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INTRODUCTION
Importance and current status of the topic

About 53.5% of the total area of Hungary is influenced by soil degradation processes such
as  high  sand  content,  acidic  pH,  and  salizination  in  the  upper  and  deeper  soil  horizons,  high  clay
content, water logging, erosion and continuous hard rock close to the surface (Várallyay, 1984).

One quarter of the total area of Hungary is covered by light textured soils, of which 16% is
sandy, 9.5% is sandy loam. These soils occur in most of the genetic soil types (Várallyay, 1984).

Sandy soils are lacking organic and inorganic colloids. These are the reasons, why the
fertility and the properties of these soils are determined by high water infiltration and weak water
storage capacity, low available water and natural nutrient capacity, sensitivity for aridity and wind
erosion (Várallyay, 1984).

Various and important experiments were carried out to improve sandy soils in Hungary from
the 20th century on crop rotation – green manuring, stable manuring, fertilizing, liming, permanent -
Egerszegi sand improvement, using of local organic and inorganic compounds, lignite – liquid
manure application (Kreybig, 1944; Westsik, 1951; Egerszegi, 1953, 1958; Márton, 1969;
Prettenhoffer, 1981; Kazó et al, 1981, 1983; Kazó, 1981; Stefanovits and Fekete, 1984; Dömsödi,
1984; Kádár and Vass, 1988; Köhler, 1989; Szemes and Kádár, 1990; Bauer and Cserni, 1993;
Lazányi, 1994; Antal, 1998).

Objectives
From the fifties and seventies, lots of experiments were carried out on application of organic

and inorganic colloids in sand soils. As the time passed, newer techniques and methods appeared in
soil and related sciences. Applications of these novel tools have not yet been introduced in soil
science practices.

The purpose of the study was to answer the following questions:
1. Does the application of mineral colloids together with precomposted organic materials result

in favorable changes on structural and colloidical properties of sandy soils?
2. Does the addition of CaCO3 to the complexes result in further favorable effects?

3. Is rheology a suitable method to detect the changes in different chemical and physical
properties of soils?

4. Can the results of simplified methods be compared with the results of rheological
measurements?

5. Do the filed experiments provide similar results as the laboratory investigations?
Lab samples and field samples were investigated to answer the questions which were raised

in the objectives.
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MATERIALS AND METHODS
Materials

My research was carried out on different composition of lab and also on filed samples. The
filed samples originated from Debreceni Agrárcentrum Teichmann Farm (Kisvárda), where
composted sewage sludge was applied.

Laboratory model samples
Different compositions of organic and inorganic compounds were prepared for the lab

investigations.

The investigated sand samples originated from Debreceni Agrárcentrum Nyíregyházi
Westsik  Vilmos  Experimental  Station.  Composite  samples  were  taken  from the  upper  15  cm soil
layers. The soil was classified as „humic sand, not calcaric, overlaid”.

Refuse bentonite from Mád, montmorilonite from fractionated bentonite from Kuzmice
(Czech Republic) and beet potash from Szerencs Sugar Company were used as inorganic
compounds.

Liquid manure of dairy from Szent István Egyetem Józsefmajor Experimental Farm was
applied as organic component.

The sand samples were dried, grinned and sieved on 2 mm size, and I used the fallen parts
were used in my experiments. Complexes were prepared with increasing amount – 2%, 5%, 10% of
montmorillonite and bentonite and than the added 30 ml of tap water to the 100 g weight samples,
covered by gauze and let them dry.

Different amounts of bentonite 0g, 20g, 50g, 100g were mixed to 1 liter liquid manure,
stirring occasionally until the pH equilibrium. 1kg sand was added to the samples and let them dry,
covered by gauze. Doubled amount of CaCO3 was also added to the samples calculated from the y1
value of the sand samples; it meant 0.5g beet potash to 1kg sample.

Abbreviations of the samples are given in Table 1.

Table 1: Abbreviations of used materials and model samples

Name of the sample Abbreviation

Sand S

Bentonite b

Montmorillonite m

Beet potash Ca

Liquid manure ht

Sand – 2, 5, 10 % bentonite S – 2, 5, 10 % b

Sand – 2, 5, 10 % montmorillonite S – 2, 5, 10 % m

Sand – beet potash S – CaCO3

Sand – 2, 5, 10 % bentonite – liquid manure S – 2, 5, 10 % b - ht

Sand – 2, 5, 10 % bentonite – liquid manure – beet
potash

S – 2, 5, 10 % b - ht - CaCO3
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Field samples
The field samples were originated from 0.5 hectare small parcels experiments. The soil type

was lammelic brown forest soil.

„Nyírkomposzt” compost was applied on the field. After dehydration of the fermented
sewage sludge it was composted with different inorganic compounds. The compost contained: 40%
sludge, 25% riloite, 15% benonite, 10% lime and 10% straw.

20 t/ha compost was cultivated in September 2003. The first sampling campaign was carried
out in June 2004 and to prove the effect of compost the procedure in September 2006 was repeated.
Composite samples were collected from 10 samples from the control and the treated field as well
from the layer 0- 20 cm. White lupine was produced in the years of sampling.

Methods
The applied soil chemical methods in the thesis
§ Cation exchange of the samples by modified Mehlich procedure (Buzás, 1988)

§ Organic matter content of the field samples by Walkley – Black method (Nelson and Sommers,
1996).

The applied soil physical method in the thesis
§ Hygroscopity of the samples by Sík (hy1)
§ Simplified water retention capacity of the samples

§ Simplified determination of 0,02 mm particles in water and Na-pyrophosphate
§ Microaggregate stability (Dispersity factor according to Kacsinszkij and structure factor by
Vageler) (Buzás, 1993)
§ Rheological properties of the samples

Statistical analysis
The statistical investigations were carried out using SPSS 15.0 for Windows.
Analysis of variance (One – way ANOVA LSD) was performed within the results at α level

of 0.05. The results were illustrated on Box-Plot figures and indicated the statistical differences with
the ABC letters.

Comparing the different results Pearson linear correlation was used. Correlation values (r)
were defined which determine the tightness of the connections between the applied increasing
amounts of treatments and the different soil parameters and the correlations between the results of
applied methods. If the r is below 0.25, there is no connection between the two parameters, between
0.25 and 0.5 week medium correlation, and above 0.75 there is a strong relationship between the
investigated parameters (Szűcs, 2004).
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RESULTS
The most important findings of my doctoral research will be presented in the followings.

The results of organic matter content
An increase was detected after applying compost. Higher organic matter content was

measured in samples from the treated site than in the samples from the control site in both of the
sampling time. The organic matter content decreased between the two sampling period.

The results of cation exchange capacity
Improvements were observed after adding organic and inorganic compounds to the samples

in cation exchange capacities and charge. There was a strong linear regression between the amount
of  applied  components  and  the  cation  exchange  capacity.  In  case  of  the  lab  samples  the  Pearson
linear correlation value was 0.937 between the increasing amount of bentonite and CEC values, the
Pearson linear correlation value was 0.906 after applying liquid manure and bentonite, and in case
of the increasing amount of montmorillonite this value was 0.936.

In case of 5% and 10% bentonite containing samples there were no further increases in the
CEC values. The organic and inorganic compounds react, neutralizing the charges.

An increase was detected in the CEC values due to the effect of the organic and inorganic
compounds, but this increase was not significant in case of the filed samples. The charge was
decreasing between the two sampling time.

The results of hygroscopity
In case of bentonite treatments the highest hy1 value was measured at the highest bentonite

application. There was no significant effect of the applied bentonite treatments on the hygroscopity
results of the investigated samples. One reason could be of this result that the samples stayed for not
efficient time in the excitatory and could not adsorb as many water as could. The other reason could
be that the homogenizations of the samples were not perfect. The Pearson correlation value was
0.843, in case of pure bentonite application, which was weaker that was measured in case of CEC
values.

The different liquid manure and benonite treatments had significant effects comparing to
each others and to the other treatments. The correlation was strong between the increasing amount
of bentonite and the hy1 results, 0.995.

The highest hy1 results were measured in case of the highest montmorilonite application.
The correlation was strong between the increasing montmorilonite amount and the hy1 results, (r =
0.996).

There was no effect on hy1 results between the treatments and the passed time.
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The results of water retention capacity
Based on the water retention measurements I have concluded (Figure 1) that the samples’

water retention capacity increases with their mineral colloid content. This impact was more
effective  when  beet  potash  or  liquid  manure  was  applied  also.  The  most  favorable  effect  was
achieved with the joint application of liquid manure, bentonite and beet potash.

Figure 1: Moisture content of laboratory samples one hour after the start of the measurement, significant
differences are indicated with the small letters of the ABC, with a confidence interval of 95%

Under field conditions, the water retention capacity of the samples increased due to the
applied compost. At both sampling dates, samples from the treated areas retained more moisture
than the ones from the untreated areas. The samples from the second sampling (2006) retained less
moisture than the samples from the first date.

Results of simplified measurements of soil physical properties
During the determination of dispersed particles in water of the model laboratory samples,

the smallest dispersed particles were measured in the sample containing sand – beet potash. This
sample  was  significally  different  from  the  others.  With  the  addition  of  bentonite,  the  dispersed
particles content in water have significantly increased. The same results were obtained from
samples containing only bentonite or liquid manure and different rates of bentonite and
montmorillonite

There was a strong linear relation between bentonite content and dispersed particles content,
with a Pearson’s correlation coefficient of 0.936, while for samples containing both liquid manure
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and beet potash the same coefficient was 0.658. For the samples containing both liquid manure and
bentonite a close relation was demonstrated between the increasing bentonite content and the results
of dispersed particles in water, Pearson’s correlation coefficient was 0.794. Stronger relation
(0.813) was measured when both organic and two inorganic additives were applied. The closest
relationship was shown in case of the increasing montmorillonite content, where r was equal to
0.984.

Similar results were obtained with the dispersion in Na – pyrophosphate.

Based on the calculation of the modified Kacsinszkij dispersion factor and the Vageler
structure factor, the samples containing beet potash had the weakest microstructure. The strength of
the microstructure was increasing with the rate of applied organic and inorganic additives.

In case of the field samples, those treated with compost showed the highest dispersed
particle content. Two years after the treatment less dispersed particles were measured within the
upper layer.

In case of the Kacsinszkij dispersion factor and the Vageler structure factor the compost
treatment showed no statistically significant effect.

Results of the rheological measurements
During the rheological measurements I have determined the initial maximum of the flow

curves,tinimax (Pa), which is the maximum of the flow curves determined in the direction of the
increasing velocity, and provides information on the structure of the soil, and the bonding forces at
present. The Bingham yield value (tB) was also determined which is the value of the linear part of
the curves projected to zero shearing stress, and provides information on potential aggregation in
the decreasing velocity gradient range following the discontinuation of the shear stress.

Results of the maximum yield values (tinimax)
On increasing the bentonite content of the sand samples, the initial maximum of their flow

curves increased. There was a strong linear correlation between the two parameters, with a
Pearson's coefficient of 0.923.

The relation was even stronger in case of samples containing beet potash and increasing
amounts of bentonite. In this case Pearson’s coefficient was 0.936.

At the same time, due to the sensitivity of organic matter, Pearson’s correlation coefficient
was 0.847 when the samples contain two inorganic components besides the liquid manure (Figure
2). The explanation in this case could be that bentonite – organic matter – Ca agglomerates were
formed instead of link together the sand particles. The reason for the fact that the highest initial
maximum values were not obtained from the samples containing both organic and inorganic
additives could be that their organic component, due to its complicated structure, was very sensitive
to external effects, such as shearing stress.
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Figure 2: Maximum yield values of the flow curves of laboratory samples, significant differences are indicated
with the small letters of the ABC, with a confidence interval of 95%

In case of field samples, the one from 2004, treated with compost could tolerate the highest
shear stress. As an effect of the compost treatment, the strength of the bonds between the particles
became stronger, due to the organic and inorganic additives within the compost. The treated
samples from 2006 have already produced significantly similar results to those of the untreated
samples. As a result of the treatment the suspension showed aggregation, that wasn't present at the
second sampling. This was probably due to the repeated yearly disturbance, or the downward
movement of organo-mineral complexes.

Results of the Bingham – yield values (tB)
The rebuilding of the suspension aggregates was only observed in the case of samples with

organic matter content, and not with samples containing only mineral materials (Figure 3).

The reason for this was that after the ceasing of external action the organic material, due to
its great charges, could relatively quickly form organic matter – bentonite – Ca bridges, and that
because of the presence of organic matter, microbial activity should also was considered. The fulvic
acids formed during the microbial decomposition of unrecompensed dead organic residues and the
Ca2+ ions in the system connected with the negative charges of the clay minerals.



10

Figure 3: Bingham –yield values of the flow curves of laboratory samples, significant differences are indicated
with the small letters of the ABC, with a confidence interval of 95%

In case of field samples, the one from 2004, treated with compost had the highest Bingham –
yield value, which means that as a result of the compost treatment, due to the organic and inorganic
additives applied to the soil, the structure of the soil suspension showed re-aggregation after
disturbance, on account of the increased number of bonding points. This effect could not be
observed in the second sampling season, which could be because the organ mineral complexes have
either ceased to exist or moved to the lower layers.

Statistical comparison of the applied simplified methods
Table 2 shows the statistical comparison of the simplified methods, indicated by the

Pearson’s linear correlation coefficient.

The results of the water retention capacity method showed medium correlation with the
results both in dispersed particles in water and Na - pyrophosphate. The reason for this is that due to
the different treatments less dispersed particles were mobilized.

 The results of two dispersing methods gave strong correlation with each other. At the same
time, the dispersed particle content in water results showed medium correlation with the calculated
Kacsinszkij dispersion factor and the Vageler structure factor.

The  results  of  the  Kacsinszkij-  and  Vageler  factors  also  showed  a  strong,  but  negative
correlation.
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Table 2: The correlation results of the used simplified methods,
**: correlation is significant at 0.01 levels

Water retention
capacity

Dispersed
particles in

water

Dispersed
particles in Na-
pyrophosphate

Kacsinszkij
dispersion

factor

Vageler
structure factor

Water retention
capacity 1 0.435** 0.414** -0.334* 0.308*

Dispersed
particles in

water
0.435** 1 0.884** -0.466** 0.477**

Dispersed
particles in Na-
pyrophosphate

0.414** 0.884** 1 -0.765** 0.814**

Kacsinszkij
dispersion

factor
-0.334* -0.466** -0.765** 1 -0.965**

Vageler
structure factor 0.308* 0.477** 0.814** -0.965** 1

Statistical comparison of the simplified methods with the traditional methods
Table 3 shows the statistical comparison of the simplified and traditional methods, indicated

by the Pearson’s linear correlation coefficient.

Table 3: The statistical comparison of the simplified and traditional methods,
 **: correlation is significant at 0.01 levels

Water retention
Dispersed
particles in

water

Dispersed
particles in Na-
pyrophosphate

Kacsinszkij
dispersion

factor

Vageler
structure factor

hy1 0.540** 0.469** 0.601** -0.692** 0.696**

CEC 0.461** 0.946** 0.946** -0.684** 0.664**

There was a strong medium relationship between the water-retention and hy1 measurements,
while a weak connection with the results for cation-exchange capacity. In my opinion, the water
retention capacity results should have given stronger correlation with the hy1 results, but in the case
of samples containing only bentonite these results were measured, probably due to the inproper
execution of measurements – the samples were not keep long enough in the excitatory or the
components of the mixture were not appropriate.

The closeness of the relation between hy1 and cation-exchange capacity is medium (r =
0.516**).

A poor correlation was found between the results of the hygroscopity measurements and the
dispersed particles content in water and Na - pyrophosphates. At the same time, the cation-excange
capacity results showed strong correlation with the dispersed particle content measured by two
different methods.

The results of the calculated factors showed a strong correlation with the results of both the
hygroscopity and cation-exchange capacity. Naturally in this case there is a strong negative
correlation with the calculation of the dispersity factor.
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Correlation analysis of the results from rheology and other applied measurements
Table 4 shows the correlation comparison of the results from rheology and the applied

measurements indicated by the Pearson’s correlation coefficient.

Based on the results it can be concluded that a linear relationship could be observed between
the initial maximum of the flow curves (τ inimax), the results of hy1 and cation-exchange capacity.
That was, on the application of organic and inorganic additives, if we increase the colloid content
(and charge) of the soil, it also increases the maximum shear stress it could tolerate.

The Bingham – yield values showed strong correlation with the results of the water retention
measurements. This means that if the soil’s water-bonding capacity increases, so does its ability to
re-aggregate suspension after the end of the stress it was exposed to. The Bingham – yield values
showed a strong medium connection with dispersed particles content in water, and a weak medium
connection can be observed with the dispersed particles content in Na - pyrophosphate.

Table 4: The statistical comparison of the results of rheological measurements and results of traditional methods,
*: correlation is significant at 0.05 levels, **: correlation is significant at 0.01 levels

n. c.: no correlation,

Water
retention

Dispersed
particles
in water

Dispersed
particles in

Na-
pyrophosphate

Vageler
structure

factor

Kacsinszkij
dispersion

factor
hy1 CEC

τ inimax 0.444* 0.391* n. c. n. c. n. c. 0.788** 0.820**

Bingham
yield value 0.985** 0.666** 0.497** n. c. n. c. n. c. n. c.
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CONCLUSIONS, RECOMANDATIONS

New scientific results
Previous researches in Hungary, targeting the improvement of sandy textured soils have

mainly focused on changes affecting the fertility and chemical properties of soils. The number of
articles and studies reporting on the changes to the physical properties of soils is much lower.
During the improvement of sandy soils, beyond changes in chemical parameters, also the physical
properties of the soil can improve, subject to the constitution and quantity of applied materials. My
research has proven both on laboratory model samples from sandy soils of the Nyírség area and on
field experiments that there are physical and chemical changes in soils as an effect of different
additives. My measurements have concluded that rheology is a suitable method for the examination
of different soil physical and chemical properties.
Based on the research, my new scientific results are summarized in the following:

1. Clay minerals, rocks containing clay minerals and also materials containing CaCO3 have a
significant effect on soil properties. Due to their colloid and adhesive properties, they
increase the strength of bonds between soil particles

2. Both physical and chemical measurments properties showed better improvement when the
organic and inorganic components were precomposted before application.

3. The addition of beet potash resulted further favorable effects on the results of water
retention capacity and rheological measurements.

4. Rheology proved to be a suitable method to track changes in soils resulting from the
addition of different mineral and organo-mineral materials. It provides quantitative measures
of the forces linking together the soil particles (maximum yield value, Bingham – yield
value).

5. The results of rheological measurements can be compared and do show a certain level of
similarity with other methods measuring different soil chemical and physical parameters.

6. I have verified that in soils it is primarily the „newly added” organic material content that
takes part in the re-aggregation of the suspension structure after disturbance, as opposed to
the mineral components.

7. My research proved that results of the applied „simplified” methods show a certain level of
similarity both with each other and with the results from the traditional methods, thus they
are suitable for monitoring the changes in the soil physical and chemical properties.

8. The additional results the study was, that betonite added to the liquid manure has
significantly reduced its odor.

9. The  field  trials  proved  that  applied  in  the  same  quantities  and  type  of  soils,  as  in  the
experiment, the materials resulting from the composting of wastes containing high amount
of organic materials, can be suitable to improve the chemical and physical properties of the
soil for up to two years.
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Recommendations for further research
Unfortunately, there were several other soil physical parameters that I could not address in

my research. I did not have the chance to investigate the effect the materials (complexes) I have
compiled would have on the plant-environment system on the field or pot trials.

According to the Central Statistical Office, due to the decrease of animal stocks, the 8-9
million tones per year use of manure has been reduced to its half, 3.9 million tones within ten years.
The amount of sewage sludge is increasing year by year because of the public services. The use and
annihilation of this product or if it is possible the allocation cost a lot.  In spite of these tendencies,
the nutrient supply of our soils must be maintained, taking into account the increasing production of
energy plants that could withdraw a significant amount of organic matter from our soils. Thus it is
practical to search for those materials that are designated as waste in their point of production, but
their  constitution  provides  that  they  can  be  used  immediately  or  after  some pretreatment,  such  as
composting, for field / horticultural / forestry purposes. It is to be examined that in their intended
place of use, what effect they have on our environment, the chemical, physical and biological state
of our soils, our groundwaters and the produced crops.

The use of rheological measurements in soil physics contains several possibilities besides
the parameters included in my research. It is suggested to use it for other samples, on series
extended to detect the chemical, physical and biological degradation of soils, and on samples from
additional field trials. As a method it is worth comparing to other soil physical and chemical
methods, using additional field samples.
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