
weight of air-dry soil sample taken for soil extract analysis.

The percent of chloride-ion by oven-dry soil weight is calculated by the
formula:

,100/,0355.0% gmeqClCl                                                                       (175)

where 0.0355 stands for the milliequivalent of Cl- in grams. Analysis data are
put in the following table 84.

Table 84. Cl- Determination Results

Content of
chloride ions

(Cl-)
Soil

Sample,
No

Weight (g)
of air-dry

soil sample
taken for

soil extract
analysis

Volume of
water taken

for soil
extract

preparation,
ml

Volume (ml)
of filtrate,

taken for Cl-
determination

Correction
coefficient

for
AgNO3
solution

normality

Volume of
0.05N

AgNO3 used
for titration

in Cl-
determination

meq/100 g %

P V V1 KAgNO3 a

7.1.8. Sulfate-Ion (SO4
2-) Determination.

Essence of the method. SO4
2- determination is based on its ability to form

insoluble precipitate with Ba2+ (BaSO4):

Na2SO4 + BaCl2        BaSO4  + NaCl.

SO4
2- anion is usually determined by gravimetric procedure.
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Analytical procedure. 50 or 25 ml of soil extract is pipetted into a 100 ml
chemical glass (beaker). It is neutralized with 10% NH4OH and acidified with 10%
HCl to bright pink color by methyl red indicator. Then another 1 ml of HCl is added.
The content of the beaker is heated to boiling and 5 ml of hot 10% BaCl2 are added to
it by drops from a pipette accompanied by a stirring. The beaker is covered with a
watch glass, boiled for 2-3 minutes, and left to stand in a warm place for 2-3 hours.
An “ashless” filter paper should be employed for the precipitate filtration. The
precipitate on the filter should be washed with hot distilled water, slightly acidulated
with 10% HCl till the negative reaction on Ba2+ with 10% H2SO4. After drying on the
funnel, the precipitate should be placed together with filter in weighed porcelain
crucible. The crucible with the precipitate is put in a triangle on a tripod and heated
very carefully over a small flame so that the filter first dries completely and then
chars slowly without catching fire. Care must be taken not to allow the inner blue
cone of the flame to touch the bottom of the crucible. Then the crucible is put into a
muffle furnace or crucible furnace for ignition at the temperature not exceeding 600-
700°C for at least 20-25 minutes. Attention: at 800°C the precipitate is decomposed.
On extraction from the furnace, the crucible is transported to a dessicator, cooled, and
weighed.

Note: When an electric furnace is used, the filter is always first charred by
means of a gas burner (or on an electric hot-plate), and the crucible is put in the
furnace only when smoking has stopped.

The amount of SO4
2- in meq/100 g is calculated by the formula:

,
100414.0

100/,
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2
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PV
KVa

gmeqSO OH                                                 (176)

where a is the weight of BaSO4 precipitate weighed on analytical balance (g),
and 0.414 is the ratio between BaSO4 and SO4

2-.  All the other symbols are as in the
previous formulas.

Percent of SO4
2- in oven-dry soil is calculated by the formula:

,100/,048.0% 2
4

2
4 gmeqSOSO                                                                   (177)

where 0.048 stands for the milliequivalent of SO4
2- in grams.

Analysis results are put in the following table (Table 85).

Table 85. Sulfate-Ion (SO4
2-) determination Results

SO4
2-  content in

Soil
Sample,

Weight (g)
of air-dry

soil
sample

taken for
soil extract

analysis

Volume
(ml) of

water taken
for soil
extract

preparation

Volume (ml)
of soil extract

taken for
SO4

2-

determination

Weight (g) of
precipitation meq/100 g %

P V V1 a
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For not very exact determination, much simpler, “semi-quantitative”
procedures can be employed, like ones based on turbidity comparisons. A series of
testing tubes with known BaSO4 concentrations are compared with testing tubes
containing BaSO4 obtained from soil  extract.  In such a case,  the percent  of  SO4

2- in
oven-dry soil is calculated by the formula:

,5%%
2

2
4

2
4 OHKsttubestatedonteSOSO                                                    (178)

where KH2O is the soil’s hygroscopicity coefficient as in numerous other
formulas given here. SO4

2- amount in milliequivalents per 100 g of oven-dry soil is
then computed by the equation:

,
03.48

%1000100/,
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4

SOgmeqSO                                                          (179)

where 48.03 stand for the equivalent weight in grams of SO4
2-.

7.1.9. Calcium (Ca2+) and Magnesium (Mg2+) Determination by
Trilonometric Procedure

Ca2+ and  Mg2+ sum is determined by the complexonometric procedure, using
Trilon B, the disodium salt of ethylene-diaminetetraacetic acid, which forms very
stable internal complex salts with many metals, including Ca2+ and Mg2+:

Analytical procedure. 25 ml of water extract are pipetted into a 150-ml
conical flask. 1 ml of 5% NH2OH·HCl is added to the flask’s content, to prevent the
influence of  Mn2+,  1  ml of  2% NaS, 5 ml of  chloride – ammoniacal  buffer  solution
and, at last, 10 mg of chromogen Black indicator. The content of the flask is then
titrated with 0.05N Trilon B till the dark lilac color changes to the blue. Ca2+ and
Mg2+ content, in milliequivalents per 100 g of oven-dry soil is then calculated by the
formula:
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gmeqMgCa OH                                (180)

where a is the volume (ml) of 0.05N Trilon B, used for the titration, K is  the
correction coefficient for Trilon B normality, and all the other symbols are like those
in the previous formulas.

To determine Ca2+, 25 ml of water extract are pipetted into the same but clean
conical flask. NH2OH·HCl  and  Na2S solutions are added, as in the previous
determination. Alkaline reaction is created by the addition of 2 ml 10% KOH
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(NaOH). Indicator murexide is added in amount of 10-15 mg. The content of the
flask is titrated with 0.05N Trilon B till the wine-red color turns into violet. Ca2+

content in milliequivalents per 100 g of oven-dry soil is calculated by the formula:

,
10005.0

100/,
1

2 2

PV
KVKa

gmeqCa OH                                             (181)

where a is the volume (ml) of 0.05N Trilon B, used for the titration, and K is
the corrective coefficient for Trilon B normality. All the other symbols are like those
in the previous formula.

Percent of Ca2+ in oven-dry soil is calculated by the formula:

.100/,020.0% 22 gmeqCaCa                                                           (182)

The amount of Mg2+ in milliequivalents per 100 g of oven-dry soil is calculated
by the subtraction:

.100/,100/),(100/, 2222 gmeqCagmeqMgCagmeqMg         (183)

.100/,012.0% 22 gmeqMgMg                                                        (184)

Analytical results are presented in the following tables (Table 86 and
Table 87).

Table 86. Determination of Ca2+ (Calcium-Ion)

Ca2+ content
in

Soil
Sample

No

Weight (g)
of air-dry
soil, taken
for  extract
preparation

Volume
(ml) of
water,

taken for
extract

preparation

Volume (ml)
of filtrate
taken for
titration

Correction
coefficient
to Trilon

B
normality

Volume
(ml) of
0.05N

Trilon B,
used for
titration meq/100 g %

P V V1 K a

Table 87. Determination of Ca2+ and Mg2+

Soil
Sample

No

Weight (g)
of air-dry
soil, taken
for  extract
preparation

Volume
(ml) of

water taken
for extract
preparation

Volume (ml)
of filtrate
taken for
titration

Correction
coefficient
to Trilon

B
normality

Volume (ml)
of  0.05N
Trilon B,
used for
titration

(Ca2+ +
Mg2+)

content in
meq/100 g

P V V1 K a

7.1.10. Determination of Sodium and Potassium Ions (Na+, K+)

Method’s essence. The content of these ions in soil extract is determined using
a flame photometer. Light filters used for the determination of these ions are
corresponding to the wavelength of 589 nm for sodium and 766 nm for potassium.
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Analytical procedure. To calibrate flame photometer, the series of standard
solutions is first to be prepared. Measuring 250-ml flasks receive the following
volumes of initial standard solution from a burette:

N0 of standard solution 1 2 3 4 5  6 7 8 9 10
Volume (ml) of initial

standard solution 0 1 3 5 7 10 15 20 25 30

Na+  content in meq per 100 g 0 1 3 5 7 10 15 20 25 30
K+ content in meq per 100 g 0 0.5 1.5 2.5 3.5 5.0 7.5 10 12.5 15

The volumes in the flasks are filled up to the volume (250 ml) with distilled
water and the flasks well shaken. Calibration graphs are drawn, knowing the contents
of Na+ and  K+ and corresponding galvanometer reading. Soil extract is photo
measured in exactly the same way. Na+ and K+ contents in milliequivalents per 100 g
of oven-dry soil are calculated using the calibration graphs. Percents of Na+ and K+ in
oven-dry soil are calculated by the formulas:

,100/,023.0% gmeqNaNa                                                                     (185)

,100/,0391.0% gmeqKK                                                                       (186)

where 0.023 and 0.0391 are the milliequivalent weights of sodium and
potassium ions respectively in grams.

7.1.11. Determination of the Sum of K+ and Na+ by Subtraction

More  often  that  not,  so  far,  the  cations  of  Na+ and  K+ are not directly
determined in soil extract analysis, but found out by subtraction. It is an
understandable fact that the sum of anions in milliequivalents per 100 g of oven-dry
soil is equal to that of cations, expressed in the same units. Such calculations are
allowed if the amount of ions, not determined but present in soil extract is negligibly
low.  But  there  may  be  soils  with  considerable  content  of  NO3

- and
NO2

-, as well as of some cations, for which such an operation should not be allowed.
So, the amount of Na+ (K+) in meq/100 g is calculated by the formula:

Na+(K+), meq/100g = (CO3
2- + HCO3

- +  Cl- +  SO4
2-),  meq/100  g  –

– (Ca2+ + Mg2+), meq/100g.                                                                                (187)

%Na+ = 0.023·Na+(K+), meq/100g.                                                          (188)
The  summing-up  table  of  the  results  of  soil  extract  analysis  may  be  like  the

following (Table 88).

Table 88. Soil Extract Analysis Results

Anions
Soil

sample
No

Total
Dissolved
Solids, %

Mineral
Dissolved
Solids, % CO3

2- HCO3
- Cl- SO4

2- Sum Ca2+ Mg2+ Na+ K+ Sum

Total Sum
of Ions

Determine
d in the

Analysis
In % of oven-dry soil

In meq per 100 g of oven -dry soil
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7.1.12. Checking Up the Precision of Soil Extract Analysis

Soil extract analysis results need checking up, as different analytical
procedures are involved in it, each with its own sensitivity and prevision. There are
several ways to check up the trustworthiness of results or at least the probability of
their being correct:

1) comparison of the total sum of salts, expressed in percent with TDS percent
or,  better  still,  MDS  percent.  The  values  may  be  close  to  each  other  or  the  sum  of
soluble salts may be slightly lower than the TDS percent. Good, if the difference
between these characteristics does not exceed 5%.

2) if all cations and anions were determined directly, not by subtraction, the
content of cations and anions in milliequivalent per 100 g of oven-dry soil (or any
other equivalent units) must be very nearly equal to each other. The difference
between them should not exceed 7%.

3) the error of soil extract analysis, in which all the essential anions and cations
were determined directly , can be computed by the formula:

,
100)(

anionscations
anionscations

                                                                  (189)

where is the relative error in %.
More often than not, the deviations from allowable norm may be caused by the

presence in soil extract of ions, not determined by the procedure of the analysis, like
Fe2+, Fe3+, Al3+, Mn2+, HSO3

-, NO3
-, NO2

-, HPO4
2-, etc.

7.1. Type and Extent of Soil Salinity Determination
Toxicities of various soluble salts in soils to plants are different. So it is

important  to  know  the  chemical  essence  or  type  of  soil  salinity.  The  type  of  soil
salinity is identified by the ratios between anions and cations, the contents of which
in milliequivalents per 100 g of oven-dry soil were found as a result of soil extract
analysis. One of the classifications, developed by the Research Institute of Soil
Science in the former Soviet Union, is given in the following table
(Table 89).

Table 89. Type of Soil Salinity Determination by the Method of
N.I.Bazilyevich and E.I.Pankova

Ratios, meq/100g Ratios, meq/100g

By anionic
composition Cl-

SO4
2-

HCO3
-

Cl-
HCO3

-

SO4
2-

Ratios
between

cations and
anions,

meq/100 g

By cationic
composition Na+

Mg2+

Na+

Ca2+
Mg2+

Ca2+

1 2 3 4 5 6 7 8 9
Chloridic > 2.5 – – Sodic >1 >1 –
Sulfate-
chloridic 2.5-1 – – Sodium-

magnesial <1 >1 >1

Chloride-
sulfatic 1-0.2 – – Magnesium

-sodic >1 >1 >1
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1 2 3 4 5 6 7 8 9

Sulfatic < 0.2 – – Calcium-
sodic >1 >1 <1

Soda-
chloridic >1 <1 >1 HCO3

- >
Ca2+ + Mg2+

Calcium-
magnesic <1 <1 >1

Soda-
sulfatic <1 >1 < 1 The same Sodium-

calcic >1 <1 <1

Chloride-
sodic >1 >1 >1 The same Magnesium

- calcic <1 <1 <1

Sulfate-
sodic <1 >1 >1 The same Magnesial <1 – >1

Sulfate-
chloride-

bicarbonatic
– >1 >1

HCO3
- > Na+

Na+ < Ca2+

Na+ < Mg2+

Soil extract may contain the following salts: easily soluble, like NaCl, Na2SO4,
Na2CO3, NaHCO3, MgCl2, CaCl2, and MgSO4; less soluble like CaSO4, MgCO3, and
Ca(HCO3), and practically insoluble like CaCO3. Toxic salt include all easily soluble
ones and MgCO3 of the less soluble ones. The rest of the less soluble and practically
insoluble salts are nontoxic. So it is important to know for certain which and in what
amounts salts are toxic and nontoxic. In determining the relative toxicity it is
important to know that the unit of toxicity is chloride unit (CU) = 1 meq/10 g of Cl-:

1 meq/100 g of CO3
2- = 10CU,

1 meq/100 g of HCO3
- = 1/2.5CU, or 1/3 CU (if the soil contains gypsum),

1 meq/100 g of SO4
2- = 1/5CU, or 1/6 CU (if the soil contains gypsum).

Soil classification by the extent of salinity, proposed by N.I.Bazilyevich and
E.I.Pankova is in the following table (Table 90).

Table 90. Extent of Soil Salinity Determination by the Method of
N.I.Bazilyevich and E.I.Pankova

Type of salinity and % of soluble salts
Extent of
salinity Chloridic Sulfate-

chloridic
Chloride-
sulfatic Sulfatic

Soda-chloridic
and chloride-

sodic

Soda-
sulfatic and
sulfate-sodic

Sulfate or
chloride-

bicarbonatic
Nonsaline < 0.05 < 0.1 < 0.2 < 0.3 < 0.1 < 0.15 < 0.2
Slightly
saline

0.05-
0.15 0.1-0.2 0.2-0.4 0.3-0.4 0.1-0.2 0.15-0.25 0.2-0.4

Moderately
saline 0.15-0.3 0.2-0.4 0.4-0.6 0.4-0.8 0.2-0.3 0.25-0.4 0.4-0.5

Strongly
saline 0.3-0.7 0.4-0.8 0.6-0.9 0.8-1.2 0.3-0.5 0.4-0.6

not
encountere

d
Very strongly

saline
(solonchaks)

>0.7 >0.8 >0.9 >1.2 >0.5 >0.6 the same
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 Some  classifications  are  based  on  the  content  of  toxic  salts.  The  amount  of
toxic ions is calculated taking into account the following circumstances (all amounts
are in meq/100 g):

1) If HCO3
- < Ca2+: Ca2+

1 = Ca2+ – HCO3
- SO4

2- toxic = SO4
2+ – Ca2+

1

Sum of toxic salts = (Na+ + Mg2+ + Cl- + SO4
2- toxic);

2) If HCO3
- > Ca2+: HCO3

- toxic = HCO3
- – Ca2+

Sum of toxic salts = (Na+ + Mg2+ + Cl- + SO4
2- + HCO3

- toxic);

3) If SO4
2-< Ca2+: Ca2+

1 = Ca2+ – HCO3
- Ca2+ toxic = Ca2+ – SO4

2-

Sum of toxic salts = (Ca2+ toxic + Mg2+ + Na+ + Cl-).
The more up-to-date procedure of the extent of soil salinity determination

employs,  as  a  classification parameter,  the content  of  toxic salts  (%) alongside with
the type of soil salinity. The classification is given in the following table 91.

Still another soil classification by the extent of salinity demands the calculation
of the sum of toxic anions in chloride units (CU). This classification does not take
into account the type of soil salinity:

Table 91. Soil Classification by the Extent of Salinity

Sum of toxic salts, %

Extent of
salinity Chloridic Sulfate-

chloridic
Chloride-
sulfatic

Sulfatic and
bicarbonatic

Soda-
chloridic

and
chloride-

sodic

Soda-
sulfatic and
sulfate-sodic

Nonsaline < 0.03 < 0.05 < 0.1 < 0.15 < 0.1 < 0.15
Slightly
saline 0.03-0.1 0.05-0.12 0.10-0.25 0.15-0.30 0.1-0.15 0.15-0.25

Moderately
saline 0.1-0.3 0.12-0.35 0.25-0.50 0.3-0.6 0.15-0.30 0.25-0.35

Strongly
saline 0.3-0.6 0.35-0.70 0.5-0.9 0.6-1.4 0.3-0.5 0.35-0.60

Very
strongly
saline

(solonchaks)

>0.6 >0.7 >0.9 >1.4 >0.5 >0.6

The values of CU in brackets are for soils containing gypsum which alleviates
the influence of toxic salts on plants.

Sum of toxic anions, CU Extent of Salinity
< 0.3 Nonsaline

0.3-1.0 (1.5) Slightly saline
1.0(1.5)-3.0(3.5) Moderately  saline
3.0(3.5)- 7.0(7.5) Strongly  saline

> 7.0 (7.5) Very strongly saline (solonchaks)
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Example of calculations. By the  data  of  soil  extract  analysis,  the  content  of
ions in milliequivalents per 100 g of oven-dry soil is the following: HCO3

- – 0.44; Cl-

– 5.38; SO4
2- = 5.99; Ca – 2.30; Mg2+ – 1.65; Na+ - 7.86.

SO4
2- toxic = (7.86+1.65) – 5.38 = 4.13 meq/100 g.

The amounts of toxic ions in the extract is as follows: Cl- – 5.38;
SO4

2- – 4.13; Mg2+ – 1.65, and Na+ – 7.86 meq/100g.

Ca2+ toxic = Cl – (Na+ + Mg2+);                                                                 (190)

HCO3
- toxic  =  HCO3

- total  –  Ca2+.  Contents  of  ions,  expressed  in
milliequivalents, are multiplied by their milliequivalent weight in grams to obtain
percent. The sum of toxic salts is calculated in percent:

Cl- = 5.38 · 0.035 = 0.18870
SO4

2- = 4.13 · 0.053 = 0.21889
Mg2+= 1.65· 0.012 = 0.01980
Na+ = 7.86 · 0.012 = 0.18078

Sum = 0.60817 = 0.61%.

As the type of soil salinity is chloride-sulfatic, the extent of soil salinity
corresponds to strongly saline grade. Using the following table (Table 92), we find
out that some severe stunting of plants and yield reduction by 50-80% can be
expected on a given soil.

Table 92. Soil Salinity Effects on the Yield and Growth of Field Crops

Extent of Soil Salinity Condition and Yields of Crops

Nonsaline Good growth and development, normal level of
yield

Slightly saline Slight suspension of growth. Yields expected
10-20% lower

Moderately  saline Moderate suspension of growth. Yields expected
20-50% lower

Strongly  saline Severe suspension of growth and development.
Yields lower by 50-80%.

Very strongly saline  Only some plants survive. Practically no yield.

7.3. Elements of Saline Soil Reclamation

“Fighting” soil salinity includes a set of practices directed on the regulation of
salt  regime  in  accordance  with  the  requirements  of  plants  to  soil  conditions.  The
practices of protilaxis are very important in this respect. Optimum concentration of
soluble salts in soil solutions must not exceed 5-6 g·L-1. The next table (Table )
contains admissible percents of soluble salts depending on their composition. By
drainage and other practices, it is possible to reduce the salinity of active soil layers
to allowable levels.

The depths to saline ground water tables should be kept close to critical ones.
The exchange of water between the active soil layer and ground water should be
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negative, and there should not be any upward movement of water in the zone of
aeration.

Critical depth to watertable in loess soils depends on groundwater salinity
(A.M.Kostyakov):

Salinity, g · L-1: Critical depth, m:
3 1.7-2.2
3-5 2.2-3.0
5-7 3.0-3.5

In heavy soils the critical depths should be 20% greater. V.A.Kovda proposed
a formula for the calculation of critical depth:

,8170 0tH cr                                                                                          (191)

where Hcr is in meters and t° is the mean annual air temperature in °C.
While reclaiming saline soils it is very important to select crops taking into

account their sensitivity to salinity (Table 93).

Table 93. Upper Allowable Salt Contents in Soil in Dependence on Salinity
Type (in % of oven-dry soil)

Soil Salinity Type

Parameters Chloridic Sulfate-
chloridic

Chloride-
sulfatic Sulfatic

Soda-
chloridic

and
chloride-

sodic

Soda-
sulfatic

and
sulfate-
sodic

Sulfate or
chloride -

bicarbonatic

Total salt
content or

TDS
0.15 0.20 0.4(1.2)* 0.6(1.2)* 0.20 0.25 0.40

Sum of toxic
salts 0.10 0.12 0.25 0.30 0.15 0.25 0.30

Toxic sulfate-
ion 0.02 0.04 0.11 0.14 – 0.07 0.10

Chloride-ion 0.03 0.03 0.03 0.03 0.02 – 0.03
Labile

Sodium-ion 0.046 0.046 0.046 0.046 0.046 0.046 0.046

Bicarbonate-
ion 0.08 0.08 0.08 0.08 0.10 0.10 0.10

pH of 1:2.5
suspension 8.3 8.3 8.3 8.3 8.5 8.5 8.5

Exchangeable
sodium

In soils with high organic matter content and in soils with low organic mater
content the upper limit should not exceed 10 and 5% of the sum of cations,

respectively

* Values  without  brackets  correspond to  soils  with  the  content  of  gypsum up to  0.5% and
values in brackets – to those with over 0.5%.
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Table 94. Relative Salt Sensitivity of Crops

Very sensitive Moderately resistant Resistant
Field crops

Beans and peas Rye, wheat, sorghum, soybean, maize,
flax, sunflower

Barley, sugar and
other beets, rape

Forage crops

Clover (Trifolium repens),
Sweden clover, meadow

clover, foxtail

Mellilotus (albus and officinalis), rye
grass (perennial, canary grass, Sudanese

grass, alfalfa, Lotus corniculatus,
Dactylis glomerata (orchards grass)

Sporobulus,
Agropyron repens,
oatgrass, blue grass

Vegetable crops

Radish, Celera, green, bean
Tomatoes, cabbage, sugar maize, potato,

pepper, onion, pumpkins, peas,
cucumbers

Rootbect, broccoli,
asparagus, spinage,

turneps
Fruit crops

Pear, apple, plum, apricot,
peach, strawberries Pomegranate, grapes None

 Fruit trees should not ever be planted in saline soils. Even deeply saline soils
(with salts at 150-200 cm of depth) are no good for them.

The  main  effect  of  soluble  salts  on  plants  is  osmotic,  since  high  salt  levels
make it difficult for the plant to obtain water for growth. Plants growing on saline
media can somewhat increase their internal osmotic concentrations by production of
organic acids or uptake of salts. This process is called osmotic adjustment.

In present-day agronomy it is important to know the response plants to salinity
of  the  soil  in  terms  of  electric  conductivity  (EC).  H.L.Bohn,  B.L.McNeal  and
G.A.O’Connor,  in  the  second  edition  of  their  Soil  Chemistry  (1985),  give  a  table
illustrating salt tolerance of plants in terms of EC at the point of initial yields decline,
and percent yield decrease per unit increase in salinity beyond this threshold.

Table 95. Salt Tolerance of Plants (H.L.Bohn, et al., Soil Chemistry, p. 248-249)

EC (ds m-1 at 25°C) at which
yield will be decreased byCrop
10% 25% 50%

1 2 3 4
Forage Crops

Bermuda grass (Cynodon dactylon) 13 16 18
Tall wheatgrass (Agropyron elongatum) 11 15 18
Crested wheatgrass (Agropyron desertorum) 6 11 18
Tall fescue (Festuca arundinacea) 7 10 14
Barley, hay (Hordeum vulgare) 8 11 13
Ryegrass (Lolium perenne) 8 10 13
Alfalfa (Medicago sativa) 3 5 8
Orchard grass (Dactylis glomerata) 2.5 4.5 8
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Field and vegetable crops
Barley, grain (Hordeum vulgare) 12 16 18
Sugar beet (Beta vulgaris) 10 13 16
Tomato (Lycopersicum esculentum) 4 6.5 8
Broccoli (Brassica olereacea) 4 6 8
Wheat (Triticum aestivum) 7 10 14
Sorghum (Sorghum vulgare) 6 9 12
Corn (Zea mays) 5 6 8
Broadbean (Vicia faba) 3.5 4.5 6.5
Flax (Linum usitatissimum) 3 4.5 6.5
Field bean (Phaseolus vulgaris) 1.5 2 3
Spinach (Spinacia oleracea) 5.5 7 8
Cabbage (Brassica oleracea) 2.5 4 7
Potato (Solanum tuberosum) 2.5 4 6
Onion (Allium cepa) 2 3.5 4
Carrot (Daucus carota) 1.5 2.5 4
Green bean (Phaseonlus vulgaris) 1.5 2 3.5

Some plants are particularly sensitive to salinity during the germination or
seedling stages when a restricted root zone makes the plant extremely vulnerable to
osmotic stress. Seedbed shape is often modified for such crops in order to minimize
salt accumulation in the vicinity of young seedlings. Alternate-furrow irrigation
(where only one side of the crop row is irrigated at any one time) can also be used to
flush salts past the young seedling if single-rows are used. Drip irrigation, though
generally flushing salts to the periphery of the wetted soil volume, can also lead to
serious salinity problems when high rates of fertilizers are being added through the
drip lines, upon replanting, or whenever rainfall flushes accumulated salts to the
vicinity of previously nonstressed plant roots.

Many plants are sensitive to specific ions in irrigation waters or soil solutions.
Boron toxicity may be very common. The table below contains tolerable
concentrations of salts in soils planned for the plantings of orchards (Table 96).

Table 96. Admissible Concentrations of Salts in Soils Suitable for the Planting
of Orchards (meq/100 g, data of S.F.Negovelov)

Depth of Layers, cmSoil
Group Perniceous Salts 0-100 100-160 160-200 200-300

Soil suitability for the
growth of fruit trees

I Sulfates 2.0 2.0 2.0 2.0 Good for all fruit tress

II Chlorides
sulfates

0.3
2.0

0.3
2.0

0.3
2.0

0.3
2.0-3.0

Satisfactory for all fruit
trees

III Chlorides
sulfates

0.3
2.0

0.3
2.0-2.5

0.3
2.0-3.0

0.3-0.5
3.0-3.5

Satisfactory for stone
fruits, except sweet cherry.

No good for seed fruits
IV Sulfates 2.0 3.0 5.0 5.0 Not suitable for fruit trees

One mechanism for potential salt injury to plants involves nutritional
imbalances. An example is the bicarbonate toxicities reported for some saline
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environments. These result primarily from reduced iron availability at the high pH
levels common to high-bicarbonate soils.

Management of salt-affected soils once centered around the maintenance of
salt  balance  for  a  given  field  or  irrigation  project.  The  quantity  of  salt  entering  the
area should be smaller or equal to the quantity of salt leaving an area. Normal plant
growth may continuel during and following salt precipitation, provided that the
quantities of salt precipitated do not lead to sodic soil conditions or to nutritional
imbalances.

The essential and the most feasible way to remove the salts from the soil is the
leaching of the latter to a sufficient depth with the employment of horizontal, vertical,
or combined drainage. Other techniques include the following:

1) mechanical removal. The  salts  or  other  soil  crusts  are  scooped  up  and
moved beyond the limits of irrigation area. Such an operation is useful before
leaching;

2) plowing down of salts is employed when lower soil horizons are not saline
and salts are concentrated in surface horizons, but even in them the salinity is not too
high. In this way the salts may be “diluted” in a plow layer to concentrations, not
toxic to crops; and

3) surface leaching is employed to remove the salts from the root-abundant
horizons of heavy-textured soils with low infiltration rate. Considerable volumes of
water (up to 20-30 thousand m3/ha) are applied to the soil divided in portions with a
certain pattern in time. Very often, surface leaching is combined with the cultivation
of rice or fish breeding on irrigated areas.

To calculate the leaching rate (LR) one needs to estimate an allowable EC of
the saturated extract (or allowable salt concentration) such as can be obtained from
existing salt tolerance data. Leaching rate is the amount of water which should be
applied to the soil during the period of leaching, preferably in fall or in winter, when
the evaporation is limited, in two stages. At the first stage, the soil is saturated with
water to FC to dissolve the salts. At the second stage, the salts are removed from the
soil by an additional portion of leaching water.

In the practice of farmland management, it is possible and necessary to obtain
the most desirable effects of leaching using minimum amount of water. For this
purpose, the area of leaching must be leveled, deeply plowed, harrowed, and divided
into cell areas with earthen walls between them.

According to American estimates (H.Bohn, et al., 1985), “the passage of
1 m leaching water m-1 soil depth under ponding conditions normally removes
approximately  80%  of  the  soluble  salt  from  soils”.  But  Americans  also  think  that
leaching under unsaturated conditions, such as with the use of intermittent ponding or
sprinkler irrigation, may lower this quantity of water as much as three to five times.
Boron removal can require up to three times more water. Having generalized the
curves from American textbook (Bohn, et al., 1985), L.R.Petrenko proposes the
formula for L.R. computation for very saline loam soils:

,)5.12ln(3)(,
2

1

C
CmhmLR                                                                  (192)
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where LR is leaching rate in meters (each meter equals 10 000 mt/ha of good
water), h is the depth of the layer of soil that needs leaching in meters; C1 and C2 are
the factual and tolerable (desirable) concentrations of soluble salts, respectively in %
of oven-dry soil.

A more efficient leaching technique is the basin-furrow method. The soil is
nearly leveled and irrigation water is allowed to meander back and forth across the
field through adjacent sets of furrows. The water may take as long as a week to
meander across the entire field under such conditions, but the quantities of water
required are less than for ponded leaching.

V.R.Volobuyev proposed his equation for the computation of L.R. Which is in
wide use in the countries of the former USSR:

,log10000
t

f

S
S

hLR                                                                                  (193)

where LR is expressed in cubic meters per hectare, h is the depth of leaching in
meters, is  a  dimensionless  parameter  which  depends  on  soil  texture  and  type  of
salinity, Sf and St are respectively the factual and tolerable percent of soluble salts in
a layer of leaching (% by weight of oven0dry soil). The following table (Table 97)
gives the values of .

Table 97. Values of - parameter in Volobuyev’s Formula for Leaching Rate

Type of Soil SalinitySoil texture Chloridic Sulfate-chloridic Chloride-sulfatic Sulfatic
Sand, loamy sand 0.62 0.72 0.82 1.18

Loam 0.92 1.02 1.12 1.41
Light clay 1.22 1.32 1.42 1.78

Medium clay 1.80 1.90 2.10 2.40
Heavy clay 2.70 2.80 3.00 3.80

In most cases, lack of suitable sustained drainage renders it more feasible to
simply abandon heavily salinated areas, instead of attempting their reclamation. With
the advent of the computer age, however, it is more common now to predict the
behavior of irrigated area system in a given set of management practices and find out
the most thoughtful way of treating it.

8. MUSEUM CLASSES IN SOIL SCIENCE

It is very important for the students of Agronomy to know the soils well from
both theoretical and practical points of view. Practical instruction in Soil Science has
an aim to teach the students to diagnose the soils in the field and be able to see their
positive and negative properties. The students must be able not only classify the soils
as natural bodies but to see the possible limitations to crop productivity associated
with a soil as a medium for plant growth.

A given section of our manual provides general information which should help
the students to work more effectively during their museum classes and summer field
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practice, for which unfortunately, not enough hours are allowed by the Program of
Study. Additional information may be provided by the textbooks and other literature.
Ukrainian soil classification still remains “very native” but attempt has been made to
compare some aspects of it with the FAO nomenclature.

8.1. Soil Genesis

Soil genesis deals with the factors and processes of soil formation. The natural
factors  of  soil  formation  are  five:  1)  climate,  2)  organisms,  3)  parent  material,  4)
topographic position or slope, and 5) time.

The  general  scheme  of  soil  formation  consists  of  the  following  dominant
processes:

1) mineral weathering,
2) humification and other transformations of organic matter,
3) formation of organic-mineral substances,
4) leaching and removal or accumulation of soluble minerals and translocation

of colloids, and
5) accumulation of nutrients and formation of favorable environment for root

growth in the upper, the most root-populated layer of soil profile.
The net effect of these processes is the development of soil horizons, that is,

the formation of soil profile.

8.1.1. Role of Climate in Soil Formation

Climate greatly affects the rate of soil genesis. The two components of climate
to be considered are precipitation and temperature. Water is necessary for mineral
weathering and plant growth. Water in excess of field capacity (surplus water)
participates in the downward translocation of colloidal particles and soluble salts. The
limited supply of water in steppes and deserts results in soils that tend to be alkaline,
saline and carbonaceous, more often that not. Where there is sufficient water for only
limited leaching, the carbonates tend to move downward only a short distance, where
they accumulate and form a horizon of calcium carbonate accumulation. Increases in
precipitation have been positively related with greater: 1) leaching of lime and depth
to a carbonate layer;  2)  development of  soil  acidity;  3)  weathering and clay content
and 4) soil profile differentiation into elluvial and illuvial horizons. High acidity and
infertility of podzolic soils are caused by the above mentioned processes and other
than climate factors of soil formation.

Every 10°C increase in temperature increases the rate of chemical reactions
approximately two times. The relationship between average temperature and plant
growth and the accumulation of organic matter is complex. The organic matter
content of soil is the net result of plant growth or the addition of organic matter, the
rate of organic matter humification, and the soil’s capacity to protect organic matter
from mineralization.
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8.1.2. Role of Organisms in Soil Genesis

Plants affect soil genesis by the production of organic matter, nutrient cycling,
and the movement of water through the hydrologic cycle. Microorganisms play on
important role in organic matter mineralization and the formation of humus. Soil
animals are consumers and decomposers of organic matter; however, the most
obvious role of animals appears to be that of earth movers.

A most obvious effect of organisms on soil genesis is that caused by whether
the natural vegetation is trees or grasses. Ukrainian forested soils contain
significantly less organic matter than grassland soils. In addition, there is a marked
difference in the distribution of organic matter within the soil profile. The explanation
for the differences in the amount and distribution of organic matter in soils developed
from similar parent material is related to the differences in the growth habits of the
two kinds of plants. The roots of grasses are short-lived and each year contribute to
the soil large amounts of organic mater that become humified. There is a gradual
decrease in root density with increasing soil depth, which parallels the gradually
decreasing organic matter content. In the forest, by contrast, roots are long-lived and
the annual addition of plant residues is largely as leaves and dead wood that fall
directly onto the soil surface. Some of the plant materials decompose on the soil
surface,  and  small  animals  transport  and  mix  some  of  the  organic  matter  with  a
relatively thin layer of topsoil.

Wide differences in the uptake of  ions and in chemical  composition of  plants
play  a  role  in  soil  development.  Species  normally   absorbing   large  amounts  of  the
cations calcium, magnesium, potassium, and sodium will delay the development of
soil acidity because they recycle more of these elements in the soil surface.
Hardwoods maintain a higher pH than do spruce trees when grown on parent material
with the same mineralogical composition.

8.1.3. Role of Topography in Soil Genesis

Topography refers to the configuration of the surface of a local or relatively
small area of land. Differences in topography can cause wide variations in soils
within the confines of a single field. Topography determines the local distribution or
disposal of the precipitation and determines the extent to which water tables influence
soil formation. Water-permeable soils on level areas receive and infiltrate almost all
of the precipitation. Soils on sloping areas infiltrate less than the normal precipitation,
hence, there is runoff. Depressions and low areas receive additional water, making
more water available for soil genesis then the normal precipitation.

Both the length and steepness of slope affect soil genesis. As the steepness of
slope increases, there is greater water runoff and soil erosion. The net effect is a
retardation of soil genesis. An increase in slope gradient is associated with less plant
growth and organic matter content, less weathering and clay formation and less
leaching and eluviation. Soils have thinner sola and are less well developed on
steeper slopes.



160

Drainage is a measure of the tendency of water to leave the soil. Poorly drained
soils tend to occur in the low parts of the landscape where water tables exist close
enough to the soil surface to cause various degrees of reduction.

8.1.4. Role of Parent Material in Soil Genesis

Parent material has a great influence on the properties of young soils, including
color, texture, structure, mineralogy, and pH. Over time, the effects of the parent
material decrease, but some effects of the parent material still persist in old soils.
During the early stages of rock weathering and soil formation, these processes may
occur simultaneously as two overlapping processes. Most soils have developed from
sediments that were transported by water, wind, ice, or gravity.

Colluvial sediments occur at the base of steep slopes where gravity is the
dominant force, causing movement and sedimentation. Colluvial sediments are
common in mountainous areas.

Alluvial sediments are ubiquitous because of the widespread existence of
streams and rivers. The sediments may be of marine origin, derived from the
weathered products of the adjacent highlands that were deposited when the area was
submerged below the sea. On areas that were glaciated each advance of the ice was
followed by a long interglacial period. During deglaciation, rivers and streams of
water flowed from the melting ice and carried and deposited material called outwash
near the ice front. Clay, and to a lesser extent silt, were carried by water into glacial
lakes, where they settled to form fine-textured lacustrine (lake) sediments.  The
melting of ice produced moraine sediments by the direct deposition of material in the
ice onto the ground surface. The moraine sediments are unsorted and are called till.
Sometimes ice front readvanced over previously deposited sediments, as a result
glacial parent materials are very heterogeneous, contain some boulders and stones
highly variable amounts of sand, silt and clay. They may contain calcium carbonate
whose content is related to the extent to which the glacier moved over limestone and
other calcareous rocks.

During deglaciation stream valleys with very wide floodplain were produced
on which sediments accumulated. The sediments on the flood plains were exposed to
the winds. The silt-sized particles were preferentially picked up by the winds and
deposited as loess. Loess is the dominant parent material in Ukraine. It may be more
than 100 feet thick.

In locations where considerable quantities of plant material grow and where
decay is limited because of water saturation and anoxia, an abundance of organic
matter may accumulate. Layer after layer of peat is deposited in the swamp or marsh.
Organic deposits are the parent material for organic soils.

8.1.5. Role of Time in Soil Genesis

Soils are products of evolution, and soil properties are a function of time or soil
age. The age of a soil may be expressed by its degree of development (relative age)
and by the absolute number of years of soil existence (absolute age). In a sense, soils
have a life cycle that is represented by various stages of development. Schools of soil
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science abroad make reference to minimally, moderately, and intensively weathered
soils. To study time as a soil-forming factor, the other soil forming factors must
remain constant, or nearly so. Some soil features or properties develop quickly, but
the development of other properties requires much more time.

8.1.6. Human Beings as a Soil-Forming Factor

The use of land for agriculture, forestry, grazing, and urbanization has
produced extensive changes in soils. Some of these changes include soil erosion,
irrigation, drainage, salinity and sodicity development, depletion and addition of
organic matter and nutrients, compaction, flooding and pollution. Some lands have
soils with properties that are due more to human activities than to natural soil-
forming factors. Humans have affected many soils at habitation sites and through
earth moving.

8.2. Processes of Soil Formation

Transformation and translocation of substances and energy occurring in soil
are understood as the processes of soil formation. In this country, it is customary to
divide them into three groups: general, elementary, and microprocesses.

Microprocesses include  the  simplest  phenomena  of  the  transformation  of
matter and energy in soil. Very often they are of opposite nature to each other, for
example, wetting and drying, dissolution and precipitation, flocculation and
deflocculation, heating and cooling, freezing and thawing, etc. Microprocesses,
uniting with each other, form mesoprocesses each of which may be diagnosed by
specific morphological features of soil horizons. But mesoprocesses occur, as a rule,
only on a part of a soil profile. This may be the accumulation of plant residues on the
soil surface, their decomposition, mineralization, humification and accumulation of
soil humus or peat, or litter, as well as the development of soil salinity, leaching,
podzolization, illuviation and other processes.

Below are briefly defined the most widespread processes occurring in the soils
of Ukraine.

Humification (humus formation) is the process of organic residue
decomposition in situ and involvement of the intermediate products of decomposition
in the process of humification (formation of specific colloidal humus) without any
translocation in soil profile. Morphologically this process is characterized by the
formation  of  dark  color  on  the  surface  and  within  the  aggregates  of  crumby  and
grainy soil structure and in the upper horizons of soil profile containing the largest
amount of live and dead roots.

Humus accumulation is the accumulation of humus in the surface horizon as
a result of residue decomposition, humification, translocation of the products of
humification and their concentration in the upper part of the profile. The process
leads to the formation of the surface horizon of humus accumulation which is dark-
colored and rich in the cloddy and granular aggregates of soil structure.

Litter formation is the formation of forest litter on the surface of the soil. The
litter is of organic (and organic-mineral in the lower layer) composition. It is
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nonuniform by the extent of residue decomposition and contains admixture of
mineral particles in the lower layer.

Peat formation is the conservation of organic residues with a small extent of
their humification under excessively wet (anaerobic) conditions with the formation of
a layer of peat consisting of the semidecomposed residues which were only slightly
mineralized and humified and preserved their anatomical structure to a visible extent.

Humus accumulating (sod-formation) process occurs in the mineral soil
horizons and is characterized by intensive humification an humus accumulation
occurring under perennial and other grasses capable to accumulate organic residues in
the surface layer of soil. Grassroot residue humification yields humic substances
interacting with the mineral part of the soil and forming a system of organic-mineral
derivatives. Sod-forming horizons are dark-grey to nearly black in color and with a
characteristic grainy structure. Humus accumulation is accompanied by the
accumulation of plant nutrients.

Podzolization is the disintegration and decomposition of primary and
secondary silicate and alumino-silicate minerals under the impact of acid products of
organic matter decomposition and humification (mainly fulvic acids) and the
translocation of the products of soil formation to the lower horizons of soil profile.
Mineral part of the soil acquires whitish (or ashy-grey) color becoming richer in
amorphous SiO2 and poorer  in R2O3 (Al2O3 + Fe2O3), loosing the colloidal coatings
of aluminum and iron hydroxides, which move from elluvial to the illuvial horizon.

Illuvial process is the accumulation of products washed from the upper
horizon by percolating water in the middle part of soil profile. The products may
move as molecular or colloidal solutions. They may be products of mineral
weathering as well as the products of clay particle destruction. According to the
character of accumulating materials there are differentiated clay-illuvial, humus-
illuvial, iron-illuvial, clay-humus-illuvial, iron-humus-illuvial, podzolic-illuvial,
carbonate-illuvial and sodic-illuvial processes.

Cleying is the process of metamorphic transformation of the mineral part of
the soil as a result of continuous or periodic excessive wetness leading to the
development of reduction processes accompanied by the formation and accumulation
of the reduced compounds of iron, manganese and sulfur.

Gleyed soils are structureless, sticky, of spotty color which includes blue,
greenish, olive, dull grey and rusty spots.

The outflow of water causes the impoverishment of the gleyed horizons in
iron, aluminum and manganese. Under certain conditions of anorexia there occurs the
precipitation of limonicarbonate, vivianite and other iron ores. Calcium carbonate
presence alleviates the processes of gleying.  A horizon may be locally (in some
spots) and entirely (all over) gleyed.

Eluvial process is connected with the transfer of the products of pedogenesis
(destruction or transformation of mineral and organic materials) by percolating and
lateral fluxes within the soil profile. Eluvial horizons become poor in the elements of
plant nutrition leaching below.

Salination is the process of soluble salts accumulation caused by saline ground
water table elevation. New formations, accompaining this process, are the crystals of
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soluble salts as veins, efflorescences and other formations. Soluble crystals appear on
the soil surface. Soil salinity causes the loss of soil structure and favors the formation
of large clods.

Leaching, as understood by Ukrainian pedologists, is a loss of exchangeable
bases, which, leaving the adsorbing complex, become soluble and are washed off
from the upper to the lower horizons. The bases may be transferred beyond the solum
or be accumulated in a certain iluvial horizon.

Water erosion is the mechanical destruction of soil surface by atmospheric
precipitations and surface runoff.

Wind erosion is the mechanical destruction of soil surface by the action of the
wind.

8.3. Elements of Soil Classification

Classification schemes pertaining to soils as natural objects seek to organize
knowledge, so that the properties and relationships of these objects may be
remembered and understood for some specific purpose (H.D.Foth, 1990). The most
of soil classification schemes have been developed on a national basis. Ukrainian
System of Soil Classification is genetic in its essence, for it is based on soil genesic
and soil properties resulting from it. Soil genesis is meant here as the mode of origin
of the soil with special reference to the processes or soil-forming factors responsible
for  the  development  of  soil  profile.  By  means  of  this  classification,  all  soils  are
grouped into two classes: 1) zonal and 2) azonal.

The characteristics of zonal soils are determined primarily by the climate. As
the name zonal indicates, these soils are of such wide expanse as to be more or less
regional in extent. Azonal soils are not confined to specific geographic zones. They
include what was formerly defined as intrazonal soils, which, regardless of climate
and vegetation, reflect the influence of some local condition such as poor drainage or
alkali salts and those soils which do not posses a definite type of horizontal
differentiation, such as soils developed on recent alluvial and colluvial deposits.

A fundamental unit of Ukrainian soil taxonomy is soil type, according to
which all the multiformity of mapping units are grouped by the unity of soil origin
and similarity of the processes of migration and accumulation of substances. Soils,
belonging to the type, were formed in similar hydrothermal conditions under a one
type of vegetation, in parent materials of the similar mineralogical composition and
they possess, therefore, a similar type of soil profile, like level of soil productivity
and like system of practices of soil management and conservation. Each soil type is
characterized by the manifestation of a certain basic process of soil formation with a
possibility of its being modified by other soil-forming processes.

According to this definition, a zonal class of Ukrainian soils contains 23 and
azonal one 13 soil types. The most widespread among the zonal soil types are soddy-
podzolic, grey forest, chermozemic and chestnut soils and among the azonal soil
types – soddy, soddy-carbonatic (rendzinas), meadow, swampy-meadow, swampy
and sodic soils.
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Soil types are divided into subtypes. These differ from each other by the extent
of manifestation of basic and modifying processes of soil formation. Typical soil
properties exist alongside the subtypical ones. Subtype is, in a way, a transitional
chain between the types, as the boundaries between the types in nature are generally
diffuse ones. Thermal conditions and the extent of climate continentality determine
the latitudinal and facial subtyps within a given soil type. Thus the type of
chernozems includes the following subtypes: podzolized, leached, typical, ordinary,
and southern chernozems. The type of grey forest soils includes the subtypes of light-
grey, grey and dark-grey forest soils.

Soil genuses are differentiated within the subtypes by the qualitative aspects of
soil profile, connected with the composition of parent materials and ground waters or
the features of the preceding stages (trends) of soil evolution. Heed is paid to the
presence of carbonates, soil acidity, gleying, extent and depth of salinity or alkalinity
(sodicity), skeletal texture, etc., as well as the features and properties acquired by the
soils as a result of soil management in agriculture and other spheres of human
activity: extent of erosion, translocation by the wind, deep plowing, irrigation- caused
salinity or sodicity, repeated carbonation (saturation with bases), etc. Thus among the
chernozems there may be following genuses: modal (ordinary), sodicity-affected,
solonchaky, eroded, etc.

Soil species are differentiated within the genuses. They are determined by the
extent of manifestation of a basic (essential) process of soil formation specific to a
given soil type. Genetic terms indicating the extent of process development are used
in this taxonomic unit. Thus soddy podzolic soils may be of three species: soddy
slightly podzolic, soddy moderately podzolic and soddy severely podzolic. A subtype
of typical chernozems may be of the following species: deep-profiled, moderately
profiled and shallow profiled, depending on the depth of humus-containing horizons.
According to the content of humus (organic carbon percent multiplied by the factor of
1.724), there may be very slightly humusified, slightly humusified and moderately
humusified chernozems, the east containing over 6% of humus in the surface layer.

Soil varieties within the species differ by the surface horizon texture. Thus
there may be sandy, loamy, clayey and other varieties of soils.

Soil series (lithologic series) are differentiated within the varieties depending
on the parent material. The soils may be formed in loess, alluvial sand, glacial
outwash, moraine, etc. Let us considered an example of soil classification:

Type: chernozem,
Sybtype: southern chernozem;
Genus: sodicity-affected southern chernozem;
Species: slightly sodicity-affected, slightly humusified southern chernozem,
Variety: slightly sodicity-affected, slightly humusified silt loam southern

chernozem.
Series: slightly sodicity-affected, slightly humusified silt loam southern

chernozem in loess.
Below we briefly consider the soils of Ukraine using Ukrainian taxonomy and

attaching to it the nomenclature system of FAO and WRB (World Reference Base).
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8.4. Elements of Soil Nomenclature and Diagnostics

8.4.1. . Soddy-podzolic soils. Podzoluvisol
Eutric. Albeluvisols Umbric.

These are the zonal soils of the Polissya zone. They cover sandy and moraine-
sandy plains. Less often they are encountered on moraine hills and occasionally on
the ancient terraces in the Forest-Steppe and even Steppe zones. The soils were
formed mostly under pine and mixed forests, though they are encountered under
broad-leaved forests too with percolating and stagnant-percolating type of water
regime, mostly in glacial outwash and alluvial deposits. Much less frequently they are
formed in moraines and very rarely in loess-like deposits. Fluvio-glacial (glacial
outwash) and alluvial sands and loamy-sands are frequently underlain by moraine
(glacial till) loams, kaolinic clays, and occasionally – by chalky marl (Western
Polissya), and crystalline rocks (on the outcrops of a crystalline shield).

The solum of a soddy-podzolic soil is distinctly divided into the following
horizons: forest litter (H0) in virgin variants, humuso-eluvial (HE), eluvial (E) and
illuvial  (I).  Plowland  soils,  naturally,  do  not  have  a  horizon  (or  rather  a  layer)  of
forest litter and their plow layer coincides with a humuso-eluvial horizon formed as a
homogenized mixture of three natural horizons (H0 + HE + partly E),  as  a  result  of
plowing with moldboard plows.

Humus content is very low: 0.6-1% in sandy and “clayish” – sandy varieties
and up to 1.5-2% in loamy varieties. Sandy soils contain 0-5% of physical clay (<
0.01 mm) and “clayish”- sandy: 5-10%. In virgin soils under the forest soil organic
matter is rich in semidecomposed carbonized residues. Humus type is fulvatic and
humatic-fulvatic (Ch.a.:Cf.a. = 0.3-0.8). The content of humic versus fulvic acids
increases in the soils of finer texture. Soil adsorbing complex (SAC) is unsaturated
with bases and soil solution is of acid reaction.

The most widespread are soddy moderately podzolic soils formed in
fluvioglacial and alluvial sands and loamy sands. Their profiles are distinctly
differentiated into the horizons: HE, E and I. Eluvial horizon is a continuous
(unbroken) layer. In arable soils, it is less thick as a result of plowing (and its
incorporation into HE horizon, coinciding with a plow layer). Humuso-eluvial
horizon in virgin soils is 18-20 cm deep, while in arable variants it coincides with the
plow layer being 20-25 cm thick. It is light-grey in color becoming nearly whitish-
grey on drying, structureless but in blocky or platy fragments. It’s transition to the
next horizon is very distinct (sharp).

Eluvial (E) horizon is weathered wheat-straw colored in the upper part,
becoming whitish-yellow or light-ashy on drying, due to amorphous SiO2 becoming
visiable.

Its humus content is very low, but there may be some spots or streaks of
humusified material penetrating from the overlying horizon and some spots and
bands of colloidal R2O3 in the lower part of the horizon.

Illuvial (I) horizon contains the bands and unbroken layers of colloidal R2O3
which are of heavier texture compared with the sand bordering with them. The
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horizon’s transition to the parent material takes place through the transitive (PI)
horizon. The layers of R2O3 are nutty-blocky in structure and of red-brown or rusty-
brown color.

(Soddy slightly podzolic soils) have an
eluvial (E) horizon not continuous but broken into spots.

(Soddy severely podzolic soils, Podzols
or near to them) are rare. They are not represented by mapping units, being
generalized.  They  differ  from  the  above  described  soils  by  a  greater  of  eluvial  (E)
horizon (over 20 cm in virgin variants), very low content of organic matter and very
acid reaction of soil solution. Such soils form under coniferous forests with a scanty
grass cover.

8.4.2. . Soddy-podzolic gleyed (gleyic
and gley) soils. Podzoluvisols Gleic. Albeluvisols Gleic.

They occupy poorly drained watersheds and depressions within the sandy
plains, ancient alluvial terraces, etc. The soils were formed in temporarily stagnant
surface and ground waters, which caused the development of gleying. Excessive
wetness could be instigated by the felling of forests and land reclamations for crop
production.

Morphological features of gleying are imposed on the genetic horizons of a
soddy-podzolic soil. The excessive wetness may come from the surface or ground
water. By the extent of gleying, the soils with surface excessive wetness are divided
into slightly and moderately gleyed species, and the soils overwet from the ground
water – into slightly, moderately and severely gleyed ones. Surface gleying is
encountered in soils formed in glacial till or in a parent material underlain by it, as
this causes the formation of impermeable illuvial horizon holding the water from
percolating downward. Features of gleying are encountered in the E or even HE
horizons in the form of rusty, olive and dull-grey spots. The lower part of I (PI)
horizon and the parent material may be without any signs of gleying. The soils
slightly gleyed from ground water display the signs of gleying in parent material or
the lower part of the illuvial (I, PI) horizon. Moderately gleyed soils have the features
of gleying all over the illuvial horizon. Severely gleyed soil genesis may show the
signs of gleying all over the profile and the depth of watertable within 30-120 cm.

8.4.3. . Podzolic-soddy soils.

Podzolic-soddy soils make a subtype within the type of soddy-podzolic ones.
Their profile is also distinctly differentiated into the same horizons, but the surface
(humuso-eluvial) horizon is considerably deeper, up to 30-40 cm and contains more
organic matter (2-3%) which may be even of a humatic type. Illuvial horizon may
also be with a noticeable organic matter content. The soils are encountered mainly on
the left-bank lowland Polissya where they occupy some drainless depressions or areas
adjacent to them. There are many gleyed genuses besides the modal ones. Ground
water may be carbonatic and contain soluble salts which causes the development of
salinity.
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8.4.4. . Rendzinas proper. Leptosols rendzic.
Rendzinas orthic.

This unit corresponds to the rendzina type in the Polish systematics. Rendzinas
are widespread in the western part of Ukrainian Polissya bordering with Poland. They
were formed mostly in the deposits of a chalky marl. In the early Polish systematics
of rendzinas, particular attention is paid to the age of calcareous rock (Tertiary,
Cretaceous, Furassic, Devlonian, Permian) affecting their chemical composition,
susceptibility to weathering and other properties. Sometimes these soils are formed in
fluvioglacial sands and loamy-sands (glacial outwash) covering the chalky marl by a
thin (up to 50 cm) layer. Podzolic process does not develop in them, as they are well
saturated with bases, or it may develop, but only to a little extent, being impeded by
the neutralization of soil acidity. Soil profile is not distinctly differentiated into
horizons. Humus content gradually decreases downwards. Soil reaction is neutral or
slightly alkaline, base saturation is very high. Humus content in the surface layer is
within 2.5-4%. By the depth of the solum, there may be various species:
underdeveloped (15-30 cm), shallow (30-45 cm) and ordinary (> 45 cm). Some of
them, therefore, may be assigned to calcaric Lithosols after FAO. Genetic horizons of
the profile are designated by the symbols: Hk, HPk and PK. Some well developed
rendzinas may have Hk + HP = 50-60 cm and the depth to the solid rock over 1 m.

Leached genuses also encounter, as well as some slightly podzolized ones: He
+ HPI, with morphologic features of podzolization and effervescence from 10% HCl
in parent material.

Some played genuses besides containing 4-5% of organic matter in the surface
layer are well provided with water.

8.4.5. . Soddy skeletal soils. Leptosols

Leptosols are encountered in the spots where Ukrainian crystalline shield
reaches surface or is covered by the sedimentary mantle not deeper than 50 cm.
Crystalline rocks are represented by granites, gabbro and diorites. Skeletal fragment
content increases downwards. To be suitable for tillage the soils must have
sufficiently deep corfux of weathering, no less than 40-50 cm. Horizons of soil
profile: Hg + HPg + Pg.

8.4.6. . Soddy soils in ancient alluvial sands of the
terraces. Arenosols Cambic. Arenosols Haplic.

These are the soils covering the so called “borovi” (from the Russian “bor” – a
pine forest) terraces of the river valleys. Their parent material is coarse to medium
grained sand (ancient alluvial deposits). The soils are encountered in the Polissya and
Forest-Steppe zones, but occasionally one can detect them in more southern zones.
As the name implies, the terraces are covered mainly by the pine forests, pine being
so “spartanic” in its demands to soil conditions. Grass cover is poorly developed. The
solum is only slightly differentiated texturally. The surface horizon may be rich in
carbonized residues. Morphological features of podzolization are absent or very



168

indistinct. The virgin variants may have a profile differentiated into H0, H(e) and If. In
some more “soddy” arenosols it the horizons maybe H + Ph + P, humusified horizon
sharply coming into parent material. Chernozem-like arenosols may have a more
developed  and  more  gradually  differentiated  profile:  H  +  HP  +  Ph  +  P,  with  well
expressed transitional horizons.

Soddy-ironous Arenosols were earlier known as soddy cryptopodzolic soils,
having a profile: H(e) + Pe + Pf. Pf  –  horizon is also known as pseudofibrous, horizon
containing thin layers (pseudofibres) of colloidal R2O3 which migrated here from the
upper elluvial horizons. The fibres are 1-2 cm thick and of brownish-red color.

8.4.7. . Soddy-gleyed soils. Gleysols Mollic.

These gleysols as well as Eutric and Histo- humic ones are dissipated over
various depressions within the watersheds or terrace plains. They may also be
encountered on sandy uplands surrounded by swamps. Their parent materials may be
represented by sandy and loamy glacial outwash, gleyed loesses and loess-like loams,
ancient alluvial sands and other sediments.

Accumulative type of soil profile is formed under conditions of excessive
wetness from the ground and surface water mainly under grassland vegetation. The
solum is composed of the following horizons: H + HPgl + PGl. Humus content in the
surface horizon, depending upon the texture, fluctuates within 1-5%.

By the extent of gleying, the soddy soils are divided into gleyic and gleyed.
Gleic ones are less “gleyed” than proper gleyed ones. In gleic species formed under
periodic waterlogging only parent material and the horizon overlying it possess
distinct features of reduction processes: dull-grey, bluish-grey, or olive color and the
spots of reduced compounds of iron, manganese and other elements. Proper gleyed
soils preserve the features of gleying all over the profile as they are waterlogged or
overwet for a longer period of time, their watertable being much higher than in the
gleic species.

A virgin variant of a gleyed soil contains the following horizons in its profile:
Hd + Hgl + Phgl + PGl. A surface horizon (sod, Hd), 5-10 cm thick, is pierced with a
multitude of grassroots.

8.4.8.   ( ).  Grey  forest  soils.
Greyzems Haplic. Phaozems Umbric and Albic

They are a zonal type of the Forest-Steppe zone, but may be encountered on
the “loess islands” of Polissya and occasionally even within the Northern Steppe.
They cover the well-drained watershed plateaus but may also be encountered on the
high terraces of the Dnipro and its tributaries. The soils were formed under broad-
leaved forests mainly in loess and loess-like loams. They have a mild type of organic
matter (except forest litter) and the humus content in the surface horizons fluctuates
within 1.2-5.1%, humus being dominantly of humate-fulvatic quality. In contrast to
podzolic soils, they contain more calcium-bound humates and fulvates.

Grey forest soils are divided into three groups: brownish-grey, humid grey and
proper gray. The first two groups are encountered in the Western province of the
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Forest-Steppe zone. It would be more correct to consider them as facial subtypes.
Each of these groups contains the subtypes of light-grey, grey and dark  grey forest
soils. Ukrainian system of soil classification still remains controversial here, as in
many other cases. Some call these soils forest grey, some-podzolized, still others
propose to include dark-grey soils to a self-sufficient type of podzolized soils
including podzolized chernozems in addition to them.

Use in agriculture, especially for crop production, changes the morphological
features of grey forest soils. They lose their structure and become pulverized and at
the same time blocky in the arable layer. They develop a platy and compacted plow-
toe horizon. Such soils become very susceptible to water erosion, particularly
gullying.

Light-grey forest soils have a profile similar to the soddy-podzolic type: HE –
humuso-eluvial, grey, structureless; E – eluvial, light-grey, platy or scaly in structure,
rich in amorphous SiO2; I – illuvial, red-brown with R2O3 streaks, nutty – prismatic;
PI – transitive to parent material, leached from CaCO3,  with  bands  of  R2O3;  Pk –
parent material, mainly loess.

Grey forest soils are also differentiated into “podzolic type” horizons but there
is no distinct (“pure”) eluvial horizon (E). HE (humuso-eluvial) horizon is grey-
colored, structureless but with cloddy fragments and powder in a plowlayer and
platy-below it, rich in amorphous SiO2; I (illuvial) horizon is compacted, red brown,
rich in R2O3, nutty-prismatic; PI (Pi) horizon is a leached loess with the streaks of
colloidal R2O3 and Pk is a parent material, loess, more often than not.

Dark-grey podzolized soils also have a “podzolic-type” differentiation, but
two  upper  horizons  (HE  +  Hi) are much better humusified compared to the soils
described above. The soils are more saturated with bases, especially calcium, and
their acidity is not so high. A brief description of soil profile follows below:

HE (He): humuso-eluvial crumbly, blocky in arable layer and powdery-platy
below it, rich in amorphous SiO2.

HI: humusified half or upper two-thirds of illuvial horizon, of brown color,
nutty or prismatic-nutty structure, streaks of colloidal R2O3.

PI: “humusless” lower part of illuvial horizon, compacted, reddish-brown,
streaky from colloidal R2O3, prismatic.

Pi: leached from carbonates parent material, dominantly loess.
Pk: parent material: light-yellow loess with visiable forms of calcium carbonate

or without them.
The soils in non-loess parent materials may be encountered too. The soils

formed in clays have a shorter profile compared with those in loess.

8.4.9. . Regraded grey forest soils. Greyzems
haplic.

The soils differ from the above-described grey forest soils by a high level
(shallow depth) of calcium carbonates in their profile. It may be in the illuvial
horizon or higher. Such soils are widespread in the right-bank province of the Forest-
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Steppe zone. Less often, they are encountered in the western province and in the left-
bank upland sub-province of the Forest-Steppe.

The researchers see the reason for such an evolution of grey forest soils in the
change of the character of vegetation: forest land was shifted into a grassland. This
changes the hydrologic regime. Upward movement of water through the capillaries
became more intensive and this “pulled” the carbonates closer to the surface. Soil
solution becomes more alkaline, and the saturation of soil adsorbing complex with
exchangeable bases increases. Soil humus becomes more humatic in composition.
Soil physical properties and water regime improve too. Morphologically, the
regradation (or “secondary carbonation” as it is called in this country) makes itself
identifiable by the visiable forms of carbonate accumulation such as veins, molds or
pseudomicelium in soil cavities of different origin (made by root growth and
earthworm channels). Soil profile may, for example, be composed thus: HE + E(k) +
I(k) + PIk + Pik + Pk.

8.4.10.  ( ) . Gleyed grey forest
soils. Greyzems Gleic. Phaozems Gleic.

They are encountered in less drained areas with watertable 2-4 m deep, formed
in gleyed loess-like parent materials and clays. Their profile is clearly differentiated
by eluvial-illuvial type. Excessive wetness may be caused by surface waters too.
Anaerobic conditions favor the development of a podzolization and the soils become
more acid and less saturated with bases. Virgin variants have a soddy humuso-eluvial
horizon (Hed) 3-5 cm deep,   humuso-eluvial periodically waterlogged horizon (HEgl)
20-60 cm deep with rusty and olive-colored spots on the dull grey or bluish-grey
background, manganese-containing concretions (“beans”), humuso-illuvial
periodically waterlogged horizon(HIgl) 25-40 cm deep and the horizons Iegl and PIeGl.
Other specific properties of the soils include overcompaction, poor structure and
deficit of aeration.

8.4.11. . Podzolized Chernozems. Chernozems
Luvic. Chornozems Chernic.

The main areas of these soils are on the right-bank territory of the Forest-
Steppe, particularly in its western province. But they may also be encountered on the
loess islands of Polissya and in the Northern Steppe subzone.

  Podzolized chernozems occupy high well-drained watersheds among the
typical and leached chernozems and dark-grey podzolized soils. Some researches
state that they “lived through” the steppe and forest stages of evolution proving their
point by the depth of a humusified layer, crotovinas (mole tunnels filled with soil or
parent material), humatic to fulvate-humatic composition of humus on the one hand
and profile differentiation by eluvio-illuvium type – on the other.

Podzolized chernozems in Ukraine are said to be in three groups (or facial
subtypes): cambisolic (having likeness with brown forest soils), humid and ordinary
(or modal).
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Cambisolic podzolized chernozems are widespread on the territory nearing
the Carpathian Mountains, in Rostochya, Polissya and between the basins of the Prut
and Dnistr.  They have cinnamon or brown shades in their  color  all  over the profile.
Humus content is over 5.5% in virgin variants and within 2.4-2.8% in cultivated ones.
Humus type is fulvate-humatic, but compared with the modal group, the humus is
richer  in  R2O3 – bound fractions. Virgin variants have a profile consisting of the
horizons: humus-accumulative soddy (Hd), 2-5 cm thick or forest litter (H0), 1-2 cm
thick; slightly eluviated humic horizon (He), 35-50 cm thick, dark-grey with
brownish tint, grainy structure (which is substituted by platy-cloddy one in cultivated
variants), slightly compacted and with indistinct amorphous SiO2; upper transitional
horizon (Hpi) 30-40 cm thick; slightly illuviated with brown tint, nutty-cloddy
structure; lower transitional horizon (Phi) 25-35 cm deep, distinctly illuviated, richer
in  clay,  dark  grey-brown  prismatic  to  cloddy  with  streaks  of  colloidal  clay  in  the
cracks and root channels, may be with “crotovinas”, transient to the parent material
(Pi) is leached from the carbonates; and slightly illuviated parent material may be P or
Pk.

Humid podzolized chernozems are encountered in western Forest-Steppe,
where loesses are underlain by clays and other impermeable rocks. Ground waters lie
no deeper than 4-5 m. Soil profile is of the following composition: He(gl) + Hpi(gl) +
Phi(gl) + Pk(gl). Carbonate accumulations are represented by the veins or mold.

Modal podzolized chernozems cover poorly drained watersheds and slopes in
both, right and left-bank Forest-Steppe and are encountered on the loess terraces of
the Dnipro and its tributaries. Humus horizon (He) is slightly eluviated and contains
amorphous SiO2 which becomes visible on drying. Transitional horizons (PHI and
Phi) are nonunifirmly humisified. Parent material (Pk) contains visible carbonate
accumulations (veins and mold).

8.4.12. . Leached Chernozems. Chernozems
Haplic. Chernozems Chernic

Are widespread in right-bank and western Forest-Steppe zone and occur on
“loess islands” of the Polissya zone and the northern part of the left-bank Forest-
Steppe. The soils occupy intermediate position between podzolized and typical
chernozems. But unlike podzolized chernozems, they do not possess profile
differentiation by eluvial-illuvial type. Their carbonates are leached to the depth of no
less than 80 cm, and there is a slight brownish tint all over the leached profile and a
slight  accumulation  of  clay  (which  increases  by  2-3%)  in  the  middle  part  of  the
profile.

8.4.13. . Regraded (repeatedly saturated)
Chernozems. Chernozems “Luvic-Calcic”

Are widespread in the right-bank Forest-Steppe zone. Small areas of these soils
are encountered between the basins of Zbruch and Seret in western province of the
Forest-Steppe zone. The soils differ from the podzolized chernozems by the presence
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of calcium carbonate in illuviated horizons and even higher. Typical soil profile is
differentiated into the following horizons: He + Hpi(k) + Phik + Pk.

In recent years some researches began to asign to regraded chernozems even
those without the characteristic differentiation of the profile but only preserving the
brownish tint in the transitive horizons. This is the result of regradation of leached,
not podzolized chernozems.

8.4.14. . Typical chernozems. Chernozems Haplic.
Chernozems Chernic.

Are widespread on large areas of the Forest-Steppe zone. Different natural
conditions caused the multiformity of morphological features and properties of the
soils. In the last years the researches agree on the existence of two facial subtypes of
typical chernozems: humid and proper.

Humid typical chernozems are widespread in the western province of the
Forest-Steppe zone, where they formed under conditions of humid climate. Their
profile is composed of the following horizons: humus-accumulating horizon (H/k),
humus-transitive horizon (Hpk), upper transitive horizon (HPk), lower transitive
horizon [(Phk(gl)] and parent material (PKgl). The gleyed part of the profile have the
signs of periodic waterlogging in the form of rusty-brown, dull-grey, olive and dull
grey-olive spots, ironous concretions, veins and carbonate “puppits”. Very often the
solum may not contain the signs of gleying, which may show themselves in the lower
horizons of parent material. But the soil has a specific water regime with capillary
fringe extending all over the profile a good portion of the year.

Typical chernozems proper occupy large areas in central and eastern parts of
the Forest-Steppe zone where they lie on the elevated plains between the river basins
and on the slopes. They also encounter on elevated loess terraces with low watertable.
Typical chernozems have a well-developed profile which is deeply humusified. From
the west to the east, the depth of a humisified soil profile decreases, though the
content of humus in the surface horizon may increase in the same direction, as the
climate becomes more continental. In the northern part of the central province there
are encountered the so called slightly humusified typical chernozems with humus
content  in  the  surface  layer  below  3%.  But  their  profile  may  be  very  deep.
Chernozems with moderate humus content (5.6-6.2%) are more widespread in the
eastern part of the Forest- Steppe zone. They are encountered in Poltava and Kharkiv
regions. Deep-profiled species of typical chernozems have the following alteration of
genetic horizons: H, Hpk, Phk, P(h)k, and Pk. P(h)k horizon may be spotty from the
channels of moles (“crotovinas”). Moderately humusified species of typical
chernozems may also be encountered in the northern parts of Odessa and Kirovograd
regions.

8.4.15. . Ordinary Chernozems. Chernozems Haplic.
Chernozems Calcic. Chernozems Chernic.

These soils are a subzonal subtype of the northern subzone of the Chernozemic
Steppe zone of Ukraine. They cover the watershed plateaus, their slopes and loess
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terraces of rivers where they were formed under virgin grassland vegetation including
such species as fescue, needle grass and feather grass, as well as more moisture-
loving meadow grasses, in loesses and loess-like deposits and some nonloess
sedimentary rocks.

A characteristic diagnostic feature of ordinary chernozems formed in loess is
the  presence  in  the  middle  of  their  profile  of  a  specific  form  of  calcium  carbonate
accumulation – carbonate concretions or beans which may be soft and friable in the
northern and more consolidated in the southern part of the subzone. In Ukrainian
their name is “bilozirka”, which means a white star. True, such form of carbonate
accumulation  is  encountered  in  other  types  and  subtypes  of  Steppe  soils.  But  it  is
never encountered in the similar (chernozemic) soils of the Forest- Steppe zone. Also
true is that chernozems in non-loess parent materials such as chalk or shale do not
have “bilozirka” in their profile. In the horizons transitive to a parent material, there
may be encountered the other forms of carbonate accumulation: pseudomicelium,
veins and molds.

From the north to the south, the depth of a humus-containing profile decreases
and so does the organic matter content. The horizons, containing gypsum and soluble
salts, come closer to the surface. Humus-colored part of the profile is composed of
the following horizons: humus-accumulating (H), upper transitional (Hp) and lower
transitional (Phk). The depth of this part of the profile fluctuates within 45-120 cm. In
the northern part of a subzone, the soluble salts (CaSO4, MgSO4, etc) lie below the
depth of 4 m, which in the southern part of it they may be detected at 2-2.5 m. Humic
acids dominate in the composition of humus (Cha : Cfa =  2-3.5). Ordinary chernozems
containing over 5.7% of humus are classified as moderately humusified soils.

Moderately humusified ordinary chernozems are widespread in the northern
part of the subzone bordering with the Forest-Steppe zone and on the Donetsky
Ridge. They cover the watersheds and their slopes. Calcium carbonates are detected
at depth of 40-70 cm. Total depth of humusified horizons exceeds 85 cm. Humus-
accumulating horizon (H) is 40-50 cm deep, dark-grey; plow layer is of pulverized
crumbly or blocky structure; subplow layer is composed of clods and grains. Upper
transitional horizon (Hp/k) is 25-35 cm deep is with brownish tint and occasionally
with carbonate mold. Lower transitional horizon (Phk) is dark-brown or grayish-
brown in color with ample efflorescence of carbonate mold on the clods of structure,
earthworm and plant root tunnels. Parent loess is usually clay-loam or silty-clay of a
brownish-yellow or straw-yellow color. The amount of carbonate concretions
(“bilozirka”) increases to the south.

8.4.16. . Ordinary
Chernozems with Micelliar Carbonates. Chernozems Calcic.

The soils “pertain” to the Pre-Danube soil province between the basins of the
Dnipro and Dnister. Miccelliar carbonates in the profiles are encountered alongside
with carbonate concretions. Abundant carbonate mold is accounted for by a specific
hydrothermal regime of soils in the region. The winter here is mild and the summer
with a great amount of rainfall. Added to warm temperature, such conditions favor
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the migration of carbonates all over the profile. The reaction favoring such a
migration and crystallization is probably like that:

Ca2+ + H2O + CO2 = CaCO3 + 2H+

But the dissolution of  CaCO3 also takes place with increasing CO2 content in
the soil air of a most soil:

CaCO3 + CO2 + H2O = Ca2+ + 2HCO3
-

This  is  a  condition  governing  the  behavior  of  calcium  carbonate  in  the  soils
under description.

The depth of a humisified soil profile is within 65-130 cm. The soils show a
great intensity of biological activity even by the morphological features: earthworm
castings, mole channels (crotovinas), numerous insects and earthworms. Total
porosity is higher and soil structure more agronomically valid compared with other
subtypes. Soluble salts are leached out of the solum.

Deep species of such chernozems have a humusified layer 90-130 cm deep and
humus content within 4-6% in the plow layer. Carbonates lie below the plow layer.
Humus-accumulating horizon is 40-60 cm deep, very grainy and loose below the
plow layer and very often with carbonate mold on the surface of structural
aggregates. Humus-transitive horizon (Hpk) is 20-30 cm deep, dark-grey with
brownish or whitish tints due to the abundance of needle-like carbonate crystalls,
which cannot be easily identified visually. The upper transitive horizon (PHk) is 20-
30 cm deep with clods and nuts of soil structure containing also some large specimen
of “coprolithes” (earthworm castings). The lower transitive horizon (Phk) is 20-30
cm deep, grayish-brown and rich in large-sized relic coprolithes disintegrating into
“nuts” with abundant carbonate efflorescence; numerous crotovinas. Sometimes
carbonate concretions appear in the lower part of this horizon. Parent material within
the depth of 110-120 to 160-170 cm may contain carbonate concretions, numerous
earthworm channels and still remain “mottly” from crotovinas filled with a
humusified material from the upper horizons.

8.4.17. . Southern Chernozems. Chernozems Calcic.

Southern chernozems are a subzonal subtype of the Southern Steppe subzone
of the Chernozemic Steppe zone of Ukraine. The soils were formed under virgin
steppe vegetation of grasses including feather grass, needle grass, wormwood and
halophytes on the saline soils. The climate here is semi-arid. A characteristic feature
of  the  soils  is  some  compaction  in  the  transitive  horizons  of  soil  profile  and  some
increase in them of the clay fraction which becomes more evident in the southward
direction. The crystals of gypsum in the northern part of the subzone appear at the
depth of 3-4 m, while in the southern part they are detected at the depth of 2 m.

Humus layer thickness depends on geographic position and texture of the soil.
It increases from the east to the west, being on the left-bank province within 50-75
cm and into the right-bank: 60-85 cm. The humusified part of the soil profile may be
divided on the following horizons: H, Hp,  and  Phk. Humic acids dominate in the
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composition of SOM (Cha : Cfa = 2-3). Southern chernozems have a neutral or slightly
alkaline reaction (pHH2O: 6.5-7.5). Southern chernozems with low humus content (3-
5.5%) formed in loess are the dominant soil species. They occupy the poorly-drained
plateaus and their slopes being formed in heavy-textured loesses. Humus horizon (H)
is 27-40 cm deep and contains 3-5.5% of humus, its structure being powdery-cloddy
with large blocks in the arable layer and grainy with abundant coprolithes below it.
The upper transitive horizon (Hp(i)) is 10-20 cm deep, dark-brown, cloddy with nuts,
compacted with streaks and mottles of humic substances. Parent material (Pk) is loess
of brownish-yellow color and abundant consolidated carbonate concretions within the
depth of 65 to 120 cm and with gypsum crystalls within the depth of 200-400 cm.

8.4.18. . Chernozems in non-loess
parent materials. Chernozems Haplic. Chernozems Rendzic.

They are encountered in various zones and subzones. It is difficult to divide
them into subtypes on the level of subzones and provinces. The factor of parent
material is a dominating one over all the others. Such chernozems have a number of
similar features with the soils in loess. The humusified part of the profile is composed
of  the  same  horizons:  H  +  Hp +  P  or  PK.  They  do  not  have  any  evident  forms  of
carbonate accumulation. Only the chernozems formed in some kinds of clays can
have them. The soils are formed in consolidated clays, eluvium of sandstones,
limestones, chalk, dolomites, slates, etc. Very often the soil profile is too shallow or
underdeveloped.

8.4.19. . Dark-Chestnut Soils. Kastanozems
Haplic.

The soils are widespread in the northern part of the Arid Steppe zone on the
watershed of the rivers Dnipro-Molochna and in the northern Crimea. They were
formed under needle grass, feather grass and wormwood associations of the virgin
arid steppe. Nearly all of the soils are sodicity-affected to varying extent, so that their
profile is more or less differential by eluvial-illuvial type which can be diagnosed by
morphological survey and by soil mechanical analysis. In cultivated soils, the
eluviation of the surface horizon may not be easily detected, but in virgin variants it
is made visible by the amorphous SiO2 “dusting” on the faces of soil aggregates.

Dark-chestnut slightly sodicity-affected soils are the most widespread genus on
poorly drained plains. Their calcium carbonates are detected at depth of 50-65 cm.
Soil profile is composed of the horizons: H(e), 25-4 cm thick, depending on texture;
dark-grey or dark-grey with chestnut tint, slightly “dusted” with amorphous SiO2
which becomes visible on drying; sometimes the horizon coincides with a plow layer;
than the transition to the next horizon is sharp; Hpi, 10-15 cm thick or thicker in soils
of lightler texture, dark-grey with chestnut or brownish tint with the abundance of
nuts and prisms among the structural aggregates, though the clods and grains usually
dominate; rich in colloidal R2O3; Phi(k), 10-30 cm thick, grayish-brown, sometimes
with dark-grey spots and streaks, nutty-prismatic or prismatic cloddy; with non-
silicate clay coatings on the aggregates. Transition to parent material is streaky or in
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the form of tongues. Parent material (Pk) is dominantly loess, which is slightly
humusified in its upper part and contains consolidated carbonate concretions
(“bilozirka”) within 50-120 cm of depth. Gypsum crystalls appear at the depth of
150-200 cm. In the right-bank soils the gypsum appears deeper.

Dark-chestnut moderately and severely sodicity-affected soils occupy the
elevated areas of topography. Their profile is more distinctly differentiated by
eluvial-illuvial type and the humusified layer in the profile is thinner compared with
previously described soil species (45-55 cm). He-horizon can be identified not only
by the amorphous SiO2, but by a platy structure too. Moderately sodicity-affected
soils have the horizons: HE + HI + Phi. Such soils are transitive ones to the sodic soils
(solonetz).

8.4.20. . Chestnut Soils. Kastanozems Luvic.

They occupy a narrow strip of comparatively small area on the left bank of the
Dnipro  and  on  the  Crimean  coast  of  the  Sivash,  which  is  the  most  arid  part  of  the
zone. Not forming large massifs, the chestnut soils form the complexes with sodic
ones, dominating in the region. Generally, chestnut soils are more sodicity-affected
than dark-chestnut ones, and the morphological features of sodicity in them are more
distinct. They contain 0.1-2 m.-eq. of exchangeable sodium per 100 g of soil. But the
part of exchangeable magnesium in soil adsorbing complex increases, so that the
Ca:Mg ratio fluctuates within 1.6-4.5 which makes evident the possibility of
magnesium-caused sodicity development.

Soluble salts  are washed to the depth of  80-120 cm. They are represented by
gypsum, chlorides and sodium sulfate. Humus content is within 1.3-3%.

Slightly sodicity-affected chestnut soils have the humusified layer 50-60 cm
deep. Carbonates in the profile lie from the depth of 40-55 cm. Soils profile includes
the horizons: He, 25-30 cm thick, dark-brown when moist and brownish-grey when
dry, as a rule, it coincides with the plow layer, so the transition to the next horizon is
sharp; Hpi, 10-15 cm thick, chestnut-brown, nutty with clods, compacted; Phi(k), 10-
15 cm thick, dark brown nutty-prismatic, may be very compact and contain calcium
carbonates more often than not. Loess is very slightly “soiled” with humus in its
upper part and contains lime concretions within the depth of 70-100 cm, and gypsum
and soluble salts below the depth of 100-150 cm.

Moderately sodicity-affected chestnut soils are difficult to distinguish as
mapping units, as their microrelief is completely destructed by plowing. Compared
with the previous species, their profile differentiation is more distinct. Humusified
layer is only 45-55 cm deep. The upper transitive horizon (Hpi) is noticeably
illuviated and dark-chestnut in color.

Severely sodicity-affected chestnut soils have an HE horizon noticeably paler
that the surface horizon of the previously described species, 20 cm deep. This horizon
can be easily evident in the virgin soil variants, in which its structure is platy to scaly.
HI – horizon is 13-18 cm thick, dark brown, nutty-prismatic with blocks, compacted
with structural aggregates seemingly consolidated in dry state and with a
characteristic colloidal luster. Calcium carbonate concretions are encountered in the
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loess at depth of 50-80 cm, but they may be scanty and not distinctly visible. Gypsum
and soluble salts lie below 70-90 cm.

8.4.21. . Chernozem-Like Sodic (Alkali) Soils.
Solonetz Haplic.

They lie among the chernozems on saline parent materials and on the ancient
terraces on the river valleys. The possibility of soil use in agriculture depends on the
depth of placing of an illuvial (solonetzic) horizon, which is sticky, compacted, with
very low permeability to water, coarse aggregates of soil structure: blocks, prisms,
columns,  etc.  If  such  a  horizon  lies  at  depth  less  than  5  cm,  the  solonetz  soils  are
defined as shallow ones, if it lies within 5-15 cm – as moderately deep and if it lies
deeper than 15 cm – as deep.

Soil profile consists of the horizons: HE, IH, and Phik, the total depth of which
fluctuates within 40-80 cm. The depth of soluble salts deposition depends on the
depth of lying of solonetzic (IH, Ih) horizon. The deeper the horizon HE, the deeper
lie the soluble salts in the profile. Sodic soils formed in loess or loess-like loams have
up  to  10% of  exchangeable  sodium of  their  CEC,  but  the  soils  in  saline  clays  may
contain 10-20% and more of it.

8.4.22. . Sodic Chesnut Soils. Solonetz Haplic.

They lie like small “spots” within the complex mosaic of soil cover in the Arid
Steppe. In the subzone of dark chestnut soils, they are encountered on the upper parts
of slopes reaching the “pods” (saucer- like depressions, the result of soil and subsoil
subsidence), while in the subzone of chestnut soils one can encounter them on the
plainlands too. Chestnut solonetzs have a characteristic very distinct differentiation of
a soil profile by eluvium-illuvium type. Like their “chernozemic” counterparts, they
are also divided into shallow, moderately deep, and deep species by the same
criterium. But they differ from the chernozemic solonetzs by their color and tint.
Illuvial horizon may be dark-brown or chocolate-colored. Humusified layer in the
profile is 36-60 cm deep. Exchangeable sodium content is within 0.1-9 m. eq. per 100
g of soil. Exchangeable calcium is within 7-37 and magnesium – 2-26 m. eq. per 100
g of soil, pHH2O:7-8.5; humus content is within 1.5-3.5%.

8.4.23. . Meadow-
Chernozemic and Meadow-Chestnut Sodic Soils. Solonetz Haplic.

They may be encountered in various zones on the depressions of topography
with high watertable of saline ground waters in heavy textured parent materials,
forming “spots” of soil cover. They possess the distinct features of gleying in parent
material and higher. Meadow-chestnut solonetzs are more dark colored all over the
profile compared with chestnut solonetzs. The proximity of saline ground waters
affects the composition of exchangeable cations. Exchangeable sodium content
fluctuates within 1-15 m. eq. per 100 g of soil. The content of exchangeable
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magnesium in some soil species may reach 50% of the CEC. Soil reaction may reach
pH = 8.5-9.0. Some examples of soil profiles may be like this:

a) shallow meadow-chernozemic sodic soil:
E 1-5 cm, HIS 20-30 cm, Phisk(gl) 30-50 cm;
b) moderately deep meadow-chestnut saline-sodic soil:
HE 7-15 cm, IH 10-20 cm, Phi(k)10-20 cm PKsgl.

8.4.24. . Alluvial soils. Fluvisols Haplic.

Are widespread on the terraces of river valleys within the floodplain.
Depending on the part of a floodplain and the character of vegetation, the alluvial
soils are divided into two types: 1) alluvial soddy and 2) alluvial meadow soils.

Alluvial soddy soils form in a part of a floodplain nearing the river bed. They
are light-textured and represented by coarse and medium sands. The soils and
subsoils are layered. Ground waters lie close to the surface, but the bulk of the year
the  soil  profile  remains  beyond  the  capillary  fringe,  so  the  soils  are  dry  more  often
than not. Among them there may be some juvenile (young) soils. On floodplains,
sand and coarser particles are deposited near the river. Further from the river, the silt
and clay tend to be deposited from slower moving and, in some cases, very stagnant
water.

Alluvial soddy layered soils may have the following system of genetic
horizons: Hd + (H) + HP + P, whereas primitive layered soils may be composed of
the layers: P1h1 + P2h2 + … + Pnhn.

Alluvial meadow soils cover the central parts of the floodplains, where they
form under meadow grasses and have sandy-loamy or loamy texture. The deeper part
of a profile may show the signs of gleying, as watertable is within 1-2 m deep. Calm
regime of flooding may cause the formation of well humusified sediment of silt.
Alluvial meadow soils are widespread in the floodplain areas of small rivers. Their
profile may be expressed by a system of genetic horizons: Hd + (H) + HP(k) + Ph(k)gl.
Parent material (Pkgl) is a gleyed loam, sometimes a layered alluvium.

8.4.25. . Meadow soils. Gleysols Mollic.

Such soils are characteristic for the saucer-like depressions, hollows and dells
on the plateau. The soils have intrazonal character and at the same time are
“endowed” with certain zonal specific features. In the lower parts of slopes,
especially concave ones, the runoff forms some deep-profiled accumulative soils. The
soils may look very much like chernozems, but their parent material and the horizons
of the lower profile may be gleyed.

Meadow soils in loess parent materials are usually moderately deep
(65-85 cm) and have the horizons: Hd, H, HPk, Phkgl and Pkgl.

Meadow podzolized (solodized) soils were formed in the depressions ones
covered by the forest. Their profile may be expressed as He + Hpi + Phigl. Where the
ground waters are saline, the meadow soils form the complexes of soil cover,
including sodicity and salinity affected as well as solodized meadow soils.
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8.4.26. . Peat and Bog Soils. Swamp Soils. Gleysols Histic.
Histosols Terric and Supric.

By the character of water causing excessive soil wetness, the swamp soils are
divided into three groups: upland swamp soils, transitory swamp soils and lowland
swampy  soils.  Upland  swamps  and  the  soils  on  them  were  formed  with  excessive
wetness caused by atmospheric precipitations. Lowland swamps and the soils on
them were formed with excessive wetness caused by the ground water. The evolution
of swamps may be such that the lowland ones will develop into transitory and these,
in their turn, into upland swamps which lost the “umbilical cord” with the ground
water.

Upland swamps are encountered in Ukraine on small areas in the western part
of the northern Polissya and in Carpathian region. Lowland swamps are much more
widespread.

By the thickness of peat layer the soils are divided into mucky-gleyic (up to 30
cm), peaty-gleyic (30-50 cm) shallow peats (50-100 cm), moderately deep peats
(100-200 cm),deep peats (200-400 cm) and very deep peats (over 400 cm).

By the content of ash the soils are divided into low and moderately ashy (up to
20%), abundantly ashy (20-50%) and silty-peaty (50-80%). The soils containing over
80% of mineral substances are not organic but mineral soils.

The swamp soils of upland and transitory swamps have a low ash content (2-
6%), high acidity (pH of soil solution within 3.5-4.5) and a characteristic bulding
surface.

The profile of peaty-gleyed upland swamp soil is composed of the horizon of
peat  (T),  up to 30 cm deep,  light-brown, fibrous,  with a mossy sod near the surface
(Td) of undercomposed sphagnum and gleyed mineral horizon which is considered to
be the parent material.

Soils of the lowland swamps (bogs) take up 98% of the entire area of swamps
in Ukraine. They are “connected to” the river floodplains, ancient river valleys,
lowlands near the terraces, ancient lake basins, etc. The soils were formed under
sedges of various kinds, reeds, mosses (sphagnum, hypnum), cattails trees (alder),
water lilies, pondweed, hornwort, etc. The soils are moderately or abundantly ashy,
with a wide range of soil reaction (pH = 5-8.5) and a much higher content of nutrient
elements than upland swamp soils.

The mineral swamp soils, in their virgin variant, may have the following
profile: Hd(T) + Hgl(T) + PHGL + PGL.

Moderately deep peat soils have a profile differentiated into a series of peaty
horizons of varying degree of decomposition and botanical composition. A virgin
profile may be registered as: T0 + T1 + T2 + …, whereas for the drained variant the
profile  may be  symbolized  as  T1H +  T2H +  T3h and  so  on.  In  case  of  moderately
deep and deep peats, the mineral gleyed sedimentary rock is not a parent material but
a material underlying it.
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8.4.27. . Solots. Solods. Planosols Eutric. Phaozems Luvic. Planosols
Albic. Phaozems Albic.

The soils were formed under the conditions of alternative periodic excessive
wetness and percolation of the profile. Labile products of gleying are redistributed
over the profile differentiating it into eluvial (solodized) and illuvial horizons. Any
soil, having such a differentiation on the general “background” of gleying, is
solodized to a certain extent or a solod proper. According to the theory advanced by
K.K.Gedroiz, the solods are formed after percolation and leaching (desalinization) of
sodic soils by the flow of water.

8.5. Soils of Ukrainian Mountain Regions

8.5.1. Soils of the Carpathian Mountain Region (Province)

Ukrainian eastern Carpathians are situated in the south-western part of the
country stretching out to over 200 km in length and about 100 km in width. Their
area exceeds 30 thous. square kilometers. According to A.M.Turenko (1980), the
Carpathian Mountain Province is an integrated landform system (Fig.1), including as
its component parts the mountain ranges, Transcarpathian lowland, and Carpathian
plainland. The area of Ukrainian Carpathians is known for its specific land forms and
distinctly expressed vertical zonality of climate, vegetation and soils.

Carpathian parent materials are mainly the weathering products of solid
sedimentary, igneous, and metamorphic rocks. Sandstones and slates, which by
alternating layering form the so-called Carpathian flisch, are the most widespread
parent materials. In southern part of the province, the soil formation develops in the
cortex of weathering of andesites, basalts, tufa, and other volcanic rocks redeposited
in the form of alluvium and diluvium, rich in rubble and stones, the amount of which
increases with elevation. Alluvial and deluvial deposits cover sandstones, schist,
marls, and other solid rocks.

Noncalcareous loess-like deluvial deposits dominate in the Subcarpathian part
of the region. Alluvial loams underlain by sands and pebbles are widespread on the
young terraces of the river valleys. Recent deposits of sands, loamy sands, and loams
underlain by the layers of pebbles are very common in the flood plains of the river
valleys.

Transcarpathian soils were formed in deluvial and eluvial sediments of the
heavy texture (clay loams), free from stones and rubble, and in alluvial deposits and
loams covering sands and pebbles.

Climate of the Carpathian mountain region is formed under the influence of
atlantic and continental air masses. It is characterized by high humidity coefficients
exceeding unity and well defined specific features depending on the absolute altitude
and direction of mountain ridge. South-western slope and  Transcarpathian Lowland
are to a greater extent subjected to the impact of warm and humid atlantic air masses

 Much of the material in this section has been provided by the late Associate prof. A.M.Turenko. The consept
of brown soil genesis, presented here, had been developed by him.
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than the north-eastern slope and Subcarpathian Territory “experiencing” the influence
of Eastern-European and Asian continents.

Generally speaking, the climate in Carpathians is humid or excessively humid.
By thermal regime and hydrothermal conditions of soil formation, several vertical
zones were identified within the area of Ukrainian Carpathians and adjoining
plainland territories (Table 98).

Changes in climate depending on the altitude are the reason for the vertical
zonality of vegetation. Broad-leaved forests consisting of oak, beech, and hornbeam
and occasionally with an admixture of fir are widespread on the foothill plains in
Subcarpathians. Low mountain areas are occupied by mixed deciduous forests (oak,
hornbeam, and beech), whereas moderately high mountains are covered mostly by
mixed broad leave-aciduous forests rich in fir. On high-perched meadows called
“poloninas”, meadow grasses are the most common, but on some spots one may
encounter bushes, scantily standing spruce, alder and pine forests with stunted and
deformed trees. On Transcarpathian foothills, oak forests reign supreme with
hornbeam coppices occupying some elevated hills.

Table  98.  Hydrothermal  Regime  Indices  in  the  Vertical  Zones  of  Ukrainian
Carpathians (I.M.Gogolyev, 1986)

Indices summed up for the year:
Vertical zone, region, and belt

t > 10°C Precipitation,
mm

Humidity
coefficient

Transcarpathian Lowland, warm,
humid 2800-3000 700 1.0-1.3

Transcarpathian Foothills, warm,
excessively humid 2600-2800 800 1.3

Subcarpathian, moderately warm,
excessively humid
warm, humid

2200-2500

2500-2800

700-800

600-700

> 1.3

1.0-1.1
Mountain Forest, excessively
humid 1800-2200 800-1000 > 1.3

Low-Mountain, moderate (450-470
m) 1400-1800 1000 > 1.3

Moderately high mountain, cool
(750-950 m) 1000-1400 1200 > 1.3

Moderately cold (950-1500 m) 600-1000 1200-1600 > 1.3

Cold (over 1500 m) < 600 1200-1600 > 1.3

Vertical changes in climate, vegetation, parent materials, and topography
in Carpathian mountain region (province) cause the changes in soil formation.
Brown forest soil formation proved the most widespread and intensive here. Its
development acquires the most typical features under the canopy of forest vegetation
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on slopes less than 20 degrees steep. Such conditions, complimented by the subsoil
runoff of water, favor the formation of aluminum-iron humus complex compounds
which moving in the soil along the sloping subsurface horizons accumulate mainly in
surface horizons of the soil profile. Lateral type of dissolved and suspended material
migration creates in the soil profile an infiltrative transit of organic compounds, iron,
and finely dispersed particles. Any compaction and reduction of soil infiltrability
reduce the influx of soluble materials to the deeper horizons. Organic-mineral
complexes, therefore, are formed and accumulated in the upper part of soil profile,
imparting a characteristic brown color to soil horizons, the intensity of which
decreases with depth. Biogenic calcium and magnesium, under such conditions,
interact with brown humic acids only to a certain rather small extent. Getting into soil
solution, Ca2+ and  Mg2+ partly neutralize fulvic acids which otherwise would
“aggressively” tackle the mineral part of the soil and that is the cause for the
weakening of podzolic process (and soil podzolization accordingly).

Brown humic acids, not being capable to migrate down the profile, interact
with sesquioxides, particularly those of iron, forming some stable organic-mineral
complexes. Being precipitated mainly in the surface horizons of soil profile, the
complexes favor the brown forest soil formation an accumulative type of soil profile
with  more  or  less  clear  differentiation  into  the  horizons:  H  +  Hp  +HP  +  Ph  +  P.
Substance distribution over the profile is not distinctly differentiated and the profile
remains of nondiferentiated, uniformly accumulative type. Under conditions of
lithogenic carbonate accumulation, not all calcium comes to the soil solution. A
considerable part of it forms a more stable bond with organic acids, compared with
the biogenically accumulated calcium, and functiones as a kind of bridge uniting
humic substances with silicate clay minerals. Simultaneously with the formation of
alumina-iron-humus complexes, a soil profile is being formed well saturated with
calcium and other basic cations (Hk + Hpk + HPk + Phk + Pk) without any signs of
eluvial differentiation.

On less steep slopes (< 20°), the soluble substances are infiltrated and
accumulated in deeper soil horizons. Ferrous iron, organic acids, and fine mechanical
particles reach the deeper horizons in alternated anaerobiosis. Losing such materials,
the upper part of soil profile becomes bleached and forms eluvial horizons, whereas
in the lover portion of the profile, there occurs the accumulation of the organic
mineral sediments leached from the overlying horizons. Thus illuvial horizons are
formed rich in colloids and usually gleyed to varying extent soil profile is distinctly
divided into eluvial and illuvial parts with reduction (gleization) processes being very
operative in podzolization, as these processes increase the solubility of iron, humus
and other substances.

In soils, covering gentle slopes, the continuous leaching and outflow of soluble
materials and fine-textured suspension causes the development of podzolic process
through reduction processes (gley-podzolization). In that case brown forest gleyed
podzolic soils are formed with distinctly differentiated gleyed profile. As the slopes
become steeper, gley-podzolization process becomes less intensively expressed in the
morphologic features of soil profile. On gentle (<5°) concave and level slopes some
severely gleyed podzolized soils are formed composed of the horizons: He + Hpegl +
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HPigl + Phigl + Pgl. Moderately and slightly gleyed soil genuses are encountered
steep (15-20°) slopes. Their profiles can be described by the following sequences of
horizons: He + Hpe + Hpigl + Phigl + Pgl and H(e) + Hp(e) + HP(i) + Ph(i)gl + Pgl.

With lithogenic calcium and magnesium accumulation under reducing
conditions on slopes less than 20°C steep, the infiltrating flow of moisture causes the
leaching of these elements downward from the upper portion of the soil profile.
Alternative anaerobiosis instigates the development of the same eluviation processes
as in carbonate free parent materials, but here they occur in the presence of large
amount of calcium. Formed in this way gleyed and differentiated profile contains
calcium and magnesium in some horizons. Such soils, in contrast to gley-podzolic
acid brown soils, were called by A.M.Turenko (1989) gleyed-leached. They form on
the same elements of topography but in calcareous or carbonate-containing parent
materials. The composition of there profiles, depending on the steepness of slope,
may be as follows: He + Hpegl + HPigl + Phikgl + Pkgl (< 5°, sometimes 5-10°); He
+ Hpe + HPikgl + Phikgl + Pkgl (10-15°); and H(e) + Hp(e)k + HP(i)k + Ph(i)kgl +
Pkgl (< 20°).

When the slopes become less steep, under conditions of alternating
anaerobiosis and insufficient drainage, brown soil formation unites with gleization
and leaching of soluble materials (gley podzolization and gley leaching). The transfer
of substances from the upper horizons are the most intensive in soils on the levelled
areas of high and properly drained terraces in Transcarpathia and Subcarpathia.
Brown soil formation here is of secondary importance. Under such conditions, brown
gleyed podzolic soils are formed with the following sequence of horizons in the
profile: HE + Eigl + Igl + IPgl + Pigl.

On low terraces with shallow underlying of impervious materials, a continuous
influx of clastic material from the mountain slopes and reducing conditions favor the
development of alluvial floodplain processes. While remaining dominating, these
processes combine with brown soil formation. Under such conditions, there is no
sizable transfer of soluble materials from the profile, due to poor drainage, and
brown-meadow shallow soils are formed. Podzolic soil formation in its clear form is
possible only on the slopes with the stony talus.

8.5.1.1. Brown-Meadow Soils

In the floodplains of rivers and on the low-level terraces some coarse-grained
materials composed of boulders, pebbles, stones, rubble, and sand are deposited
during the floods. Silt and clay particles between the stones create a certain layering
in the fine earth deposition. Under grasses and carex-reed associations, on the open
(glade) areas or under scanty alder forests, shrubberies of willows, etc., with shallow
underlying of solid stony rocks, the transfer of fine materials from the shallow (5-50
cm) profile of young alluvial soils is practically excluded. Soil formation is therefore
reduced to the accumulation of materials and formation of grainy structure with
aggregated cemented by brown iron humate. Iron-humus complexes impart a
characteristic brown color to the solum.
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Brown soil formation complimented with gleization considerably affects the
formation of alluvial soils, which is evident from the brown color and grainy
structure of these soils. Brown meadow soils go through several stages of soil
formation from the primitive and underdeveloped to deep full-profiled pedons which,
however, differ from the neighboring soils by the absence of profile differentiation.

Primitive and underdeveloped soils formed in sandy-pebbly-boulders alluvial
deposits possess a shallow profile (Hd + H+P, Hd + H + P(h) + P) 5 to 20 cm deep.

High mountain areas covered with meadow grasses and shrubs over the upper
borderline of forest are called the mountain meadows or “poloninas”. They are
widespread on the tops and slopes of the highest Carpathian mountains (Goverla, Pip
Ivan, Petros, Smotrich, Syvulya, etc) in geomorphologic regions of Chornogory,
Svidovetz, Gorgany and Chivchyny at the altitudes within 1650-2061 m. The lower
boundery of the meadows is rather wavy and, depending on the character of land
forms, it may occasionally descend to the altitude of 1200 m. Mountain meadow
vegetation is forming several tiers of canopy cover: gramineous species alternative
with sedges, lichens, and shrubs.

By the character of vegetation, the zone of mountain meadows is subdivided
into three subzones: upper, medium, and lower. The upper subzone occupies the
highest level of the Chornogory mountainous area (mountains Goverla, Pip Ivan,
Petros, Smotrich, Dzembronya, etc.) at the altitudes over 1800 m. Some shrub
vegetation dominates here, as well as blackberries, blueberries and other berry
species. There are numerous mosses and lichens. Annual precipitation exceeds 1000
mm. Air temperature is low (+8-12°C in July) and the period of plant growth and
development does not exceed 90 days. Such conditions favor peat soil formation.

Moderate (middle) subzone is situated within the belt of absolute altitudes
1850-1750 meters with some part descending tongue-like to 1400-1200 meters, to the
upper border of the forests. Some gramineous grass species dominate here as well as
sedge grass and reeds. There are numerous mosses and lichens. On eroded and stony
slopes, pine trees with curved trunks 2-3 meters in height are encountered which,
however, do not form unbroken stands.

By climatic parameters, moderate subzone is warmer than the upper, and to a
greater sheltered from severe winds. The grasses, therefore, are better developed here.

The lower subzone borders directly with the forest zone at altitudes over 1600
meters. It forms a narrow and broken belt of shrubs and scanty forests composed
mostly  of  fir.  In  numerous  places,  this  belt  is  broken  by  the  tongues  of  gramineous
grasses which cover steep slopes and nearly vertical banks of the mountain streams.

Brown meadow soils developed here, by the depth of (H + Hp) horizons, are
divided into: shallow (20-50 cm), moderately deep (50-70 cm), and deep (> 70 cm).
They are gleyed to varying extent (Hd + H + HPgl + Phgl).

Table 99. Classification of Brown Forest Soils

Subtype Genus Species
Light-brown
Dark-brown

Modal (acid), carbonatic
(saturated), gley-podzolized,
gley-leached, eroded

Modal,  by  the  extent  of
gley-podzolization, gley-
leaching, and erosion
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8.5.1.2. Brown Forest Soils

They are widespread in low, moderate, and high mountain zones. Dark-brown
soils were formed in the subzone of aciduous (fir) forests at the altitudes within
1250-1650 meters. The surface soil contain 8-20% of “crude humus” in which fulvic
acids dominate over humic ones, so that the type of soil humus mostly humate-
fulvatic. Brown forest soils were formed in the subzone of mixed (beech-fir) forests
within the altitudes of 600-1200 meters. Organic matter content in the surface horizon
is within 4-8%, humus type being “moder”, which means “less crude” than in the
dark-brown soils.

Light-brown forest soils are “pertaining” to the mixed forests of the low
mountain subzone composed of oak, beech, and hornbeam. Their organic mater is of
“mull” (mild) type, and its content seldom exceeds 4%. Iron oxides dominate in the
mineral part of dark-brown soils, whereas in light-brown ones it is Al2O3 that is
dominant, which explains the difference in soil color.

8.5.1.3. Brown Gley-Podzolic Soils

They are widespread on foothill plainlands of the Subcarpathian and
Transcarpathian territories, as well as in between- the- mountain hollows within the
absolute altitudes of 125-400 meters. The soils are formed in deluvial non-carbonatic
loess-like loams under mixed (mainly oak-beech) forests on hilly and knolly
topography with stagnating and leaching types of soil-water regimes. Sufficient
drainage on high ancient terraces favors an active transfer of substances in soil
formation. But the soil receives a large amount of fragmentary material (debris) from
the surrounding mountains containing substances characteristic of brown forest soils.
This process takes place under conditions of stable anaerobiosis (lock of oxygen).
Summing it all up, one has to conclude that gleization (intensive reduction) and
material transfer (gley-podzolic process) in soil profile occur under the influence of
brunozemic (brown soil) soil formation. Morphological features of soil profiles
reflect the character of material migration (percolation, leaching, and other forms of
material transfer) in dependence on land form features and terrace steepness, whereas
soil diagnostics id performed by the ratio between the thicknesses of two upper soil
horizons. Brown-gley-podzolic soils with profile made up of the following horizons:
HE  +  Eigl +  Igl +  Ipgl +  Pigl, are classified into the species of gleyed severely,
moderately, and slightly podzolic soils. Various varieties of gley severely podzolic
soils occupy the level and concave areas on the terraces less than 1° steep. The depth
of HE horizon does not exceeds that of Eigl (HE<Eigl). Gleyed moderately podzolic
soils have HE and Eigl horizons roughly equal to each other in thickness (HE = Eigl),
whereas slightly podzolic units are characterized by the inequality: HE > Eigl. Such
soils are encountered on the terraces with mainly convex surface shape and slopes
within 1-3°.



186

8.5.2 Soils of the Crimean Mountain Region

Crimean mountains occupy the southern part of the peninsula. The y are
composed of three parallel mountain ridges each, 40-50 kilometers wide and two
valleys between the ranges the width of  which varies from 2-3 to 15-20 kilometers.
The valleys were “worked out” by the processes of erosion (Fig. 2).

Fig. 2. Schematic Transsection Across the Crimean Mountains (according to
M.A.Kochkin)

The height of the ridges decreases from the south to the north. The main
(southern) ridge may someplace reach 1540 meters above sea level. The middle one
may reach 540-550 meters in height and the external (northern) one is only within
120-350 meters high. The northern slopes of the ridges are gentle, gradually
descending to the north, whereas the southern slopes of the ridges are rather steep and
someplace abrupt. Flat mountain tops (yaylas) are characterized by a network of
broad and deep ravines and gullies. There also are the hills and rocks knolls with
crevices and karst funnels, as well as underground wells and streams. Through the
crevices and fissures, the snowmelt and rain waters reach the depth of the limestone
sediments. Foothill territory is “furrowed” by the river valleys and other lines of
preferential runoff, including gullies.

Climatic conditions differ in wide range, depending on the altitude above sea
level, slope aspect and steepness as well as on the amount of heat reaching the
surface, temperature of the Black Sea water and that of the air over the peninsula
steppes. The climate changes substantially depending on the absolute altitude of a
location. Every 100 meters upward reduces air temperature by 0.5-0.6°C. On the tops
of the main mountain ridge at 1250-1450 meters above sea level the air temperatures
are 7-9 degrees lower as compared with foothills. The amount of precipitation
increases with height. Mean annual precipitation is of 460-550 mm at the altitude of
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250-300 meters above sea level, whereas on tops of the mountains (yaylas) it
fluctuates within 900-1250 mm.

Changes  of  climate  with  altitude  is  one  of  the  reasons  for  the  existence  of
vertical zonality which becomes evident first of all from the character of vegetation.
On foothill areas the areas with needle grass and variegated association grasses are
bordering with the patches of low-growth forests and shrubberies. On the southern
and northern slopes of the main mountain ridge the trees are dominant over the other
types of vegetation. Oak forests reign supreme there which in alliance with mixed
forests dominate at the altitudes within 850-1400 meters above sea level. Further
uphill leads one to the flat tops of the mountains (yayles) covered by meadow and
meadow-steppe grasses, occasionally broken by the patches of Crimean beech and
hornbeam. Southern coast vegetation is of Mediterranean character. It is represented
by the low-growth mixed forests and shrubs. Occasionally some oak and juniper
forests may be encountered. Among the conifers, Sudak and Crimean pines may be
encountered. Numerous species of ornamental plants make this part of the Crimea a
veritable Garden of Eden.

Vertical changes in climate and vegetation lead to the corresponding changes
in the character of soil formation. Different soil types are formed in different
altitudinal belts or vertical zones. Local geology and the character of parent materials
also greatly modify the soil cover. The most widespread parent materials are eluvium
and deluvium of various solid rocks, stony debris, and fragmentary (clastic) prolluvial
sediments. Pebbles mixed with loams and eluvium-deluvium deposits are widespread
in the river valleys. Loess-like loams and clays are encountered on foothill areas and
within the external ridge of the Crimean mountains.

Factors of soil formation in the mountainous part of the Crimea resulted in the
formation of the following vertical zones: 1) foothill steppe zone with southern
chernozems and meadow-chernozemic soils; 2) foothill forest-steppe zone with
soddy-carbonatic (rendzinas) and grey mountain soils; 3) mountainous forest zone
with brown forest soils; 4) meadow-mountainous zone on yaylas with mountain-
meadow chernozem-like soil; and 5) southern slopes of the main ridge covered with
cinnamonic soils. Brown forest soils in Carpathians are known as Cambisols Dystric
and those of the Crimea as Cambisols Eutric by the FAO soil nomenclature.
Cinnamonic mountain soils formed mainly in hard rock eluvium-deluvium are known
as Cambisols Calcaric by the FAO soil nomenclature.

Eroded soils are frequently encountered on the mountain slopes, as well as
debris and eroded material accumulations rich in stones and rabble.

8.5.2.1. Soddy-Carbonatic Mountain Forest-Steppe Soils (Rendzinas
Cambric)

The soils named in the headline are widespread in the Forest-Steppe zone of
the foothill area. Considerable areas of such soils are encountered on the slopes of
internal and to a lesser extent of the main and external mountain ridges up to 400-450
meters above sea level. These low-mountain soils are formed under steppe grasses
and the associations of trees and shrubs in eluvium-deluvium of solid chalk-marls and
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limestones of neogenic and pallogenic age. The soils are endowed with shallow and
stony profiles, 40-60 cm deep. Horizon of OM accumulation (Hk) contains 2-6% of
SOM and is of cloddy or crumby-cloddy aggregation. Carbonate content may reach
30% and soil reaction is slightly alkaline (pHH2O 7.3-8.0).

Full-profiled and eroded mapping units were developed in eluvium of
limestones, whereas the profiles covered with eroded material were formed in
diluvium of the same solid rocks. A brief soil profile description may be as follows:
horizon of OM accumulation (Hk) 5-25 cm deep, grey, stony, loosely composed,
loam, cloddy, transition gradual, upper transitive horizon (Hpk): 15-20 cm deep,
light-grey, stony, compacted, loam, cloddy; transition clear; lower transitive horizon
(Phk): 20-25cm deep, light-colored, very stony, descend into slightly weathered
limestone. In profiles less than 50 cm deep only one transitive horizon is identified.
Soils covered by eroded material may be 90-120 cm deep.

By the depth of loose weathered layer (Hk + Hpk), the soddy-carbonatic
mountain forest-steppe soils are classified into underdeveloped (up to 25 cm), short
profiled (24-45 cm), and ordinary (modal) (> 45 cm). By OM content they are
divided into slightly humusified (< 3%) and those with low humus content
(3-6%). By the extent of erosion development, they may be slightly eroded with up to
one-half of the Hk horizon lost, encountering on the slopes up to 3-5° steep,
moderately eroded, occurring on the slopes 7-12° steep and with completely lost Hk
horizon, and severely eroded on slopes within 12-20° with lost Hk and Hpk horizons.
With the greater erosion the soils become more skeletal (stony). By the extent of soil
stonyness they also are divided into corresponding species: slightly stony (<10% of
particles over 1 mm in size), moderately stony (10-30%) and very (or severely) stony
with over 30% of skeletal particles. The percent in this latter case is calculated (or
measured) relative to the surface of soil profile or horizon, and not to soil as one is
prone to expect. Soil units covered with the eroded material are encountered on the
lower parts of slopes. Their profile may be composed of the following horizons: Hk,
50-60 cm thick + Hpk, 35-40 cm in thickness + Phk, also 35-40 cm + Pk (parent
material).

8.5.2.2. Grey Mountain Forest-Steppe Soils

Are widespread in the vertical Forest-Steppe zone occupying a band from 350
to 600-900 meters above sea level mainly on the slopes of southern and south-
western aspects and the tops of ridges. Vegetation species and associations jointly
favoring the formation of such soils are represented by the trees, shrubs, and grasses.
Dominant parent materials are eluvium and diluvium of paleogenic limestones, shales
and slates, and their weathering products.

A characteristic feature of soils is their grey or dark grey color, in the surface
horizon of OM accumulation, the horizon being of an indistinct nutty and prismatic
structurally and of illuvial character (enrichment with clay and colloidal matter),
detected by the particle size analysis: the amount of clay at the depth of 45-65 cm is
by 3-10% larger than in the surface (0-20 cm) layer.
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Gray soils formed in limy materials effervesce from the depth of 35-55 cm, by
which they differ from the soddy-carbonatic mountain soils. The depth of soil profile
typically is within 60-100 cm. By texture the soils are clays or clay loams and contain
from 3 to 5% organic matter. Soil reaction is slightly acid or close to neutral (pH H2O
6-7).

Full-profiled and eroded soils were formed mostly in eluvial sediments,
whereas those covered with eroded material were formed in deluvial deposits.
Typical soil profile may be characterized by the following morphological features:

Humic horizon H, 25-30cm thick, grey or dark grey, slightly compacted;
grainy and crumby granulation, gradually passes into the upper transitive horizon
(Hp), 20-25 cm thick, grey with brownish tint, compacted, clay, cloddy-nutty
structure, inclusions of rubble, effervesces in the lower portion, transition gradual;
lower transitive horizon (Ph/k), 25-35 cm thick, light grey, compacted, clay, stony,
occasionally with carbonatic “pseudomicellia” or “mold”, transition to parent
material (Pk) quite distinct.

By  the  extent  of  soil  destruction  by  erosion,  the  following  species  are
identified: slightly eroded – up to a half of H-horizon lost, moderately eroded – the
entire H-horizon lost, and severely eroded – the upper transitive horizon lost.
Washed-on species (covered by the detached and transported material) are formed in
lowlands and lover parts of slopes in deluvial deposits. Their profile may be 100-110
cm deep and composed of the horizon: Hk (30-40 cm) + Hpk (30-35 cm) + Phk (35-
40 cm) + Pk (parent material).

8.5.2.3. Meadow Mountain Chernozem-like Soils

The soils are encountered on flat mountain tops (yaylas), the tops tree from the
forests and partly on the slopes of the main mountain ridge 600 meters above sea
level. The soils were formed in increased humidity and decreased amount of heat
under meadow and meadow-steppe grasses in the weathering products of limestones,
conglomerates, and sandstones or, occasionally, in the stony clay of karst funnel
deposits.

On  the  level  and  elevated  yayla  areas  the  depth  of  soil  profile  is  about
30-55 cm, the surface humus accumulation horizon being of 8-20 cm. By texture the
soils are mostly clay loams. They effervesce from the surface or from the depth of
10-15 cm. On the areas slopping to the north and on the lowland patches they are
leached from the carbonates. SOM (soil organic matter) content is within 2-8%, 30-
40%  of  the  soil  weight  are  stones  and  rubble  of  parent  materials.  Soil  adsorbing
complex is well saturated with calcium, soil reacting being close to neutral (pH H2O
6.5-7).

The soils formed in the limestone eluvium are calcareous, whereas those in
conglomerate and sandstone eluvium are noncalcareous, and those formed in clayey
diluvium of limestones are mostly leached from the carbonates. Of calcareous soils
the most widespread are those with shallow profile. Their humus accumulation
horizon (Hk) 8-20 cm deep is dark grey, stony, compacted, grainy or cloddy in
structure with a clear transition to the underlying horizon. Upper transitive (Hpk)
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horizon is 15-20 cm deep, gray, stony, very compacted, cloddy with a gradual
transition to the lower transitive horizon (Phk), which is 18-25 cm deep light-grey,
very  stony  and  hard  with  clear  transition  to  the  parent  material  (Pk).  In  profiles,  as
shallow as 30-35 cm only one transitive horizon is identified.

Leached genuses of meadow mountain chernozem like soils occupy
insignificant areas. Their profile is indistinctly differentiated, 120-140 cm deep with
SOM content in the surface horizon within 8-10%, noneffervescent with soil reaction
close to neutrality (pH H2O 6.5-6.9). H-horizon is 25-40 cm deep, dark-grey, loose
and friable, with cloddy to grainy aggregation and gradual transition to the deeper
horizon. Upper transitive horizon (Hp) is 40-45 cm deep, dark-grey, compacted,
cloddy with gradual transition to the underlying horizon (Ph),  45-55 cm deep, light-
grey, compacted, nutty in aggregation, with gradual transition to clayey diluvium of
limestones (Pk), which is a parent material. By the depth of “humusified” profile the
soils are classified into underdeveloped (< 25 cm), short-profiled (25-45 cm), shallow
(45-65 cm), moderately deep (65-85 cm), deep (85-120), and extradeep (> 120 cm).
By SOM content they may be slightly (< 3%), lowly (3-6%), and moderately
humusified.

8.5.2.4. Brown Forest Soils

Are widespread in the forest mountain zone of the main and internal mountain
ridges at the altitudes above 300 meters on the northern-aspect slopes and over 400-
600 meters on the southern-aspect slopes and upper “borderline’ within 900-1200
meters above sea level. Annual precipitation fluctuates within 550-1150 mm. Brown
forest soils of the Crimea were formed mainly in eluvium and diluvium of
limestones, shales, slates, sandstones, conglomerates, and occasionally – hard
crystalline rocks.

The intensity of soil formation is dependent on parent material and forest type.
It reaches its acme in noncarbonate parent materials under beech, hornbeam, and
beech-hornbeam forests, whereas pine forests are “less conducive” to its
development.

Sufficient humidity in alliance with prolonged warm period cause a rapid
disintegration  and  decomposition  of  primary  minerals  as  well  as  the  “synthesis”  of
secondary ones under periodic reduction conditions (gleization). Accumulation of
secondary minerals in soil profile is accompanied by transition of soluble minerals by
percolation and lateral flow of moisture in the soil. Soluble products of soil
formation, including carbonates and clay particles, are thus washed off the upper
portion of the profile. Rapid mineralization of organic residues and humus substances
are in the way of soil humus accumulation in brown forest soils. An increased amount
(4-6%) of humus may be determined only in the upper part of the surface horizon
directly under forest litter. SOM content rapidly decreases with depth. Soil humus is
of fulvatic type all over the profile. Clay loam soil varieties with stones and rubble in
the lower portion of soil profile are dominant. Cation exchange capacity (CEC) is
within 25-40 meq. per 100 g of oven dry soil. Calcium is a dominant exchange
cation. Soil reaction is slightly acid in soils formed in noncarbonate parent materials
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(pHH2O 5.2-6.3), and neutral to weakly alkaline in soils formed in carbonate parent
materials (pHH2O 6.8-8.0).

The solods are the most widespread in the zones of Forest-Steppe and Steppe.
Meadow-chernozemic solods formed in loess consist of humuso-solodized

horizon (He) dark grey with amorphous SiO2 dusting, cloddy-platy or scaly, humuso-
eluvial (solod) horizon (HEgl) with abundant amorphous SiO2 with rusty and olive
mottling and hard bean like concretions, illuvial horizon (Iehgl) gleish-brown, nutty
with abundant spots and mottles of gleying, and parent material (Pgl), noncalcareous
in the majority of cases, but containing large concretions (the “puppits”) of lime or
veins when calcareous.

Meadow solods form in the places of higher water table. Their profile is shorter
and more expressly gleyed.

Fig 3. Schematic Transsection Trough the Mountain Ridges of Ukrainian
Carpathians and Adjoining Territories (A.M.Turenko, 1980)
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8.6. A Form for Soil Profile Description_________________________
                                                                                Date
Region   ____________________   District  _____________________

Farm  ______________________   Crop Rotation  ________________

Local Coardinates  _________________________________________
_________________________________________________________

Topography:

(a) general outline (macrorelief) ________________________________

__________________________________________________________

(b) elements of topography (mesorelief) _________________________

__________________________________________________________

(c) microrelief  _____________________________________________

__________________________________________________________

Vegetation _________________________________________________

__________________________________________________________

Soil Surface _______________________________________________

Ground Water Depth ________________________________________

Depth of Effervescence with 10% HCl __________________________

Forms of Carbonates and Salinity ______________________________

Parent Material  ____________________________________________

Underlying Material _________________________________________

Name of a Soil _____________________________________________
__________________________________________________________
Type  _____________________________________________________

Subtype  __________________________________________________

Genus  ____________________________________________________

Species ___________________________________________________

Variety ___________________________________________________

Series (lithological) _________________________________________
_________________________________________________________

                                                Profile Description

                                            (A.M.Turenko’s Palette)
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9. SOME BALANCE CALCULATIONS IN UKRAINIAN
AGRICULTURAL SOIL SCIENCE

According to balance concept, the process of soil formation is composed of
four components of substance energy balance: incoming, movement, transformation,
and losses of matter and energy. All the components are interrelated and mutually
caused. They determine the direction of soil formation, as well as soil constitution,
composition and properties.

By the balance of matter in soil formation we understand the difference
between the inputs of substances in the soil and their losses during a certain
period of time.

Balance of matter may be positive, negative, and non-deficit.
Soil balances are usually calculated for an annual hydrological cycle on a given

territory. A non-deficit balance means the approximate equality of the inputs and
losses of matter (or energy, especially in the case of a heat balance). For example,
carbon, nitrogen and ash elements come to the soil from the following sources:
residues and remains of plants and animals, living in the soil, as root exudates, as a
result of nitrogen fixation, from atmospheric precipitations, eolian deposits, surface
and subsurface runoff (inflow), ground water, fertilizers, soil amendments, irrigation
water, etc.

The  present  day  condition  of  our  science  does  not  always  allows  us  to
determine all the incoming and outcoming fluxes of matter and energy, so that some
evaluations remain semiquantitative.  Be it as it may, but balance calculations may be
of great practical importance for planning the practices of soil management.

9.1. Soil Water Balance

Soil water balance is understood as a set of inflow and outflow fluxes of water
during a certain time period. As in any other soil balance, the algebraic sum of such
inputs and losses should be equal to zero. Water balance can be calculated for definite
“limits of integration” in space and time, which in the language of soil science, means
for a given land area and layer of soil for a definite duration of periodic
measurements. Complete water balance equation may be given by the formula:

,0 WWGGEEGGPW tsritrecgr                                              (194)

where  W0 is  the  amount  of  water  in  the  soil  (mm)  at  the  beginning  of
observations;  P  is  the  sum  of  atmospheric  precipitation  (mm)  during  the  period  of
observations; Ggr is  the  amount  of  water  which  reached  a  given  layer  of  soil  from
ground water during this period; Gc is the amount of water condensed in a given layer
and during the abovementioned period of time; Ee is the amount of water evaporated
from the soil during this period (physical evaporation); Etr is the amount of water used
by plants for their transpiration; Gi is the amount of water infiltrated to deeper layers
of soil; Gsr is the amount of water lost by the surface runoff; Wt is the amount (stores)
of water (mm) at the end of observations, and W is the change in the stores of soil
water (mm) during the period of observations.
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It can be seen from the equation that as W  approaches zero during the period
of observations, there are no progressing soil wetting or drying on the territory under
observation. The contribution of each of the inputs into the balance is very differing
in magnitude. That means that there is no need to always take into account all of
them. It is enough to evaluate the “most contributing”. With this in mind, O.A.Rode
(1965) proposed a shortened version of the equation of water balance:

),(0 itregrt GEEGPWW                                                                  (195)

where all the symbols stand for the balance articles as in the previous equation.
Water balance can be calculated for any agronomically or otherwise important

period of time, but more often than not, it is completed for a year. In the practice of
agronomy (crop production), the incomes and outcomes of soil water are very
important for the period of crop growth and development, which allows to simplify
the balance equation even further. Different units of measuring may be employed in
balance calculation but in practice of Ukrainian soil science and agronomy cubic
meters per hectare (metric tons per hectare) and millimeters of water column are used
more often than the other units.

9.1.1. The Use of Soil Moisture Data in Practice of Crop Production

Soil moisture is practically the only source of water for the plants. Soil
moisture effects the availability of fertilizers and solubility of chemical amendments.
It  also determines the time and quality of  soil  tillage practices,  the time and rate of
irrigation, and, as a result, the productivity of plowland, meadows, and pastures.

By soil moisture we understand the amount of water in the soil at a given
moment of time (Wt). It is measured in percent of oven-dry soil, but, when necessary,
its stores can be expressed in millimeters (W mm) or cubic meters per hectare (Wm3).
The following formulas are employed to calculate the stores of water in the soil:

;1.0 dhWW tmm                                                                                   (196)

,103 mmtm WdhWW                                                                           (197)

where  Wt is  the  percent  of  water  in  the  soil,  h  is  the  thickness  of  a  layer  in
which the stores of water are calculated in cm, and  is the bulk density of the soil in
this layer.

The data on soil moisture make sense only if we know the specific water-
related properties of the soil.

Not all water contained in the soil is available to plants. Of most agronomical
importance is only productive moisture which can be consumed by plants. Productive
(available) water is that above the permanent wilting point (PWP). Productive water
content is calculated by the formula:

;PWPtpr WWW                                                                                          (198)
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where  Wpr is  the  amount  (mm)  of  productive  moisture  in  the  soil,  Wt is  the
total amount of water in the soil at a given moment of time in the same units, and
WPWP is the amount of unavailable water (at permanent wilting point) in a given soil
in the same units. To calculate the amount of water in a given layer of soil in mm one
has to know the values of one soil’s bulk density in this layer, which are shown in the
following table (Table 100).

Table 100. Equilibrial Bulk Density of the Plow Layer of Some Soils

Soils and their texture Bulk density, g·cm-3

Sod-podzolic soils:
sandy
loam-sandy

1.50-1.65
1.45-1.60

Grey forest soils:
light loam
medium loam

1.15-1.35
1.20-1.40

Podzolized chernozems:
medium loam 1.20-1.35
Typical chernozems:
medium loam 1.10-1.30
Ordinary chernozems:
heavy loam 1.10-1.25
Southern chernozems:
heavy loam
light clay

1.20-1.30
1.25-1.40

Dark chestnut soils:
heavy loam 1.25-1.35
Chestnut soils:
light clay 1.30-1.40

Permanent wilting point of the soil is very much dependent on its texture and
the presence of sodicity (Table 101).

Table 101. Permanent Wilting Point of Soils with Different Texture, % of
oven-dry weight

SoilsSoil Texture Not affected by sodicity Sodicity-affected
Sand 0.5-1.5 –
Fine sand 1.0-2.5 –
Loamy sand 1.5-4.0 2.0-5.5
Light loam 3.5-7.0 4.5-9.0
Medium loam 5.0-9.0 6.0-11.0
Heavy loam 8.0-12.0 9.5-13.5
Clay 12.0-20.0 13.5-21.0
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Field capacity moisture (FC) is dependent on soil texture, aggregation,
chemical composition, density, and porosity. The stores of water at FC in clayey soils
(1 m layer) may reach 300-400 mm, whereas well granulated loamy soils may have
them within 250-300 mm. Soil moisture (% of oven-dry soil) at field capacity is
shown in the following table (Table 102).

Table 102. Soil Moisture at FC (% of oven-dry soil)

SoilsSoil Texture Not affected by sodicity Sodicity-affected
Sand 4.5-6.5 –
Fine sand 7.5-10 –
Loamy sand 10.5-15.0 15.5-19.5
Light loam 16.0-22.0 20.5-27.0
Medium loam 21.0-26.5 26.0-32.0
Heavy loam 23.0-29.0 28.0-33.5
Clay 30.5-29.0 32.0-40.0

A difference between FC and PWP is the maximum available water content,
also known in Ukrainian soil science as the range of active moisture (RAM):

PWPFC WWRAM ,                                                                                     (199)

where WFC are the stores (mm) of soil moisture at FC and WPWP – the same at
PWP (mm).

But not all water within the RAM is equally well available to plants. The most
available water is held by the soil in the range FC – the moisture of capillary
discontinuity (MCD), whereas in the range MCD-PWP the water in the soil becomes
drastically less available. Some researches believe that the value of the MCD can be
calculated by the formula:

2
PWPFCMCD .                                                                                  (200)

A great practical importance is attached to soil moisture deficit (SMD), which
is the difference between FC and factual soil moisture (ASM):

ASMFCSMD                                                                               (201)

For a given layer of soil the moisture of which should be increased by
irrigation (active layer or irrigated layer, as it is known in Ukrainian soil
reclamation), the rate of irrigation in mm is calculated by the formula:

,1.0, dhSMDmmIR                                                                       (202)

where h is the thickness in centimeters of the above-named layer and d – the
bulk density of the soil in this layer (g·cm-3).
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The stores of productive water in conventional plow layer and in the upper 1-
meter layer, where 90-95% of crop roots are located are an important agronomic
characteristic of a soil. At first the stores are calculated in every 10 cm of a 1-meter
layer by the formula:

10
)( tPWP

pm
dhWWW ,                                                                            (203)

where  Wpm is the content of water in the soil at a given time moment (% of
oven-dry weight), WPWP is the content of water at permanent wilting point in the
same units, h is the depth of a layer in centimeters, and d – the bulk density of the soil
in g·cm-3. Then the stores are summed up. The following two tables give notion on
the evaluation of the stores of productive moisture in 0-20 and 0-100 cm layers of soil
(Tables 103 and 104).

Table 103. Productive Moisture Stores Evaluation in 0-20 cm Layer

Stores, mm Evaluation
> 40 Good
40-20 Satisfactory
< 20 Nonsatisfactory

Table 104. Productive Moisture Stores Evaluation in 0-100 cm Layer of Soil

Stores, mm Evaluation
> 160 Very good
160-130 Good
130-90 Satisfactory
90-60 Low
< 60 Very low

For a more detailed evaluation of the stores of productive water in dependence
on the requirements of crops in 0-20 cm layer of soil the following table may be used
(Table 105).

Table 105. Normal Supply of Crops with Available Water in Conventional
Plow Layer (0-20 cm) in millimeters

Conditions Winter
wheat

Winter
Rye

Spring
barley Oat Corn Sugar

beet
Sunflo

wer Potato Flax

Productive water stores (mm) in 0-20 cm at seedling emergence
Optimum > 30 > 30 > 30 > 30 > 40 > 30 > 40 > 40 > 40
Tolerable 30-10 30-10 30-10 30-10 40-20 30-10 40-20 40-20 40-20

Untolerable <10 <10 <10 <10 <20 <10 <20 <20 <20
Productive water stores (mm) in 0-100 cm at flowering

Optimum > 120 > 120 > 120 > 80 > 120 > 140 > 120 > 60 > 120

Tolerable 120-60 120-60 120-60 60-80 120-
80 140-120 120-80 60-40 120-80

Untolerable <60 <60 <60 <60 <80 <120 <80 <40 <80
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9.2. Balance of Soluble Salts in Soils

In forming soil soluble salt balance an important part is played by the initial
stores of soluble salts in ground water and soil as they are prone to movement within
soil profile. Another important item is the content of salts in irrigation water. Salt
balance is formed of the following items:

– total content (stores) of soluble salts;
– input of salts during a definite period of time, and
– losses of salts during the same period.
The sources of salts entering the soil and the ways of their leaving it coincide

with the analogous sources and ways in water balance. Having ignored some
negligible items of salt balance, V.A.Kovda (1966) proposed the following equation
of salt balance in irrigated soils:

,valiwuwuz SSSSSSS ,                                                                  (204)

where S  stands  for  the  changes  in  total  salt  content,  Sz –  for  the  amount  of
salts at the beginning of the period of observation, Su –  for  the  amount  of  salts
entering the soil from ground water, Suw – for the amount of salts leaving the soil for
ground water; Siw – for the amount of salts entering the soil with irrigation water, Sal
– for  the  amount  of  salts  coming  to  the  soil  from the  atmosphere,  and  SV –  for  the
amount of salts leaving the soil with the yields of crops.

According to E.M.Samoylova (1988), three basic types of salt balance in the
soil are identified in irrigated soils:

– transitive, when the content of salts in the soil is, practically, unchangeable
and ground water balance is regulated by their weak subsoil runoff and transpiration
of plants;

– positive, which is characterized by salt accumulation as ground water
balance is regulated mainly by evaporation and

– negative, when the leaching of soil occurs as ground water balance is
regulated mainly by subsoil outflow.

The most common approach to salinity management is to maintain transitive
(if the soils are initially nonsaline) or negative (if the soils are already saline) type of
soluble salt balance. Negative balance is reached by employing a well
environmentally balanced drainage system.

It is possible to evaluate the possibility of soil salinization or leaching from
soluble salts by considering the anionic composition of soil extract. Chloridic type of
soil salinity is typical for the soils with progressing salinization (soluble salt
accumulation), chloride-sulfatic-for intermediate series of soils, whereas sulfatic type
of soil salinity is characteristic for the soils which are being leached from soluble
salts.

Optimal content of soluble salts in soil solutions should not exceed
5-6 g·L-1. The upper limits of soluble salt content in dependence on salinity type are
given in the following table 106.
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Table 106. Upper (Tolerable) Limits of Soluble Salt Content (in % of oven-dry
soil) in Soils

Soil Salinity Types

Parameters
of Saline

Soils Chloridic Sulfate-
chloridic

Chloride-
sulfatic Sulfatic

Chloride-
sodic and

soda-
chloridic

Sulfate-
sodic
and

soda-
sulfatic

Sulfate-
chloride-

bicarbonatic

Total Content
of Soluble
salts (TDS)

0.15 0.20 0.4(0.6)1 0.6(1.2) 0.20 0.25 0.40

Sum of Toxic
Salts 0.10 0.12 0.25 0.30 0.15 0.25 0.30

Toxic SO4
2- 0.02 0.04 0.11 0.14 – 0.07 0.10

Cl- 0.03 0.03 0.03 0.03 0.02 – 0.03
Na+ 0.046 0.046 0.046 0.046 0.046 0.046 0.046
Toxic HCO3

- 0.08 0.08 0.08 0.08 0.10 0.10 0.10
pH of soil
extract 8.3 8.3 8.3 8.3 8.5 8.5 8.5

Critical depth of saline ground water in soils formed in loess-like parent
materials is, according to A.M. Kostyakov, expressed by the following figures:

Ground Water salinity, g·L-1: Critical Depth of Water Table, m:
3 1.7-2.2
3-5 2.2-3.0
5-7 3.0-3.5

On heavier soils, the critical depth may be 20% greater. Depending on local
climate, the critical depth of ground water (Hcr, m) can be calculated by V.A.Kovda’s
formula:

,nFCWFCH tcr                                                                                    (205)

where FC is the content of water in the soil in m3/ha at the moisture of field
capacity, Wt is the content of water in the soil in the same units at a given moment of
time, and n is the coefficient that depends on the extent of soil salinity and other soil
properties.

While reclaiming saline soils, it is important to select crops taking into account
their sensitivity to soil salinity (Table 107).

1 Figures without brackets correspond to soils with gypsum content less than 0.5%; figures in brackets – to
those with over 0.5% of gypsum.
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Table 107. Relative Salinity Tolerance of Plants

Sensitive Moderately Resistant Resistant
Field Crops

Field beans, peas

Rye, wheat,  sorghum,
soybean, fodder beans,

maize, flax, and
sunflower

Barley, sugar and
other beets, rape

Forage Crasses

Hybrid clover, foxtail,
white clover

Mellilotus albus and
officinalis, perennial rye-

grass, fescue, canary
grass, alfalfa, oatgrass,

wheatgrass

Agropyrons, tall
oatgrass, Lotus

corniculatus

Vegetable Crops

Radish, celery

Tomatoes, cabbages,
sugar maize, potato,

pepper, carrot, onion, pea,
pumpkins, and cucumbers

Beet root, leaf
cabbage, asparagus,
spinage, and turneps

Fruit Trees
Pear, apple, plum,

almond, apricot, and
peach

Pomegranate and vines –

Thus the system of saline soil reclamation and prevention of salinity
development includes lowering infiltration in irrigation canals, the use of drainage
and selection of salt-resistant crops.

9.3. Prediction of Secondary Soil Salinity by the Method of
O.M.Alexandrova

Secondary soil salinization is one of soil degradations developing with
irrigation. Its essence lies in the accumulation of soluble salts in soil solution. They
may enter the soil directly with irrigation water or as a result of ground water table
elevation.

A.V.Novikova (1975) proposes a balance method of accumulated salt
determination by the amount of evaporated water and ground water salinity. Salt
balance for soil layer with the most active salt exchange may be expressed by the
following equations:

,SSS if                                                                                              (206)

inf,SSSSSS ydwgwiw                                                                   (207)

where Sf is the final amount of soluble salts in the soil, S is the difference in
the  amount  of  salts,  Si is the initial amount of soluble salts in the soil, Siw is the
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amount of salts entering a given layer of soil with irrigation water, Sgw is the amount
of salts entering the same layer from ground water by capillary rise during physical
transpiration, Sdw is the leaching of salts from the soil with discharge irrigation water,
Sy is the uptake of salts by the yields of crops, and Sinf is the loss of soluble salts as a
result of water infiltration.

Secondary salinity arises when the losses of ground water on
evapotranspiration exceeds their influx with irrigation and precipitation water. To
study the dynamics of soluble salts in their perennial pattern it is necessary to
calculate salt balances for cold and warm periods of the year separately.

When irrigation water is of low salinity, and the drainage is absent, the
discharge of irrigation water is very low and the amount of salts consumed by the
yields are compensated by the fertilizers applied. That is why it is possible to neglect
these two sources of salt influx and loss. As for the infiltration of water from the soil
into ground water, the situation appears much more complicated. With high water
table (up to 1.5m), the irrigation raises it even more which causes the accumulation of
soluble salts in soil layers. So the salt balance during the entire period of crop growth
and development will be determined by the losses water on evapotranspiration minus
water infiltration into ground water.

A simplified version of salt balance for the period of crop growth may be
written thus:

inf,1 SSS gw                                                                                        (208)
where 1S is the salt balance of the soil, Sgw is the income of soluble salts with

ground water, and Sinf is the leaching of soluble salts as a result of infiltration. In cold
season of the year when the losses of water on evapotranspiration are practically
equal  to  zero,  soil  water  balance  acquires  a  positive  sign  and  the  salts  begin  to  be
leached from the soil.

A simplified version of salt balance for such a period of the year can be written
thus:

inf,222 SSS gw                                                                                  (209)

The leaching of salts from the soil dominates during cold and wet season of the
year. But not all the salts can be leached as a result of soil water infiltration into
ground water. Some salts are easily and some – moderately soluble in water. Salt
solubility in water decreases with lower temperatures. All these circumstances should
be taken into account while calculating soluble salt balance in the soil. The amount of
salts accumulated in a certain soil layer during the period of crop growth can be
calculated by the formula:

,
100hd
HGWSS gw                                                                                    (210)

where GWS is the proporsionated ground water salinity, g·L-1. H is the amount
of water lost for evapotranspiration, mm d is the soil’s bulk density,
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g·cm-3,  and  h  –  the  thickness  of  soil  layer  in  which  the  salts  will  accumulate  in
centimeters.

Salt balance during the period of crop vegetation is calculated taking into
account the amount of salts which can be leached from the soil in this period with
atmospheric precipitation. Such a leaching during the first period of vegetation (Sinf)
is about 40-60% and occasionally no less than 80% of Sgw (total amount of soluble
salts accumulated in soil layer during the first period of vegetation). That can be
written thus:

gwSS 1inf
6.0                                                                                   (211)

Therefore,  to  the  end  of  the  period  with  no  crops  the  salt  balance  in  the  soil
layer will be:

inf111 SSS gw                                                                                   (212)

In the same way it is possible to calculate the salt balance for the second
vegetation period ).( 2S

This balance shows how much soluble salts will be accumulated at the end of
the second nonvegetation period or at the beginning of the third period of vegetation.

During the second period of crop vegetation the accumulation of salts will be
equal to S2gw, calculated by the formula:

gwgw SSS 12                                                                                     (213)

The amount of leached salts can be calculated thus:

100
60 2

inf2
gwS

S                                                                                       (214)

Salt balance for the second nonvegetation period will be:

inf222 SSS gw                                                                                   (215)
Example of Calculations. In  one  of  basic  forms  in  the  region  of  North-

Crimean canal the mineralization of ground water (GWS) was equal to 7.0 g·L-1. The
amount of ground water (H) lost on evapotranspiration at the level of water table, 1
meter deep from the surface was equal to 230 mm during the period of crop
vegetation. Bulk density of the soil was about 1.30 g·cm-3, and the thickness of layer
for which calculations should be done was about 20 centimeters (h). First, we
calculate the accumulation of soluble salts during one period of crop vegetation:

%62.0
1002031

2300.7
gwS                                                                      (216)

The taking out of salts from the soil in the first period of nonvegetation is 60%:
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%37.0
100

6062.0
infS                                                                             (217)

Salt balance for the first period of nonvegetation (and for the entire year) will
be:

%25.037.062.0inf1 SSS gw                                                    (218)

Thus at the beginning of the second period of crop vegetation the accumulation
of soluble salts in the soil will be 0.25%. During the second period of vegetation their
accumulation will be, as it was for the first period, 0.62% (Sgw=0.62%). At the end of
the second vegetation period, total accumulation of soluble salts during the first and
the second year will be:

%87.025.062.012 gwgw SSS                                                    (219)

In the coarse of the second period without vegetation, the amount of salts
leached from the soil will be:

%52.0
100

6087.0
inf2S                                                                            (220)

Salt balance for the second nonvegetation period and for the entire second year
will be:

%35.052.087.02inf22 SSS gw                                                (221)

Such a method of prediction can be employed provided that irrigation is done
with fresh water. In other cases, it is necessary to take into account the influx of
soluble salts in the soil with irrigation water (Saboltz, 1971; O.M.Alexandrova,
1975).

9.4. Balance of Calcium and Magnesium in the Soil

In  all  soils,  except  sandy  ones,  the  content  of  these  elements  in  sufficient  for
plant nutrition. But their importance is attached to physic-chemical properties of the
soil, as they are the most widespread as exchangeable cations.

Calcium and magnesium balance is a difference between the items of their
input and consumption by the crops and other losses in a definite field of a crop
rotation, crop rotation as a whole, on a given farm, etc for a definite interval of time.

To calculate calcium and magnesium balance in kg per hectare (kg/ha), the
following formulas may be employed:

),()( CaCaCaCaCaCaCaCaCaCaCaCa NAFNLURUECRRPMPOMB

where Bca is the balance of calcium in kg/ha; the items of input are: MCa is the
input of Calcium with liming materials; OCa is the input of calcium with organic
manures; PCa is the input of calcium with phosphorus fertilizers; PMCa is the input of
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calcium with planting material (seeds); PRCa is the input of calcium by capillary rise
from ground water. The items of losses are as follows: UECa is the uptake of calcium
by the essential part of crop yields; URca is the uptake of calcium by the residual part
of crop yields; Lca is the leaching of calcium with infiltration of water through the
soil; Nca is the loss of calcium through soil acidity neutralization, and NAFca is the
loss of calcium for the neutralization of acidity caused by the application of mineral
fertilizers.

),()( MgMgMgMgMgMgMgMgMgMgMgMg NAFNLURUECRPRPMPOMB

where BMg is the balance of magnesium in kg/ha; the items of magnesium input
in the soil include: MMg is the input magnesium of with liming materials; OMg is the
input of magnesium with organic manures; PMg is the input of magnesium with
potassium fertilizers; PMMg is the input of magnesium with planting material; PRMg is
the input of magnesium with atmospheric precipitation, and CRMg is  the  input  of
magnesium with by capillary rise of water from the ground water table; the items of
magnesium losses from the soil include: UEMg is the loss of magnesium by its uptake
by the essential part of crop yields; URMg is the uptake of magnesium by the residual
part of crop yields; LMg is the leaching of magnesium beyond the layer under
observation with infiltrating water; NMg is  the  loss  of  magnesium  for  the
neutralization of soil acidity caused by the application of mineral fertilizers.

While taking into account the items of calcium and magnesium input in the
soil, it is first of all necessary to calculate their amounts applied with liming and
fertilizing materials. The following table gives the characteristics of the most
frequently used liming materials (Table 108).

Table 108. Liming Materials Used in Ukraine

Name Active ingradient Content, % Impurities Action upon the soil
Limestone

meal CaCO3 86-92 clay, sand Slow

Chalk CaCO3 90-100 SiO2
 More rapid than that

of limestone meal

Marl CaCO3
MgCO3

25-75
1.5-2.0 clay, sand Slow

Magnesial
limestone CaCO3 MgCO3

70-75
10-25 the same the same

Dolomitic
limestone CaCO3 MgCO3

60-75
25-35 the same the same

Defecate CaCO3 with
Ca(OH)2admixture up to 40

N, P2O5, K2O,
organic
manures

the same

If other materials than CaCO3 are used for liming which contain MgCO3,
Mg(OH)2, etc, their rates must be calculated with conversion of these ingradients into
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CaCO3. The conversion coefficients are given in the following table
(Table 109).

Table 109. Conversion Factors of Neutralizing Materials into Each Other

Compounds into which to convertCompounds
to convert CaCO3 Ca(OH)2 CaO Ca MgCO3 Mg(OH)2 MgO Mg

CaCO3 1.00 0.74 0.56 0.40 0.84 0.58 0.40 0.24
Ca(OH)2 1.35 1.00 0.76 0.54 1.14 079 0.54 0.33
CaO 1.78 1.32 1.00 0.71 1.50 1.04 0.72 0.43
Ca 2.50 1.85 1.40 1.00 2.10 1.46 1.01 0.61
MgCO3 1.19 0.88 0.67 0.48 1.00 0.69 0.48 0.29
Mg(OH)2 1.72 1.27 0.96 0.69 1.65 1.00 0.69 0.42
MgO 2.48 1.84 1.39 0.99 2.09 1.45 1.00 0.60
Mg 4.12 3.05 2.31 1.65 3.47 2.40 1.66 1.00

For example, if liming material contains 50% CaCO3 and  40%  MgCO3, the
“content of CaCO3” in it will not be 90 but 97.6% (50+(40×1.19)). To calculate the
amounts of Ca and Mg entering the soil with organic manures, the following table
can be of help (Table 110).

The inputs of Ca and Mg with mineral fertilizers are calculated from the rates
of their application under crops. Mineral fertilizer characteristics are given in the
following series of tables (Tables 111-113).

Table 110. Chemical Composition of Farm Manure

% of raw weightType of
Manure Water Organic

Compounds N  P2O5 K2O CaO MgO

Fresh 75 22 0.48 0.22 0.50 0.37 0.10
Semidecayed 71 19 0.50 0.26 0.55 0.42 0.13

Decayed 66 18 0.55 0.28 0.67 0.45 0.14
Decomposed 64 17 0.60 0.32 0.69 0.48 0.16

Table 111. Characteristics of Nitrogen Fertilizers

Name Chemical
Formula

N content,
% Action Upon the Soil

1 2 3 4

Ammonium
saltpeter NH4NO3 34.5

Soil  acidifier:  74  kg  CaCO3 are needed to
neutralize  soil  acidity  caused  by  100  kg  of
NH4NO3

Ammoniu
m sulfate (NH4)2SO4 21.0

Soil  acidifier:  113  kg  CaCO3 are needed to
neutralize  soil  acidity  caused  by  100  kg  of
(NH4)2SO4

Ammonium
Chloride NH4Cl 24.5

Soil  acidifier:  139  kg  CaCO3 are needed to
neutralize soil acidity resulting from 100 kg
of NH4Cl. Increases soil salinity
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1 2 3 4

Urea CO(NH2)2 46.0
Soil  acidifier:  83  kg  CaCO3 are needed to
neutralize soil acidity resulting from
application 100 kg urea

Unhydrons
ammonia NH3 82.0

Soil  acidifier:  147  kg  CaCO3 are needed to
neutralize soil acidity resulting from
application of 100 kg unhydrons

Ammonia
solution NH4OH 20.5 A slight soil acidifier: demands application of

36 kg CaCO3 per 100 kg of a fertilizer

Calcium
saltpeter

Ca(NO3)2×3
H2O

17.5
Slightly increases soil alkalinity: 100 kg of
fertilizer  are  equivalent  to  20  kg  CaCO3 by
neutralizing action

Sodium
saltpeter NaNO3 16.0

Slightly increases soil alkalinity: 100 kg of
this fertilizer are equivalent to 30 kg CaCO3
by acidity-neutralizing action

Table 112. Phosphorus Fertilizer Characteristics

Content, %Name Chemical
Composition P2O5 CaO

Action upon the
soil

Soil action upon the
fertilizer

Ordinary
superphosphate
in dust

Ca(H2PO4)2×
H2O×2CaSO4
with admixture
of free H3PO4

20±1 28-30 Causes slight
acidification or
does not cause
it et all

Is quickly bound up
by the soil in slightly
soluble or in soluble
forms

Superphosphate
in granules

The same the
same

the
same

The same It less bound up than
dust forms

Double
superphosphate

Ca(H2PO4)2×
H2O

48±1 7-9 May or may not
cause a slight
soil
acidification

the same

Precipitate CaHPO4×
H2O

22-37 30-33 Slightly reduces
soil acidity

Is more slow than
superphosphate to
form nonsoluble
forms

Phosphorite meal Ca3(PO4)2×
CaCO3

14-30 30-38 Reduces soil
acidity

Is used only on acid
soils in which it
becomes available

Example of calculations. Planting rate of winter wheat is 200 kg/ha. CaO
content in seed is 0.07%. Total amount of CaO entering the soil with seed will be
0.07 × 200 / 100 = 0.14 kg, which will be 0.25 kg CaCO3 (0.14 × 1.78 = 0.25). With
atmospheric precipitation, the soil will receive 6-10 kg/ha of CaO (10.7-17.8 kg/ha of
CaCO3) and 3-5 kg/ha of MgO (6.3-10.4 kg/ha of MgCO3) in a year. Capillary rise
will give the soil 10-20 kg/ha of CaO (17.8-35.6 CaCO3) and 3-8 kg/ha of MgO (6.3-
16.7 kg/ha of MgCO3).
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Table 113. Potassium Fertilizer Characteristics

Content, %Name Chemical
Composition P2O5 CaO

Action upon
the soil

Soil  action  upon  the
fertilizer

Potassium
chloride

KCl with NaCl
impurity

55-62 – Acidifies the
soil. In
droughty
regions
increases soil
salinity

Potassium cation is
adsorbed by the
SAC. Chloride ion
remains  in  the  soil
solution from which
it may be leached

Potassium
sulfate

K2SO4 48-50 – The same The same

Potassium-
magnesium

sulfate

K2SO4×MgSO4×6H2
O

28-30 8-10 The same The same

Karnallite KCl×MgCl2×6H2O 12-13 14 The same The same
Potassium
carbonate

K2CO3 55-56 – Increases soil
alkalinity

Is very much bound
up by the soil

Kainite KCl×2MgSO4×3H2O
with NaCl impurity

9-10 10 Increases soil
acidity

Behaves like
potassium chloride

Table 114. Seeding Rates and Content of CaO and MgO in Seeding Material of
Various Crops

Crop Seeding (Planting) Rate, kg/ha CaO, % MgO, %
Winter rye 160-200 0.09 0.12
Winter wheat 160-200 0.07 0.15
Spring barley 160-180 0.10 0.16
Oat 140-160 0.16 0.17
Buckwheat 75-100 0.05 0.15
Pea 170-180 0.09 0.13
Flax 40-50 0.26 0.47
Potato 3,000 0.03 0.06
Beetroot 20-25 0.04 0.05
Lupin 200-250 0.28 0.45
Clover 10-15 1.45 0.41
Annual grasses 20-30 0.15 0.18
Maize for silage 30-45 0.03 0.19

To determine the losses of calcium and magnesium, it is necessary to take into
account the uptakes of those elements by crops (by the yields of essential and
accompanying products). The following table gives the necessary information
(Table 115).
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Table 115. Uptake of calcium and Magnesium by Agricultural Crops (per 0.1
mt of essential and corresponding quantity of accompanying products) in Kilograms2

Crop Essential
Product

CaCO
3

CaO MgCO3
Sum of

Carbonates
Winter rye Grain 0.88 0.49 0.60 1.48

Winter wheat the same 0.63 0.35 0.65 1.28
Spring barley the same 0.77 0.43 0.63 1.40

Oat the same 0.97 0.54 0.72 1.69
Buckwheat the same 1.80 1.01 0.85 2.65

Pea the same 3.15 1.77 1.00 4.15
Flax the same 1.71 0.96 1.64 3.35

Potato tubers 0.05 0.028 0.15 0.20
Beetroot roots 0.05 0.028 0.10 0.15

Lupin for forage green mass 0.29 0.16 0.15 0.44
Clover hay 4.22 2.37 1.90 6.12

Annual grasses the same 3.00 1.69 1.06 4.06
Meadow grasses:

Legumes and cereals the same 1.71 0.96 1.02 2.73

cereals the same 0.72 0.40 0.50 1.22

Example of calculations. The yield of winter wheat grain is 3 mt/ha. 0.1 mt of
essential (grain) and corresponding amount of concominant produce contain 0.63 kg
of CaCO3 and 0.65 kg of MgCO3. According to this, the yield will take up 0.63 × 30
= 18.9 kg CaCO3 and 0.65× 30 = 19.5 kg MgCO3 from the soil.

The amount of calcium leaving the soil with the yields of different crops
changes within a wide range of  values.  It  is  relatively small  with small-grain crops,
somewhat higher with legumes, much higher with root crops, rape, and tobacco.
Cabbage is the most potent consumer of calcium (Table 116).

Table 116. Crop Groups by the Uptake of Lime from the Soil

Uptake of CaCO3, kg/ha
35-70 70-100 100-200 200-250 500-650
Rye Pea Maize Clover Cabbage

wheat vicia lupin alfalfa
barley flax Beets rape

oat field bean potato tobacco

What quantities of calcium and magnesium may be leached from the soil with
infiltrating water, may be calculated, using the data of the following table (Table
117).

2 On limed soils the uptakes of Ca and Mg are 10-20%  higher.
 Uptakes were calculated by .M.Pryanishnikov for the following yields of essential produce: 2.0-3.0 mt/ha

for small grain crops; 20-30 mt/ha for root crops and tubers, 4-8 mt/ha for hay and 50-70 mt/ha for cabbage
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Table 117. Losses of CaCO3 and MgCO3 from the soil with Infiltrating Water

Losses by Leaching, kg/haSoil Texture CaCO3 MgCO3
Sand 150-200 15-20

Fine sand 120-150 12-15
Loamy sand 110-120 11-12

Loam 100-110 10-11

Ten times more calcium than magnesium is leached from the soil as there is
less magnesium cations in the soil adsorbing complex and as magnesium is more
actively absorbed by plant roots due to its importance for photosynthesis and plant
growth. The losses of lime are greater with the use of liming and mineral fertilizers. It
is  enough to apply to the soil  some N60P45K45 (the so-called ordinary or  rate)  and a
rate of lime calculated by the soil’s hydrolytic acidity to expect the losses of CaCO3
from the soil to increase 1.5 times, whereas with double fertilizer rate they increase
two times. Part of the lime is employed in the neutralization of acidity caused by the
application of mineral fertilizers. The following table (Table 118) gives the
corresponding values.

Table 118. CaCO3 Rates Needed to Neutralize Soil Acidity Caused by the
Application of 100 kg of Mineral Fertilizers, kg

Fertilizer Composition CaCO3 Rate
Ammonium chloride NH4Cl 140
Ammonium sulfate (NH4)2SO4 120

Sodium-Ammonium sulfate (NH4)2SO4·Na2SO4 90
Ammonium nitrate NH4NO3 75
Ammoniacal water NH3 + H2O 40

Anthydrous ammonia NH3 290
Urea CO(NH2)2 80

Ammophos (monoammonium phosphate) NH4H2PO4 65

Lime, used for this kind of neutralization, is not actually lost from the soil. But
it should be taken into account that lime that has already reacted with the soil will not
participate in changing acid soil reaction later on.

Some early research activities on calcium balance in the soils of Ukrainian
Polissya were carried out by G.A.Mazur and V.M.Simachynsky in 1979. Stationary
(long-term) field tests were performed on sod-podzolic loamy-sand soil in a typical
crop rotation in which the crop sequence and CaCO3 uptakes by the crops were as
follows: clover – 130 kg/ha; flax – 50; winter wheat – 30; maize – 100; lupin – 100;
winter rye – 30; potato – 60, and barley – 20, which makes 520 kg/ha in 8 years
(variant 2).

On control test plots (with no fertilizer applied), the uptake of calcium was
only a half of that, whereas on variant 3 it was 15% greater than on variant 2 (Table
119).
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Table 119. CaO Balance in Sod-Podzolic Loamy Sand Soil in kg/ha per 8
Years of a Crop Rotation (G.A.Mazur and V.M.Simachynsky, 1979)

Balance Items

Without
Fertilizers
(control,

var.1)

0.64 mt/ha of Standard
Fertilizers + 10 mt/ha

Farm Manure + CaCO3
(0.75 of complete rate by

Hh) / var.2

1.28 mt/ha of
Standard Fertilizers

+ 10 mt/ha Farm
Manure + CaCO3
(0.75 of complete
rate by Hh) / var.3

In come of calcium with:
Organic manures (FM): – 400 400

Mineral fertilizers
(superphosphate) – 597 1194

Aglime – 1638 1449
Precipitation 80 80 80

Seeds 20 20 20
Total 100 2735 3143

Losses of Calcium by:
Leaching taking into
account capillary rise 502 752 1224

Uptake by the crops 260 520 598
Soil acidity

neutralization – 916 672

Mineral fertilizer
neutralization – 468 936

Total 762 2656 3430

Balance -662 +79 -287
Annual balance per

1 hectare of
plowland

-83 +10 -36

The three variats of test plots can be in more detail described as 1) control
(without fertilizers), 2) N60P45K45 + 10 mt/ha of farm manure + CaCO3, and 3)
N120P90K90 + 10 mt/ha of farm manure + CaCO3.

Let us consider the inputs of calcium to the soil on variant 1:
1. Input with precipitations is 80 kg/ha (8 kg annually multiplied by 8 years);
2.  Input  with  seed  was  of  20  kg/ha  for  8  years  (we  use  the  data  of  table  :

clover: 15·1.92:100 + winter wheat : 200·0.07:100 + maize : 45·0.03:100 + lupin :
26·0.28:100 + winter rye: 200·0.09:100 + potato: 3000·0.03:100 + barley:
180·0.10:100). Seeding rate is multiplied by the content of Ca in seed and divided by
100. The result obtained is multiplied by eight.

3. With atmospheric precipitation, in the coarse of 8 years, the soil received
10·8 = 80 kg/ha of calcium and 5·8 = 40 kg/ha of magnesium. Annual input of
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calcium and magnesium with mean annual precipitation will be 10 kg/ha of CaO and
5 kg/ha of MgO.

4. The income of calcium with capillary rise of water, according to normative
data was equal to 20·8 =160 kg/ha.

5. The income of calcium with the fertilizers is calculated for the variants 2 and
3, on which fertilizers were applied. 28 kg of calcium entered the soil with each 100
kg of ordinary superphosphate. On the second variant it will be 28·2.7·8=597 kg/ha,
whereas on the third variant it will be 28·5.4·8=1,194 kg/ha.

6. The income of calcium with lime is calculated for the variants 2 and 3, on
which it was applied. For example, on the third variant the input of CaO was 1,638
kg. This figure was obtained multiplying the rate of CaCO3 applied by the content of
CaO in it.

7. The income of calcium and magnesium with farm manure was determined
as a product of farm manure rate (80 mt/ha) by the content of Ca
(5 kg) and Mg (2.5 kg) in one metric ton of farm manure (80·5=400 kg).

Subsequently, the losses of calcium and magnesium from the soil are
calculated. The uptake of these elements by the crops is first calculated. The yield of
each crop is multiplied by the content of calcium and magnesium in the crop. But
before that it is necessary to convert the CaCO3 content in yields into CaO and
increase the uptake by 20% (limed soil).  For example,  for  winter  rye the content  of
CaO will be: 0.88:1.78=0.49 kg; having increased it by 20%, we obtain the uptake:
0.49·20:100+0.49=0.59 kg.

The crops grown in a given crop rotation took up the following amounts of
calcium: clover 130 kg/ha, flax 50 kg/ha; winter wheat: 30 kg/ha; maize: 100 kg/ha;
lupin: 100 kg/ha; winter rye: 30 kg/ha; potato: 60 kg/ha, and barley: 26 kg/ha. These
will  make  up  520  kg/ha  per  8  years  of  a  crop  rotation  on  variant  2.  On  a  control
variant, owing to lower yields, the total take-up will be 260 kg/ha. On the third
variant it was higher than on the second owing to increased yields as a result of
additional fertilizing (598 kg/ha).

The leaching of calcium and magnesium beyond the layer with root abundance
in the course of 8 years was as follows: in the second variant: 94.0·8=752 kg/ha, in
the first: 62.8·8=502, and in the third: 153·8=1224 kg/ha. The values of 94.0, 62.8,
and 153 were obtained here as a result of research activities involving the lysimeters
and chromatographic columns. These research activities allowed to find out that on
the test variants 2, 1, and 3 the annual losses respectively were: 117.8, 82.3, and 181
kg/ha. But it is also necessary to take into account the upward carbonate migration,
which, converted into CaO, will in the layer of 0-40 cm be 24.0, 19.3, and 28.0 kg/ha,
respectively.

Calculating calcium balance, it is necessary to take into account its losses by
neutralizing soil acidity. But such “losses” are not direct, as the calcium remains in
the soil. But the lime which “fulfilled its neutralizing mission”, will no longer be
capable to neutralize soil acidity, favorably effecting soil reaction. The neutralization
of 1 meq. of hydrolytic acidity requires 50 mg CaCO3 (0.05% of oven dry soil). The
amount of CaCO3 needed for neutralization will be:  0.05%·1.5 g/cm3 ·20 cm=1.5
mt/ha. CaO content in CaCO3 is equal to 56%. The content of CaO in 1.5 mt CaCO3
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will be 1.5·56:100 = 0.84 mt/ha or 840 kg. This value corresponds to the normative
calcium losses for the neutralization of hydrolytic acidity. Hydrolytic acidity in
variant 2 decreased by 1.09 meq/100 g, and on variant 3 – by 0.8 meq/100 g. So the
loss of CaO in the second variant will be 1.09·840 = 916 kg/ha, and in the third
variant it will be: 0.8·840= 672 kg/ha.

The next item of losses to take into account will be the “neutralization of
physiologically acid fertilizers”. Ammonium nitrate was applied on test plots. In the
coarse of 8 years, on the variant with singular rate of mineral fertilizers, the
application of NH4NO3 reached 0.624 mt/ha and on the variant with double rate it
reached 1.248 mt/ha. The losses of CaO for the neutralization of acidity caused by
fertilizers will be: on the second variant: 468 kg/ha (75·6.24) and on the third: 936
kg/ha (75·12.48). Here 75 means the amount of CaO in kg used for the neutralization
of 100 kg of ammonium nitrate.

At  the  end  of  calculations,  we  calculate  the  sum  of  all  the  items  of  calcium
losses and inputs and compare them with each other. Thus in the second variant we
have: 752 + 520 + 916 + 468 = 2656, and in the third variant: 1224 + 598 + 672 +
936 = 3430 kg/ha. Adding up the items of calcium gains, we have in the second
variant: 400 + 597 + 638 + 80 + 20 = 2,735 kg/ha and in the third: 400 + 1194 + 1449
+ 80 + 20 = 3,143 kg/ha.

Calcium balance in the 8-year crop rotation will be: in the first variant:
100-762 = -662 kg/ha; in the second variant: 2735-2656 = +79 kg/ha, and in the third:
3143-3420 = -286 kg/ha. Annual balances will be: -662:8= -83 kg/ha;
+79:8 = +10 kg/ha, and -287:8 = -36 kg/ha.

On the variants with deficient balances, additional rate of liming can  be
calculated by the formula:

,05.0
3

hdBD CaCaCO                                                                      (224)

where  BCa is the negative balance, mt/ha; d is the bulk density of the soil,
g/cm3; and h is the thickness in cm of soil layer. So the minimum rate of liming will
consist of two rates: that calculated by 0.75 of soil’s hydrolytic acidity and an
additional rate, calculated on the basis of calcium (and magnesium) balance in the
soil.

9.5. Balance of Plant Nutrition Elements in the Soil

Nutrient elements balance in the soil is a difference between the sums of their
inputs and outputs (losses) under a certain crop in a single field of a crop rotation or
in all the fields of a crop rotation or on a farm as a whole in a definite period of time.
There are two kinds of balances – general and effective. The first of them deals with
total amounts of nutrient element inputs not taking into account the coefficients of
their consumption by the crops, whereas the second kind takes these coefficients into
account.

Balance calculations allow to evaluate and control soil fertility. Only positive
balances allow soil fertility to grow up. If the losses of nutrient elements are not
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replenished by fertilizers soil fertility becomes low enough to reduce the yields of
agricultural crops. Positive balance of nutrient increases soil productivity.

The elements of  plant  nutrition are lost  from the soil  as  a  result  of  uptake by
crops and other plants, downward percolation beyond the root zone, soil erosion, and
gaseous losses.

The sources of nutrient elements in the soil are as follows:
– organic and mineral fertilizers;
– planting and sowing material (like seed and tubers);
– underground and above-ground residues of crops and other plants
– atmospheric precipitation, and for nitrogen it is also necessary to take into

account its biological fixation by microorganisms and leguminous crops.
The nutrient element balance in crop production (field, crop rotation, etc) is

characterized by the following indices: just balance in kg/ha (±), % of total nutrient
uptake, and intensity of a balance. Balance in kg/ha is calculated for a hectare of a
crop rotation per year. Nutrient balance in % of uptake may be calculated for any
given crop or a crop rotation, if not for the farm as a whole. To calculate it, it is
necessary to know the uptake of nutrients by yields and their inputs into the soil over
the entire area or in kg per hectare. The calculation is done by the formula:

pt

ptnp
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B
100)( ,                                                                                    (225)

where Inp is the input of a nutrient element in the soil with fertilizers and from
other sources, kg/ha; Upt is the uptake of a nutrient element from the soil by the crops
and other plants, kg/ha; B is balance in % of the uptake.

Balance intensity (IB) shows by how many percent the input of elements in the
soil is below or exceeds their uptake by the crops:
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where symbols stand for the values as in the previous formula.
Balance intensity less than 100% characterizes negative (deficient) balance. Its

proximity to 100% testifies to an equilibrated balance, which is the most desirable
from all points of view, and its exceeding 100% identifies positive balance which
means an excess of fertilizing.

To calculate the balance of nutrient elements for a given crop, crop rotation, or
a farm the following formula had been proposed by the Sokolowsky Research
Institute of Soil Science and Agrochemistry:

),()85.0( NNNNNNNN UNEPUEPAFPOMB                      (227)

where  BN is the balance of nitrogen; the sources of nitrogen entering the soil
are as follows:

MN is the nitrogen of mineral fertilizers;
ON is the nitrogen of organic manures;
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PN is the nitrogen entering the soil with seeds; or tubers
FN is the nitrogen fixed biologically; and
AN is the nitrogen coming to soil with atmospheric precipitations;
The items of nitrogen uptake (losses) from the soil are as follows:
UEPN is the uptake of nitrogen by the essential product of a crop yield and
UNEPN is the uptake of nitrogen by the by-products of a crop yield.
Coefficient of 0.85 takes into account the 15% of nitrogen losses from the soil.

),()( pppppp UNEPUEPPOMB                                                   (228)

where Bp is the balance of phosphorus; Mp is the phosphorus applied to the soil
mineral fertilizers; Op is the phosphorus applied to the soil with organic manures,
UEPp is  the uptake of  phosphorus by the essential  product  of  a  crop,  and UNEPp is
the uptake of phosphorus by the by-products of a crop.

),()( kkkkkkk UNEPUEPAPOMB                                           (229)

where  Bk is  the  balance  of  potassium;  Mk is the potassium entering the soil
with mineral fertilizers; Ok is the potassium applied to the soil with organic manures;
Pk is the potassium coming to the soil with planting material (seeds, tubers, etc); Ak is
the potassium entering the soil with atmospheric precipitations; UEPk is  the
potassium  taken  from  the  soil  by  the  essential  part  of  a  crop,  and  UNEPk is the
potassium taken from the soil by the by-products of a crop.

The uptakes of the macroelements of plant nutrition by 100 kg of essential and
corresponding amount of accompanying produce are given in the following table
(Table 120).

Table 120. Uptakes (kg) of Macronutrient Elements by 100 kg of Essential and
Corresponding Amount of Nonessential Produce

Crop Produce N P2O5 K2O
1 2 3 4 5

Winter wheat Grain 3.2 1.1 1.6
Spring wheat Grain 4.2 1.1 1.5
Winter rye Grain 2.9 1.2 2.1
Maize Grain 3.0 1.0 2.6
Spring barley Grain 2.7 1.1 1.6
Oat Grain 3.2 1.4 2.8
Millet Grain 3.4 0.9 2.9
Buckwheat Grain 3.0 1.5 3.9
Pea Grain 6.6 1.5 2.0
Lupin Grain 6.0 1.7 3.3
Flax Seed 4.7 1.8 2.1
Hemp Seed 4.3 2.3 2.6
Sunflower Seed 5.7 2.7 11.4
Sugar beet Roots 0.5 0.13 0.5
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1 2 3 4 5
Forage beet Roots 0.4 0.12 0.5
Maize Green mass 0.25 0.1 0.35
Pea Green mass 0.7 0.15 0.2
Lupin Green mass 0.6 0.11 0.3
Winter rye Green mass 0.3 0.12 0.45
Clover Hay 1.9 0.6 1.5
Alfalfa Hay 2.6 0.6 1.5
Timothy grass Hay 1.6 0.7 2.4
Natural grasslands Hay 1.7 0.7 1.8
Potato Tubers 0.5 0.22 0.8
Cabbage Heads 0.33 0.13 0.44
Tomatoes Fruits 0.26 0.04 0.36
Carrot Roots 0.32 0.1 0.5
Beetroot Roots 0.27 0.15 0.43
Cucumber Fruits 0.17 0.14 0.26
Onion Onions 3.0 1.2 4.0
Fruits and berries Fruits and berries 0.5 0.3 0.6

To calculate the amount of nitrogen forming in the soil as a result of biological
fixation, take into account that perennial grasses (clover, alfalfa, etc) use 70-75% of
needed nitrogen from the atmosphere, peas – 40-50%, and lupin and field beans – 60-
65%. By needed nitrogen we mean that contained in the entire biomass of a crop. The
ratios between the amount of nitrogen in essential part of a crop and its by-products
(stubble,  chaff  and  roots)  in  various  crops  are  as  follows:  alfalfa  –  1:1.3;  clover  –
1:1.15-1.25; lupin – 1:0.6-0.7, and pea – 1:0.2-0.3. Knowing the yields of essential
produce and nitrogen content (Table 121 it is possible to calculate the element’
uptake by the essential part of a crop.

Table 121. Content of Nitrogen and Ash Elements in Agricultural Crops
(% of air-dry weight, but % of raw weight for rot crops, vegetables, and green forage
crops)

Crop Produce N K2O CaO MgO P2O5

1 2 3 4 5 6 7

Winter wheat Grain
Straw

2-2.5
0.5

0.5-0.8
0.9-1.0

0.07
0.28

0.15
0.11

0.85-1.0
0.20

Spring wheat Grain
Straw

2-3
0.6

0.6-0.9
0.75-1.0

0.05
0.26

0.22
0.09

0.85
0.20

Maize Grain
Straw

1.8-2.0
0.75

0.37
1.64

0.03
0.49

0.19
0.26

0.57
0.30

Winter rye Grain
Straw

1.6
0.45

0.60
1.60

0.09
0.29

0.12
0.09

0.85
0.26

Spring barley Grain
Straw

1.9
0.5

0.55
1.0

0.10
0.33

0.16
0.09

0.85
0.26
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1 2 3 4 5 6 7

Oat Grain
Straw

2.1
0.65

0.5
1.6

0.16
0.38

0.17
0.12

0.85
0.35

Millet Grain
Straw

1.85
–

0.5
1.59

0.1
0.13

–
0.05

0.65
0.28

Buckwheat Grain
Straw

1.8
0.8

0.27
2.42

0.05
0.95

0.15
0.19

0.57
0.61

Pea
Grain
Straw

Green mass

4.5
1.4
0.5

1.25
0.51

–

0.09
1.82
0.35

0.13
0.27
0.14

1.00
0.35
0.15

Lupin
Grain
Straw

Green mass

4.8
1.0

0.65

1.14
1.77
0.3

0.28
0.97
0.16

0.45
0.34
0.06

1.42
0.25
0.11

Soybean Grain
Straw

5.8
1.2

1.26
0.5

0.17
1.46

0.25
0.5

1.04
0.36

Field beans Grain
Straw

4.08
1.25

1.29
1.94

0.15
1.20

0.22
0.26

1.21
0.29

Flax
Seed
Straw

4.0
0.62

1.00
0.97

0.26
0.69

0.47
0.20

1.35
0.42

1 2 3 4 5 6 7

Hemp Seed
Stems

3.5
0.27

0.94
0.55

1.09
1.68

0.26
0.21

1.69
0.21

Sunflower Seed
Whole plant

2.61
1.56

0.96
5.25

0.20
1.53

0.51
0.68

1.39
0.76

Sugar beet Roots
Tops

0.24
0.35

0.25
0.5

0.06
0.17

0.05
0.11

0.08
0.10

Potato Tubers
Tops

0.32
0.3

0.6
0.85

0.03
0.8

0.06
0.21

0.14
0.16

Cabbage Heads 0.93 0.27-0.4 0.07 0.03 0.10
Onion Onion 0.3 – 0.12-0.2 – 0.11-0.40
Carrot Roots 0.23 0.38 0.12 0.5-0.12 0.13

Cucumber Fruits – 0.22 0.03 0.02 -
Tomato Fruits 0.26 0.29-.36 0.04 0.06 0.07

Meadow grasses Hay 0.7 1.8 0.95 0.41 0.70

According to Sokolowsky Institute research evidence, the uptakes of nutrients
as compared with their inputs decrease from the north to the south, which means from
the zone of sufficient humidity with light-textured soils (Polissya) to the zone with
insufficient humidity with heavy-textured soils (Steppe). The use of response
functions (especially a parabolic one in Ukraine) allowed to identify optimum
contents of some nutrients in soils (Table 122).
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Table 122. Optimum Contents of Available Phosphorus and Pottasium
(mg P2O5 or K2O per 100 g of oven-dry soil) in some Ukrainian Soils

Nutrient Content
Soil Crop P2O5 K2O

Forest Zone
Winter wheat 15-17 13-16

Winter rye 11-13 10-12
Spring barley 11-14 10-11

Potato 20-22 22-25
Sod-podzolic3

Flax 17-20 19-22
Winter wheat 14-16 10-13
Spring barley 14-15 11-13Light grey and grey

forest soils Potato 17-20 19-22
Forest-Steppe zone

Winter wheat 11-14 10-13
Spring barley 10-12 12-14Podzolized Soils 4

Sugar beet 15-17 15-17
Winter wheat 13-15 12-16

Maize for grain 14-15 13-15
Sugar beet 16-18 16-18Typical chernozem

Sunflower 10-11 12-14
Steppe Zone

Winter wheat 11-13 15-16
Maize for grain 10-11 12-14Ordinary chernozem
Sunflower 7-10 10-12
Winter wheat 3.5-4.5 50-60
Spring barley 3.0-4.0 45-50
Maize for grain 3.0-3.5 50-60Southern chernozem5

Sunflower 2.5-3.0 30-40
Arid Steppe Zone

Winter wheat 3.0-4.0 45-50
Maize for grain 3.5-4.5 50-60
Winter barley 3.0-3.5 40-50Dark-Chestnut soil

Sunflower 2.0-2.5 30-40

To increase the available nutrient content in the soil above the optimum is not
desirable as that will cause unproductive nutrient losses environmental pollution,
yield reduction and quality deterioration.

10. SOIL PRODUCTIVITY EVALUATION

The terms “soil fertility” and “soil productivity in Ukrainian soil science, as in
that of many other former Soviet republics, do not coincide with those used in the

3 P2O5 or K2O determined in Kirsanov extract
4 P2O5 or K2O determined in Chirikov extract
5 P2O5 or K2O determined in Machigin extract
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USA and many other countries of the world. The definition of soil fertility associated
with the name of V.R.Williams states: “Soil fertility its ability to satisfy the needs of
plants in the elements of nutrition and water, supply their root systems with sufficient
amount of air and heat, and create a favorable environment for their normal activity”.
In H.D.Foth’s Fundamentals of Soil Science it is stated that “soil fertility is the status
of  a  soil  with  respect  to  its  ability  to  supply  elements  essential  for  plant  growth
without a toxic concentration of any elements. Soil productivity in the same textbook
is defined as “the soil’s capacity to produce a certain yield of crops or other plants
with optimum management”. Plant growth is dependable upon a favorable
combination of many factors of soil productivity like 1) nutrients, 2) water, 3) heat
(temperature), 4) air, 5) light, 6) mechanical support, etc., with resulting soil
productivity no greater than that allowed by the most limiting of these factors.

So it is not difficult to come to a conclusion that soil fertility is a part of its
productivity. In our country it is a tradition to speak about the potential productivity
of soils  measured with the parameters of  soil  properties and regimes.  This potential
productivity can be measured in some dimensionless units – points (from 0 to 100
points). Such a measurement or, rather, calculation is known in Ukrainian as “soil
bonitet calculation”. Soil potential productivity can be evaluated in two different
approaches, one without the regard of crops and other plants and one with such a
regard. There may and should be both general and concrete evaluations of soil and
land resources, serving different purposes.

10.1.  Agroecological Method of Soil Productivity Evaluation Proposed by
A.I.Siry (1974)

The approach in this method allows to evaluate soil (and subsequently land)
productivity as its integral quality regardless of the crops and ways of farming. Such
an approach allows to evaluate the land resources of a given region or the country as
a whole. Soil grading in points (from 0 to 100) is done by the most objective soil
properties and parameters characterizing soil regimes.

For soil assessment the following materials are needed: soil maps to the scales
of 1:10 000 or 1:25 000; soil survey outline, data on soil nutrient contents, soil pH
(pHKCl) and source-book on soil physical properties.

Each agroproductive group of soils, which may contain one or several
mapping units, must be complimented with the following information:

1. Soil organic matter (humus) content (%) and its stores (mt/ha) in 0-100 cm
layer of soil. The stores of SOM are calculated for each horizon of soil profile by the
formula:

,hdaM V                                                                                             (230)

where  M = the  stores  of  SOM (mt/ha)  in  the  horizon  h  cm thick  with  a  bulk
density of dV (g·cm-3).

Summing up the obtained data for the layer of 100 cm thick, we obtain the
stores in this layer.
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2. Diapasone (range) of active (productive) soil moisture (AMD, AMR) in mm
in the same (0-100 cm) layer of soil is calculated for each 10-cm-thick layer or (less
precisely) for each soil horizon within the 100-cm layer of soil by the formula:

,)(1.0, VdhPWPFCAMRAMD                                                        (231)

where FC is field capacity and PWP – the permanent wilting point in percent
of oven dry weight in the layer h cm thick with bulk density equal to dV (g·cm-3). For
the entire 1-meter layer, the obtained values are summed up, as in the case with M.

The data for the above-described calculations could be found in special data-
books and (at least some of them) in a soil survey outline of a given farm.

3.  Data  on  available  nutrient  content  (NPK)  and  soil  pH in  the  plow layer  of
each soil (mapping unit) are collected exclusively from the cartograms (special maps)
and tables of the latest agrochemical soil survey reports. Such surveys were regularly
carried out by the personnel of regional and district agrochemical laboratories in the
former  Soviet  Union.  The  documents  of  the  present-day    agrochemical  service
should also be able to provide the users (farms) with the ordered information, but
there remains a wide room for improvement in their activity. The information on the
analytical methods used is also needed for the purpose of soil (and land) evaluation.

4. Negative soil properties, limiting productivity, are taken into account as
modifying criteria of soil evaluation. Among such properties, there are the extent of
soil sodicity, determined by the percent of exchangeable Na+ of  the  CEC,  depth  of
sodic horizon, the extent of soil salinity, soil’s hydrolytic acidity and pH (1N KCl
and/or H2O), the extent of soil gleying, the extent of soil hydromorphicity (depth of
watertable), soil skeltality, stonyness, the presence of stamps and thick bushes on the
surface, soil erodedness as a result of wind or water (or both) erosion, etc.

5.  The  values  of  diagnostic  criteria  serve  a  basis  for  the  calculation  of  soil
grades (bonitets) in points. For each of the typical grades the calculation is done by
the formula:

,
100

E
x

B fact
x                                                                                         (232)

where  Bx is one of the typical soil grades (of which there are five in Siry’s
method) in points (0-100); xfact is  the  factual  value  of  a  typical  criterion  of  soil
evaluation in its units, and E is the model (optimum) value worthy of 100 points in
the same units.

6.  Model value for soil organic matter stores in 0-100 cm soil layer is equal to
500 mt/ha. Model value for the maximum amount of available moisture at FC is
equal to 200 millimeters. Available nitrogen content, determined by the method of
Tyurin-Kononova, has its optimum value equal to 10 mg, N per 100 g of oven-dry
soil. For available phosphorus, determined by the method of Kirsanov, this value is
26 mg P2O5 per 100 g of oven-dry soil, for available phosphorus, determined by the
method of Chirikov it is 20 mg P2O5 per  100  g  of  oven-dry  soil,  and  for  available
phosphorus determined by the method of Machygin it is only 6 mg P2O5 per 100 g of
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oven-dry soil. For available potassium (K2O) the values are as follows: 17
(Kirsanov), 20 (Chirikov), and 40 (Machygin) mg K2O per 100 g of oven-dry soil.

7. The grades in points evaluating all typical criteria are used to calculate a
weighed average of them which is called a typical grade of soil evaluation:

,
...
...

521

552211

PPP
PBPBPB

Bt                                                                    (233)

where B1… B5 are the grades of soil value corresponding to each of the typical
criteria (points), and P1…P5 are the prices of the grades of soil evaluation by each of
the typical criteria. Each price is calculated by dividing the optimum values of typical
criteria  by  100.  Thus  for  soil  organic  matter  stores  the  price  (P1)  will  be  equal  to  5
(500:100) and for available moisture range (AMR) it will be equal to 2 (200:100),
and so on.

An  example  of  Bt calculation. The soil received 40 points for its stores of
SOM, 86 points for the available moisture range, 28 points for available
(hydrolysable by acid) nitrogen, 25 points for available (Kirsanov’s extract) P2O5 and
70 points for available (Kirsanov’s extract) K2O.  The  prices  of  the  grades  of  soil
evaluation will be: 500:100=5 for SOM; 200:100=2 for AMD; 10:100=0.1 for N,
25:100=0.25 for P2O5, and 17:100=0.17 for K2O. The sum of the prices will be 7.52.
Weighed average (Bt) of the grades (point) characterizing the typical criteria of soil
evaluation will be equal to:

.52
52.7

17.07025.0251.028286540
tB                           (234)

8. Weighted average (typical) grade of soil evaluation is then corrected by
taking into account the negative soil properties, limiting its productivity (Table ) by
the formula:

,...21 ntb KKKBB                                                                           (235)

where  Bb is soil “bonitet” or the final index of soil series (mapping units)
evaluation; K1…Kn are the coefficient (mainly up to unity but occasionally exceeding
it) depending on negative and/or specific soil properties.

Table 123. Correction Coefficients Reflecting Negative and Specific Soil
Properties

Correction Coefficients forThe extent of soil property
expression Polissya Forest-

Steppe Steppe Arid
Steppe

I. Soil Acidity (pHKCl)
Close to neutral (pH 5.6-6.0) 1.00 0.96
Weakly acid (pH 5.1-5.5) 0.92 0.89

Moderately acid (pH 4.6-5.0) 0.85 0.81
Very acid (pH 3.5-4.6) 0.74 0.71
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II. Soil Salinity
Types of salinity:
Sodic and mixed:

weakly saline 0.88 0.88 0.85 0.85
moderately saline 0.78 0.78 0.70 0.70

very saline 0.59 0.59 0.40 0.40
solonchaks 0.31 0.31 0.25 0.25

Sulfatic and chloride-
sulfatic:

weekly saline 0.88 0.88
moderately saline 0.75 0.75

very saline 0.45 0.45
solonchaks 0.29 0.29

Sulfate-chloridic and
chloridic

weekly saline 0.90 0.90
moderately saline 0.72 0.72

very saline 0.48 0.48
solonchaks 0.30 0.30

III. Soil Sodicity

Slightly sodicity-affected 0.89 0.89 0.88 0.88
moderately sodicity-affected 0.71 0.71 0.68 0.68

Strongly sodicity-affected 0.59 0.59 0.55 0.58
Sodic deep 0.55 0.55 0.55 0.58

Sodic moderately deep 0.45 0.45 0.45 0.50
Sodic shallow 0.30 0.30 0.30 0.40
Sodic crusted 0.15 0.15 0.25 0.25

IV. Soil Hydromorphicity (Excessive Wetness)
Soil Slightly gleyed;

ground water
table

1.5-2.0 m deep

Gleyed;
ground water
table 1.0-1.5

m deep

Very gleyed;
ground water

table
0.5-1.0 m deep

Ground
water

table less
than 0.5 m

deep
1. Sod-Podzolic and grey

forest soil
sand and bound sand 1.29 0.83 0.68

loamy sand and sandy loam 0.92 0.76 0.63
2. Meadow-Chernozemic soil 1.16

3. Meadow-Chesnut soil 1.24
4. Peaty-bog, peat, meadow-
swampy and meadow soils

0.81 0.21 0.10

V. Soil Bulk Density (g·cm-3)
Very dense > 1.5

1.5-1.4
0.43
0.68

Dense 1.4-1.3 0.80
Slightly dense 1.3-1.2 0.91

Optimum 1.2-1.0 1.00
Loose < 1.0 0.97
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VI. Extent of Soil Erosion
Extent of Erosion Soil

sod-podzolic and
grey forest

typical
chernozem

ordinary and
southern

chernozems

chestnut

Eroded by water:
slightly 0.75 0.85 0.80 0.70

moderately 0.60 0.68 0.63 0.55
severely 0.35 0.47 0.41 0.30

“washed on” 1.81 1.17 1.21 1.28
Eroded by wind:

slightly 0.95 0.94
moderately 0.85 0.82

severely 0.70 0.68

8. For soil complexes, a grade of soil evaluation is first calculated for each of
soil units and then the weighed averages are computed for soil complexes (mapping
units) by the formula:

,
100

...21 21 nbnbb
scb

SBSBSB
B                                                                             (236)

where Bb sc  is a grade of soil complex (mapping unit) evaluation; Bb1… Bbn are
the  grades  for  each  of  the  soil  units  composing  a  complex,  and  S1…  Sn are the
relative areas of these units in percent of total soil complex (mapping unit) area.

Table 124. Correction Coefficient for Climate and Irrigation

Correction
Coefficients

Correction
Coefficients

Soil zone and
administrative
division
(oblast)

climate irrigation

Soil zone and
administrative
division (oblast) climate irrigation

1 2 3 4 5 6
I. Forest Zone (Polissya) III. Steppe zone

Volynska 0.93 1.00 Luganska 0.86 1.27
Zhitomirska 0.93 1.00 Dnipropetrovska 0.85 1.32
Kyivska 0.93 1.00 Donetska 0.90 1.27
Rivnenska 0.93 1.00 Zaporizka 0.93 1.42

II. Forest-Steppe Zone Kirovogradska 0.88 1.25
Vinnytska 0.94 1.11 Republic of

Crimea
0.83 1.40

Volynska 0.93 1.00 Mykolaivska 0.83 1.40
Zhitomirska 0.92 1.06 Odeska 0.86 1.43
Ivano-
Frankivska

0.89 1.00 Kharkivska 0.88 1.20

Kyivska 0.90 1.08 Khersonska 0.68 1.77
Kirovogradska 0.86 1.21 IV. Arid Steppe Zone
Lvivska 0.89 1.00 Zaporizka 0.81 1.50
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1 2 3 4 5 6
Odeska 0.88 1.26 Republic of

Crimea
0.73 1.75

Poltavska 0.90 1.03 Odeska 0.79 1.67
Rivnenska 0.93 1.00 Khersonska 0.68 1.83
Sumska 0.89 1.08 V. Carpathian and Crimean
Ternopilska 0.95 1.00 Mountain Regions
Kharkivska 0.90 1.13 Zakarpatska 0.84 1.00
Khmelnytska 0.96 1.03 Ivano-Frankivska 0.76 1.00
Cherkaska 0.89 1.15 Republic of

Crimea
0.84 1.39

Chernigivska 0.94 1.03 Lvivska 0.72 1.00
Chernivetska 0.84 1.00

10. The grades are approximated to whole numbers, which are inscribed on a
definite area of the map corresponding to a mapping unit. Here ends the process of
soil unit evaluation.

11. After completing soil unit evaluation, the so-called scale of soil grading is
composed on which the soil mapping units of a given farm are listed in soil-genetic
sequence according to the list of soil nomenclature. The scales must be open which
means that soil diagnostic features are given in both absolute and relative units, like it
is shown in the following table (Table 125).

Table 125. A Scale of Soil Mapping Units Evaluation (“Bonitation”)

Essential Criteria Correction Coefficients for:
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The scales of mapping unit evaluation are used for land area evaluation.
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10.2. Land Area Evaluation by the Method of A.I.Siry (1974)

All kinds of agricultural lands are subject to this type of evaluation, including
plowland, long fallows, perennial plantations (orchards), grasslands, and pastures.

1. Qualitative  evaluation  of  land  areas  begins  with  the  calculation  of  a
weighed average grade (bonitation grade) for an elementary land area (field). To
make this calculation it is necessary to know the areas of soil mapping units
composing a given field:

,
...
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B                                                                   (237)

where  Bfield is the bonitation grade of a field; Bb1…  Bbn are  the  areas  of  soil
mapping units which make up a given field and S1…Sn are the areas of these soil
mapping units.

In a case when the field consists of a single mapping unit its bonitation grade is
equal to the grade of this mapping unit.

2. A weighed average grade of a field or any other elementary land area is
then “corrected” by the correction coefficients reflecting field contour (shape),
topography (landforms), the presence of bushes or of karst formations and
geographical  position  (locality)  of  a  field.  As  a  result  of  this,  we  obtain  the  final
bonitation grade of a field (Tables 126, 127).

 Table 126. Correction Coefficients for the Technological Properties of Land
Areas

I. Field configuration (shape) II. Stoniness of Soil Surface
Size of a field

Area, ha Length, m Width, m
Correction
coefficient

Extent of
stoniness

Volume of
stones, m3/ha

Correction
coefficient

Over 10 1.0 Less than 5 0.98
5-10 0.95 5-10 0.96
3-5 0.90

Slight
10-20 0.93

1-3 0.85 20-50 0.89
Up to 1.0 50 200 0.41 50-100 0.80
Up to 1.0 75 133 0.52 100-200 0.71
Up to 1.0 100 100 0.60 200-500 0.62
Up to 1.0 125 80 0.65 500-1000 0.46
Up to 1.0 150 67 0.71

Moderate
Considerable

Severe

Over 1000 0.30
Up to 1.0 175 57 0.74 III. Presence of karst Formations

Up to 1.0 200 50 0.75 Number of funnels per ha Correcting
coefficient

Up to 1.0 225 44 0.80 less than 10 1.00
Up to 1.0 250 40 0.82 11-20 0.90
Up to 1.0 275 36 0.84 21-30 0.80
Up to 1.0 300 33 0.85 31-50 0.60

350 29 0.87 51-70 0.40
400 25 0.88 71-90 0.20
450 22 0.90 over 90 0.10
500 20 0.91 IV. Farmland location
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600 17 0.93
Distance from marketing

places and processing plants,
km

Minus
points

700 14 0.94 Less than 10 –
800 12 0.96 11-20 1
1000 10 0.97 21-30 2
1250 8 0.98 31-40 3
2000 5 1.00 41-50 4

over 50 5
V. Presence of Bushes

on the Surface VI. Topography and Hydrological Conditions

Percent
area

Correction
coefficient Ground water and Landform Features

Slope
Steepness,

degrees

Correction
coefficient

1-5 0.90 Well drained plainlands with sufficiently
wet soils (60-70% FC) Up to 3 1.00

5-10 0.80 Elevated plainlands, plateaux, gentle slopes.
Moderately wet soils (50-60% FC)

3-5
6-10

0.95
0.89

10-15 0.70 Steep slopes and hill tops with insufficiently
wet soils (les than 50% FC)

11-15
over 16

0.85
0.66

over 15 0.60 Soils of locked depressions, without outflow
of water, with temporary excessive wetness 0.60

Table 127. Correction Coefficients for the Nonuniformity of Soil Cover

Soil Cover Features within the Land Area Correction
Coefficient

1. Uniform soil cover in respect of soil tillage and crop
production practices 1.00

2. Soil cover uniform in respect of ground water table but
nonuniform by texture or the thickness of soil horizons.
There may be microtopography land forms.

0.95

3. Soils of differing hydromorphicity and texture 0.90
4. Different soil mapping units, with differing
hydromorphicity and texture; with spots of dry and
overwet soils on different micro land forms

0.85

Minus points are also employed for correction.
3. Thus the grade point of land area evaluation is a generalized measure of its

quality, regardless of how different may be the soil mapping units composing this
area. It is an integral index of land’s potential productivity under certain economic
conditions of crop production systems.

The weighed average grades of mapping units (agroproduction groups) and
land areas are put in the following table (Table 128).
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Table 128. Registration Form of Land Evaluation

Farm   _____________  District _____________ Region ______________
Field (or other land use area) ____________________________________
Area (ha) ___________ Distance from marketing and /or processing place

(km) ______________  Topography ____________________________________

Soils of the Unit Correction Coefficient of
soil

mapping
unit

Name Area,
ha Points

Points
multiplied

by area

Weighed
grade
point

Topo-
graphy

Field
confi-

guration

Stoni-
ness

Karst
features

Bonit
ation
point

Coeffi-
cient of

land
Quality

1 2 3 4 5 6 7 8 9 10 11 12

Total

Data ___________ Executed by ____________  (signature)

4. Correction coefficients for the technological aspects of crop production
should be taken into account, as well as other economic aspects of production,
marketing and processing.

5. The grade points of elementary land areas allow to place these areas into a
group and a class of land quality (potential productivity), which are presented in the
following table (Table 129).

Table 129. Soil and Land Classification by Their Suitability for Agricultural
Production

Land
Group

Agronomic Features
of Land Areas

Land
Suitability
Class, Map

color

Soils Composing Land Classes

1 2 3 4
The Best
Lands

Areas of high productivity
with optimum soil reaction,
fertility,  air,  water,  and  air
regimes. Suitable for tillage
operations. Ensure stable
high yields of crops.

I
> 91

II
90-81
grey

Typical chernozems with moderate
OM content, heavy loams and light
clays; Typical chernozems with low
OM content, heavy loams and light
clays; meadow-chernozemic soils,
medium and heavy loams

Very
Good
Lands

Close to the preceding group
but have some minor
limitations to productivity.
Well supplied with elements
of plant nutrition. Have
favorable physical properties
and soil reaction. Occupy
plainlands and very gentle
slopes. Suitable for tillage
practices.

III
80-71

light grey

IV
70-61
brown

Typical deep chernozems, with low
or moderate OM content, leached
chernozems with low or moderate
OM content, heavy loams; ordinary
chernozems, deep and moderately
deep,  with  low  or  moderate  OM
content heavy loams and light clays;
meadow-chernozemic soils, light
and medium loams. Typical, leached
and carbonatic light clay
chernozems. Podzolized
chernozems.
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1 2 3 4
Lands of
Moderate
Quality

Moderately well supplied
with nutrients and moisture.
Possess some negative
properties like slight and
moderate acidity, alkalinity,
etc. Land areas may be
eroded by gullies or
degraded by sheet erosion,
etc.

V.
60-51
light

brown

VI.
50-41
pink

Podzolized chernozems and dark grey
podzolized soils, light clays to light
loams in texture; Southern chernozems
of micelliar-carbonatic genus
Typical chernozems, not deep, with
low and very low SOM content.
Chernozems, grey forest, dark grey
podzolized soils with loamy-sand
texture. Southern sodicity-affected
chernozems. Foothill chernozems in
the Crimea. Chernozems in non-
loess parent materials; meadow-
chernozemic slightly sodicity-
affected soils, etc.

Lands of
Low
Quality

Low nutrient and water
supply, unsatisfactory soil
reaction, worse than normal
soil regimes. Negative soil
properties are moderately or
well expressed. Considerable
extent of soil erosion,
swamping, excessive
wetness, small soil units,
nonuniformity of soil cover.
May be moderately suitable
for some crops.

VII.
40-31
yellow

VIII.
30-21
light

yellow

Slightly eroded light loams and
loamy sands of grey forest soils;
light grey forest soils; sod-podzolic
soils of loamy-sand and light loam
texture; slightly and moderately
sodicity-affected dark chestnut soils,
gleyed meadow soils, etc.
Moderately eroded grey forest and
sod-podzolic soils, slightly gleyed
grey forest and sod-podzolic soils,
light-textured soils, gleyed meadow
soils, sodicity and salinity affected
chestnut soils, etc.

Lands of
Very
Low
Quality

Land areas of low
productivity. Soils with very
low  nutrient  and  /  or  water
supply, unsatisfactory
aeration and other physical
properties. Very susceptible
to erosion. Occupy steep
slopes, low depressions, etc.
Somewhat unsuitable for
tillage operations. May
produce moderate yields
with proper fertilizing and
amendment. Need the
practices of soil
conservation.

IX.
20-11

light red

Sod-podzolic gleyed and solonchaky
soil units. Sod gleyed soils of light
texture. Very eroded varieties of
chernozems, podzolized, grey forest,
chestnut, and other soils.

Unsuitabl
e Lands

Unsuitable for crop
production without
complicated practices of land
improvement.

X.
< 10
red

Soil complexes with solonchaks and
sodic soils, swamp soils, movable
sands, bare soil-forming rocks, etc.

The establishment of land groups and classes has a great practical importance,
as land users can realistically appreciate the possibilities of their land areas.
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6. The materials of soil “bonitation” and lad assessment for a basis for the
issuing of a land area passport.

7. Land assessment on elementary areas allows to calculate the grades for the
areas of crop rotations, farmlands, and the entire crop-production regions (Table
130).

Table 130. Land Evaluation on a Farm __________  District ____________
Oblast  ____________________________________________________

Farm divisions, crop
rotations, fields, orchards,
forestry land, ravines, etc.

Area, ha Evaluation Grade Point

Total for the farm

The next of the tables is a generalized form of land evaluation (Table 131).

8. Having calculated the land value grades for fields and land ownership items,
it is necessary to calculate the land quality coefficients for these different forms of
land use. A land area quality coefficient shows the relative value of a given land area
in the entire land area under evaluation. For a farm, it is calculated by a division of
the grade point of a given land area by the weighed average grade point for the entire
farm.

9. The farmlands should also be supplied with the cartograms of land quality as
well as by the other documents complimenting them. A land quality cartogram is
compiled on the basis of a farmland soil map, containing soil mapping units drawn to
the scales of 1:10 000 or 1:5 000.

Table 131. Generalized Form of Land Evaluation
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cultured
pastures
long
fallow
lands
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Perennial
plantations,
including
orchards,
berry
fields, hop
plantations,
vineyards,
etc.
Heylands
(total)
Pastures
(total)
Etc.

10.3. Some Other Approaches to Soil and Land Evaluation in Ukraine

10.3.1. The Method of Soil and Land Evaluation Proposed by the Research
Institute of Soil Science and Agrochemistry and Research Institute Of Land
Planning of the Ukrainian Academy of Agricultural Sciences

The aim of soil and subsequent land area evaluation is to determine the
correspondence of soil and, subsequently, land area properties to the requirements of
definite crops. The primary object of such an evaluation are the agroproductive
groups of soils, along with soil mapping units, as it used to be in the preceding
method. The reason for such an approach is the existence of a more or less
established nomenclature list of agroproductive groups of soils in Ukraine. Like in
the preceding method, the extent of soil productivity is expressed in points, from 0 to
100, but with a definite crop in mind.

The basic (essential) criteria of soil evaluation include the SOM (humus)
content in 0-20 cm (conventional plow layer) of soil, the depth of soil layer (cm) that
contains humus (say, the HE horizon in sod-podzolic and H+Hp horizons in
chernozemic soils), and the content of physical clay separate (< 0.01 mm in size) in
percent in the conventional plow layer. Modifying criteria are approximately the
same as in the Siry’s method already described. A specific feature of a given method
is the employment of an index of soil agrophysical condition, calculation from seven
characteristics of soil physical and water-related properties.

The grade points of soils by the typical (basic) criteria are calculated relative to
some “model” or the “best” agroproductive group on which a given crop has shown
the best performance – has given high and stable the “standard” group (or soil unit)
selection.

Typical  grades  of  soil  evaluation  by  the  content  of  humus  and  depth  of  a
“humusified” soil layer are calculated by the formula:

,100
m

i

n
nB                                                                                               (238)
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where  ni characterizes the soil (or agrogroup) under evaluation, and nm –  a
model soil (or agrogroup) on which a given crop was the most productive.

Special reference tables were proposed for the determination of soil grade by
the content of physical clay. These give the values in points depending on physical
clay content for various soil-climatic zones and subzones and, certainly, a given crop.

A weighed average grade is calculated by the determination (squares of
correlation) coefficients characterizing the correlation between a given soil property
(humus content, depth of humus layer, and physical clay content) and stable yields of
a given crop:

321

332211

KKK
KBKBKBBwa ,                                                                 (239)

where Bwa is a weighed average grade point for all three typical criteria of soil
evaluation, B1…B3 are the grade points for each of these criteria, and K1…K3 are the
determination coefficients, characterized above. The following table (Table 132)
gives understanding how the index of soil agrophysical condition
(I, dimensionless) is calculated.

In our example K1×K2… ×K7 = 0.185. The index of soil agrophysical condition
will be

.79.0... 72
7

1 KKKI                                                                          (240)

To calculate Bt, we multiply I by Bwa:

wat BIB                                                                                                (241)

Table 132. Agrophysical Condition Index Calculation

Characteristic ValuesSoil Characteristics Depth,
cm Standard (a) Factual (b) K = b / a

Bulk density, g·cm-3 50 1.15 1.25 0.91
Content of air-dry aggregates
0.25-10 mm in size 40 75 80.9 0.92

Content of water-resistant
aggregates over 0.25 mm in
size

40 50 77.6 0.45

Field capacity, % 100 30 28.7 0.96
Aeration porosity, % volume 50 22 19.2 0.87
AMD, % 100 18 17.7 0.98
Infiltration coefficient,
mm/ha – 60 36 0.60

If b/a > 1, K=2-b/a

The negative properties of the soil unit or agroproduction group include
sodicity, salinity, skeletality, acidity, gleying, erodedness, etc. Each of them is
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reflected by a correction coefficient. The coefficients are given in a series of
reference tables.

In order to “tie up” the results of soil and land evaluation to “local” conditions,
the authors recommend to compile the scales of grading for definite natural-
agricultural regions (forms). A unified scale of soil grading is composed for the entire
soil-climatic zone or subzone, where a definite crop is cultivated. An ecological
coefficient is then calculated, which is the ratio between the yield of a given crop on a
model soil unit in the zone to that on the best soil in the region of crop production, or
a given farm.

The final results of agrogroup evaluation may be represented by the following
table (Table 133).

Table 133. The Scale of Agrogroup Evaluation Region (oblast) _________
                                                                                                                   (name, cipher)
Natural- agricultural region __________  Farmland  _________________
                                                          (cipher)

Agrogroups Grade point values for the crops
cipher name winter

wheat
winter
rye

barley oat maize
for
corn

sunflower sugar
beet

potato flax

It  is  possible  to  calculate  the  integral  land  grade  (Bint)  for  any  region  of  crop
production by the formula:

,
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B                                                                      (242)

where B1 … Bn are the grades for the crop, grown in the area, and S1…Sn – the
acreages occupied by these crops in a given area.

A logical completion of such an approach to soil and land evaluation could be
the development of lands classification according to their suitability for the
cultivation of definite crops.

10.3.2. T.Laktionova’s Proposals on the Assessment of the Quality of
Agricultural Land in Ukraine

These proposals were published in Social Sciences and Political Change.
Promoting Innovative Research in Post-Socialist Countries (Brussels, 2003). They
were an outgrowth of vast research activities carried out by the author with many of
her colleagues at the Research Institute of Soil Science and Agrochemistry in
Kharkiv. The research had an aim of elaborating the methodology for assessing the
suitability of agricultural lands for specific agricultural crops.

The methodology includes the following sets of activities:
– the selection of the land suitability indices;
– development of maps of the spatial distribution of each index;
– setting the rates of indices (ranging among three suitability levels), and
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– integrating information and preparing a map of land suitability for
cultivating specific crops.

In this way, the research activities resulted in the preparation of nine integrated
maps for nine main crops (winter wheat, rye, barley, oat, maize, sugar beet, potato,
sunflower, and flax). The territory of Ukraine was divided into regions with regard to
land quality for agricultural production.

Different parts of Ukraine feature optimum, satisfactory, and unsatisfactory
conditions  for  growing  each  kind  of  crop.  Thus  the  soils  were  estimated  by  their
natural properties with  a view to agricultural production.

T. Laktionova hopes that the application of this approach on a countrywide or
on a regional scale makes it possible to improve the processes of selecting territory
for more meaningful agricultural production. The author participated in the
development of geo-information system which would include all the information that
has been accumulated during the past half century of soil surveys and research
activities in Ukraine.

The GIS data bases are already being used for the following purposes:
– investigating the spatial patterns of soil properties;
– determining the scale and parameters of soil degradation;
– making qualitative and quantitative evaluations of soil resistance to

different kinds of technogeneous loading;
– revealing conditions for the optimum functioning of soils, and the

elaboration of norms for permissible loading levels;
– forecasting soil behavior under different use and loading, and predicting the

processes of degradation in a landscape;
– developing and improving soil and land zoning, etc.

10.3.3. The Method of Land Estimation Proposed by V.V.Medvedyev and
I.V.Plisko

The method is explained in detail in the authors’ monograph Bonitation and
Qualitative Estimation of Plowland Areas in Ukraine (Kharkov, 2006). We address
the readers to this monograph and will limit our text here to only an introduction to
the  method,  which  is  quite  a  novelty,  and  is  substantial  by  the  authors  in  a  very
comprehensive way.

The method is based on a wide experience of land evaluation in Ukraine and
the former Soviet Union. The authors define two main tasks of soil and land
evaluation: 1) to compare the soils by the level of their productivity, develop
corresponding scales of this evaluation, and even develop a special soil classification
by the level of their productivity (fertility in the authors’ wording); and 2) to
determine the soils’ suitability for the cultivation of different crops, which means to
develop a number of scales – each for a concrete field crop.

The authors divided the entire set of criteria determining land productivity into
five groups: 1) soil properties; 2) climate; 3) technological aspects of productivity; 4)
economic criteria, and 5) organization and management criteria.
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The criteria of land quality (and productivity), depending on the soil include 9
items.

– depth of soil layer occupied by the roots;
– soil organic matter (humus) content;
– pH;
– physical clay (< 0.01 mm) content;
– bulk density;
– available P2O5 content;
– available K2O content;
– soil depth to gleyed horizon; and
– soil resistance to tillage.

Soil characteristics pertaining to water and heat supply were attributed to the
group of criteria characterizing climate. We shall confine our text here to
demonstrating the optimum values of soil criteria for 9 crops (Table 134).

Table 134. Optimum Values of Soil Criteria
Criteria, their

parameters, and
units of

measuring

Winter
wheat

Winter
rye Oat Spring

barley

Maize
for

grain

Sugar
beet Sunflower Potato Flax

1 2 3 4 5 6 7 8 9 10
Depth of root
layer, cm > 65 > 60 > 60 > 65 > 65 > 70 > 65 > 55 > 50

Humus content
in a plow layer,
%

> 3.5 > 3.0 > 3.0 > 3.5 > 3.5 > 3.5 > 3.5 > 3.0 > 3.0

Stable bulk
density in 0-50
cm layer, g/cm3

1.10-
1.35

1.10-
1.45

1.10-
1.45

1.05-
1.35

1.05-
1.30

1.0-
1.30 1.10-1.35 1.10-

1.45
1.20-
1.40

Available P2O5
content in 0-40
cm layer,
mg/100 g of soil

17.5 17.5 17.5 17.5 20.0 20.0 20.0 20.0 17.5

Available K2O
content in 0-40
cm layer,
mg/100 g of soil

15 15 15 15 15 18 18 18 15

Physical clay
content in a
plow layer, %

30-45 30-45 30-
45 30-45 45-60 30-

45 45-60 30 20

pH in a plow
layer 6.8 6.4 6.0 6.7 6.8 6.8 6.7 5.8 5.8

Gleying in a
plow layer absent

Soil-climatic criteria include agronomically important parameters of climate
and soil, like the stores of productive moisture (mm) in 0-20 cm layer of soil during
the germination and sedling emergence of early spring crops, the stores of productive
moisture (mm) in 0-100 cm layer of soil during the flowering of spring crops, the
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sum of active temperatures (> 10°C) for the crops of short and long periods of growth
and development, air temperature at earing, hydrothermic coefficient for a period
with mean diurnal temperatures over 10°C, etc.

There also are the criteria reflecting the conditions of the field, which include
soil specific resistance to tillage (plowing) in kg/cm2,  the  optimum  parameter  of
which should always be below 0.3; the depth of ground water table (m); the ground
water salinity (g·L-1)  if  the  depth  of  water  table  is  less  than  5  m,  and,  finally,  the
parameters  of  soil  passportization,  of  which  there  many,  but  the  most  important  of
which are slope steepness, aspect, field configuration, stoniness, etc.

The calculation of weighed average general grades for a given land area is
done using the weight coefficients, which are equal to 2.0 for the stores of productive
soil moisture, 1.5 for the bulk density, available nutrient content, soil pH, sums of
temperatures, and resistance to tillage, and 1.0 for the depth of root layer, humus
content, and physical clay content.

According to the authors conception, the general grade of the lands is
calculated as the weighed average value from the separate grades of the soils, climate
and the field, by the following formula:

fCls

ffClClss
e KKK

KBKBKB
B

111
1   ,                                 (243)

where B1e is the general grade of the lands, point; B1s is the general grade for
the soils, consisting from the grades of soil criteria, points; B1cl is  the same for  the
climate; B1f is  the same for  the field;  Ks are the weight coefficients for soil criteria;
Kcl are the same for the climate, and Kf are the same for the field.

B1e can be calculated by another formula:
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B   ,                                                       (244)

where B stands for the grade points of all criteria of land evaluation, and K –
for all weight coefficients of the criteria.

The so called partial grades of the land are calculated as geometric mean values
of the partial grades of “soil”, “climate”, and “field”.

n ncbaB ,...1002                                                                     (245)

where B2 is a partial grade of the land area, and a, b, c… n are the ratios
between the factual parameters of soil, climate, and field and corresponding optimum
parameters.

The authors stressed the importance of land grading (grade points)
interpretation. They analysed the 100-point scale of grading proposed by
V.P.Kuzmichev (1978), according to which the lands of the best quality were in the
range  100-87 points, the lands of good quality – in the range 87-66 points, the lands
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of moderate quality – in the range 66-45 points, the lands with productivity below
average – in the range 45-24 points, and the lands of low productivity – in the range
24-17 points and less.

In the approach of the authors the grade points become much lower. The soils
with 80 or more points of evaluated productivity are practically absent in Ukraine.
The dominating grade points are in the range 60-40.  So the scale of productivity
evaluation is commensurately different. If general and partial grade of the soil is
above 60 points, such soil should be considered highly productive for all the crops
cultivated in Ukraine. Soils in the range 60-40 points are fertile and suitable for the
cultivation of many fields crops with good economic results. The soils with grades
below 40 points are satisfactory and suitable for the growth a limited number of
crops.

To complete this section, we will attach the following table (Table 135),
proposed by the authors.

Table 135. Grade Points of Mapping Units from Soil Map (Scale 1:2.5 mln)
(V.Medvedev and I.Plisko, 2006)

Grades (points)Soil
Number
on the
Map

Soil Name by soil
criteria

by
climate
criteria

summed
up

1 Sod-slightly-podzolic, sands and bound sands 32 41 40
2 Sod-moderately-podzolic, loamy sands 32 41 36
3 Sod-slightly-podzolic, sands and bound sands 41 45 43
4 Sod-moderately-podzolic, loamy sands, gleyed 34 47 41
6 Light grey and grey forest soils 42 42 42

1 2 3 4 5
7 Dark grey podzolized soils 46 45 45
8 Podzolized chernozems 52 40 47
10 Regraded chernozems 52 43 48
11 Typical chernozems with low OM content 56 44 51
12 Typical chernozems with medium OM content 58 49 54
13 Ordinary chernozems with low and medium OM

content 53 46 50

14 Ordinary chernozems with medium OM content 56 47 52
15 Ordinary chernozems with low OM content 55 45 51
16 Ordinary chernozems with low OM content, not

deep 53 48 51

17 Southern chernozems with low and very low OM
content 46 44 45

20 Chernozems in the eluvium of limestones 47 39 43
23 Meadow-chernozemic sodicity-affected soils 54 41 48
24 Medow-chernozemic sodiciry- affected soils 50 42 46
27 Dark chestnut sodicity- affected soils 50 42 46
28 Chestnut Sodicity-affected soils 47 43 45
33 Sodic-saline soils 31 38 35
35 Sod gleyed sandy soils 44 42 43
38 Brown mountain skeletal soils 38 63 49
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10.3.4. Our Proposal for Soil and Land Value Grades Composition

The authors of this book “do their bit” and propose to apply the ecologically
biased desirability functions of T.O.Grinchenko to the procedure of soil and land
evaluation based on the needs (or requirements) of agricultural crops.

Any parameter, taken in its specific units, can be transformed into grade points
(0-100 points), designated here by y1. One hundred points correspond to the optimum
value of a parameter. Using the unimodal desirability function, we propose the
following formula of transformation:

3

1
1 5exp100
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x
xx

y ,                                                                       (246)

where x1 is the factual parameter of soil property in its specific unit and xopt is
the optimum value of a given parameter. Numbers 5 and 3 proved the most suitable
for the purpose, though some other ones may prove “better adjusted”. There must not
be any “blind” use of the formula. If the optimum value of humus content in
conventional plow layer (0-20 cm) of soil for winter wheat is over 3.5% and the
actual value is that of 4%, it means that this value should be estimated by 100 points
and the need for computation disappears. But if the actual humus content is 2%, yhum
is computed in the following way:

.int67
5.3

5.30.25exp100
33

spoyhum ,                                             (247)

Optimum value of soil pH for winter wheat lies within a range of 6.0-7.5.
There are two unsatisfactory levels for a given parameter: pH<5.6 and pH>8.0. The
actual value is 5.8, so it is closer to 6.0 than 7.5. YpH is, therefore, computed thus:

.int10098.99
0.6

0.68.55exp100
3

spoy pH ,                                   (248)

The integrated grade point is computed from a set of individual n points,
characterizing different parameters, as their geometric mean value, as it had been
proposed by T.O.Grinchenko:

,...21
n

nyyyISQI                                                                               (249)

where  the  ISQI  stand  for  the integrated soil quality index for  a  given  soil
(mapping unit).

Any land area is made up of a set of soil units, like polypedons, or elementary
soil areas, which actually are the mapping units (scale 1:10 000) on a soil map of a
farm in Ukraine. ISQIs for a given land area (a field) can be completed as a weighed
average value by the areas of soil units:
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,.../)(...)()( 212211 nnn SSSSISQISISQISISQIotoflandISQIforapl (250)
where (ISQI)1 … (ISQI)n are the integrated soil quality indices of individual

soil  units  on  the  plot,  and  S1…Sn are  the  areas  (ha)  of  each  of  the  soil  units  on  the
plot.

The weighed averages obtained in this way could be modified by multiplying
them by the respective modifying coefficients, which among the aspects of soil
productivity, could reflect economic conditions of land use, field area configuration,
the distance to the nearest marketing areas or processing factories, etc.

Soil and land quality should become an important factor determining the price
of a plot and taken into account in yield programming and crop production systems.
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