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1. Background and aims

The soil fertility is developed by the contraryexffs of pedogenesis and soil erosion
taking place continuously in time and in space.sTpermanent change is determined by
natural rules, but some factors affecting can beeroed or masked by the human’s activity.

To increase the soil fertility and to improve itsacacteristics are known to be especially
important tasks of the mankind for a long while(® 2000). Soil fertility is particularly a
key issue in the Nyirség soils, where the high sardent, the shallow soil depth, the acidic
pH and the wind erosion can result especially watatus of the water and nutrient regime in
the soils (8ABOLCS és VARALLYAY, 1978). The potential improvements of sandy soil
characteristics have started and developed by twaellent researchers named Sandor
Egerszegi and Vilmos Westsik. Regular treatmenth@fow quality sandy soils with organic
materials were common in their suggestions, butwiag how they did it was different
(WEsTsIK, 1951; EERSZEG) 1958, 1962). Changes in our lifestyle (industygriculture,
consumption habits) so far has resulted the drattanges in those materials, which are
appropriate for the improvement in soil fertilitsuch as the different wastes, by-products,
inorganic materials, etc. EReENTEet al., 2010; MKADI, 2004).

Changes in soil chemical properties could creatafluence on the microbial community
of soils, but also the opposite tendencies (e.ghatN-fixing bacteria) could be observed.
Positive, but also the negative effects of the nsai-improving materials could be detected
on the quantitative, qualitative and activity chas@f soil microbes.

The effects of different amendments appropriate ifioproving of sandy soils and its
physical, chemical and microbiological soil propestwere studied in this PhD work. The
economic value of these amendments can be charactdry the appropriate crop yields.

The aims of this work is to establish

— the effects of different organic and inorganic mate, qualified as wastes or by-
products in their origin, on the main chemical amdrobiological soil properties

— the suitability of the used microbiological methadsthe notification or in the
monitoring of the short- and long-term alteratiomghe soil quality/fertility,

- how the measured physical, chemical and microbicédgroperties can determine

the main soil-processes.



2. Materials and methods
The effects of three different materials, as paossbil-amendments on the low quality of

sandy soils of the Nyirség region were studied s twork. The bentonite is a

montmorillonite type of clay mineral. The main gadlits application was to improve the

water regime of sandy soil but improving of somel shemical parameters was also

presumed. The effect of bentonite was studiedsmall plot experiment (Table 1).

Table 1. Characteristics of the bentonite experimen

Bentonite experiment

Place of the Research Institute of CAAES, University of Debreddgiregyhaza

experiment

Solil type Arenosol

Type of Small plot experiment (10 x 10 m) in four repliceats, after-effect study

experiment

Material Bentonite from Sajébabony with 40 % montmorillorstntent

examined

Treatments 0, 5, 10 15 and 20 t*hdoses of 0-5 cm fraction of bentonite were
ploughed in the top (0-25 cm) soil layer in Mar@02

Sampling, From 2002 to 2006, from 0-25 cm soil layer.

examinations | In spring: microbiological; in autumn: physical, erhical and

microbiological examinations.

Sampling

Composite sample from five point samptesviery plot

Test plants

2002: buckwheat~agopyrum esculentumMoench), 2003: mustar
(Sinapis alba..), 2004: rye §ecale cerealk.), 2005: rye with hairy wetc

(Secale cerealel. és Vicia villosa L.), 2006: rape Hrassica napus

oleifera).
Manual harvest in every plot from 4 x 12.nAfter processing, measuri
the yield and conversion it into t*Haunit.

-
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The other two studied amendments have an orgaiginofl he digestate is mainly used

as a plant nutrition source. Its effects on thenubhal and microbiological properties of soill

were studied in a field-pot experiment (Table 2).

Table 2. Characteristics of the digestate experimen

Digestate experiment

Place of the In the area of the Regional Biogas Plant of Nyimbat

experiment

Sources of Samples from sandy and meadow soils

samples

Type of Field-pot experiment (80 L) in four replications.

experiment

Material Biogas digestate

examined

Treatments Absolute control, digestate, water.
Determination of digestate quantity: according te tplant nitrogen
demand (Bcz, 1992), on the basis of the measured actual totabiNent
of digestate. Treatments with the calculated dajestuantity: 50 % g
sawing, 50 % at 4-6 leaves phase of test plan&syexear.
Water treatment: at the same quantity as digestate.

Sampling, In 2006-2007, from 0-20 cm soil layer.

examinations

In spring: microbiological; in autumn: physical, erhical and

microbiological examinations.

Sampling

Composite sample of 30 sticks from evexty p

Test plants

Sweet cord€a maygonv.saccharatd.
Measuring of corn ears in the pots (g*corn &ars

~+

The composted sewage sludge is suitable for plafition and improving of soil

structure. Its effects were studied in a small pkgteriment (Table 3).



Table 3. Characteristics of the composted sewamgigslexperiment

Composted sewage sludge experiment

Place of the Research Institute of CAAES, University of Debreddgiregyhaza
experiment
Soil type Lamellic Arenosol (Dystric)
Type of Small plot experiment (12 x 19 m) in five replicats.
experiment
Material Composted sewage sludge (40 %(m/m) dewatered npahisludge,
examined 25 %(m/m) row, 5 %(m/m) bentonite, 30 %(m/m) rhieli
Amendments: in the autumn of 2003, 2006 and 200&yghed of the
compost into the 0-30 cm soil layer.
Treatments 0, 9, 18 and 27 t*hdoses
Sampling, In 2002 to 2006, from 0-30 cm soil layer.

examinations

In spring: microbiological; in autumn: physical, erhical and

microbiological examinations.

Sampling

Composite sample from five point samptesviery plot

Test plants

Triticalex( TriticosecaleWittmack), maize Zea mayd..) and green pe
(Pisum sativuni..), sown in a crop rotation.
Manual harvest in every plot from 4 x 12.nifter processing, measurir]

g

the yield and conversion it into t*Haunit.

The measured parameters of the experiments cagebars Table 4-5.

Table 4. The measured soil physical and chemiaalnpeters in the three experiments

Measured parameter Bentonite| Digestatg Compost
Soil moisture content + + +
pH, y;, Ky, macro- and mesoelements  + + +
Water soluable salt content (%) + +
Organic material content + + +
CEC + +




Table 5. The measured soil microbiological paramsdtethe three experiments
Measured parameter Bentonite| Digestatg Compost

r-strategist bacteria + + +

K-strategist bacteria

l-strategist bacteria

Free-living N-fixing bacteria

Microscopic fungi

Invertase activity

Catalase activity

Dehydrogenase activity

Physiological
groups

oil

enzymep

++ [+ +|+]+
++ [+ +|+]+

++ [+ [+ +]|+]+

Soil
respira
tion  [CO,production +

Identifij Identification of r-strategist bacteria lyy
cation |API-teszt +

Treatment effects were analyzed by one-way andivadlte analyzes of variance
followed by Tukey's test for examining significamtifferences among the averages.
Differences among the years were studied by t-praldle correlation-, factor- and
discriminant analyses were done to examine théisakkamong the chemical and biological

parameters.  Statistical analyses were done at 95%obability level.



3. Results and discussions

Further | present the effects of the three examimederials on the soil physical,

chemical and microbiological properties in threbdivisions.
3.1. Discussion of the bentonite effects

The mainly expected effect of the used bentonite improve the water regime of soils
was not supported by this single application. Twasons of this result might be: the dry
period in the time of bentonite application andy-the results of MKissock et al. (2002) —
the too big fraction size of bentonite used. Nenadss, the small increase in soil pH had
been found in the 10 and 15 t*hdentonite treated samples in the average of the fi
examined years.

Significant effects of used treatments on the niizloabundance could not been found
in the field plot experiment. However, considerablenual effect was noticeable on the
number of r- and K-strategist bacteria. In spriid2@04 the bacterium number was higher
than in spring of 2005 and 2006, while in the sasptollected in autumn the changes
observed were the opposite. Regarding, that thbamages had been measured at all the
treatments, they could not been caused by the héstorhe multiplication and annual
changes of bacterial numbers are directly deterhibg the precipitation and the soil
temperatures.

The highest number of K-strategist bacteria hadhbeend in the control samples
which is in accordance with the observation @zEr6J(1995), who found the advantage of
this microbial group in disadvantageous conditibesause they slower multiplication rate
needs less sources. There was no any effect afneeds found in the number of |-strategist
and free-living, N-fixing bacteria and microscopic fungi in the sgrsamples. In the autumn
samples, however a weak trend of treatments had foeed. Measuring the abundance of r-
and K-strategist bacteria seems to be more apptepior the detection of soil processes in
comparison with the other three studied bacteraligs.

In spite of the fact that no any significant effeas found in the culturable microbial
abundance and in the enzymes activities, consitiedifierences could be recorded in the
results of soil respiration and in the identificatiof r-strategist bacteria in control and in 10
t*ha’ bentonite-treated samples in September, 2005 (Bigin the studied segment of

bacterium community living in soil, bentonite tneent has increased the diversity of



culturable bacteria, which can show a more divens¢abolic pathway and hereby a better

accommodation capacity of microbes for the changimgronmental conditions.

CO, production of soil
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Figure 1. CQ emission of bentonite treated (10 t*haoil for measuring the intensity of soil
respiration in September, 2005. *: significant eiefnce from control (t-probe, p<0.05).

The intensity of soil respiration and the number bafcteria in the soil have daily
fluctuation (SABO, 2008). Whereby according to my results and thedcother works, the
bentonite treatment and above all the 10 tHzentonite doses are able to modify the
microbilogical and other biological properties ofls. Despite of the lack of significant effect
on soil chemical properties, the diversity of baetan the studied segment of cultured
bacterial community and also the soil respiraticed hbeen changed by the bentonite
treatment. This fact verifies that the soil biokaji parameters often can respond more
sensitively and faster than the soil chemical oyspdal parameters (DK ES TABATABAI,
1992). Examining of the qualitative culturable feaietl abundance and the soil respiration can
become more sensitive parameter than the quawndtatilturable numbers and the measured
enzyme activities. These methods can indicate fetgnt differences between the control and

the 10 t*h& bentonite treatments even three years after thiobige treatment.

3.2. Discussion of the effect of digestate

Among the main effects of used digestate, it isgb# pH, which can be mentioned
Despite of the slightly alkaline pH of the digestatnly a small decrease of soil pH had been
measured after its usage. The decrease is assuynedebhigh ammonium content of
digestate. The digestate is a suitable matteth®nutrient supply, due to the high quantity of
the total-N, the available P and K content. Thergiest effect of digestate was found on the
available P content of soil.

The activities of invertase were found to be inseghafter the digestate treatments in

both soil substances while the dehydrogenase Bctidcreased. The catalase activity also



increased in sandy soil substance, while decreasethe meadow soil substance. The
numbers of colony forming units of r-, K- and laggist bacteria were increased after the
treatments, as well. The colony forming units otrscopic fungi decreased in 2006 and
increased in 2007, in comparison with the controls.

There was a discriminant analysis used to findtbetmain affecting processes in the
soils after the digestate treatments. Data werepgpd to the following discriminate functions:
Function lexplains 93.8 % of variations, pbl and puffer capacity of the soils and contains
the pH, CaC@% and Mg._Function 2ontains thanacroelements(C, N, P) and th&la. The
catalase activity and NQ-N belonged to the Function ®&hile thesalts and soil moistureto
the Function 4.The microbes and the processes linking to their vitalunctions can be
found only in the_Function .5This result means that the soil microbes havey @nhall
contribution to the discrimination of soils andamments. Results according to Function 1 and
2 can be shown in Figure 2.

The two soil substances are separated along thetibarl while the treatments within the
soils substances are separated by the Functiors 2hea macronutrients and the sodium
concentration. On the sandy soil substance, whicttiains low organic and mineral colloids,
the chemical and microbiological properties hadnbelganged by a simple irrigation (water
treatment). This is indicated by the separatior d®-water and H7-digestate treatments from
the H1-control one. The effect of digestate — aga$ expected — was stronger than the effect
of water treatment therefore its group centroid lardiscriminated from the control’'s group
centroid.

In meadow soil substance no significant effect feasd of the applied doses of water
treatments, the group centroids of control (R1) awvater (R10) treatments could not be
separated from each other. The probable reasdnsofesult is the generally higher moisture
content of meadow soils. At the same time, the mgkrient content and own microbial
community of digestate has a strong effect, itsugroentroid therefore, is being separated

from the control ones.



Canonical Discriminant Functions
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Figure 2. Effect of digestate on sand and meadadls sobstances assessed by discriminant
analyzesH1: sand, control, H7: sand, digestate, H10: san@ter, R1: meadow, control,
R7:meadow, digestate, R10: meadow, water.

The results of discriminant analysis show, that pinecesses in soils are primarily
determined by the level of soil pH, while the otlparameters are able to modify these
processes. Except of the invertase activity, thedistl microbiological properties can
contribute to these changes but only in a smaliqror Most of all, these properties only can
follow the soil chemical processes, the final reswf the microbiological changes are
influenced by the environmental conditions. But ttnformity to the chemical processes
results the presence of different metabolic patlsvesich contribute to the continuous
changes of soils and the results of different ineaits. The microbes are able to adapt to the
environmental conditions quickly. The undergrouratiability and diversity therefore are

always higher than the aboveground diversity oh{sla
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3.3. Discussion of the sewage sludge compost treatments

Two-factorial analyses of variance were used is #periment with the following
factors: 1) doses of compost treatment and 2)plestts. The soil chemical properties were
affected statistically only by the test plants 602. These properties were the total-N,;MN¥H
and KO and soluble salt content of soil. In this yeagréhwere no any significant effect
found of the compost, applied. However in 2008 ificemt effect of compost doses on the
soil pH, hydrolytic acidity, the soluble salt, ppbsrus, sodium and magnesia content and
cation exchange capacity of soil were found. Témtts had significant effect on the M@,
potassium content and cation exchange capacityiralgus year. In cases where only the test
plants had significant effect, the measured valwihin the plant species increased or
decreased according to the applied compost dosgsthe organic material and potassium
content increased while the hydrolytic acidity aased.

Similarly to the chemical properties, the changes measured microbiological
parameters did not show significant compost effesxtt, the measured microbiological
parameters were not better sensitive than the daénones. Nevertheless, the Colony
Forming Unit (CFU) of r-strategist bacteria and ta¢alase activity were shown an increase
with the increasing doses of the applied compasR008 the CFU of K-strategist bacteria
and the catalase activity was determined by thepostndoses and the other measured
microbiological parameters had also been increasidthe increasing compost rates.

Changes in the soils are mainly determined by cermfactors of the soil properties,
less than by the bilateral interrelations betwdendingle parameters. To study the groups of
measured parameters (the factors), which deterntifeeshanges in soils, the factor analyzes
could be a possible method. Results of this arabtsowed, that the changes in soil processes
are mainly influenced by thpH (Factor } in the 28.5% of variance. Factori® the soil
moisture and the energy-gain processests explanatory rate is 13.7%. Thkalt content

and the organic material belong to the Factor, 3vith 10.6% explanatory rate of variances.

The Factor 4epresentdacteria, the explanatory rate of variances is 7.1%. Thetdfeb is
the group ofmicroscopic fungi with 4.9% explanatory rate of variances, while ta¢alase
activity ranged to the Factorwith 4.8% explanatory rate of variances. Thishis tactor of

theintensity of general microbes’ metabolisn{Table 6).
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Table 6. Rotated component matrix after analyzimegetffect of sewage sludge compost
treatment with factor analyzes.

Rotated Component Matrix(a)

Component

1 2 3 4 g 4
pH H,O 0,902 0,241 0,11p
pH KCI 0,90¢ 0,20( 0,23t 0,11z
Vi -0,814 -0,320 -0,188 -0,1119 -0,1%3
Ka 0,165 0,514 0115  -0,114 0,458
water soluable salt % 0,2p2 0,428 0,668 0,204
CaCQ% 0,761 0,364 -0,19p
humus % 0,71 0,168 0,179
total-N % 0,891 0,114
NO,-N mg*kg™ 0,735 0,126 0,106
P,Os mg*kg™ 0,634 -0,156 0,504 0,114 0,165
K,O mg*kg™ 0,124 0,497 0,143 0,486 -0,489
Na mg*kg" 0,592 0,170 0,561 -0,104
Mg mg*kg” 0,108 0,514 0,289 -0,221 0,472
CEC mgeé*100 g soil 0,269 0,238 0,729 -0,100 -0,25Y
r-strategists Ilg CFU 0,322 0,110 0,73: -0,113
K-strategists Ig CFU 0,392 0,67¢ 0,190
I-strategists Ig CFU -0,115 0,17 0,946 0,181
free-living N,-fixing Ilg CFU 0,144 0,181 0,170 0,515 0,369
mivroscopic fungi lg CFU 0,87¢ 0,131
soil moisture (bacteria) 0,89: 0,121 0,149
invertase activity 0,77 0,140 0,17y
soil moisture (invertase) 0,184 0,83i
catalase activity 0,249 0,3|L6 0,151 0,182 0,64¢

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization
a Rotation converged in 6 iterations.

Thus the changes of soil processes are mainly iegolaby certain soil chemical
parameters, but the activity of certain microbiadugps, the intensity of biochemical processes
(enzymes activities) are also influenced signifibarby the soil processes or rather the
activity of those microorganisms can make a coutiim to these processes directly and
indirectly. | suppose that the more important rote microbes in soils can not been
demonstrated, because they are altering componantsoils but they are changing
permanently along the environmental conditions. &tfects of different microbial groups on
the soil chemical properties are not uniform. Tbatmuous capability of soils for changes,
which are insured by the microbes, can be the ba$abe soil fertility and the crop
production.

12



4. New scientific results

. | established that the favourable effect of beritoas an inorganic amendment was shown
in the soils, determined mainly by its moisture teoih. A single application of bentonite
in the field was found to improve the bacterialatsity far after a three-year of bentonite
treatments. The bentonite use could increase timebeu of those bacteria, which are
potentially able to produce the plant growth pramptmaterials. This fact can promote

the plant nutrition indirectly.

. | proved that the biogas digestate and compostedge sludge as organic amendments,
was found to contribute to the soil fertility antumt nutrition also by direct and indirect
effects. Primary role of soil pH in acidic sandylsavas first demonstrated with the help
of the discriminant and factor analysis, furtherendhe effects of host plants on soil

properties were also proven.

. Among the studied microbiological properties theivéties of invertase and catalase
enzymes are in positive correlation with the sodisture content, the pH and also with
the available macroelements. The invertase enzyase dn important role in soll

processes, however its activity can show a serilmgsuation seasonally in comparison
with the catalase activity. The adequacy of invaatanzyme as a potential indicator of

soil-fertility can be diminished by this fluctuatio

. | established that the correlations among the pbyshemical and microbiological

parameters are mainly determined by the chemioapgrties of the soils developing
through the amendments. The results of multivaséadistical analysis could show, that
soil microbiological properties affected directlgcaindirectly by the amendments, and
crops studied can modify the soil processes. Miotobical effects can become as a

secondary outgrowth of the environmental (primattig pH) conditions.

13



5. Conclusions and suggestions

The effects of organic and inorganic materials appate for improving of the physical,
chemical and microbiological properties of the sail the Nyirség region of Hungary were
studied in this PhD work. Besides the soil progsttithe crop yields of the test plants were
also measured to find out the economical impactthef above materials. Among the
amendments used for nutrient supply and/or impigsgmil fertility, there is an increasing role
of different wastes and by-products that do notaion or contains only low concentrations of
toxic components. These materials can be benefmiaoil quality and fertility, on the bases
of their organic and inorganic colloid and nutri@aintents. In this manner, waste materials
can be re-used and re-utilized while increasingsthkfertility at the same time.

In the light of the above, the effects of inorgapéntonite and organic biogas digestate and
also the composted sewage sludge products wergdtirdfield experiments on some soil
physical, chemical and microbiological parameters erop yields.

According to the results obtained, the 10-15t Hases of bentonite are the most suitable
for field application. Rainfall and irrigation eni@ed the positive effects of bentonite,
therefore its application is recommended mainlyrdgated fields. Similarly, positive effects
of bentonite can be expected in other irrigatedogrsuch as vegetable and fruit growing,
establishing other woody plants cultures, in cortipgsprocess as additive. A single
application of bentonite in the field could improtlee bacterial diversity even after three
years of the treatments. The bentonite use incdetge number of those bacteria which are
potentially able to produce plant growth promotmg@terials. This fact can promote plant
nutrition indirectly. Examination the qualitativegperty of culturable bacteria and measuring
the soil respiration proved to be more sensitiveapters than the quantitative culturable
parameters and the enzyme activities. Qualitativepgrties of culturable bacteria and
measuring soil respiration statistically differectae 0 and 10 t Fabentonite treatments even
after three years of the treatments. Further exatmoins should be needed, however for the
regular application of bentonite to determine tipéiroum doses on the bases of the actual
plant and soil conditions.

Digestate can be an appropriate water- and nutsiemtce (PUNDTNER, (2002); $EBERT
et al., 2008; ESINGA, 2008), plants are able to utilize it and this enat highly stimulates
microbiological activities of the soil. The effeat digestate is greater on sandy soils due to
the lower nutrient contents of those soils. Smedlls changes can cause relatively more

remarkable effects on sand. The good regulatioanséndments utilization guarantees the

14



protection of soil quality but does not hamper fdaeners’ work. This approach have to been
adopt also in our country because quantity of degeswill increases by the increasing
number of biogas plants in the near futured8SsSNE ESSZOLNOKY, 2009).

The composted sewage sludge could increase th@ldpilhe organic material contents
and nutrients of the sandy soils, by supportinghlyigts applications. This amendment
increased also the quantity of culturable microlties,invertase and catalase activities of the
samples, treated. The application of good quaktyagye sludge compost is necessary to the
producers and also to the users (farmers). Repkxteof decreasing organic material content
of soils with sewage sludge compost seems to babaious solution (KDAR et al., 2009).
The good quality compost could be safely utilize dges as it is presented in the reports of
domestic and foreign experiments.

Examination of the relations among the variabledfiomed the primary role of pH in the
studied acidic sandy soils, but the effects of {gamn soil processes have been proved.
Among the studied microbiological parameters, tineitase and catalase activities are in
positive correlations with the moisture level, {id and the macronutrient content of soil.
The invertase enzyme has important role in the gpaktesses but it has notable seasonal
variation. In contrast, the soil catabolic activifgtermined as catalase enzyme has small
seasonal variability. In such a way the use oflaataassays seems to be more appropriate in
the further studies. The results of multivariatatistical analysis showed, that soil
microbiological properties can modify the soil peeses but — especially in a short-term
period — they have not primary role in them.

In spite of this, it is worth to study the soil mobiological properties for examining
new soil improver or nutrient supplier materialstive experimental phase, because these
results can contribute to the development new mrsdiBeyond this, the biological changes
can faster indicate the effects and consequencappiications in the soil health. After any
treatments of soils several (especially microbimal) properties can change as a
consequence, which are having key-importance. Sdéamt production and a better
environmental safety can be developed by the knibydeof those effects. Effect of bentonite
on the diversity of soil bacteria underlines theedwe of more increased respect of soll

microbiological aspects in consideration crop peiaun and/or soil quality.
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