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1 The role and place of ecology
1.1 The role and place of ecology in the study of biology
1.1.1

The concept of ecology

Ecology is the study of the relation of living organisms to each other and their surroundings. The
concept was defined in 1886 by the German Darwinist-biologist, zoologist, Ernst Haeckel (18341919) from ancient Greek ”oikos”, ”house”; ”logos”, ”study of”.
Ecology is the sub-discipline of biology and within it belongs to synbiology. In everyday usage it is
called environmental biology investigating the evacotary causes of environmental biology and the
mechanism of these phenomena.
Ecology is also defined as the study of ecosystems. The ecological observations based on the
complementaries of the population.
Ecology is not synonymous with environment, environmental protection or nature conservation.
Environmental protection or nature conservation only applies the achievements of ecological
observations (conservation biology).
As ecology has been used to study the bilateral affects of living and nonliving systems on each
other, it seeks to answer what conditions should be met to sustain the unit of the two in the
biosphere.
Ancient scholars of Greece, like Plato were among the earliest to record notes on populations,
especially animal populations. Aristotle explained plague epidemic of his age with the
overproductivity of mice and locust, however, many consider his friend, Theophrastos to be the first
to describe the relation between living organisms and their surroundings. They are considered to be
the first ecologists.
1.1.2

The place of ecology among the studies of biology

Synbiology, earlier natural-history, as one of the branches of biology, studies the phenomena of the
supraindividual organization (SIO).
According to the commitments of the Ecological Comission of the Hungarian Acedemy of Arts and
Sciences (based on the ecological theories of Pál Juhász-Nagy), a distinction should be made
between the descriptive and aetiological researches. Solely, the aetiological researches can be
identified with the concept of ecology in Hungary.
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Synbiology

Synphenobiology

Autoecology

Ecology

Productionbiology

Synecology

Fig.1-1. The place of ecology and its disciplines among the studies of synbiology

Main disciplines:
Synphenobiology studies the phenomena of the supraindividual biological organization. Subfields
are coenology and biogeography.
Ecology reveals the phenomena of supraindividual biological organization, the complementation of
the influential factors of the environment and the tolerance factors of the examined system
predescribed by synphenobiology. Ecology studies the bilateral relation of the living organism
(object) and its surroundings, while synphenobiology analyses the principles of the influence.
Productionbiology searches for the mechanism and productivity of the above, dealing with
biological production and the energy and material flows of the biocoenosis.
Population collectivities: umbrella term for the supraindividual organizational levels.
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Fig.1-2. The synopsis of ecosystematical relations (Kreeb, 1974)

Translation of the Figure
Alkalmazott ökológia (agrárökológia): applied ecology

humánökológia: human ecology

(agrarian ecology)

Kémia: chemistry

Atmoszféra: atmosphere

Klimatológia: climatology

Biocönózis: biocoenosis

Meteorológia: meteorology

Biofizika: biophysics

morfológia: morphology

biokémia: biochemistry

Nap-energia áramlása: flow of solar energy

Biomassza-produkció: biomass production

szisztematika: systematics

biotóp: biotope

Szociológia: sociology

cönológia: coenology

talaj: soil

Emberi tevékenység: anthropogenic influence

Talajtan: pedology

genetika: genetic

víz- és hőháztartás: water and heat balance
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The subject of ecological researches is the bilateral relation between the so-called coercive and
limiting factors (heat, water, nutrition) being responsible for the formation of coexistential patterns
and the tolerance correlations receiving these compulsive factors called ecological factors.
Ecology has two subfields: autecology and synecology. Autecology studies the individuals, the
synecology deals with the population.

1.2 Ecological farming
Agriculture is the first human activity which has a strong relationship with the natural ecosystem.
Ecological farming has a major role in sustainable development, contributing to the safe and healthy
victuals. To achieve this goal, ecological farming is based on rules and practices which would
minimize human influence on the environment but assure the efficiency of agricultural systems.
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Fig.1-3. World Top 10 countries with highest proportions in ecological farming (2007)
Source: Willer, Helga, Yussefi-Menzler Minou, and Sorensen Neil ed. ”The World of Organic”

Ecological farming needs certain kinds of rule which were absolutely ordinary during the history of
stock-breeding and crop production, however, these terms should be redefined due to massproduction.


Multiannual crop-rotation as the precondition for the effective use of local sources



Strict rules about the usage of chemical insecticides, food additives, intermediates,
antibiotics etc.



Prohibition of using GM organisms
9



Utilization of local sources: using stable litter for food supplies or feeding animals with
locally produced fodder



Selection of animal and plant species which are resistant against diseases and adaptive to
local circumstances



Free range areas for the livestock and feeding with bio-fodder



Keeping of the different animal species adapting to their needs

Barries Commoner, the well-known zoologist and molecular biologist participating in the American
green program, wrote The Closing Circle (1971) in which he highlights the conflict between nature
and human beings. He defined the four informal laws of ecology emphasizing the cyclical Nature.
According to him, man should pay more attention to these laws, they are well-known for everyone,
because we will pay in full for our inadvertence.
Everything interconnects with everything.
The connections found in the biosphere refer to a complex network. Between our physical
environment and the animal and vegetal population, there is a complex biological chain
characterized by bilateral dependence and pro-contra conditions. If human beings interfere with the
rules of Nature, the system can collapse.
Everything heads for somewhere
The adoption of the law of conservation of mass on ecology. The concept of waste is unknown in
nature. In each and every natural system, the end-product of a certain organism serves as basic
material for another; the output becomes the input for the other organism. According to Barrie, no
particular attention is given to this law by man who causes environmental damage having artificial
wastes. At a self-sustaining farm there was no such like waste, that farming could exist in harmony
with nature.
Nature knows best
The self-sustaining and self-controlling system of the biosphere have been formulated over millions
of years. Evolution and adaption generated the most efficient methods in nature. According to
Barrie, every organic material has its own place and having its own enzyme which could help in
returning to the circulation. There is no need for human interference as nature knows these
procedure better.
Theres is no lunch for free
Biosphere is a coherenet unit from which if man takes away something, he should pay it back
immediately. The longer we wait, the more we harm.

1.3 Ecosystem
There was a turning-point in the studies of living organisms when Tansley A.G. defined the concept
of ecosystem in 1935. Productionbiology and ecology energetic are interwoven with the ecosystem
10

concept of Tansley. He defined that living organisms can not be separated from their surroundings
as they constitute a composite whole. According to ecologists, these systems formulate the
fundamental units of nature on Earth.
Ecosystem is the complete networking of living organisms and their surroundings which is an open
but self-controlling system (Braun—Blanquet, 1964., in Ellenberg, 1973). Local terminology
considers ecosystem as the model system of explainig ecological phenomena. The internatinally
recognized definition, however, considers ecosystem as the combination of a biocoenosis and a
biotope.
Severel ecosystems compose one biome which are subunit of climatic generated zonobiomes.
Biosphere is just the complete zonobiome-scale.
Most significant types:







1.3.1

tropical rain forest
savannah
desert
temperate forest
grassland
coniferous forest
tundra
Organizing and working principles of ecosystem

According to Gábor Vida, representation of the organizing and working pirnciples of the complex
ecosystem is easier if we take a local exapmle, an oak-forest.
On the southern slopes of Bükk Mountain near Síkfőkút, a research has been going of a similar
ecosystem for almost a half century with the direction of Pál Jakucs (1928-2000), University of
Debrecen. The forest has been under human influence for such a long time that we have only
conceptions based on accurate observations about the natural ecosystem.
Simplifying, this environmental system consists of an organic and an inorganic subunit with its
main organs of air and soil connected by living organisms and meteoric water. The more complex
organic subunit can be subdivided into trophic (vegetative) levels. The primary productives are
green plants that are consumed by herbivora; herbivora are consumed by carnivora and parasites.
This sensitive system can not lack for any of its components. If one of them was missing, take for
example green plants, the system would collapse. Sometimes, more than a thousand different
species exist in mutual effect in each and every trophic system.
Ecology tries to make this complex food web clearer by analysing even the simpliest relations
between carnivorous and its prey.
(Gábor, Vida. Helyünk a bioszférában, 2004.)
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1.3.2

Categorization of ecosystems

Natural:
Natural and stable, self-controlling systems which do not need exterior interference in order to
function. Evolution, succession or other ecological activities apply in this category. Characterized
by high diversity, though no considerable frequency. e.g. rain forests, oceans.

Artificial:
In order to exist, these communities need slight human interference.

1.3.3



Half-cultivated ecosystems.



Cultivated ecosystems: they need total human interference in order to exist. e.g.
agricultural growing. The aim is to confine natural succession.

Components of ecosystems

Ecosystem contains living organisms and their surroundings of a certain place.
Organic (biotic) system composes the biocoenosis. Biocoenosis is the relational system of several
populations living at the same place. A certain habitat (biotope) consists of definite species of
plants and animals. Among them, there are productive (producent), consumptive (consument) and
decomposer (reducent) organisms that can be characterized by repetition, self-controlling
(autoregulation) and the dominance of certain species.
Biotope components of ecosystem are the inorganic (abiotic) environment, water, air, soil etc. id est
the habitat.
Biocoenosis composes with biotope the biogeocoenosis.
1.3.4

The evolution and development of ecosystems

Succession is the extension of ecosystems in time, the convergent and gradual development of plant
communities. The abundance of species is very fluctuant due to seasonal environmental conditions,
even if the species composition is changeless.
Species of early stadiums, pioneer species, grow quickly, they are small, short-lived and can breed
in large territories (r-strategists). Following them, the late, successional species can spread away in
smaller areas, live longer, grow slower and they are bigger (k-strategists).
Types of succession:
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Primary succession: connected to areas without flora. The characteristics of the newly
evolving surface would define the first colonizings but there would be no soil rich in organic
components.



Secondary succession: the original vegetation disappears due to the maintenance of an
artificial vegetation. After the disappearance of these effects, seeds lying in the soil and
vegetative, reproductive formulas set succession going.

1.3.5

Levels of material flow

According to the different types of organic matter production and metabolic processes, living
organisms can be devided into autotrophic and heterotrophic organisms.
According to the role played by living organisms in material and energy flow, there are three
different trophic levels.


Productive organisms (producents): these organisms use using inorganic materials in an
autotrophic way in order to exist. They utilieze solar energy as the primary producers of
organic materials.



Decomposers (destruents): non-living organisms utilizing the energy content of
metabolites, decomposing the components of organic materials for nutritive recirculation.



Consumptive organisms (consuments): they need living organic materials in order to
exist. Their nutritive base is either the producents (= primary consuments, herbivora) or
other consuments ( secondary, tertiary consuments, predators).

Trophic levels have characteristic stores of energy. This can be abrogated by the bound energy and
the energy transforming efficiency of their consumers.
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Fig.1-4. ”Wheel of Life”: general schema of energy flow in sylvan symbiosis. The thickness of the
arrows,approximately, proportionate with energy flow (after Cs.Mátyás, Lotka)

Translation of the Figure
légzés: respiration
lebontók: decomposers
fogyasztók: consumptive organisms
holt szerves anyag: non-living organic material
napenergia: solar energy
bruttó primer produkció: gross primary production
nettó primer produkció:net primary prudction

Energy flowing across the food chain is the ecological efficiency:
production of the consumptive level
production of the nutritive level

= generally, about 0.1

Concerning trophic levels, this value is almost general (Kozlowsky, 1968). As the consumptive
organisms can use only 5-20% of energy. Ecological efficiency depends on the species and nutritive
base. As the efficiency of photosynthesis is approximately 1%, at certain trophic levels, the amount
of absorbed energy decreases apace.
14

Dependent upon the energy available on certain trophic levels, the biomass of these levels varies
substantially. In sylvan ecosystem, arborous vegetation and closed canopy have major roles.
Producents

t/ha

%

Consuments

t/ha

%

Decomposers

t/ha

%

Foliage

4

1,3

Birds

0,007

–

Worms

0,5

0,2

Branches

30

10,0

Large mammals

0,006

–

Further soil flora

0,3

0,1

Trunk

240

76,0

Small mammals

0,025

–

Soil flora

0,3

0,1

Herbs

1

0,3

Insects

0,07

–

Rootage

38

12,0

Together

313

99,6

Together

0,108

0,04

Together

1,1

0,4

Estimated datas in dry material (t/ha) and complete biomass percentage of a biomass in a oak-hornbeam forest
per 1 ha; summer (Innes, Krauchli using datas of 1995)

1.3.6

Levels of energy flow

Symbiosis needs solar energy in order to function. Energy decreases gradually on the way of food
chains:
1. Used in order to function
2. Evolves in heat
Essential conditions of communities to be able to function is the regular supplementation of energy
from an external source.
Food chain and energy flow come to fruition in communities. Photosynthetic plants synthesize
plantal organic materials from the inorganic materials of the soil and solar energy. Further
consumptive organisms gain the necessary energy from their source in order to function.
Decomposers take advantage from the dissolution of living organisms and they return organic
materials into the atmosphere or soil.
Communities are open systems which receive energy from outside for their activities. The primary
energy source is the solar energy (concerning chemoautotrophic prokaryotes, this is chemical
energy but not so significant with regard to the biosphere). Energy infiltrates, during the
photosynthesis by green plants, into the organic materials. Plants, however, can infiltrate only 0.5%
of the energy into their bodies.
Absorbed energy can take three different directions. It can either infiltrate into the organism, used
for self-preservation, or leave the organism in the form of unused energy.
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Solar energy, bound by the producents, transforms into chemical energy for the community.
Different stations of energy start from producents, through primary, secondary consuments leading
towards apex predators and end at decomposer organisms.
However, significant proportion of energy is used with the different levels for the operation of vital
functions. Further proportion vanishes with dejecta, others due to thermodynamic cycles, transforms
into heat. Only the remaining proportion can ”step forward” to the next level of the food chain.
Living organisms of ecological systems, from a thermodynamic perspective, produce heat from
energy. Laws of thermodynamics apply to the communities, as well. The first law states the
conversation of energy which means that in an isolated system the amount of energy is invariable.
From ecological perspective, in each and every biocoenosis the chemical energy available depends
on the solar energy and its utilization.
According to researches, herbivora utilize 38 % of the comsumed food, the rest vanishes in the form
of dejecta. Only 4 % of the consumed organic material infiltrate into the organism, energy of other
materials needed for life-sustainment. In the case of predators, the efficiency of utilizing energy is
also dissatisfactory. The longer the food chain is, the bigger the energy losses could be.
Energy starts from the producents and heads towards the top predators. Due to energy losses on
each and every level, communities need permanent fresh supply of solar energy.
1.3.7

Product and biomass

The product of organic material production of autotrophic flora is the primary production (BEP). A
smaller proportion is used for their own reproduction. The rest is called net primary product. (NEP).
Almost half of it is the destruent processes (LR). Secondary production is, when heterotrophic
animals adjust the plantal organic material for their needs. The velocity of this process is
productivity and the result of it is the product.
At any one time, the total amount of organic material found in a living organism is the biomass
(BM). It is the total of the phytomass (the biomass of terrestrial vegetation ), the zoomass and other
living organisms. Necromass (NM) is the nonliving component of biomass, i. e., dead wood.
Necromass cannot be identical to the nonliving organic material. Nonliving organic materials
contain dead plantal and animal organisms, fallen leaves or humus. Nonliving organic material is
either decomposing or burning ( i. e., forest fire) and this way closing the energy and material flow
of the biosphere.
Due to primary production, usually 3. 4 t. organic material is accrueing per ha. and 6250 kJ energy
per square metre. Depending on ecosystem-type, both the primary and secondary production can be
aberrant. Usually, forests are the most productive ecosystems.
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Area

Total in the
Specific net

Ecosystem-type

million

world

productivity (t/ha/year)

km2

Total in the
Specific

world

biomass (t/ha)
(milliard t/year)

size

average

(milliard t/year)
size

av.

Tropical rainforest

17.0

10–35

22

37

60–800

4

765

Tropical deciduous forest

7.5

10–25

16

12.0

60–600

3

260

Temperate pine-forest

5.0

6–25

13

6.5

60–2000

3

175

Temperate deciduous forest

7.0

6–25

12

8.4

60–600

3

210

Boreal forest

12.0

4–20

8

9.6

60–400

2

240

Arboraceous areas

8.5

2.5–12

7

6.0

20–200

6

50

Savannah

15.0

2–20

9

13.5

2–150

4

60

Temperate steppes

9.0

2–15

6

5.4

2–50

1

14

Tundra and Alpine areas

8.0

0.1–4

1.4

1.1

1–30

6

5

Semidesert, desert

18.0

0.1–2.5

0.9

1.6

1–40

7

13

24.0

0–0.1

0.03

0.0

0–2

0

0.5

Cultivated areas

14.0

1–35

6.5

9.1

4–120

1

14

Swamp

2.0

8–35

20

4.0

30–500

1

30

Lakes, rivers

2.0

1–15

2.5

0.5

0–01

0

0.05

Total continental

149.0

7.73

115.0

1

1837

Total marine ecosystem

361.0

1.52

55.0

0

3.9

Earth total

510.0

3.33

170.0

3

1841

Extreme sands, rocky desert,
frigid areas

The aforementioned research of the oak-forest by prof. Pál Jakucs produced useful results (Jakucs
1985). He defined that the most important producents are trees. Trees gave 84 %, shrubs 13 %,
herbs 3 %, and mosses 0.01 % of the net primary production in the forest.
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Fig.1-5. Biomass and productivity of a middle-aged oak-forest according to levels, plantal members, totalizing
above/below ground (Jakucs 1985, modified)

Translation of the Figure
biomassza:biomass
cserjék: shrubs
faállomány: growing stock
gyökérzet: rootage
lágyszárúak: herbs
levélzet: foliage
mindösszesen: total
mohák: mosses
összes föld alatt: total below ground
összes föld felett: total above ground
produktivitás: productivity
szintek szerint: according to levels
törzs-ágak: trunk/branches
termés: growth
virág: bloom

18

1.4

The division and characterization of environmental impacts

1.4.1

Environmental factors affecting living organisms (ecological factors)

Populations living in a given community, in their habitat. In this habitat, living organisms are
affected by many factors, i.e. temperature fluctuation.
Abiotic factors are the nonliving phenomena of the environment. These factors, i.e. light,
temperature, atmosphere, water, wind, and soil, are necessary in order to exist and they have a
complex impact on living organisms. Natural environment consists of these jointly with biotic
factors (evolution, symbiosis etc.).
Abiotic factors provide the necessary conditions for life to survive. On the other hand, populations
should adopt to the provided conditions. This way, affecting both the stability and instability of the
ecosystem. The slightest modification of abiotic factors could force living organisms of a certain
ecosystem to adaptation or acclimatization.
Physical factors affecting ecosystems:







sunlight and shadow
average temperature
atmospherical motion
width and altitude
soil (terrestrial ecosystems)
fire (terrestrial ecosystems)

Chemical factors shall be as follows:







water and air in soil
dissolved soil moisture
natural/artificial toxic materials in dissolved soil moisture and water
salinity of waters (aquatic ecosystems)

Light as environmental factor

The single energy source of biosphere is the Sun. More than half of the energy is radiation of light,
smaller proportion of it is heat and the rest of it is ultra-violet radiation. Only diffused light reaches
the ground.


Atmosphere

The rate of certain components of the atmosphere is very important for living organisms. Currently,
the atmosphere is 78 % nitrogen, 21 % oxygen, and 0.3 % carbon dioxide. The rest consist of rare
gases and contaminations. Among the most important physical characteristics of atmosphere, there
is the climate-shaper radiation, the temperature, humidity and rainfall and the connected air19

pressure and air movements. Air movements helps to make life to survive by the pollenization of
plants, however, it could have negative effect: there are five domains of pollution: local, regional,
industrial, continental, and global.


Water, as environmental factor

In biosphere, water is the most important environmental factor functioning as important dissolver,
material transporter, participant in chemical reactions, thermoregulator, and firm ground for certain
living organisms. In nature, water is in constant circulation, in other terms, hydrological cycle.
Different organisms are sensitive to water famine in different ways. Plants can be either aquatic or
drought-tolerant plants. On the other hand, mammals have difficulties if they lose 15-20 % of their
water content in their bodies, and others, like snails, can endure up t 60 %.


Soil

Lithosphere consist of rocks and minerals. Due to physical and chemical processes, biological
weathering can generate humus. The most important characteristics of the soil are oxygen and water
balance and the pH value. The chemical composition of the soil is crucial for certain organisms.
Plants can utilize minerals from soil via their rootage and certain elements, like the iodine, are
essential for human existence. Living organisms demand definite pH in the surroundings. In
alkaline and neutral soils, the number of bacteria are very high, while acidic characteristic is
beneficial for fungi.
1.4.2

The concept and division of ecological factors

Ecological factors can influence living organisms in different ways.
• Edaphic factors:
Including the physical, chemical, and biological characteristics of the soil and involve the features
of rocks which contribute to the formation of loam.
• Topographical factors:
Including the characteristics of the relief, like altitude or slope of the soil.
• Climatic factors:
Including light, temperature, humidity, and atmosphere which define the features of a certain
habitat.
Biotic factors:
• The interaction of organisms: Among biotic factors, a distinctions could be made between the
impact of plantal and animal populations and specimens, and the interactions between plants and
animals. Their relationships can be impassive, mutually beneficial, even essential or
disadvantageous.
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• Anthropogenic factors: There are two kinds of human influence on living organisms: it can be
direct by modifying the physical, chemical, and biological conditions of the environment, or it can
be indirect by influencing living organisms.

1.5 Biosphere
Biosphere integrates all living beings and their relationships, including their interaction with the
elements of the lithosphere, hydrosphere and atmosphere.
Integrated Taxonomic Information System-Species 2000 Catalog of Life ( http://www.itis.gov/),
started in 2000 and expected to finish by 2011, is a project by Frank Bisby and Thomas M. Orrell
with the aim to categorize all the known species on Earth with exceptions of fossil species. The
system allows access to the different scientific databases around the world.
Biosphere 2 is a 13.000 m2 structure originally built to be an artificial, materially-closed ecological
system in Oracle, Arizona. The experiment started in 1991 and finished in 1993, however, with
many disappointing results. 80 % of the closed ecological system was organized as "natural", 16 %
of it as agricultural ecosystem. and 4 % as living-space (urban-ecosystem). The object was installed
according to the American environmental conditions.

fig.1-6. Biosphere II., ecological experiment

However, it was a total failure. The oxygen cycle did not work properly in the closed system. The
oxygen inside the facility, which began at 21%, fell at a steady pace and after 16 months was down
to 14%. On the other hand, the level of nitrous oxide was as high as 79 ppm. Due to these, the
research had to be modified and the composition of the atmosphere had to be ameliorated from
outside. The total biosphere turned over.
The conclusion:
1. To be able to construct a constant ecosystem, human beings would need more research,
longer space travels, or extraterrestrial colonies
2. The clear method of Biosphere I. is unknown
3. The operability of terrestrial biosphere is essential for us
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The relationship of living organisms on Earth is so complex that the current understanding of
sciences can not explain

1.6 Succession
Succession means ecological process showing the succession of phytocoenosis in time, ending in
the biocoenosis.
North-American ecologists played an enormous part in defining the term. The most prominent of
them is professor Clements who coined the term of "superorganism". (Clements 1916).
Secular succession is measured by timestep. This process entails with macroclimatic changes
(extinction of species). Biotic succession takes place with smaller steps (10-1000 years) without
fundamental evolutional changes.
Branches:
According to the baseline:
Primary succession
Secondary succession- modification of the exterior environment
According to the timestep:
– Secular (on a palaeozoic timescale)
– Biotic (local)
According to the origins of the change:
–autogenous (soil formation)
–allogeneic (exterior affect)

22

2

Agrarian- ecosystem

One of the biggest and longest human influences on natural ecosystems is the agricultural
cultivation. In all cases agrarian ecosystem means an area included in agricultural cultivation. In
this way, a fishpond, an orchard, or a breeding farm are called agrarian ecosystems. The main
difference between the natural and agrarian ecosystems is the extensive human influence.

2.1 The particularities of agrarian ecosystems
Natural ecosystems are self-regulating, while the stability of cop maintained by humans is very
small. Without interference, they even could not finish a single cycle.
From the perspective of systems theory it can be concluded that agrarian cultures are open systems
of material flow as they are using exterior sources of material and energy,
Natural ecosystems, which based on inner material and energy circulation, are closed systems of
material flow.

2.2 Lacustrine ecosystem
Lakes are the most significant reservoirs of fresh water. They are surrounded by brooks and rivers
forming a complete system. Every terrestrial ecosystem has its own basic water source like the icy
lakes of the tundra, or the deep and cold lakes of the northern forests.
Hydrobiology studies the life of aquatic ecosystems; limnobiology, as its subdiscipline, studies the
organisms living in standing freshwater bodies.
Lacustrine ecosystem consists of various and complex communities.
2.2.1

Communities

Plankton
The name is derived from the Greek adjective πλαγκτός - planktos, meaning "errant", and by
extension "wanderer" or "drifter". The study of plankton is termed planktology. Every single living
organisms which flow with ocean currents is a plankton. While some forms are capable of
independent movement and can swim hundreds of meters vertically in a single day (a behavior
called diel vertical migration). This is in contrast to nekton organisms that can swim against the
ambient flow and control their position (e.g. squid, fish, and marine mammals).
Within the plankton, holoplankton spend their entire life cycle as plankton (e.g. most algae,
copepods, salps, and some jellyfish). By contrast, meroplankton are only planktic for part of their
lives (usually the larval stage), and then graduate to either a nektic or benthic (sea floor) existence.
Examples of meroplankton include the larvae of sea urchins, starfish, crustaceans, marine worms,
and most fish. Plankton abundance and distribution are strongly dependent on factors such as
ambient nutrients concentrations, the physical state of the water column, and the abundance of other
plankton.
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Bacterioplankton
Prokaryotic organisms. Within this category, bacteria and archaea play an important role in
remineralising organic matters down the water column.
Phytoplankton
Composed of phototrophic algae that live near the water surface where there is sufficient light to
support photosynthesis. Among the more important groups are the diatoms, cyanobacteria,
dinoflagellates and coccolithophores.
Zooplankton
Living on sea floor, they consume phytoplankton. They can be either uni or multicellular organisms.
Crustacae are multicellular organisms and some of the eggs and larvae of larger animals can be
ranked here. Zooplankton include rotifers (Rotatoria), Cladocera, and Copepoda.
Group

Size range

Length

Taxa
Medusae

Megaplankton

> 2×10

−2

>20 mm

m

Prochordata
Cephalopoda
Pteropods
Chaetognaths

Macroplankton

2×10

−3

→2×10

−2

m

2–20 mm

Krill
Prochordata
Cephalopoda
Metazoans
Medusae
Cladocera (water fleas)

Mesoplankton

2×10

−4

→2×10

−3

Ostracoda (seed shrimp)
m

0.2 mm-2 mm
Chaetognaths (arrow worms)
Pteropods
Tunicata (urochordates)
Heteropoda
Large eukaryotic protists
Most phytoplankton
Protozoa(Foraminifera)

Microplankton

2×10

−5

→2×10

−4

m

20-200 µm

Ciliates
Rotifera
Juvenile metazoans
Crustacea (copepod nauplii)
Small eukaryotic protists

Nanoplankton

2×10

−6

→2×10

−5

m

2-20 µm

Small Diatoms
Small Flagellates
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Pyrrophyta
Chrysophyta
Chlorophyta
Xanthophyta
Small eukaryotic protists
Picoplankton

2×10

−7

→2×10

−6

m

0.2-2 µm

Bacteria
Chrysophyta

Femtoplankton

< 2×10

−7

m

< 0.2 µm

marine viruses

Macrophyte
Macrophyte is an aquatic plant that grows in or near water and is either emergent, submergent, or
floating.
Macroscopic invertebrates
Including porifera or shells. Very populous group.
Fish
Fish can be sortable according to their eating habits:
Peaceful fish
- herbivorous
- omnivorous (carp, bream)
- consuming small animals (sturgeon)
Carnivorous fish (luce, cat-fish, sea-wolf)
At a very early stage of their life, progeny of herbivora fish consume organisms of micro and
mezozoo plankton, then they switch gradually to their ultimate nutriment. Carnivorous fish have
major role in the biomanipulation of certain lakes which are subjected to eutrophication. The
overgrowth of those fish populations which consume zooplankton influence the quantity of
phytoplankton.
The main components of pelagic food chain are phytoplankton- herbivorous zooplanktoncarnivorous zooplankton-pelagic peaceful fish-pelagic carnivorous fish. That of the sediment food
chain: algae of the sediment, aquatic plants, and organic detritus- herbivorous animals- carnivorous
organisms-peaceful fish leaving in the sediment zone-carnivorous fish living in the sediment zone.
2.2.2

Eutrophication

Eutrophication is the addition of artificial or non-artificial substances, such as nitrates and
phosphates, through fertilisers or sewage, to a fresh water system causing the great increase of
phytoplankton in a water body. Mostly, eutrophication is dangerous for standing fresh waters as the
25

attenuation is less efficient there. Natural eutrophication can be speeded by human interference. The
nutrition overflow can arrive by the wind, or it can flow into the lakes due to agricultural activities.
The first step of eutrophication is the growth of heterotrophic organisms which increase the
saprobity index of the water, and by consuming the dissolved oxygen, they displace other living
organisms. The multiplied microorganisms decompose the pollution to water, carbon dioxide and
inorganic salt.
The degree of trophic statedepends on the amount of chlorophyll-a, the number of algae, and the
production of carbon. According to these, the scale starts from atrophic degree, through
oligotrophic, mesotrophic, and eutrophic state ending up in hypertrophy.

fig. 2-1. The eutrophication map of Lake Balaton (1974-2007)
(Source: Central-Transdanubian Environmental and Water Management Inspectorate)

The color of red signifies the worst concerning water quality. The solution for the problem of
artificial eutrophication is either with inout (reducing the infiltration of additional nutrition into the
lakes), or with “output methods” (cleaning the eutrophication). Naturally, the “input method” is
more efficient. Among the numerous nutritions, the component with minimum amount will
determine either the increase, or decrease.
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fig.2-2.The ecological affect of eutrophication
Source: http://www.ibela.sulinet.hu/termtud/viz/olajszenny.htm

Translation of the Figure
A felszabadult foszfor a fitoplanktonhoz szállítódik - The liberated phosphor reaches the phytoplankton
A fény nem érhet le a fenékre, a felszín alatt a növények eltűnnek - Light cannot reach the bottom, plant below the
surface disappear
A fitoplankton elpusztul, és leülepszik a fenékre - The phytoplankton perishes and deposes on the surface
A fitoplankton lebontása oxigénigényes - The breakdown of phytoplankton needs oxygen
A megnőtt tápanyag input nagyobb tápanyagszintet eredményez - Increased nutrition input results in bigger nutrition
level
A predátor halak nem tudják megfogni a kisebb halakat - Carnivorous fish can not catch smaller fish
A tó vize zavarosabbá válik - The lake becomes more cloudy
Az alacsony oxigénkoncentráció eredményeként a halak elpusztulnak, a fenék fauna elpusztul - The minimal
concentration of oxygen results in the death of fish, the benethic fauna ceased to exist
Az alacsony oxigénszint fokozodó foszfor felszabaduláshoz vezet - Low oxygen level results in increasing phosphor
evolution
Csökken a fitoplankton evő zooplankton száma - Decreasing amount of phytoplankton consuming zooplankton
Eredmény: több fitoplankton - Result:more phytoplankton
Fokozott fitoplankton növekedés - Increased growth of phytoplankton
Több zooplanktonnal táplálkozó hal - Fish consuming more zooplankton
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2.3 Field ecosystem
One of the paradoxes of our age that agriculture has become the most significant polluter of natural
elements despite the fact that it is strongly related to nature. The most dangerous factors are the
causeless usage of lands, the utilization of chemicals like pesticides, or herbicides, and the
unsuitable fertilization. Other problematic factor are the agrarian monocultures which decrease
biodiversity.
On the contrary, agriculture could increase biological diversity. The anthropogenic agrarian
ecosystem could offer new habitats for those species who could not find the necessary conditions in
forests.

fig.2-3. The changing tendency Central-European flora diversity (after Hüppe, 1990 ; Harrach, 1994)

Translation of the Figure
Bronzkor: Bronze A.
Középkor:Middle A.
Mesolithikum: Mezolithic A.
Neolitikum:Neolithic A.
Népvándorlás kora:A.of Migration
Újkor:Modern Times
Vaskor: Iron Age
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It can be concluded that the diversity of the flore had reached the maximum by the age of Industrial
Revolution in Central-Europe. The increased industrial impact resulted in the decrease of diversity.

2.4 Turf
Turf is one of the most ancient agricultural activities. To satisfy the demands of stock-farming
grassland management has major role in agriculture.
The proportion of forests and arables numbers that of the turves only in Europe. The agricultural
value of domestic turves is not significant but they are natural or close to nature. For this reason,
they have an important role in the richness of species. The large-scale spread of turves is due to
their wide ecological amplitude.

2.5 The edaphic habitat of the soil
Almost 4000 species live in soils and their fossils can be found there as well. The composition of
the organic matter in the soil is the following: 85 % humus, 10 % rootage, and 5 % wildlife. The
most important among them are the microorganisms. The totality of microbes and makroscopic
fauna in the soil is called edaphon.
Edaphon defines the decomposers, the key figure of material flow. They are invisible for human eye
and the presence of water is essential for life to survive. The most populous group is the bacteria.
Higher animals living in the soil represent the zooedaphon like moles and rain-worms. They agitate
big amount of soil during their activities making it looser. Worm holes enrich the airation and the
water management. Worms are the most significant zooedaphonic animals. Worms consume every
kind of organic matter, but they have major role in the decomposition of fallen leaves. Their dejecta
is already homogenous and these nugs help to mak the soil looser.
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3 Soil as a natural habitat
Soil is a regeneratory resource, the ultimate medium of biomass production. It attempers the amount
of pollution, stores heat, water and plantal alimentary substances. Soil has buffering and storing
impact.

3.1 Soil
Soil is a natural body consisting of layers (soil horizons) of mineral constituents of variable
thicknesses, which differ from the parent materials in their morphological, physical, chemical, and
mineralogical characteristics. Soil differs from its parent rock due to interactions between the
lithosphere, hydrosphere, atmosphere, and the biosphere.
In the Earth, the lithosphere includes the crust and the uppermost mantle, which constitute the hard
and rigid outer layer of the Earth. The average width of lithosphere varies between 70-150 km. The
lithosphere is underlain by the asthenosphere, the weaker, hotter, and deeper part of the upper
mantle. The lithosphere is broken into tectonic plates. Plate tectonics deals with the movements of
the plates.
Hydrosphere in physical geography describes the combined mass of water found on, under, and
over the surface of a planet.
Atmosphere is a layer of gases that may surround the material body of the Earth. Its upper boundary
is not really definable.
Biosphere is postulated to have evolved at least some 3.5 billion years ago. Biosphere is maintained
by the energy of the Sun. Its elements are the lithosphere, the hydrosphere, and the atmosphere.
The uppermost part of the lithosphere that chemically reacts to the atmosphere, hydrosphere and
biosphere through the soil forming process is called the pedosphere.
Soil particles pack loosely, forming a soil structure filled with pore spaces. These pores contain soil
solution (liquid) and air (gas). Accordingly, soils are often treated as a three state system. Most soils
have a density between 1 and 2 g/cm³.

3.2 Soil formation
The material from which soils form is called parent material. The fossils of plants and animals are
decomposed by different fungi and bacteria to produce the humus. The process is called.
humification.
Soil formation took place at different time on Earth. In the northern hemisphere, the regression of
the artctic ice-sheet had a major role, in the equatorial are, the regression of the sea contributed to
soil formation. There can be major differences among the ages of the different soils around the
world. This phenomenon is called absolute dating.
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Geologic factors
As a consequence of the movement of tectonic plates, changes in the altitude modify the ratio of
radiation which can influence soil formation. Sinking, groundwater conditions may also contribute
to the procedure.
Climatic factors
Climatic factors define the amount of energy reaching the surface, and how this energy does
influence the speed of soil procedures. Precipitation influence the amount and form of the water
reaching the ground; the direct consequences of the wind are the exhalation and the vaporization.
These have an indirect affect on soil formation via deflation.
Topographic factors
Climatic factors play a great role in topographical impacts. The higher the altitude is, the higher the
rainfall can be.
Biological factors
It can be connected to plantal and animal activities. This phenomenon is called biological activity.
The factor can retroact as the formation of wildlife contributes to the physical characteristics of the
soil.

3.3 The formation and meaning of colloidal system
Colloids are homogenous and heterogenous matters. Homogenous means a macroscopic unit, while
heterogenous means different homogenous phases. Colloids are the most active elements of the soil helping
in the soil formation.

Types of colloids according to their forms:
Fibrillar colloids
Laminar colloids
Corpuscular colloids
According to the build-up of colloidal particles:
Macromolecular colloids
Associative colloids
The two of them are formulated by spontaneous dissolution of liquids.
Dispersed colloids ( can be made from any kind of matter)
According to their surface-characteristics:
Polar surface colloids
Apolar surface colloids
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According to size distribution:
Homodispers
Polidispers
Accoding to the origins of the matter:
Inorganic/ mineral colloids
Organic colloids
Colloidal particles, or micallae, consist of two parts.
Solid phase: micelle core. The layer having the charge density of this area is called solvate
skin. Soil solution: or intermicellar liquid, can be found between the micallea.
3.3.1

Interfacial phenomena of soil colloids

It depends on the size and character of the adsorption-creating forces. Types:
Van der Waals force: physical adsorption
Hydrogen bond: physical adsoprtion
Electrostatic force: ion exchange
Coordination, or other chemical bonds: chemisorption, complexation

3.4 Soil horizons
The A Horizon has a layer of dark decomposed organic materials, which is called "humus". The
technical definition of an A Horizon may vary, but it is most commonly described in terms relative
to deeper layers.
The B Horizon is commonly referred to as ‘subsoil’ under A horizon, and consist of mineral layers
which may contain concentrations of clay or minerals such as iron or aluminum, or organic material
which get there by leaching. Accordingly, this layer is also known as the "illuviated" horizon or the
"zone of accumulation". In addition it is defined by having a distinctly different structure or
consistence to the A horizon above and the horizons below. As with A horizon, B horizon may be
divided into B1, B2.
C Horizon is affected by soil forming processes (weathering).
D horizons, or ballast rocks. It can refer to rocks that are mot affected by any soil formating
processes.
E horizon: being short for eluviated, this designation is most commonly used to label a horizon that
has been significantly leached of its mineral and/or organic content, leaving a pale layer.

3.5 Soil forming processes
Weathering: is the breaking down of Earth's rocks, soils and minerals through direct contact with
the planet's atmosphere. Two important classifications of weathering processes exist — physical
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and chemical weathering. Mechanical or physical weathering involves the breakdown of rocks and
soils through direct contact with atmospheric conditions, such as heat, water, ice and pressure. The
second classification, chemical weathering, involves the direct effect of atmospheric chemicals or
biologically produced chemicals (also known as biological weathering) in the breakdown of rocks,
soils and minerals.
Humus formation: the end product of this process is the humus. The organic matter transforms,
degrades, and mingles with breakdown products. It depends on the quantity, and transformation of
nonorganic matters, and the mixture of minerals and humus. Time is a very important factor as
hundreds, or thousands of years needed for high humus quality.
Leaching: during weathering, breakdown products are reuniting, composing new minerals in the
soil. The rest of them become soluble and washed out from soil. Leaching needs downward flow of
soluble substances. Rainfall, exhalation, and soil pH are influential factors. The result of leaching is
the rainout of CaCO3 from the soil.
Clay formation: primary silicate minerals transform and decompose faster. This will result in the
formation of secondary minerals. Soil layers become acid.
Clay leahcing: during clay leaching, the clay of horizons A and E get into B horizon. In B horizon
the amount of clay is accrueing and filling the pores of the soil. B horizon becomes darker and
reddish.
Podzolisation: or clay disintegration. It occurs in acidic, rough-grained forest soils. Minerals
disintegrate into heir components,- silica, aluminum, and iron-, which get into the deeper layers
with other organic matters.
Solodization: The disintegration of clay minerals in alkaline medium.
Alkalization: The amount of exhalation exceeding the rainfall. The salinity of the soil increases on
the surface.
Entisols
Entisols are defined as soils that conditions of biological procedures are for a shor time period.
Causes of entisols are erosion and deflation.

3.6 Soil life
The richest living space on Earth. 50-60 % of it is solid, 40-50 % of it is either gaseous or fluid. The
main components are the aggregates forming in the enteric of animals.
Biological activity indicators: active fungi, worms, microbial biomass, mineralized nitrogen etc.
Biological diversity indicators: contain the diversity of habitats and the different indicators like
bacteria.
Soil can offer different conditions of life to survive for the microorganisms. This way, the organic
composition of the soil would not be the same on the same areas. Soil is a comparatively dense
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therefore extension, lengthwise forms, the reduction of light sensor organs, and miniaturization are
characteristics of living organisms in the soil.
Soil microorganisms can be of various dimensions:
Prokaryotes

Fungi

Plants

Animals
Micro

Meso

Macro

Higher

<0.2µm

0.2µm-2mm

2-20mm

Rhizomes

Protozoa

Collembola

Arachnida

Ray fungi

Tubers

Filaria

Acari

Insects

Cyanobacteria

Roots

Water bears

Molluscs

Micro
Bacteria

Micro-fungi

Algae

Worms

Soil microorganisms and plantal roots are both the biological components of the soil. Soil
microorganisms have a direct/indirect affect on the soil quality. They loosen the soil assuring this
way the route for oxygen and the circulation of nutrients.
Soil microorganisms include those animals who spend their lifecycle intermittently in the soil. They
can be divided into permanent (like worms), intermittent (insect larvae), and periodic animals
(leaving and returning into the soil).

3.7 What do living organisms need from the soil?
The needs of microbes:
Nutriment: most microbes need organic matters from soil (i.e., plantal fossils)
Space: bigger organisms, like insects and filaria, need enough space to move
Air: most living organisms in the soil need oxygen. The bilogical activity of the soil can be
increased by aeration.

The needs of plants:
Microbiological activities needed for plantal growing
If the aeration is acceptable, the intake and conservancy of water in the soil
Minerals and organic matters

For animals and human beings:
The healthy growing of plants
Basic alimentary substances for the sake of the health of animals

Any living organism would need:
The low concentration of toxic compounds
The filtration of water and air
34

3.8 The multiplicity of the soil and its living organisms

The edaphic components of the soil:
prokaryotes
bacteria
ray fungi
Cyanobacteria
fungi
microfungi
plants
micro
algae
higher creatures
rhizomes
tubers
roots
animals
micro
protozoa
filaria
meso
collembola
acari
macro
insects
molluscs
worms
Each and every animal, plant, and microbe need different habitats. Diverse organisms participate in
the forming and maintaining of the soil structure.
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The estimated number of species living in the soil: 30,000 bacteria, 1,500,000 fungi, 60,000 algae,
10,000 prokaryotes, 500,000 filaria, and 3,000 worms. Parts of the soil are in constant changing.
Plantal rootage can store the collected alimentary substances and use them in the form of cations
and anions. Humins are responsible for the fertility of the soil. The soil can be characterized by
microorganisms, plants, and animals.
The abiotic components of the soil are the minerals (clay, silt, sand), water, air, and organic matters.
Minerals consist of the different proportions of sand, silt, and clay.

3.9 The effect of physical and chemical characteristics on the living
organisms of the soil
3.9.1

Physical characteristics

The structure of the soil: Soils can be categorized according to their grain compositions
Very coarse sand

2.0 – 1.0 mm

Coarse sand

1.0 – 0.5 mm

Medium sand

0.5 – 0.25 mm

Fine sand

0.25 – 0.10 mm

Very fine sand

0.10 – 0.05 mm

Silt

0.05 – 0.002 mm

Clay

0.002 mm

The main characteristics of grain classes:
The role of adhesive power concerning sand grains is of no importance. There is no aggregate
formation, they channel water due to wide leaks.
The adhesion of the grains is stronger in the silt fraction. The aggregate can come apart easily, the
pores are tight.
Adhesive power is the strongest in the clay fraction. It can store huge amount of water, resulting in
swelling. In arid conditions it hardens, that is why it has small pores. Clay does not conduct water.
Aggregate forming matters are the minerals, the dejecta of worms, iron, aluminum, manganese
hydroxides, CaCO3, and different bacteria, fungi.
The forms of soil structural units:
Soil without structure:
separate grains
dense soil
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Aggregated soils:
cubic
prism-like
sheet-like
The pore space of the soil:

3.9.2

adsorption pore

0,2 m >

capillary pore

0,2 – 10 m

capillary/gravity

10– 50 m

gravity pore

50m<

Chemical features

Eight chemical elements contain the biggest amount of minerals. One of them is the oxygen,
negatively charged ion (anion). The following elements are positively charged (cations), these are
the following in descending order: silicon, aluminium, iron, magnesium, calcium, sodium, and
potassium.
The organic matter content of the soil consists of carbon, nitrogen, hydrogen, oxygen, and sulphur.
The organic matter content serves as a container for essential plantal alimentary substances like
nitrogen, phosphorus, sulphur, and increases the capacity of cation exchange of the soil.
In chemistry, pH (pondus Hidrogenii) is a measure of the acidity or basicity of an aqueous solution.
Pure water is said to be neutral, with a pH close to 7.0 at 25 °C (77 °F). Solutions with a pH less
than 7 are said to be acidic and solutions with a pH greater than 7 are basic or alkaline. Most plants
prefer pH 6-7 which is slightly acidic. Minerals of the soil play a great role in the pH value of the
soil.
pH = 7.0

neutral

pH < 7.0

acidic

pH > 7.0

alkaline

The categorization of soil types according to the pH in aqueous suspension
highly acidic

pH <4.5

acidic

pH = 4.5-5.5

acidic
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slightly acidic

pH = 5.5-6.8

neutral

pH = 6.8-7.2

slightly alkaline

pH = 7.2-8.5

neutral

alkaline
alkaline

pH = 8.5-9.0

highly alkaline

pH > 9.4

3.10 Soil acidity
The most important problem of the soil in our country is acidity. The evacotary causes natural like
climate change, flore, and relief. Anthropogenic effects are the agricultural activities, fertilization,
or environmental pollution.
Climate change is a threat because of the increased moisture in the soil. If this is coupled with high
temperature, chemical weathering of minerals can start which causes alkaline wash in the soil.
Vegetation can affect the degree of leaching. In forested parts such as the acid-degradable litter
humus-acids are released from the decomposing litter, which could increase the alkaline wash.
The unreasonable usage of fertilizers can also cause soil acidity. The three main threats are the
hydrolyzing salt, cation exchange, and ammonia.
Hydroliyzing salts: as fertilizers are rich in ammonium sulfate and superphosphate, they can
increase the H+ concentration of the soil solution.
Cation exchange: the cations of fertilizer can bind on the surface of the colloids, this way H + gets
into the solution.
Acid rain, or acidic deposition, is a certain kind of rainfall with dramatically changed pH. Due to
the effect of daily processes the natural pH of the rainwater rises to 5. Mainly, the dissolved carbon
dioxide and sulphate particles play a role in this procedure. The natural acidity of the rainfall plays
sometimes major roles in such process as karstification.
Carbonic acid orginated from carbon dioxide has a weaker effect on the environment. It decreases
the pH of the rainfall and the snow to 5.6. Some declares this value as the limit of acid rain, others
consider it pH 5.
Internal combustion engines are considered as emissives, particularly, before the introduction of
catalytic converters. In nature, emission of sulfur dioxide is due to plantal decomposition and
volcanic activity.
Acidic matter reaching the surface could decrease the pH of the soil which results in the stability of
microelements.
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The effect of soil acidity:
The impoverishment of alimentary substances
The change of the pH value
The disimprovement of soil structure
The decomposition of clay minerals
The modification of microorganisms, aspergilli
The disimprovement of the crop
3.10.1 The forms of soil acidity

Actual: Acidity defined by pH value of aqueous suspension which shows the probable hydrogen
concentration of the soil solution but does not identify the proton releasing ability of soil colloids.
Potential: in acidic soil, the majority of the hydrogen ions and aluminium dissolved from minerals
are attached to the colloids.
3.10.2 The diminishing of soil acidity

The pH and y2 value of the soils should be taken into consideration, if the pH:
<4.5highly acidic, highly lime-consuming
4.6 – 5.5 acidic, slightly lime-consuming
5.6 – 6.8 slightly acidic, does not need lime
Matters for the soil liming:
Agaric mineral
Tufa
Calcic fen
Quicklime
Other industrial calcic materials

3.11 Soil alkalinity
Soil can be called alkaline if pH>8.5. pH>8.2 OH-, CO32+ can cause phenophtalein alkalinity
Other substances causing alkalinity:
hydrogen carbonate
silicate
metasilicate
aluminate
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The following effects can be observed with alkaline soils:
High pH value causing reduction in plantal production.
Solvability, relative shortage in bromine, magnesium, zinc, manganese, copper, phosphorus
elements.
Calcium deficiency, sodium, chlorine and magnesium toxicity, the reduction of NH4+ and Ca2+.
3.11.1 Soil alkalinity caused by environmental pollution

On October 4 2010,12:30 am, the 400x600 m dam of the red mud reservoir was ruptured. The
discharging 1 million cubic meters of mud flooded Kolontár, Devecser, and the deeper of
Somlóvásárhely. The red mud disaster caused devastation not just in the soil and natural waters, but
also in human life, and their homes.
Red mud is a mixture of several chemical compounds, the byproduct of alumina production, and a
hazardous waste due to its highly alkaline pH.
An alkaline substance over pH 11.5 is considered hazardous according to the rules for determining
the international transport of dangerous substances from the Basel Convention. The pH value of the
red mud from the Ajka reservoir was 13 (in comparison with the pH 12 of the concentrated bleach),
which means that a million times more alkaline than water.

fig.3-1. Red mud on the soil
Source: RTL Klub and Digital Globe Imagery
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The chemical composition of the spilled red mud
Workers of the MTA, MÁFI, and an independent organization, the Bálint Analitika, examined
almost twenty red mud samples from the region of Kolontár and Devecser. The result obtained:
There are no individual specification concerning the composition of red mud, so we took as
benchmark the maximum value of the scourage sludge used in agriculture for amelioration. (their
EU code numbers 20 03 06)
Samples

Metals in the red mud (mg/kg)

MTA KK AKI 2010.10.05
MTA KK AKI 2010.10.05

1a
1b

Bálint Analitika 2010.10.05
Bálint Analitika 2010.10.05
MÁFI 2010.10.06

2

Cd

Cr

Hg

Ni

Pb

Zn

135-144

n.d.

632-677

1.64-8.59

192-219

189-195

47.9 56.7

33.4-35.7

n.d.

83.4-85.8

n.d.

64.3-73.1 43.2-53.9

36.8-43.6

689-721

0.54-0.67

281-289

80.9-83.2

142-155

27.9-32.3 0.24-0.34 57.6-74.5 0.18-0.28 26.3-36.4 7.52-11.8

64.2-77.9

81.6-131

0.82-1.44

360-694

0.61-2.83

143-322

96.2-177

108-172

75

10

1000

10

200

750

2500

43.6-44.5 2.30-2.42

3

4

Limit value of scourage sludge

As

5

n.d. unmeasurable
1a,b

Data of the MTA KK AKI 100 meters from the dam rupture and 1 km west of Kolontár on 10/05/10;

2

Data of Bálint Analitika 30 meters from the dam rupture, and 2 samples 50 meters from it (limit values);

3

Data of the two mud samples of Bálint Analitika measured in downtown Kolontár on 10/05/10 (limit values);

4

Data of the ten mud samples of the MÁFI measured in the region of Kolontár and Devecser on 10/06/10 (limit values);

5

Limit values of scourage sludge used in agriculture according to 50/2001 (IV. 3) decree

The solvable metals of the red mud
The dissolution of metals was defined after arid red mud samples, distilled water, and pH of 4.5
ammonium acetate buffer by MSZE 21420-31 standard. The results:
Samples

Metals of the solutions (µg/l)
As

Cd

Cr

Hg

Ni

Pb

Zn
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MTA KK AKI 2010.10.05

1

distilled water
MTA KK AKI 2010.10.05

k.h.a

k.h.a

k.h.a

k.h.a

190

60

k.h.a

k.h.a

k.h.a

k.h.a

k.h.a

k.h.a

k.h.a

k.h.a

20

3

1

4

0.7

8

0.8

200

20

2500

10

1000

1000

5000

1

ammonium acetate buffer
The detection limit of
measurements
Limit values of scourage sludge
k.h.a. - below the detection limit
1

Data by the workers of the MTA KK AKI of the two samples from outskirt of Kolontár on 10/05/10

Sources: The summary of the researches until the 12th of October 2010 in relationship with the red
mud flow of Ajka. MTA Chemical Research Center, Institute of Materials and Environmental
Remediation
I do not feel remediation adequate. Gypsum and acetic acid were allocated(around 500 to 600 tons)
into the Marcal River to neutralize the alkalinity. The pH value was thus reduced to 10. Despite this,
life in the Marcal River virtually ceased to exist. Edaphon extinct from the soil. Bakteriacompostire
does not mean a solution because after a few years of the artificial introduction of these strains no
trace can be found of them. The soil is affected by the contamination 15cm deep. This quantity must
be removed immediately. Deeper leaching is not proven, but can be probable. Then, the pH level
should be adjusted to restore soil life. Finally, phytoremediation, the domestication of resistant
plants, is needed like Arundo donax, birch or Bassia.

3.12 Redox reaction
Redox reaction consists of oxidation and reduction. Decomposition, substituion, and combination
are among the simple procedures. Combination usually takes place with oxygen but other reagents
may also occur. The compound falls apart into its components during decomposition, which is
linked to electron transition. Generally, an oxidant (usually, concerning soils, this can be the oxygen
of the air, or metal ion) and a reductant (usually, concerning soils, this can be either organic
material, or metal ions) react with each other in a way that the oxidant takes the electrons cast by
the reductant.
Redoxpotential (Eh): potential difference emerging between a platinum electrode and a known
reference electrode
Redox reaction: ox1+red2 <-> red1+ox2
i.e.,
2FE(OH)3 + H2S + 4H + <-> 2 FE2 + S + 6H2O
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Redoxpotential can be calculated with the Nernst equation:
E0+×log-0,059 pH
The value varies between 100-600 mV in the upper éayer of the soil. If the soil is arid, it can reduce,
of it is humid, the redoxpotential can increase.
rH=+2pH
rH: the negative logarithm of the partial pressure of hydrogen gas in the redox-system

3.13 The thermal management of the soil
𝐐×𝐋

kH= 𝒕×𝑭
Kh: thermal conductivity
Q: the moving amount of heat per unit time
L: layer thickness
t: temperature change per unit time.

The heat capacity of a system tells how much heat (Q) will be provided for the system to increase
the temperature (T) by one Kelvin. Symbol: C, unit of J / K.
𝐝𝐐

C=𝒅𝑻
Heat capacity: K

K=f×ρ
The Specific heat and heat capacitiy of some materials
Material
water
air

Specific heat
4
1

Heat capacity
4
0.0012

sand

0.84

2.18

clay

0.92

2.5

humus

1.70

2.72

silt

2.10

1.88

Warming effect: a=

𝐊𝐡
𝐊

Soils with medium humidity have the best thermal conductivity.
The thermal management of the soil depends on the following conditions of the soil
water content
43

thermal conductivity
the mechanical composition of the soil
soil structure
relief and slope exposure
the daily and seasonal fluctuations of soil temperature
the mechanical composition and color of the soil
tillage
vegetation
snow cover
Three different forms of thermal expansion are known
thermal conduction
thermal convection
thermal radiation
The warmth of the Sun reaches the Earth through radiation, without significantly heating the air.
The warming effect of heat rays begins only when they reach a body which is able to absorb them.
The radiation can spread through vacuum as well.
The intensity of radiation depends on:
altitude;
geographic location
the exposure of sloping areas
the properties of the surface
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fig.3-2. The upper boundary of the atmosphere and the spectrum of radiation reaching the surface of the Earth
(Balazs et al. 2004)

Translation of the Figure
a Föld felszínére érkező sugárzás: radiation reaching the surface
a légkör felső határára érkező sugárzás: radiation reaching the upper boundaryof the atmoshpere
hullámhosszúság: wavelength
sugárzásintenzitás: the intensity of radiation

3.14 The water potential of the soil
The optimal structure and the forming/maintenance of water management of the soil is very crucial
for the water efficiency of plants.
The water potential effect of the soil depends on the water supply of plants:
the hydraulic conductivity of the soil
the location of the roots
The water potential of the soil can be defined with tensiometers. The tensiometer consists of a
water-filled plastic tube ending in a porous ceramic peak. The upper end of it is closed by a
manometer. The ceramic peak should be placed in the depth of the required root zone. The closed
system of the tensiometer sucks the water from the drying soil. Irrigation reverses this process. The
tensiometer can be read off in kPa.
0-10 the soil is saturated. The results indicate over-irrigation or waterlogged soil.
10-25 the water capacity of the field. The irrigation is satisfactory for most crops.
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25-50 Normal start for irrigation.
50-75 In this region irrigation is essential to maintain optimal growth. Readings up to 75 mean
that the plant can not absorb enough water from the soil.
Water, reaching the surface, is bound to soil particles, while the rest goes downward by gravity.
Water capacity means the amount of water that the soil can restore compared to the gravitational
force.

3.15 The modification of soil characterictic effects
The organic dementia (break-down, fermentation), caused mostly by microorganisms (aerob
organisms), with the condition of oxygen, is called anaerob chemical transformation. One of the
characteristics of natural transformations like rot, and aerobic biodegradating processes (eg.
composting). The result of aerobic decomposition is that organic matters transform into carbon
dioxide and water, nitrites and nitrates, sulphites and sulphates, and phosphates (mineralization)
without odor.

Effects of anthropogenic intervention, the modification of the conditions
Cultivation

aerobic condition

Lack of cultivation

anaerobic condition

Saturated soil

anaerobic condition

The drainage of excess water

aerobic condition

Irrigation

supply of useful water

Supply of organic matters

humus formation

Liming

the increase of soil pH, and Ca saturation
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4 Micro-organisms in the soil
Only outstandingly important phenomena and their characteristic differences from other species are
examined from the point of view of soil ecology.

4.1 Prokaryotes
The common ancestor of living cells emerging approx. 3-4 billion years ago. The nearest successor
of the common ancestor is the prokaryote which are still found in many representatives. These are
the simplest organisms on Earth. The word prokaryotic comes from Greek meaning before the
nucleus (prósz: before, Karyn: core). The word means that the nuclear membrane is not defined in
their cells, genetic material is located in the cytoplasm without core membrane. Able to adapt to a
wide range of environmental conditions. Bacteria in the soil play an important role in breaking
down organic matters.
Ray fungi: transitions between molds and bacteria; significant in the beaking down of compounds.
Cyanobacteria are among the most ancient bacteria on Earth. Their cell structure is almost identical
to that of the bacteria, usually found in fresh waters activating the spectacular flowering of the
water.
4.1.1

Cell structure of the prokaryotes

membrane
periblast
inclusions
ribosomes
cell wall
locomotor
Prokaryotes are divided into two groups:
archeae
bacteria (living prokaryotes)
They are the constituents of plankton in the water, occuring at the bottom as well. They play
essential role in soil material circulation. During their metabolism, saprophytic microorganisms
break down the organic matters of the soil into inorganic which can be used for chemo synthesizing
organisms. Very large amount of bacteria can be found in humans and animals alike, i.e. in the
mouth, or in the colon. Not just symbionts, but parasites can also occur in the human body.
Bacteria are the most ancient unicellular organisms. Their sizes cane be between 0.1 to 100
micrometers, only a few individuals can exceed this limit. Typically, they are without cell nuclei,
having independent metabolism, and generally easy to propagate them in artificial circumstances
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Distinctions according to their shapes:
coccus bacteria, the simplest form
bacillus bacteria
spirillium bacteria, which is recognizable by its spiral-forming shape.
The membrane is located outside of the bacterial cell wall, which protects the bacteria against
environmental impacts and the host's immune system.
Plantal cell wall is made up of cellulose, while that of the mushrooms is chitin. The main
component of bacterial cell wall is peptidoglycan, molecules in which peptides are covalently
linked to polysaccharide chain.
The cell wall is essential to survive: penicillin derivatives make the synthesis of peptidoglycan
impossible.
Results of the conventional Gram-staining is used for the classification of the bacterial species. Two
different types of cell wall can be found in the bacteria like Gram-positive and Gram-negative. Most
bacteria belong to the Gram-negative group and only members of the Firmicutes and Actinobacteria
have Gram-positive cell wall. The differences between them result in different susceptibility against
antibiotics.
In many bacteria, a rigid structure of S-layer composed of protein molecule covers the cell. This
layer provides chemical and physical protection for the cell surface and also prevents the diffusion
of macromolecules. This helps the bacterium to remain alive in dry conditions.
A membrane, composed of thin, elastic proteins and lipids can be found within the rigid cell wall.
Cilia are usually long, delicate, threadlike formulas, which goes inside the bacteria from the cell
surface. They also provide the movement of soil bacteria. The helical filament is usually 5-10μm
long, containing a protein called flagellin. The following main types can be distinguished:
Monotrich: single polar flagella
Lofotrich: more cilium on the same pole
Peritrich: several cilium in scattered way
Amfitrich: single cilium on two opposite poles
Lofo-amfitrich: multi-cilia on opposite poles
The movement of bacteria is composed of the alternation of linear swimming and tumbling phases.
The E. coli and similar bacteria are unable to decide the direction of swimming. In other words,
bacteria "forget "the direction of swimming. However, bacteria are capable to move towards an
(usually food), or be able to avoid the repellent (usually toxic) substances. Bacteria create their
chemotax in the presence of chemically created gradient, and their movement is based on the
presence of these gradient(s). If a bacterium senses that the movement is in the right direction
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(toward attractant or away from repellent), it can maintain the straight line movement without
tumbling phases. If the cell is moving in the wrong direction causing tumbling which allows a
random selection of a new swimming direction.
4.1.2

Metabolic processes

The taxonomy of bacteria is identified by metabolic characteristics, however the result is often
different from the results of modern genetic classifications. Due to the adaptation to environment,
metabolism can change in different ways:
repression
induction
feed-back inhibition
The distribution of bacterial metabolism of bacteria depends on the quality of carbon and energy
sources essential for the growth of the bacterium.
In terms of carbon source, heterotrophic bacteria can be distinguished. environment of Organic
carbon compounds, or autotrophic bacteria, are used up as energy and carbon source from their
environment.
The most important autotrophic bacteria are the photosynthetic cyanobacteria, or Rhodospirillum
rubrum. In terms of energy source, distinction can be made between photosynthetic bacteria which
obtain energy from light, or chemosynthetic bacteria, which obtain energy from chemical
compounds.
Further distinction can be made within chemosynthetic bacteria. One such group is the
chemolithotrophic who breathe using inorganic electron, the other is the chemoorganotrophic
who use organic electron for respiration.
Most chemolitotrophic organisms are autotrophic, while the chemoorganotrophic are heterotrophic.
Heterotrophic organisms include: saprophytic ones living in dead organic matters; parasites of
living organisms; and symbionts, who live mutually together with different species.
Aerobic organisms take up oxygen, but in the case of anaerobic organisms, other inorganic
compounds are the energy collectors (eg. nitrate, sulfate, or carbon dioxide). These should result in
denitrification, desulphurization, and acetogenesis.
4.1.2.1 Assimilation

During the process of assimilation (anabolism) living organisms build up their own bodies from
materials of their environment. If inorganic materials can also be incorporated into the body, it is
autotrophic (autotrophic way of life), if it needs organic matters for the assimilation, they are
heterotrophic (heterotrophic lifestyle).
Autotrophic prokaryotes can be divided into two groups: photo and chemoautotrophs (photo and
chemosynthetic organizations).
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Photoautotrophs: use solar energy to produce their own organic matters
Chemoautotrophs: they oxygenate inorganic substances in order to gain energy. e.g.
nitrifying bacteria
Heterotrophic organisms build up from organic compounds the necessary organic matters.
Distinctions can be made among 3 groups:
parasite: using organic matters taken by other organisms; e.g. cholera bacterium.
symbionts (living in symbiosis): species coexistence of species being beneficial for both
parties. e.g. nitrogen-fixing bacteria in legumes plants, cellulose bacteria living in the
rumen of cattle.
saprophytes (saproxylic): use the organic compounds of nonliving organisms; play an
essential role in the mineralization. e.g. acetic acid bacteria, putrefactive bacteria.
4.1.2.2 Dissimilation

The dissimilation (catabolism) is the allness of the depleting nature of metabolic processes of
organisms. Dissimilation is an energy releasing process since due to the enzymes, low-energy
molecules are formed from macromolecules. A significant part of the energy released is stored ATP
molecules, in chemical form and consumed later in the order to survive.
4.1.2.2.1 Fermentation

Fermentation is a chemical process during which an organic material is broken down by enzymes.
The first time, Gay-Lussac set up the chemical equation of alcoholic fermentation:
C6H12O6 = 2C2H5OH + 2CO2
ie using 180 g glucose, 92 g ethyl alcohol and 88 g (44.8 standard liters) carbon dioxide gas are
generated
Lactic acid fermentation is caused by lactic acid bacteria. Best-known case is when the milk turning
sour. Here, the lactose of the milk is converted to lactic acid.
The gross process of lactic acid bacteria:
C6H12O6 = 2C3H6O3
Besides lactic acid, many other products can also be found among the products of such
fermentation, including volatile acids, eg. acetic acid and carbonic acid.
The acetic acid fermentation is less useful than that of the lactic. If the wine barrels are not full of
wine, its content could turn acid due to the effect of the acetic acid bacteria.
Gross equation:
H3CH2OH + O2 = CH3COOH + H2O
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ie, using 46 g ethyl alcohol, with oxygen of the air (enzymes of acetic acid bacteria), in aerobic
process, 60 g acetic acid and 18 g water can be generated.
During butyric acid fermentation, the butyric acid producing bacteria ferment sugars, proteins, and
lactic acid. The products of fermentation are butyric acid, carbon dioxide, in the butyric acidproducing bacteriafermented the sugars, starches, proteins and lactic acid. The products of
fermentation acid, carbon dioxide, hydrogen. The equation:
C6H12O6 = C3H7COOH + 2CO2 + 2H2
4.1.2.2.2 Biological oxidation

Glycolysis: during this process, first, polysaccharides are broken down into glucose-phosphate, and
later turn into glyceraldehyde-phosphate. Then, it converts into pyruvate acid in several steps,
during this phosphate-groups come down, so two molecules of ATP (energy)are generated. At the
end of the section, during CO2 transmission, the pyruvate acid transforms into two C-atomic acetylgroup.
Citric acid cycle: the second phase of biological oxidation. At the beginning, the acetyl-group is
detached from the Ko-molecule, picked up by the four C atomic oxalic acetid acid. The essence of
citric acid cycle is the loss of carbon and oxygen atoms.
Terminal oxidation: H is transported by NAD in the form of NADH.
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4.1.3

Prokaryotic eukaryotic difference

Prokaryote

Eukaryotic

Eukaryotic

Eukaryotic

plants

fungi
Bigger

animals

Size

Smaller

Cell wall

carbohydrate,
protein

Inner
membranes

No

Developed (ER, Golgi)

Mitochondria

No

Exist, various forms

chloroplast

No

Pigment

Chlorophyll-a

Cellulose

Exist
Chlorophyll-a,
b, carotin,

Chitin and
protein

No

No

No

No

No

xanthophyll
Nuclear
membrane

No

Exist (double membrane with pores)

DNA-stock

In the plasma,
annular

In several pieces, composing chromosome

DNAassociated
protein

No

Exist (nucleosome)

Flagella, cilia

Possible

Possible, 9x2 structure

4.1.4

Reproduction

In the case of asexual reproduction of prokaryotes (or bacteria), we are talking about fission to be
able to distinguish them from eukaryotic cells, which have a real nucleus and chromosomes,
multiplying by cell division. After the division, they can either remain in genetic arrangement for a
while, or immediately separate afterwards.
Under natural conditions, bacteria can not proliferate indefinitely, the artificial conditions (liquid or
solid medium), however, allow the creation of an appropriate quantity of offsprings.
The growth of cells is crucial for reproduction. Usually, one cell doubles under 20-30 minutes.
4.1.5

Numbers of bacteria in the soil

Pál Gyurkó, the Hungarian Academy of Arts and Sciences, examined the rhizosphere of a young
acacia root from sylvan habitat in the Soil Research Laboratory of Sopron. Censuses were carried
out on the roots and microorganisms of various distances.
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The quantity of microorganisms on the rootlet of acacia,
and in different distances from the root
Number of
Groups of microorganisms

microorganisms

Number of microorganisms from the rootlet

control

on the rootage
0.5

1.0

1.5

2.0

2.5

3.0

distance in mm
-

-

-

-

15

14

19

37

432 800

31 900

7 040

880

735

638

616

657

Cocci

-

6 300

260

80

47

-

-

-

Azotobacter-like bacteria

-

-

-

6

2

-

2

15

Total number of bacteria

432 800

38 200

7 300

966

799

652

637

709

0.33

3.33

1.35

0.2

0.2

0.55

0.2

0.15

-

0.08

0.23

0.74

1.14

0.54

0.65

0.5

Rod-shaped,spored bacteria
Rod-shaped bacteria, without spores

Actinomyces (ratio 0-4)
Fungi (ratio 0-4)

Source:Pál Gyurkó. Some data about the rhizosphere of acacia. The forest. The scientific journal of forestry. Soil
Research Laboratory of Hungarian Academy of Arts and Sciences, Sopron 1955

The numbers of bacteria cover a suface of 1mm2. Nearly 1,200 data are averaged in the table. The
rootage enriches the life of the surroundings and increases biological diversity.
Layer depth
(cm)

Number of bacterium/g soil
aerobic
anaerobic
total

2-5

2 500 000

1 300 000

3 800 000

30

1 150 000

1 800 000

2 950 000

60
90

800 000
500 000

2 000 000
900 000

2 800 000
1 400 00

120

60 000

100 000

160 000

150

6 000

2 000

8 000

The number of aerobic bacteria increases approaching the surface. The optimal depth of anaerobic
bacteria is about 60 cm from the point of view of atmosphere. The total number of bacteria
increases approaching the surface due to the large number of aerobic bacteria.

4.2 Fungi
Fungi are multicellular eukaryotic organisms without chloroplasts, consuming organic matters.
Such organisms are called heterotrophic. Probably, they separated from other multicellular
eukaryotes in the early stages of evolution, and evolved parallel to plants and animals. Due to their
build and lifestyle, fungi are isolated from plants and animals alike.
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Fungi are perennial, only observable under a microscope, living in contextures in the forests, and
settling in organic wastes. Only the sporophore is called fungus, which is located above the ground,
creating and disseminating spores. Fungi have their own world.
Fungi break down organic matters into their constituents, and use them again. They break down
leaves, needles, dejecta, dead insects, charcoal, paper, grass, horn, etc..
4.2.1

Taxonomic groups

Gymnomycota: their species have evolved differently as opposed to others. Unicellular
organisms, without cell wall. The movements are amoeboid, and consume unicellular
organisms. At one point in their life, they merge and create slimy plasma bunches.
Habitat: on decaying bark or leaf mold. Their spores are produced in small sporophores.
Flagellated fungi: their species have uniflagellated zoospores (zoospore: self-mobile,
spores with either cilia or flagellum). Their colonies are of microscopic size. Cell wall
contains chitin.
Chromista regnum: the zoospores are double-flagellated. The cell wall contains cellulose.
They have a parasitic way of life. Best-known representative: peronospora.
True fungi:
Ascomycota: spores are formed in tubular formations.
Zygomycota: e.g.Mucor mucedo
Basidiomycetes: basidium can be found at the end of the hymenophore of these fungi.
4.2.2

Microscopic fungi

Microscopic fungi live in plantal or animal tissues. They have a significant role in breaking down
cellulose and lignin in the soil. In addition, they provide food to the trees, and the tree provide
plantal hormones for the fungus, so they live in symbiosis with each other.
Four morphotypes are distinguished among microscopic fungi:
Filamentous fungi: composed of one or more cells creating shorter or longer filaments
forms, called hyphae.
Yeasts: unicellular, spherical, oval, and pointed shaped ones. They form pseudomycelium.
Dimorphic fungi: shape varies as a function of the temperature.
There are certain fungi which have amoeboid motion and nourishment. Their plasmas are
rich in nucleus.
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4.2.3

Living

Fungi, in general, are saprophytics. This means that they settle on nonliving organic matters and
meanwhile, break down them. However, there are also parasitic fungi, which are living organisms.
These usually attack plants.
Mycorrhiza fungi live in symbiosis with trees and other plants. They stretch plant partner with their
fungal hyphae, and make metabolic processes possible. Trees living together with mycorrhiza fungi
are stronger and healthier than other trees, however these fungi are very sensitive for their
environment.
4.2.4

Reproduction

Fungi are the sporophores of organisms living in the soil. The fungal contexture consists of hyphae.
These are evolved from spores, and then unite with a spore of a hypha of the opposite sex. The
resulting fabric is the mycelium. The mycelium is very long and live for a long time. Under
appropriate conditions, the fungal contexture breeds sporophore. The fungal hyphae dense into
primary hyphae. This is the sporophore, the base of the fungus. During the development, these are
transformed into gills, cap, and stalk.
4.2.5

Nutrition

Saprotrophic: consume nonliving organic matters, the only decomposents of lignin. They often
have negative impact on humans. Such fungi might indicate the presence of moldy food, rotten
fruit.
Parasites: a parasitic fungi can be found either on living organisms, or in living organism. Usually
harm plants.
Mutualism: the word itself represents the beneficial interaction between both populations. The
specific mycorrhizal symbiosis means a close link among the web of fungal hyphae, the mycelium,
and the roots of plants. Two types are known: ectotrophic and endotrophic. Ectotrophic is
characterictic of pines and trees, whereas in the case of endotrophic, fungal hyphae integrated into
the plantal roots.
4.2.6

Hyphae

Hyphae have tubular structure with walls from hard chitin. Several groups are well-known.
4.2.7

Mycelium

Coenotic mycelium
Primary mycelium
Secondary mycelium
Tertiary mycelium
Plectenchyma
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4.3 Algae
Any of organism, which includes prokaryotic and eukaryotic division. They are included in the
Cryptogamia taxon where organisms do not have fruits and flowers, such as fungi, mosses, and
ferns. Algae do not compose a separate taxonomic unit. Sexual reproduction may occur with them,
but it differs from other green plants.
In the case of eukaryotic algae, the alga cell may be the gamete.
Gametes are formed in gametangium in a small number of prokaryotic algae
In the case of others, the gametangium are multicellular, each gametangial cell becomes
fertile and creates gametes.
Algae are the most diverse organisms of the flora. They have the simplest structure, very closely
related to bacteria. That is why blue-green algae called cyanobacteria. The most complex are similar
to the seaweeds. Most of them photosynthetize, therefore having an important role in producing
oxygen in the water.
4.3.1

Spread

Algae are ubiquitous organisms, which means that they can be found even in desert rocks, ice, or
snow surface. Basically, algae are aquatic organisms. The green layer composing algae on wet
wood, and stone are very well-known. Unfortunately, however, very little information is available
about algae living in the soil, although their significance can not be negligible.
Algae may occur in desert areas and on rocks, as well. The world famous Hungarian-born
researcher, Friedmann dealt with this area. According to him, distinction can be made among
endedaphic (living in soil), epidaphic (living in the surface), hipolitic (embedded in deeper parts of
rocks), chasmolitic (living in rock fissures) and endolitic algae. However, there are algae, which
live an endozoic life, which means that they live in different molluscs.
4.3.2

The eukaryotic cell structure of the alga taxon

Their cell structure is various, there may be similar to the cells of ancient flagellated animals or
plants cell structures forms, as well.
The characteristic solid cell wall of plants does not cover the surface of the vegetative cells of
Euglenophyta, the zoospore and gametes of eukaryotic algae, their protoplats are bare and separated
from the surroundings by a periplasmatic membrane.
Trichocyst can be found in the upper layer of cytoplasm of Pyrrohyta cells.
The cell surface of Heterokontophyta is covered by a unique, ultra-structural shield made up of
silicic lamella.
The elements of the silicic frame of diatoms consist of either a simple perforated plate, or two
internal and external plates which are linked by vertical sheets.
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In the outer layer of Phaeophyta cell wall, the constructing microfibril of cellulose, laminarin, and
alginic acid make up a netted, in the inner layer, a parallel structure.
The plasmodesmata of Rhodophyta are of complex structure, forming synapses, and linked to the
plasmalemma of the neighboring cells.
The endoplasmic reticulum and ribosomes: in cells the unicellular algae, the system of endoplasmic
reticulum can be detected. The wall is membrane-structural like that of the cell membrane. On the
outer surface of the membrane of the endoplasmic reticulum, a large number of corpuscle can be
found. These are called ribosomes.
Plastids: one of the common characteristics of the alga taxon is the presence and operation of
chromatophores in the cells, the organelle of photosynthesis.
Pirenoids are related to the chromatophores, which can be found in the cells of eukaryotic algae and
mosses.
Microtubules are involved in the development of the internal skeleton of cells. Facilitate the
intracellular transport, and the movement of chromosomes, and cell organs.
Centrosome: play an important role in the movement of the flagella, and in the migration of the
chromosomes.
The size, shape, and position of the nucleus vary according to the size and age of the cells. The
outer part of the nucleus is covered by a double nuclear membrane.
The nuclear plasma is rich in protids and nucleic acids, a colloidal liquid.
Mitochondria are the organelles in algae, with the exception of the blue-green algae. Mitochondria
contain numerous respirative enzyme.
Cytosomes can be found in cells, vesicles of size 0.5 to 1 micrometer in diameter, which play an
important role in lipogenesis, and contain the necessary enzymes for liposynthesis.
Peroxisomes have granular appearance, their ground substances are surrounded by cell membrane,
containing different enzymes, which have an important role in cellular respiration.
4.3.3

Scientific researches

Hydrolysis by the large amounts of algae can produce hydrogen. Such research can be found in the
Biological Research Center of Szeged. However, in order that we can produce hydrogen, the algae
in photosynthesis continued to be enforced. Germany has already established a large-scale
photosynthesis, in which approx. 2,000 m3 of algae in the water circulates through pipes. Thus, each
cell is able to reach light. Hydrogen is only made up of algae byproducts, therefore the increase in
hydrogen production by genetic engineering.
The algae are food for many countries an important part of today. Japan, for example, can not be
missing from the menu cards. However, the number of people in developing countries, the
overgrowth, or the change of soil constantly threatened by famine. The algae is a potential strength
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lies, which can overcome malnutrition. Very effective photosynthesis by a huge organic nutritive
form, which can be up to ten times that of the continental crop. High nutritional value and is very
versatile because of the algae is now increasingly important part of our diets.
Research institutes dealing with algae:
PTE Institute of Biology
Hungarian Society of Algologie
Innovum Kft.
Cyanosite
Limnological Research Institute of Lake Balaton, etc. ......
4.3.4

Utilization

Among algae, the emerald green and blue-green algae play an important role. Both of them have an
extremely beneficial composition. 40-60 % of their dry matter content are of small molecules, so
they are easily digestible. Since they contain protein, vegetarians can also consume them. Algae are
prominent in mineral and trace element content, so manganese, bromine, and iodine are removed
from them on an industrial scale. Due to their natural iodine content, they could normalize
hypothyroidism. Iron, B, C, and E vitamins can also be found in them. They contain nucleic acids
and chlorophyll which is an excellent regenerating and deodorant protecting. A number of
researches started in the U.S., Britain, Japan, France, in order to clarify the effects of algae.
Researches have shown that algae will help to overcome viral infections (e.g. herpes virus,
influenza A virus). Further researches are under way in the fight against HIV-1 virus. Medicine is
increasingly using them as complementary treatment of cancer.

4.4 Lichens
Lichens are unique organisms, because they developed due to the cohabitation of fungi and algae.
The coexistence is beneficial and useful for both parties. The fungus provides nutrients and water
for the seaweed, the seaweed provides organic matters. About 20 000 species are well-known.
4.4.1

Habitat, living conditions

Lichens can survive anywhere, on rocks, decaying wood or living bark, and even in the tundra as
well. They are especially sensitive to air pollution. Usually Ascomycota and cyanobacteria live
together in the lichen "settlements". The fungus protects algae against extreme habitats (deserts,
rocks).
4.4.2

Reproduction

One of the components of lichens, algae reproduce only in a vegetative way. Fungi create fruiting
bodies and meiospores which have to meet the alga partner to make new "settlements".
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4.4.3

Systematization

Lichenology (science of lichens) does not identify lichens as a specific strain, but classify them to
fungi.
4.4.4

Utilization

In addition to their role in nature, lichen play an important role for humans in multiple ways. Rare
antibiotics are produced from lichens which are used in the case of resistance. The antitumor
activity of lichens is constantly examined. They are used in the manufacture of perfume and dye as
well. They now tried to be produced artificially. Their importance is increased by their role in
environmental protection, nature conservation, and bio-monitoring. The bioindication of lichens has
practical importance.
4.4.5

Researches in the world and in Hungary

The International Association of Lichenology has approximately 500 members. In Hungary, the
number of algists is very low, only 4-5 people are actively engaged as lichenologist. Erika Tóth,
Aggtelek National Park, contributed to the protection of lichens, Katalin Molnár is currently
working as a visiting professor at Duke University (USA).
Further informations: www.obki.hu
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5 Micro and mesofauna
5.1 Unicellular organisms-Protozoa
Unicellular organisms are the simplest of the wildlife. They are already known from Cambrian
layers. Despite the small size, they have an important role in the wildlife. Their bodies consist of a
singular cell, which is very versatile, this unit performs all the functions of their life. They can have
more nucleus. They have no true cell wall. Well adapted to environmental conditions, quite
resistant, and able to withstand extreme conditions. They have separate "organs" for mobility,
reproduction, and nutrition. The better the quality of the soil is, the more diverse they are.
The structure of unicellular organisms:
Unicellular organisms can be divided into five groups. There are ones having single nucleus:
flagellates: a number of their representatives live in seas
collared flagellates
Rhizopoda: Amoeba, Foraminifera, radiolarite, Heliozoa
cryptogamic: only parasites
There are certain ones with double nucleus:
ciliates: paramecium, (Stentor), many representatives have a solid crust
According to their nourishment, Protozoae can be:
bacterium-eating
predators
cannibalists
saprophagous
In the case of Protozoa, a cell mouth evolved separately. In some cases, cilia can be found around
the mouth. Parasites, living in hosts, do not have eating organelle because the food gets straight into
their bodies. A separate organelle evolved for digestion.
Reproduction:
They have no specific gamete. The asexual forms are generally larger than the sexual forms.
Reproduction can be established in many ways: in a vegetative, or sexual way. In the case of
asexual reproduction, cells are divided into equal size. Sometimes metagenesis may occur. Two
well-known versions of sexual segmentation are conjugation and copulation. The sexes of gametes
can be distinguished as well.
Mobility:

60

Protozoa are able to move actively. This is usually achieved by plasma-stream with prolegs, cilia,
and flagellum. The plasma, due to innner pressure, flows in the direction of least resistance. Moving
with prolegs has two types. The motion of sporulated animalcule are different, because they do
gliding movements with locomotive.
The ecology of unicellular organisms:
Water is a vital element for them. But the ycan survive without water as well because they are able
to encapsulate, so wind may remove them to distant places where rainfall would be beneficial to
come to life. The phenomenon known as "bloody snow" is famous in high mountains causes by the
appearance of flagellates.

5.2 Nematodes
On Earth, they can be found almost everywhere in the soil. Nearly 20,000 species are well-known.
The genitals are very simple. The ovary of the female individual is divided into two parts. Males
have mating bodies which are adapted to the changing environmental conditions. They are
ubiquitous in water, land, plants, and animals and even as parasites in the body of plants and
animals as well.
Their cylindrical body is memberless. Their maneuvers can be served by their hooks, setae, and
pinnae. The upper layer of their skin is the cuticle, which ensures a constant body shape,
mechanical protection, and have a role in mobility as well. The body’s contractions are according to
dorsal/ventral contractions of the body. As one segment of the body contracts it “pulls” the
remainder of the body forward. Therefore the contracting/relaxing alternations provide a
locomotion style for the nematode.
Their mouth can be found in the fron part of the body. Warts can be found on their lips to assure
touch and smell. In their oral cavity, they have strong teeth or spines. Consume bacteria, organic
debris, plants, or small animals. Digestion happens in the midgut, followed by the rectum, which
ends in the open air. Finally, the tail which can even transform into bursa copulatrix. On the basis of
excretion, they can be of two types: the simple, short, without having cuticle, they are classified as
Adenophorea. In contrast, those who have more complex organs, they are classified as Secernentea.
Their nervous systems is simple, headquartered in the pharyngeal nerve ring. Some og their species
have eyes, but they provide poor vision. Sexes usually occur in watersin equal numbers, but there
are more females in the soil. Noticed that these females are also able to produce sperm so these are
hermaphrodites.
Classification according to their eating habits:
Omnivores: most common, mainly live in decomposing organic matters.
Carnivores: consume other nematodes.
Parasites: infect plantal roots forming cysts on roots. If they managed to get into the plant,
other pathogens can easily get into as well
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Herbivora
Fungi- consumers
Bacteria-consumers

5.3 Collembola
Collembola are very small, their abdomen consists of six segments. Furci can be found at the
bottom of the abdomen. If the furca hit heavily to the ground the animal's body jumps high. They
cannot controll the direction of the jump. The ventral tube can be found at the third pairs of leg.
Two bladders situated on the top of then containing blood, and two thin, long tube. These will help
the animal to breathe in moist, humid air. They also serve as claspers.
The entotroph mouthparts, similar to that of the Diplura, have multiple functions like chewing and
sucking. They can only breathing through the skin. They have eyes, usually ocelli on the sides. In
addition, there are other senses, a pair of antennae. They are supposed to help in hearing.
Collembola are well-known from every zone of the world. They can be found everywhere where the
minimum of moisture is present.
They have mixed eating habits consumin primarily fungal hyphae, plantal roots, plant fragments,
foliage, lichens, algae, bacteria, nematodes, other Collembola, or their eggs.
Collembola greatly contribute to humus formation. Very sensitive for heat, but not for low
temperature, they can even be frozen, and when the soil warms up, they become active again.

5.4 Acari
Acari are the richest representatives of Arachnida. More than 10,000 species are known. There are
predators, herbivora, and parasites among them. Can be found anywhere on our planet in very large
numbers. Their size is of an average between 0.5 - 2 mm, they are arthropoda. Two pairs of legs can
be found in front of their bodies, and also at the back but these are shorter. Their bodies adapted to
their lifestyles as well.
Larvae have only three pairs of legs. Their legs vary according to the specific lifestyle. Some male
individuals have certain pedipals used in mating, to grab the females. Each mite can climb, or walk.
They have a various diet which is due to the special mouthparts. The two double mouthparts are
called gnathosoma as well. The mouth is located under the upper lip.
They could perceive stimuli by their legs. All over their bodies and extremities, there are sensilla.
Their eyes located on the side but provide poor vision only. Reproduction is also various, but most
of them hatch from eggs from which the eight-legged nymphs can be born. The eggs are laid in
small mounds. Six-legged larvae hatch from the eggs having four moults until they become adult
individuals. About 10,000 species of mites are known divided into 6 orders, and 180 families.
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5.4.1

The suborder of Parasitiformes or Gamasiformes

Their common feature is to have only two spiracles.
5.4.2

Mesostigmata

They are regularly transported by other insects. Interestingly, species of the Parasitas fucorum live
in the nests of the bumble bee and consume their faeces. There are many parasites in the
Laelaptidae family. Laelaps species live in the nests of small mammals. In Hungary, the most
common is the Dermanyssus gallinae which mostly sucks the blood of chickens, but also spread to
other birds. Laelaptidae family are internal parasites located in the respiratory organs of vertebrata.
5.4.3

Ixodoidea

The Haller's organ is located on their front legs. This group consists of three families. Male
individuals are covered by the chitin clypeus but females' bodies are only partially covered with
chitin, so their abdomen left expansive. Not only dangerous to humans, but also to animals,
especially cattle and sheep. From the 720 well-knwon species, 20 live in Hungary, of which 2-3 are
dangerous to humans. During blood sucking, they can infect the host's bloodstream by agents. Brain
fever and Lyme disease are the most common diseases. The blood sucking ticks are exclusively
female individuals.
5.4.4

The suborder of Trombidiformes

Includes about 75 families. Their forms and lifestyle show great diversity. Spiracles located in the
area of the gnathosoma. The midgut ends blindly, and very thin. The rectum and anus are absent.
5.4.5

Tarsonemidae

Only female individuals have respiratory organs. Four families can be listed here. A useful
representative of the Pyemotidae family is the Pyemotes herfsi. Useful animals, because they
consume the caterpillars of clothes-moths. These organisms are viviparous, so the development
takes place in the mother's body, and after the "birth", offsprings are ready to reproduce. The
Acarapis Woodi can cause great harm by clogging the trachea of young hosts with their dejecta.
5.4.6

Prostigmata

68 families can be listed here. The green, orange, or reddish spider mites live only on plants. By
sucking the plants, brown spots are formed on the leaves. Lay their eggs on the leaves. Their colors
change according to the seasons which is subject of the consumed chlorophyll.
5.4.7

Sarcoptiformes

Their bodies are covered with strong scutum, some of them are without spiracle. The midgut is
bigger than that of other mites.
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5.4.8

Ascaridia

The male and female individuals can be easily distinguished from each other characterized by
sexual dimorphism. 20 families are known. House mites settle mostly around domestic animals
around the stables but also proliferate in the home. The sarcoptes are exclusively globulars. These
animals are parasites visitingthe skin of animals and humans with constant body temperature. The
skin tissue is damaged by their chelicerae, no blood is consumed. The human sarcoptes dig into the
thinner parts of the skin and make routes there. Parasites in animals (rabbits, horses, pigs) cause
more serious damage. The Otodectes cynotis lives in auditory canals attacking dogs and cats.
5.4.9

Oribatei

The skin is generally soft, chitin can be found only on the back. Play a major role in humus
formation. Slow motion featuring them.
5.4.10 Tetrapodili

Their bodies are ringed, often elongated. Small in size, the largest individual is only 3mm. There are
no excretory, circulatory, or respiratory organs. Live on plants. Only female individuals survive,
only they can overwinter.

5.5 Tardigrada
Come from the Taunus Mountains. Their movements are very slow and cumbersome, and therefore
very similar to bears. Their body is typically cylindrical in shape, slightly flat on the abdomen. 600
species are known. They multiply and feel very comfortable only in damp places. From the North
Pole to the South Pole, they can be found, that is why they are called bipolar. If environmental
conditions are not adequate, they typically dry due to the lack of oxygen. These are transported then
by the wind and water, but also attaching themselves to other animals. If exposed to moisture, swell,
and move again after some time.
Most of them are herbivora. Certain species consume the dead parties. Males individuals are smaller
than the females. Size depends on the geographical conditions. They have no respiratory and
circulatory organs.
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6 Macro and megafauna
Soil fauna play an important role in the decomposition and cycling of organic matters, humus
formation, energy production, and mineralization. Soil structure is improved by the worm-holes,
and conditions of water movement are optimized by snail living in the soil.
Moles, rodents, and reptiles are representatives of the megafauna, playing an important role in
mixing the soil, their holes assure water flow.

6.1 Lumbricidae
Phylum: Annelida
Subclass: Oligochaeta
Belong to Annelids / Annelida, which is the most advanced phylum among worms. The name refers
to the segmentation of the body. Covered by cuticle layer. Glands located between the epithelial
cells produce mucus, which protects the animal from desiccation. Movements are help by the close
accretion of the epidermis with the inner longitudinal muscle fibres.
The peristaltic motion of earthworms is performed by two pairs of setae by segments. At the
astriction of the muscles, the earthworms stretch and thin away, at the astriction of the longitudinal
muscles, they become thicker and shorter.
They breathe with the whole body, the respiratory gases are exchanged by diffusion. They have an
advanced and closed vascular system, and the skin is pinkish due to the red blood. In all individuals,
male and female genitalia can be found as well as they are hermaphrodites. Parthenogenesis can
occur as well. In general, fertilization is mutual, but asexual reproduction can occur.
Play an important role in improving the quality of the soil. Consume humus, decaying organic
matters, and in the absence of these, they pull leaves, dead insects into their holes. Dejecta contain
nitrogen and phosphorus, which is excellent nourishment for plants.

6.2 Gastropoda
Phylum: Mollusca
Class: Gastropoda
Order: Stylommatophora
Belong to the second-largest phylum of the molluscs. The number of species of gastropods
belonging to the class exceeds 110 thousand. On the segmented body, the head is clearly separated
from the leg and the viscera. The head and the legs are connected by the so-called mantle, which is
on the dorsal side. The mantle is covered by the shell, in which the viscera can be found including
most of the internal organs. The radula can be found in the oral cavity helping to chop food.
Gastropods can be hermaphrodites. Protendric hermaphroditism may occur as well. At mating,
gastropods; eggs are placed in the ground.
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Snails consume fresh plant parts. They have open circulatory system. The haemal lymph contains
hemocyanin, a copper-containing protein. The respiratory gases are not delivered, but can be stored.
It is blue, so body fluids are blue as well.
The exocrine glands of snails under the mouth produce secretions, on which the snails can easily
slip. After drying, it leaves visible trace. Snails prefer humidity and avoid light, therefore, usually at
night or in wet weather, they are to look for food.

6.3 Coleoptera
Phylum: Arthropoda
Class: Coleopteroidea
Order: Coleoptera
The order of Coleoptera is the richest in the whole world. As new species are constantly discovered,
the number of species is estimated around millions.
Four main features are common in each and every beetle:
1. Two pairs of wings, where the front ones modified into hard elytra, coming together in a seam,
hide and protect the hidden membranous pair of wings.
2. Their bodies consist of head, thorax, and abdomen.
3. Presence of chewing mouthparts
4. Complete metamorphosis
During the day, they rarely fly, not to dry out. Spiracles located on either side of the abdomen.
According to the development of winged insects, distinctions are made between hemimetabolous
and holometabolous insects. Beetles are holometabolous creatures having wingless larvae.
Compound eyes are characteristic of them, some species, however, have ocelli.
Breathe with tracheal lungs, have open circulatory system, wherein hemolymph does not deliver
gases. The excretory organs are the Malphigian tubules.
Classified according to their eating habits: carnivorous, herbivora, and saprophagous.
Taking into account the activities of Coleoptera, both beneficial and pestiferous species are known.
Melolonthidae are forest and agricultural pests. The role of Coccinellidae is significant in the
biological protection. These are predators consuming aphides and scale-insects. Scarabaeidae are
ameliorating species.

6.4 Araneae
Phylum: Arthhropoda
Class: Arachnoidea
Order: Araneae
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Spiders have conquered almost every habitat of the planet. Today, the number of known spiders is
about 35,000.
Contrary to insects, their bodies consist of two members. The head and thorax fused into the
cephalothorax connected with the so-called pedicel to the abdomen. Have four pairs of legs, and
chelate pedipalps. There are no tentacles, and segmentation is disappeared.
The predatory lifestyle is helped by poison and spinning glands. Except species of the Uloboridae
and Holarchaeidae family, all spiders produce venom for self-defense and hunting purposes. Poison
glands are located at the base of the pedipalps.
The material of the spider-web is produeces in seven different spinning glands. However, there are
spiders that hunt without nets.
The well-known gossamer is made by young spiders, to find a partner or to reach other places with
the help of the airflow.
Have tracheal system. The body is covered by chitin. Usually have 4-6 ocelli. The size of female
individuals is much larger than the males. The mother carries the eggs for a long time. Little spiders
resemble the adult specimens.

6.5 Formica
Phylum: Arthropoda
Class: Insecta
Order: Hymenoptera
Family: Formicidae
Ants, with 12,000 species, can be found in almost all parts of the world. Make up 15-25% of the
biomass. Relatives of bees and wasps belonging to the order of Hymenopterans.
These insects live in organized society, where each individual has its own function, its role in the
community, and the whole morphological structure of their bodies specialized for that function.
According to their function within a state, there are agamous females (workers), sexed males and
females (queen). Well-organized community, a hierarchy headed by the queen. Live in formicary.
Their heads are bigger in relation to their bodies, as is usual of other animals. Mouthparts can be
found in the front of the head, compound and usually underdeveloped eyes are located in the frontal
section. One of the most important senses is the antenna, which is connected to the upper part of the
head. The two upper jaws are usually serrated.
On the basis of the thorax, the winged soldiers can be easily distinguished from the workers as the
workers' thoraxes are much weaker and less complex than that of the soldiers. Three pairs of legs
connected to the thorax.
The most important protective device, the sting, can be found at the end of the abdomen, which in
some species has been degenerated, and the poison glands, which produce formic acid.
67

Females and male individual ready for reproduction have wings which are cast at the end of the
wanderings. Explorations carried out mostly in the spring, so are mating flights. The queen is
accompanied by the protecting soldiers. The fertilization is done on the road. At the end of the
voyage, the queen cast the wings and look for a suitable location for the establishment of a new
state.
Holes are made in the soil which helps to stir and loose the soil, improving air and water
permeability. Food is piled up in the holes as they mix nitrogenous matter with the soil.
The size and shape of fungus breeding ot leafcutter ants are very different within species (e.g. Atta
cepalothes). These ants deprive the leaves of trees, significantly damaging plants. The larger-sized
individuals march and chew leaves off intensively, thereby causing damage to oranges, lemons,
mangotrees, coffe shrubs. Grape owners in Paraguay are afraid of them rightly, because in one night
they can chew off all leaves from grapewines. In some areas of North America, these ants collect
pine needles in the same way. The only diet of fungus breedings is the Rhozites gongylophora
fungus, whose hyphae are injected into a mushy material which are formed by chewing from leaves.
Carefully take care of these plants, and fertilize them with their own dejecta carefully. The small
headed workers are cleaning, the medium-sized ones are breeding.
In Hungary, four species of four genus represent the subfamily of Dolichoderinae. The
Dolichoderus quadrimaculatus lives in bloughs of walnut, chestnut, Tapinoma erraticum is nestled
in the soil, or under stones. On the abdomen of the three or four millimeter long Dolichoderus
quadrimaculatus, there are four white dots, what could easily be recognized. The tapinoma is
thermophile, smaller, a size of 2.5-3.5 millimeter, black, and common in warm slopes in Hungary.
These agile animals consume mainly dead insects, and often carry off the wounded or dead ants
from the wars of bigger ants. A characteristic odor is coming from their abdomen if they are
disturbed, and frantically running around. Do not despise the flesh of any dead bird.
36 species of 7 genus represent the subfamily of Camponotinae in our country. These species are
characterized by the absence of a sting and cloacal say. e.g. Formica rufa.
Destroy a variety of pest insects, however, remove wheat seeds from the soil, causing damage to
agriculture. Ants crawling on fruit-trees indicate the invasion of aphids on trees. If aphides are
disturbed, honey dew is selected, which is the favorite food of ants. In this case, aphiedes suck more
fluid from the tree, but ants often attack and destroy them.

6.6 Talpa
Phylum: Chordata
Class: Mammalia
Order: Soricomorpha
Family: Talpidae
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Moles edacious mammals which has been listed below megafauna. Consume insects, small rodents,
snails, larvae of beetles, but most of all, worms. Nose out the victims. Not only hunt in the holes,
but sometimes come to the surface.
Hearing is highly refined, the concha is missing, which would be just disturbing in the underground
movement; eyes are tiny covered by the dense, short, soft, and black fur. Front legs are turned
outward, horizontal, short and paddle-shaped, a membrane is located between the fingers; strong
claws, to be able to dig.
Moles do not chew the roots, or rhizomes of plants grown in gardens, and the fact that moles
destroy pest insects is compensatory for it.
Always in move, in the diverse tunnels. Hills indicate the whereabouts. Moles do not hibernate, but
are in constant motion and constantly follow insects and earthworms. Store food for the cold winter.
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7 Processes of soil formation
7.1 Parent material
Rocks play an important role in soil structure constituting the upper crust. The composition changes
of the region and the continent. Minerals have largely a regular, crystalline structure. Distinctions
are clearly visible to the naked eye, a distinction can be made between the so-called macrocrystals,
microcrystals visible only under a microscope, and submicrocrystals demonstrated by X-ray
diffraction and electron microscopy. The most important soil-forming minerals can be classified
into six groups: silicates (primary and secondary silicates); oxides and hydroxides; carbonates;
chlorides; sulfates and sulfides; and phosphates.
Rocks are mineral associations, from which three types can be distinguished: deep-seated
(magmatic), sedimentary and recrystallized (metamorphic) rocks.
Magmatic rocks are formed by the cooling and concretion of the hot magma. According to the
concretion of the magma which takes place either on the ground or deep in the earth, distinction can
be made between vulcanites and plutonic rocks. If the magma cools rapidly, the solidified magma
has a glassy texture.
Sedimentary rocks can be divided into two groups; organic and inorganic sediments. The inorganic
sedimentary rocks may be sedimentary rocks and chemical sediments.
The most important sedimentary rock of our country is the loess. This calcareous sediment was
brought by the wind of the ice-age, glued together by cementitious materials. Limestone formed due
to the necrosis and acervation of calcareous animals living in the seas.
Coal, brown coal, lignite, diatomite, and peat belong to organic sedimentary rocks. The most
important of these is the peat. Guano and rock phospate fall into this category as well.
Metamorphic rocks undergo metamorphosis, which is the structural transition of rocks under high
temperature and pressure. e.g.the formation of marble from limestone.

7.2 The weathering of rocks
The first step is physical weathering, the fragmentation of bigger rocks by various environmental
impacts. The next step is chemical weathering, and the last, third part of the soil formation process
is the biological phase, where the characteristic organic matter of the soil, the humus, accumulates.
7.2.1

Physical weathering

Physical weathering means a process, during which rocks near the surface and on the surface of the
crust come through fragmentation process under the effect of mechanical forces in a way, that the
chemical composition of rocks and minerals does not change. This phenomenon is called rock
dissolution.
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Weathering may occur under the effect of insolation, which means that radiation from the Sun
causes temperature fluctuation.
Similar events may occur when cooling effect reaches rocks suddenly e.g.: shower or thunderstorm.
This phenomenon is most common in desert zones.
Besides the work of rain water, the effect of rivers should be mentioned as well. During the
deepening work V-shaped river valleys are created. e.g. the Colorado River, Grand Canyon in
Arizona.
Abrasion may occur due to frostbite. Ice as a tensioning force can burst rocks into pieces.
The constant work of glaciers should be noted as well. The more they move, the more the ground is
formed by the ice. Generally U-shape formed.
The effect of ice sheets are similar to the work of glaciers. This kind of ice is very slow, while its
enormous weight and pressure desolate the surface, creating rock-cut basins. Largely, lakes can be
found in these forms e.g.: Great Lakes
The infiltrating water always contains salts, which leads to the faster fragmentation of rocks.
Plants also have a major impact on rocks. Roots exert tensioning forces similar to the ice.
The wind is only capable of mobilizing small particles. Rock and sand grains carried by the wind
rub the surface creating zeuges.

fig.7-1. Zeuges of Görgény-Transylvania. (photo: trekkingklub – rejtekhely.ro)

7.2.2

Chemical weathering

The second part of the soil formating process is the chemical weathering. In this case, the
fragmented rocks undergo chemical processes, in which water plays an important role.
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Carbon dioxide (CO2) and oxygen (O2) have important effects as meteoric water contacts air over a
large surface, composing a solution with these compounds and increasing the solvent power of the
rainwater. The resulting saline can be retransformed into salt easily. The salt rocks of Parajd based
on the same phenomenon, one of them containing approx. 2 billion tons of salt.

fig.7-2. Salt rock of Parajd - Transylvania (photo: Zsuzsa Kulcsár)

The acidification of acid solutions effecting rocks stimulates the intensity of weathering and thereby
accelerates the chemical weathering.
7.2.3

Biological weathering

The third part of soil formating processes is biological weathering. The most important role of
living organisms of and in the soil is the breakdown and transformation of organic matters. This is
manifested in the fact that they bring up the most important elements for them from deeper layers
and integrate them into their bodies. Due to the decay of organisms, some of the important elements
return to the upper layers, in the biological cycle and gradually accumulate.

7.3 Soil-formating processes
Leaching belongs to the soil forming processes, meaning the wash out and migration of certain
individual substances. Salts of alkali metals may be leached under favorable water flow conditions.
Substantially, carbonates are washed out and reach deeper layers slower. Besides leaching, clay
formation is another determinative process of the formation of forest soils. The consequence is
nutrient limitation and better water management, as clay is able to store these materials.
Podzolisation, the disintegration of minerals (silica, aluminium, iron) may occur in the case of
coarse-grained and extremely acidic forest soils. After the disintegration, iron and aluminum along
with organic matters accumulate in the deeper layers. As a result, due to the nutrient deficiencies,
the topsoil starts to die out and acidify.
Humites are formed from the decay of the bog flora.
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7.4 The role of wildlife in soil formation
Dokuchaev (1845-1902) was a Russian scientist, the founder of soil science as an independent
scientific discipline. Gave the scientific interpretation of the soil. The creator of the zonality
doctrine.
Five soil forming factors are distinguished from each other:
vegetation
climate
topographical and hydrological conditions
parent rocks
age of the soil
In assessing the influence of natural vegetation on the soil, macroflora and microflora are usually
taken into account.
As woody plants are long-lived and roots die out after a long time, the rootage of trees does not
remarkably enrich the organic matter content of the soil.
The soil of resinous pine forests without undertwood is poor in cations (positively charged ions).
Intense acid leaching is characteristic of the coniferous forests, resulting in the formation of podzol
soils.
Under the closed deciduous forests, the decomposition of the litter layer takes place differently than
in the pine forests. The deciduous roots reach deeper parts than those of the pines, and can use
slightly more calcium and magnesium. The humificating products in brown forest soil are less
acidic, and leaching is more moderate.
Red and tropical soils are developed under subtropical-tropical forets.
The typical vegetation of temperate grasslands (steppes, prairies) is the steppe plant formations.
Consist of xerophytic, perennial and annual herbs, as well as Faboideae. Due to the dense rootage of
the vegetation, each year a significant amount of organic matters get into the soil layers. Humic
chernozem soil can be found under the steppe formations.
Soil faunas play an important role in soil formation.
Climate largely affects soil formation indirectly, through the vegetation. Temperature, rainfall, and
evaporation are the most imprtant elements of the climate in soil formation. These determine what
kind of natural vegetation may occur in some areas, and influence the strength of physical and
chemical weathering. The typical soil of climatic vegetations are called zonal soils.
Concerning relief, difference can be made between macro-, meso-, and microrelief. Dokuchaev and
his students named the system of zones parallel to the equator horizontal, the vertical sequence of
zones in mountainous zones, vertical zonality.
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Mesorelief means undulating surface (a few meters). The undulating surface modifies the
conditions of soil formation in a way that the depth of the groundwater relative to the surface is
changed. Those soils whose formation is closely related to the effects of water called hydromorphic
soils (e.g. chernozem soils).
Microrelief shows height difference of a few cm/dm. Affects the distribution of rainfall, which
makes water infiltration into the soil inequal.
Discussing soil forming factors, we can not ignore human activities affecting the soil. With the help
of water legislation, land drainage and land reclamation, landscaping, fertilization, and irrigation we
try (in a better case) to move towards the right direction. Land reclamation is applied for acidic or
alkali soil.
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8 The relationship between plants and microbes
The best habitat (biotope) for the development and activities of microorganisms is the soil. The
spread of microorganisms depends on the soil type, its humidity, and its thermodynamic
characteristics. The location of microorganisms in the ground determined by a lot of factors: soil
type, temperature, humidity, lighting, etc ....
The number of species of microbes can not live in isolation from the surrounding species. Forms of
cohabitation can be categorized:
Metabiosis
Antagonism or antibiosis
Symbiosis
Parasitism

8.1 Metabiosis
This explains the process of mineralization, which is often very fast. In the soil, aerobic organisms
utilize oxygen and allow the life activity for anaerobic ones.
Winogradsky (1856-1940) pointed out that two different bacteria convert the ammonia so
effectively that only nitrate could be detected. To convert the ammonia to nitrite, much more energy
is released than in converting nitrite to nitrate. The process takes place as follows:
2 NH3 + 3 O2 = 2 NHO2 + 2 H2O + 158 cal
2 HNO2 + O2 = 2 HNO3 + 48 cal
Due to the the breakdown of plantal parts the ammonia is accumulating, then, if sufficient oxygen is
available, it is always oxidized to nitrite and nitrate. The oxidation is carried out by Nitrosomonas
and Nitrobakter.
NH4+ + OH- + 1,5 O2 Nitrosomonas → NO2- +H+ + 2H2O NO2- + 0,5O2 Nitrobakter → NO3
Heat and time demanded for the two reactions are both different. Nitrobakter proliferates more
rapidly than Nitrosomonas, ammonia-nitrite conversion process is always slower than the nitritenitrate phase.

8.2 Antagonism, Antibiosis
Some bacteria, during their culture, prevent the reproduction of other bacteria cultured with them.
In 1929, a British microbiologist, one of Fleming's Staphilococcus cultures became infected
accidentally by Penicillium notatum. Not just the fungal community, but the Staphilococcus aureus
colonies died out as well. The Penicillium notatum allocated some antibacterial substances in the
culture. It was shown that the antibacterial substance was produced by the fungus. Penicillin is
mainly used against Gram-positive bacteria, but also effective against Gram-negative cocci. The
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discovery of antibiotics in medicine is one of the huge steps in the protection against microbes. But
it should be noted that the protection against bacteria become resistant requires new antibiotics.

8.3 Symbiosis
Symbiosis is the coexistence based on mutual utility. Can be divided into different groups:
Between bacteria and bacteria; between bacteria and other microorganisms.
Between fungi and algae.
Between bacteria and plantal roots.
Between Actinomyces and the roots of plants.
Between fungi and plantal roots.
Between animals (segment) and microorganisms.
An example for the first point is the symbiosis of cellulolytic bacteria with other bacteria. The
cellulolysis is carried out by the aerobic- cellulolytic and the anaerobic-denitrificating bacteria.
Cellulose is an important carbon source, the cellulase provides organic carbon source from the
cleavage product for the denitrificating bacterium which gives oxygen for the aerobic organism in
return (in the for of N2O). The relationship between Azotobacter and the cellulase is considered by
several microbiologist as a similar symbiosis. One of the forms of symbiosis is the coexistence
between fungi destructing trees and bacteria, in which bacteria provide the necessary organic
matters for development of the fungus, fungus provides carbon sources for bacteria by its decaying
activity.
The best example of the symbiosis between fungi and algae is the close coexistence between algae
and fungi. Lichens are organizations from the coexistence of unicellular or filamentous blue and
green algae and especially Ascomycota. Gonidia capable of photosynthesis facilitate autotrophic,
fungal hyphae allow heterotrophic metabolism. There are lichens in which the fungal hyphae and
gonidia live freely side by side. Such as gelatinous Verrucariaceae. There are also species in which
mycelium closely surrounding the alga penetrate deep into the interior of cells. In other types,
gonidia are loosely surrounded by fungal hyphae, for example, in many crust lichens. The body of
lichens are protected by the succinctly resolved mycelium. Reproduce mainly asexually by isidium
and soredium. The autotrophic parts of lichens are the blue and green algae. And the heterotrophic
parts are the fungal hyphae.
The best known of the symbionts are Rhizobia (Bacillus radicicola, Bacterium radicicola, tubercle
bacteria), which was first isolated in pure culture by Beyerinck in 1888. Bacillus radicicola is a
nitrogen fixing bacterium, which lives in roots of Fabaceae. Hellriegelnek succeeded to prove that
tuercles formed on roots of legumes contributed to the soil becoming more productive, as the folk
tradition also held that after the cultivation of legumes soil becomes fertile. These tubercles are
filled with invading bacteria from soil. Bacteria locally dissolve cell membranes as a consequence
surrounding tissues begin rapid proliferation. That is how tubercles are formed on roots whose plant
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cells continue to live. Tubercles forming bacteria initially live like parasites with the crop, however,
later they fix free nitrogen from the air in such an extent that they can provide for the plant plenty of
it. Leguminous plants, therefore, owe their high nutritional value and high nitrogen intake for
symbiosis.
The following possible formation of root symbiosis is the coexistence between a mycorrhizal
fungus and plant. The name mycorrhiza was first described by Frank in 1885, in his German forestrelated work. The main types of mycorrhizae are arbuscular, ecto and ectendo-mycorrhizae, and
separated on the basis of host plants, arbutoid, ericoid, and orchid mycorrhizae. Characteristic of
each type, that what kind of fungal taxon and plantal group is forming them. The main function of
mycorrhiza from the point of view of the plant is the ammonification of humus. There are many
plant with mycorrhizal data, but the property that a plan constitutes mycorrhiza, and if so, what
type, both on the individual and the individual levels above due to the apparent high variability, a
lot of information would still need to learn more about the frequency of different types. The
mycorrhiza of the beech is a good example for this type of symbiosis, which have a characteristic
coral-shaped root, and the apex surrounded by fungus.
On the roots of alders (Alnus sp.) and oleaster(Elaeagnus spp.), a certain Actinomyces live in
symbiosis (e.g. Actinomyces alni). These bacteria belong to nitrogen fixing ray fungi. Tubercles
formed by them are called rhizothamiums, root carcinoma. They are larger than tubercles, fist-sized
creatures.
Many types of symbiosis are known, mainly among cellulase, in the intestinal walls of insects
consuming cellulose. Organisms similar to Azotobacters made up this very important symbiosis.
Even more important is the role of micro-organisms, which form the intestinal flora of certain
animals. Microbes, living in lumens of the intestinal tract-sections of animals, perform vital
functions in the case of healthy laxation. In mammals, these bacteria mainly reach the appropriate
section of intestinal tract, the intestines, or the stomach during the first diet. The Eserichia coli is
significant from intestinal bacteria, which is present in the enetera of warm and cold-blooded
animals, and humans as well. Intestinal bacteria regulate breakdown processes, as well as the
sythesis of K, B6, B12 vitamins. The importance of these bacteria is unquestionable, but neither
animal nor man can not synthesize themselves. The E. coli, in addition, inhibits the activity of
putrefactive bacteria, thus forming a balance in the stomach and entera. In some cases, it is present
as parasite in the body. The presence of E.coli in the intestines and urinary tracts cause chronic
diarrhea and high fever. The significance of cellulase bacteria is proved by the effective
alimentation of ruminant animals. In the symbiosis of this type, anaerobic cellulase are present in
the rumen of ruminants, and the vermicular appendix of horses and swine. These mammals do not
have separate cellulolysis specialized enzymes, so the presence of bacteria is essential. In addition,
bacteria contribute to satisfy the protein demand of ruminants, since large mass and constant growth
characterize them.
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8.4 The parasitism of microorganisms
Certain forms of the parasitic activity of microbes are significally different in animals and plants.
Medical microbiology makes a definite distinction the parasite and pathogenic species, so a
microorganism it may be parasitic, but does not induce pathological lesions. Fungi have the greatest
significance, considering their various developments and numbers. Bacteria and viruses are less
significant. The number of viral plant diseases is bigger than that of bacterial diseases. Bacterial
diseases divided into four groups:
Wet rot
Affection of main tufts
Tumorous affection
Local lesions, mottle
Local lesion, or mottle can develop on plants where bacteria penetrate into the organism.e.g. leaf
spots caused by bacterial plant lesions.
Mostly insects are responsible for bacterial and viral diseases of plants. Plants can be infected by
subsoil water as well. Viruses can also spread by pollens.
There are two main types: ecto-and endoparasites. Endoparasites live in the intercellural spaces of
plants. Most of the parasitic fungi are endoparasites. Two extreme degree of fungal parasitisms are
known. Distinctions are made between occasional, and obligate parasites. Those parasites which do
not sort between plants are called pleophage.
Cyclical parasitism is the highest degree of parasitism. These fungi remain on the overwintering
parts of the plant to survive the winter, in spring they multiply, producing spores which infect other
parts of the plant. Phytophthora infestans is such a fungus.
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9 The relationship between plantal roots and microbes
Plantal roots develop in a way that the radicle leaves the seed, penetrates the soil, and then
transforms into a root. Gravitropism is characteristic of roots meaning the growth toward the
gravital center of the earth; this is called the real root of the plant. Those roots which are not real
have a supporting role, e.g. crampons. These are not developed from the germen..
The structure of roots:
In longitudinal section:
calyptra (protecting the apex)
apex (built up from dividing cells)
elongation zone (the longitudinal growth of cells is the strongest here)
absoprtion zone
transport zone
branching zone
In cross-section:
epidermis
base tissue
central cylinder
Roles:
fixation
intake of water and nutritive
water - and nutrient storage
vegetative reproduction (tillers)
aeration
the control of the rhizosphere symbiosis

9.1 Rhizosphere
The rhizosphere is the narrow region of soil that is directly influenced by root secretions and
associated soil microorganisms
Rhizoplan is the mucous layer formed directly on the root surface. The layer is about 1-10
micrometer thick. Responsible for contacts for the nutrient flow, or for protection against drought
and microorganisms. The layer consists mainly of carbohydrates, amino acids, and organic acids.
Those microorganisms that colonize the interior of the root called endophytes.
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9.2 The role of microorganisms in the root systems
9.2.1

Nutrient supply

Organic matters selected in the rhizosphere are not only sources of nutrients, but also chemical
stimuli. In many cases, flavonoids are active components of root exsudatum. The other group of
flavonoids inhibit the ecesis of pathogenic fungi near the root. The intake of nutrients is due to two
effects. On the one hand, the mobility of nutrients is stimulated, on the other hand, the intake of
nutrients is increased directly.
9.2.2

Siderophore production

Siderophores, produced by microbes, are organic compounds with small molecules, fixing iron in
such a way that other organisms can not obtain it. Iron plays an important role in the metabolism of
microorganisms.
Micro-organisms can make the insoluble iron (III) into soluble in three ways: with protonation;
reduction; chelating. Chelating means the production of siderophores, which continued by
microorganisms. This is one of the most widely used strategy in nutrient acquisition.
Almost all aerobic and facultatively aerobic bacteria produce siderophores, the only difference is in
the intensity of production. Siderophores selected by microbes fix ferrous ions with great intensity.
In the nutrient intake of monocotyledonous plants, phytosiderophores selected by roots are
important. These are beneficial organic matters for the microbes of the rhizosphere.
The most common type of microorganisms is the fluorescens-putida type Pseudomonas. These
produce two similar siderophores, the pseudobactin and the pioverdin, that fluoresce under UV
light. Intake iron and inhibit the growth of other microorganisms in culture media of low iron
content.
9.2.3

Plant growth regulators

A large part of microorganisms living in the rhizosphere produce plant growth regulating
substances, such as auxin, gibberellins, cytokinins, and abscisic acid.
Auxin

The siginificant phylum of Pseudomonas is capable of producing auxin. Usually, the growth is
formed in the apex and moves on the side of the sem opposite of the exposure. Helps plant growth
by the stimulation of the longitudinal growth of roots.
Gibberellin

Gibberellins (Gibberellic acid, GS) are tertacyclic diterpenoid acids. All gibberellins are derived via
the ent-gibberellane skeleton. The most common of the gibberellins is GA3, which is a fungus, the
product of Gibberella fujikuroi. The most active gibberellin occurring in plants is GS1, which is
responsible for the extension of the growth. Several gibberellin stimulates the growth of fibrils.
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Today more than 89 gibberellins are known, which are numbered in the order of their discovery
from GS1 to GS89. Gibberellins not only stimulate the growth, but also accelerate the development
of the flower and increase the size of it. In high proportion, disrupt the development of flower sexes,
and speed up the germination of seeds.
Cytokinins

Cytokinins have purine skeleton. Stimulate cell extension, regulate organogenesis, stimulate the
maturation of chloroplasts, indicate the N-supply of plants, and regulate aging. Transported from the
roots to the leaves.
Abscisic acid

Abscisic acid occurs in each plant part, a sesquiterpenoid molecule. Plays a role in the formation of
the dormancy of seeds and buds, manipulates the maturation of seeds, prevents premature
germination.
9.2.4

Antibiotic production

Antibiotics are secondary metabolites produced by microorganisms that can destroy other
microorganisms or prevent their development. The production of natural antibiotics has been
observed in cases of various Bacillus and Pseudomonas species. Antibiotics produced by Bacillus
species are widely used in medicine.
9.2.5

The formation of root tubercles in the presence of Rhizobia

The root tubercle forming Rhizobium species live in symbiosis with Fabaceae (e.g. beans, peas).
Rhizobium species pullulate in the rizosphere due to the effect of root exudations containing
secondary matters (flavonoids, betaines) produced by Papilionaceae.
Obligate aerobic bacteroides dividing in plant cells, carrying out nitrogen fixation effectively, are
morphologically different from the original bacterium cell, but they can exceed their size as well.
Due to the nitrogenase enyzme of the tubers, in the presence of leghemoglobin, nitrogen fixation
begins. The functional root tubercles are always red because of the leghemoglobin similar to the
hemoglobin. Leghemoglobins provide oxygen to the energy-intensive process of nitrogen fixation.
Root tubercle formation can be seen on some dicotyledonous woody plants, which are develop
mutual co-existence with nitrogen fixing actinobacteria. Actinobacteri belonging to the genus of
Frankia can be found in the root tubercles of Alnus, Eleagnus, Hippophäe, Rhamnus, and Casuarina.
Symbiosis develop between the leaf tubercle forming bacteria (Klebsiella), and some tropical plants
(Psychotria), and between root tubercle forming cyanobacteria (Anabaena, Nostoc) and
gymnospermae (Cycas, Macrozamia, Encephalarctos) as well.

9.3 Biofertilizers
The biofertilizer contains such microorganisms that are important in soil life and nutrient supply for
plants. By their application, such microorganisms are released in the soil that live there anyway, but
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their numbers is greatly reduced due to the negative effects of agriculture. These bacteria egest
organic matters, as well as other living organisms in the soil. In the case of active soil life, the
organic matters egested by bacteria make the insoluble substances soluble which can be absorbed
by plants. Thus, plants must egest less organic matter, more remains in the plant, which increases
plant growth. Biofertilizers also need to have supplies, from which bacteria which can compensate
their nutrient sources. A smaller group of biofertilizers efficiently metabolize stubble residues, so
metabolize the accumulated nutrients of nonliving plants available for living crops.
Biofertilizers ditributed in Hungary contain more bacterium phylum. In almost all of them
Azotobacter species can be found, which can fix atmospheric nitrogen, and make the fixed nitrogen
available for plants by bacterial mineralization. The bacterium needs oxygen and energy for
nitrogen fixation, so soil conditions are indispensable. Nitrogen-fixing bacteria can be classified
after their habitats, so distinction can be made between are free-living and symbionts.
"Bacteria got along in the soil have to contend with the natural (wild), better adapted
microorganisms. In the competition for nutrition, iron is of high relevance. Microorganisms of
biofertilizers are regularly beaten in the race for iron with the consequence that their number is
reducing, and depending on the preparation of the fertilizer, in 3 months it is reduced to its fraction.
This is not a problem, because the Dear reader should imagine, what consequences does nitrogen
abundance have at the end of the vegetation process. of e.g. corn, sunflower seeds, or even tobacco,
but the abundance of nitrogen can make wheat unharvestable. It also follows, that biofertilizers give
nutrients for plants when they most need them, in the intensive vegetative growth stage, and this is
done in a way, that nutrients would not be washed out, therefore, nutrient supply remains
harmonious an continuous (Levai , 2010).

9.4 Mycorrhizae
First, Frank described the coexistence of fungi and roots in 1885. This phenomenon is called
mycorrhiza ("fungus-root"). He observed that in some tree roots a specific fungal investment/coat
was generated, and these roots were different from the others, as forming deformed side roots.
However, such mycorrhizal plants grow faster than those without the fungus, thus the fungus is
beneficial for the plant. By that time, it had been suspected that this was mutually beneficial for
both parties because the forming of fungal fruiting plants were bound to the plant.
The symbiosis is beneficial for the fungus, because organic matters, vitamins, growth promoters are
received from the plant. The plant and the fungus together are capable of the synthesis of such
proteins, which can not be produced by neither of them separately.
The fungus-root symbiosis can be classified by morphological and functional aspect, as well as by
the taxonomic classification of the participants. Basically, they are divided into two groups:
endomycorrhizae and ectomycorrhizae.
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9.4.1

The vesicular-arbuscular mycorrhiza

This is the most common type of mycorrhizal symbiosis between fungi and plants, which is due to
the fact that the fungal host specificity of the endomycorrhiza is low.
Mycorrhizal fungi affect the quantity and quality of microorganism communities on the root surface
and close to the root. Thus, the rhizosphere under the influence of the root broadens; that is called
mycorrhiza under the influence of the plant-fungus symbiosis. This effect can be mutual and
diverse. It has long been known that VAM colonization increases the nitrogen intake of such plants,
whose roots live in symbiosis with nitrogen fixing prokaryotes. The most important of these
systems is the coexistence among Papilionaceae, Rhizobium bacteria, alders, and nitrogen fixing
ray fungi of Frankia.
In the tripartite symbiosis of fungi, nitrogen fixing bacteria, and roots, root tubercles of
Papilionaceae are more developed, fixing more nitrogen and supplying it to the host plants, than
those without a fungal partner. The reason for this is that VAM fungi not only increase the
microelement and phosphorus supply of fungi and roots, but also that of tuber-forming bacteria.

9.5 Ways to intensify biological activity
The biological activity of soils is determined by a number of microbiological soil characteristics,
and can be examined on the basis of microbiological soil researches. The number, composition, life
activitiy, i.e. the activity of the soil, fertility of microorganisms living in soil is highly influenced by
human intervention, so the different farming methods, the different agro-technical factors, such as:
monoculture or crop rotation, soil cultivation, fertilization, the use of chemicals, or soil
conditioning.
The effect of tilling methods was based on a 20-year experiment. Thus, shallow ploughing (10-12
cm) and loosening are more suitable for the moisture preservation of soil structure, and increase
more effectively the activity of hydrolytic enzymes and the number of microorganisms than
conventional (22-25cm) ploughing. The deep ploughing (30-35 cm) decreased soil pH having a
negative effect on the composition of soil microorganisms. The number of microscopic fungi
increased in relation to the number of bacteria and Actinomycetes, and this has led to slower C and
N transformation.
The organized nutrient replenishment can modify soil activity. The number of soil microbes and the
microbial processes of the soil are stimulated mostly by the joint getting out of organic fertilizers,
while fertilization alone can stimulate lower ranges.
More ways to intensify biological activity: environmental monitoring involving soil biological
parameters, the reduction of groundwater pollution reduction, and consideration of the results of the
national research network.
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9.6 Soil quality indicators
9.6.1

Soil biological methods

The relative ratio (species ditribution) of soil microorganic species can change depending on
conditions (temperature, humidity, oxygen, etc), soil nutrient content, and contaminants in the soil.
These changes can be followed by the BIOLOG system.
The dehydrogenase activity is very sensitive to pollution and other factors as well. Carefully
considering these circumstances, it is an effective method of taking the utilization of soil C and N
resources into consideration.
The incubating soil testis are also sensitive; their importance is in the directly provided information
about the functional status of the soil.
9.6.2

Rhizo-biological methods

Nitrogen fixation is very important from the point of view of soil fertility, sensitive to short-term
and long-term environmental stress conditions. Suitable for the biodetection of soil functioning. The
nitrogen fixation of Rhizobium bacteria is indispensable during the so-called sustainable,
environmentally friendly agricultural production. The number of tubers in the root of Papilionaceae
or their nitrogen fixing ability may be reduced due to the deterioration of soil properties, or
excessive fertilization. Can be easily recorded and evaluated.
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10 Material and energy flow in the soil
Soil is a solid, liquid and gas phased heterogeneous system, which allows plantal, animal, and
microbial life in soil and on its surface. The inorganic and organic components of solid phase is
mainly a nutrient storage. Soil solutions indicating the liquid phase is the supplier of nutrients to the
soil and the medium of physico-chemical, and biological transformations. The gas exchange means
mainly the influx of O2 and N2 and the escape of CO2 . (Mengel, 1976).
Plant nutrients called All chemical elements are called plantal nutrients, which are needed for plant
life (growth and development), can not be replaced by other chemical elements. A large proportion
of nutrients can be absorbed from the soil by plants.
Indispensable (essential) elements:
Biogenic elements C, H, O, N
Macro elements: Na, P, K
Field elements: Ca, Mg, S
Micronutrients: Zn, B, Se, Mg, Mo, Cu, Se, Fe
The quantity of soil elements may change during the cycle. Can be reduced by the intake of
nutrients, leaching, denitrification, erosion, and deflation. Losse can be compensated by nutrient
supply, fertilization, N-bond of microorganisms.

10.1 The carbon cycle
A carbon based life has evolved on the earth, a major part of molecules of living organisms are
carbon compounds. Reasons for this:
Carbon is the simplest of atoms, which is able to establish four covalent bonds. Stable and
neutral molecules are formed.
The four other atoms are located tetrahedrally, resulting in very stable, resistant compounds.
Can connect in unlimited numbers with carbon-based compounds. Various open chained and
cyclic molecules. Capable to develop single, double, triple bonds at the same time, in a way
that stability will remain unchanged
All living creatures on earth need carbon as an energy source, or for their structure, or for both
reasons.
10.1.1 Geological cycle

The geological component of the carbon cycle is when it interacts with "rock cycle" processes:
weathering, release, minerals release, burial, subduction, volcanic phenomena. In the atmosphere,
carbonic acid resulting from water and carbon dioxide, due to its mild, acidic pH evoke a reaction
with the surface of the earth and its mineral content, when reaching the surface in the form of rain.
During chemical weathering process, it slowly dissolves ions forming minerals. These ions get into
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waters above-ground, streams, rivers, and eventually oceans, and they precipitate in the form of
minerals, such as calcite (CaCO3). In the case of further deposition and burial, the calcite transforms
into rock, which is called limestone. Carbon deposited on the seabed, pushed deeper into the
direction of the pyrosphere due to tectonic forces. Heated up in the depth, melts, and then rises to
the surface, where released in the form of carbon dioxide and return to the atmosphere. The way of
returning can be a violent volcanic eruption, or a slow leak, or springs rich in carbon dioxide.
Tectonic forces can rise up the previously buried limestone. Weathering, subduction, and the
phenomenon of vulcanization control CO2 concentration of the atmosphere.
10.1.2 Biological carbon cycle

Biology plays a major role in moving carbon among the terra firma, the oceans, and the atmosphere
with the processes of respiration and photosynthesis. Virtually, all multicellular organisms depend
on the glucose produced during the photosynthesis from carbon dioxide and solar energy. This is
extracted from metabolic processes (catabolism) and used for necessities of life and biological
reproduction by living organisms. Plants intake CO2 needed for photosynthesis from the
atmosphere, while the heterotrophic organisms emit carbon dioxide into the atmosphere during
respiration.
Respiration:
C6H12O6 + 6O2 6CO2 + 6H2O + energy

Photosynthesis:
6H2O + 6CO2 solar energy C6H12O6 + 6O2

Energy stored in carbohydrates is released with the breakdown of chemical bonds, during oxidation
processes. Thus, the O2 is reduced to CO2, which is returned to the atmosphere by exhalation.
Living organisms move a thousand times more carbon per year in such a way than the geological
cycle.
10.1.3 The carbon content of oceans

Carbon dioxide reaches oceans by diffusion. The dissolved CO2 is maintained in its original form,
or converted into a carbonate ion (CO3-2), or bicarbonate ion (HCO3-). Carbonic acid is formed
when carbon dioxide enters water:
CO2+H2O <=> H2CO3

This process can occur back and forth, thus, seting up chemical balance. Another very important
process in regulating the pH level of oceans is the release of hydrogen ion and bicarbonate ion .
This reaction is strongly influence pH level:
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H2CO3 <=> H+ + HCO3-

Sediments of the oceans are by far the largest carbon reservoirs on earth
10.1.4 Carbon in the soil

In the carbon cycle, soil is also a carbon source and user. Plays an important role in biological and
chemical reactions. Plants intake 110x1012 kg carbon from the mainland and the atmosphere in the
form of CO2. Approximately, the same amount of carbon is produced, from which 50x1012 kg
return to the atmosphere during the respiration of living organisms, which is almost the half of the
generated amount. The rest, 60x1012 kg is produced during the microbial breakdown of organic
matters of dead plants. The breakdown is influenced by the micro-and macro-organisms of the soil.
Between the Earth's surface and the atmosphere about 15% of the carbon is exchanged annually.
Humification is the totality of the most important synthetizing reactions. Carbon reaches soil by
plantal residues, whose carbon content is assured by the prior bond. Breakdown of plant residues in
the soil depends on several factors (soil characteristics, type of the plant, air conditioning), so
organic matters can persist for hundreds of years.
10.1.5 Carbon mineralization

Means the oxidation of organically bound carbon into carbon dioxide. The carbon content of plant
residues in the soil are disintegrated during biological processes (catabolism or dissimilation,
biological oxidation, fermentation), and return to the carbon cycle in the form of CO2. Soil
respiration is mainly the result of microbiological processes, but living organisms in the soil are also
involved with their ventilation and emit CO2 .
Cellulose produced in the largest quantities of carbon-based organic matters. Carbon is the basis of
mineralization. Breakdown is carried out by specialized micro-organisms.
(C6H10O5)n + nH2O = n C6H12O6
Breakdown may occur under anaerobic or aerobic conditions. Done by bacteria, ray fungi, and
microscopic fungi.
Aerobic cellulose decomposers:
The most part, anaerobic rods (Clostridium)
Thermophilic group, bred at 60-65 ° C (Clostridium thermocellum)
Mesophilic group, bred at 30-35 ° C (Clostridium omelianskii)
Gram-positive bacteria producing butyric acid, acetic acid, ethanol, and gases
Anaerobic cellulose decomposers:
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Sporocytophaga species
Bacillus, Cellulomonas, Nocardia, Pseudomonas, Streptomyces species
members of the Cellvibrio, Cellfalcicula genera
In less acidic conditions, members of the Cytophaga and Actinomiceták genera
10.1.6 The accumulation of atmospheric carbon dioxide

Measuring the concentration of carbon dioxide in the atmosphere was proposed by Charles David
Keeling oceanographist in 1957, Scripps Institute of Oceanography. This is the longest continuous
record of CO2 concentration. Since then, continuous data have been available, which show a
frightening trend. Since the beginning of the Industrial Revolution, human activities like burning
fossil fuels and deforestation both accelerated and contributed to long-term increase in atmospheric
carbon dioxide concentration. Due to human activities, the CO2 content of the atmosphere is now
higher than in the past half million year.

fig.10-1. "Keeling curve" is the result of long-term measurements of atmospheric CO2, Mauna Loa
Observatory(Keeling et al.)

This phenomenon will lead to a global ecological catastrophe!
As CO2 increases the heat retaining ability of the atmosphere, it is called greenhouse gas.
Researchers believe that the increased CO2 has caused major changes of the global climate. Over
the past century, the observed 0.6 ° C average global temperature increase is mainly due to the
increase of carbon dioxide concentration. The melting of polar ice caps and the shift of species
extent are the result of global warming.
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Proof of global warming

10.2 The phosphorus cycle
Phosphorus is an essential element in most of the metabolic processes. Essential for synthesis
processes. P helps the development of generative organs in plants, accelerates it. However, its best
known role is in the energy storage and as constituent elements of nucleic acids (ATP, ADP, DNA,
RNA), and phospholipids constituting cell membranes also contain phosphorus.
Ionic form of the phosphorus is an essential nutrient for plants and animals. Phosphorus is not part
of the atmosphere, mostly found in land, rocks and minerals of the soil. 80% of the phosphorus is
used in fertilizer production.
Plants intake phosphorus from the aqueous solutions of inorganic compounds, animals obtain it by
the consumption of plants, in organic form. Bacteria are able to release phosphorus from nonliving
organisms, in the form of inorganic compounds.
Phosphorus available in the ecosystem is limited due to the phosphorus produced during the
weathering of minerals. The main mineral is the apatite {CA5(PO4)3F}. P released at the dissolution
of apatite has a key role in the fertility of the ecosystem.
Ideally, phosphorus occurs in nature in the form of phosphate ion, which consists of a few oxygens
and P atoms.
Most of the phosphate occurs as salt in marine sediments and rocks. Over time, during geological
processes these sediments become part of the land, and reach terrestrial habitats due to weathering.
10.2.1 Phosphorus in the soil

Phosphorus in the soil present in organic and inorganic (mineral) bond. Groups of phosphoruscontaining compounds in the soil:
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Fe-, Ca-, Al phosphates
Iron and aluminum hydroxides, clay minerals and humic substances and bound phosphate ions
on the surface of CaCO3.
Organic phosphorus compounds
10.2.2 Human factor

Nutrients are essential for growth and maintenance of the living conditions for living organisms. It
is therefore essential for developing and maintaining a healthy ecosystem. However, the excessive
amounts of nutrients, particularly phosphorous and nitrogen, have an adverse effect on the
environment. Natural eutrophication, a process during which lakes are ageing and fertility is
increasing. The process may take thousands of years. However, cultural or anthropogenic
eutrophication is such a water pollution, in which the excessive amounts of plant nutrients cause
proliferation in algae populations. The wash out and erosion of high phosphorus soil on or above
the surface, may be primarily responsible for the eutrophocation of fresh waters. These processes
influenc the decline of phosphorus in soil. A complex interaction exists between them, and the P
type, the type and management of soil, and between the transport processes dependent on
hydrological conditions.
During the use of organic fertilizers, if the applied quantity is too much for the crop, then it has
adverse effects on soil P content. In badly channeled areas, or in areas where snow melt causes
periodic wetting, the terms of Fe content reduction are achieved within 7-10 days. This causes the
sudden increase of phosphorus concentration in the soil solution, and P can be washed out. A further
reduction of soil causes the displacement of phosphorus compounds, from the more react to the
more labile. In these areas, getting rid of agricultural litter may be a problem. Waste management
rules should take soil water systems into account which are used for organic waste.
People can interfere with the excessive application of fertilizers containing phosphorus with the
phosphorus cycle. As a result, the increased concentration of phosphorus is present as an impurity in
water bodies and this leads to eutrophication. Eutrophication can destroy aquatic ecosystem.
Eutrophication is likely to affect the global carbon cycle, perhaps slightly offset the anthropogenic
carbon emission. Given that in marine environment, for a unit of phosphorus 106-170 units of
carbon come, it can be predicted that the excess phosphorus may fix 76000-126000 Tg (million
tons) C. Essentially, this incorporation removes carbon from the atmosphere by the
photosynthetising fixation of carbon-dioxide. The current annual anthropogenic carbon release is
7900 Tg C, so the eutrophicating effect of phosphorus can compare only with 10-15 years of
anthropogenic carbon emission, in the upcoming 2000 year ahead. (This is only 0.6% of the total
estimated carbon emission if the release remains unchanged.). The ecological effects of phosphorus
fertilizers on oceans is very significant. A new threat to marine ecosystems, including ocean
acidification and warming of the upper aquatic layer, due to the increase of CO2 concentration.

90

10.3 The potassium cycle
Potassium is found in clay minerals (lattice K), can bind easily in the soil, the better, the higher the
clay content of the soil is. The release is allowed by soil acidity. Soil also contains potassium, in the
form of a much slower substitution, which are sources for plants. Potassium-buffering capability is
the ability of the soil when it is able to replace potassium from soil solutions in the processes of
cation exchange, and store potassium from the surface of clay minerals into the soil solution. Thus,
able to keep the concentration of potassium constant.
10.3.1 The main routes of potassium

Vital sources of potassium are manure, or chloride and sulfate salts.
Potassium dissolved in soil: potassium in solution is directly usable for plants. The amount of
potassium in solution varies with the quantity of fertilizer used, the degree of weathering and the
quality of the cultivation. The amount is usually not sufficient to meet the needs of the crop.
Exchangeable potassium: the maintaining of negatively charged potassium is based on the organic
matter content and clay minerals of the soil. The potassium in this form is of easy to use, and
usually tested with potassium in the soil solution together in analytical labs. Potassium flows back
and forth between the solution and exchangeable forms.
Slowly exchangeable potassium: for the incorporation of potassium, clay minerals are during the
adsorption. This type of potassium can be used slowly.
Truss potassium: Potassium is found within truss clay minerals. At the decomposition of clay
minerals, it is slowly released.
Leaching potassium: where the amount of potassium added by fertilizers exceeds the exchanging
ability of soil, potassium can be washed out from the soil.

10.4 Nitrogen cycle
Nitrogen cycle is a gas-phased biogeochemical cycle (the cycle of the elements among living, dead
organisms, and their environment) during which the basic nitrogen transformes into nitrates, nitrites
available for plants. Only certain microorganisms are capable of converting nitrogen into
ammonium salt and nitrites. This process mainly takes place between organisms and the lithosphere.
Dejecta of animals and other organic waste (food not consumed) is transformed by fungi and
bacteria living in in the water and soil into ammonia compounds. These compounds dangerous for
organisms are converted by ammonificating bacteria into nitrite compounds. These compounds are
also potentially harmful for living organisms. As a further step, nitrifying bacteria use and transform
them to nitrites and nitrates, essential for plants. As plants grow and animals consume them, the
cycle starts all over again.

91

10.4.1 Nitrogen fixation

Nitrogen can reach the soil with chemical or biological nitrogen fixation, and electric discharge. At
high temperature, nitrogen and oxygen are combined, and nitric monoxide or nitrogen dioxide are
generated, e.g.: lightning. N2 + O2 → 2NO, N2 + 2O2 → 2NO2. The nitric monoxide reacts either
with ozone or oxygen, nitrogen dioxide is produced (NO2→hv → NO + O, NO + O3 → NO2), which
if reacts with water, nitric acid is produced, which reaches the soil in the form of rain (NO2+ H2O
→ HNO3).
Biological nitrogen fixation is called nitrogen fixation. This process is the only section of the
nitrogen cycle which is not carried out by micro-organisms for energy. The amount of nitrogen
fixed in this way is much more significant. Nitrogen fixing bacteria convert atmospheric nitrogen to
ammonia with the help of energy from the decomposition of organic compounds.
N2 + 8H+ + 6e- → 2NH4+
10.4.2 Nitrification

The next process of the cycle is the nitrification which takes place only under aerobic conditions.
From two of its phases, the first, when ammonia is transformed to nitrite, the second, when the
produced nitrite is transformed to nitrate available for plants. The simplified equation of the
reaction is the following:
4 NH4+ + 6 O2 → 4 NO2- + 8 H+ + 4 H2O ;4 NO2- + 2 O2 → 4 NO3Relatively few, but high-activity species carry out this process, so they are sensitive to
environmental effects, or pollution. The process is influenced by soil temperature (optimum 30-35
degrees), the saturation of water (up to 70%), the pH (ideally, a neutral ground). A small amount of
toxic substances can also disrupt the process. Nitrifying bacteria are anaerobic, Gram-negative,
chemolitotrophic organisms.
One of the most important nitrite forming bacterium is the Nitrosomonas europea which obtain
energy from the reduction of ammonia to nitrate. Gram-negative, obligate, and chemolitotrophic.
10.4.3 Denitrification

Denitrification is primarily an energy-obtaining process which increases soil temperature, such
anaerobic respiration during which the bacterium uses the nitrite as an electron acceptor, and many
bacterium is capable of doing that. The simplified equation of the cycle is the following:
5 CH2O + 4 NO3- + 4 H+ → 2 N2 + 5 CO2 + 7 H2O
Most of the species capable of denitrification belong to genera of Pseudomonas and Alcaligenes.
Also, there are species which oxidize organic matters (sulfur, thiosulfate) with the oxygen of the
nitrate.
5S + 6KNO3 + 2H2O
K2SO4 + 4KHSO4 + 3N2 and 5K2S2O3 + 8KNO3 + H2O
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9K2SO4 +H2SO4+4N2
This process can take place during chemical reactions, but the importance compared to biotic
processes is negligible. Therefore, denitrification reduces the nitrogen content of soil which has a
quite negative effect on fertilized lands. In the natural soil ecosystem, denitrification is neither
useful nor harmful, but part of the cycle.
10.4.4 Ammonification

The next process of the nitrogen cycle is ammonification during which the nitrogen of naturally
produced organic waste is converted to ammonia.
Relatively large number of microorganisms are capable of ammonification. Among them there are
those capable of decomposing several organic matters, some only a specific kind of organic matter.
Aerobic ammonification method is the desamination of amino acids of dead organisms, the removal
of amino from molecules of organic nitrogen compounds.
Chitin is such a nitrogen-containing organic compound which is contented by fungal cell walls and
the chitin of some animals. This is a chemical substance is therefore difficult to be broken down,
only some bacteria can carry out the breakdown using the chitinase enzyme. This process takes
place in several steps. First, during the hydrolysis of chitin, glucosamine and acetic acid is
produced:
Cl8H30O12N2 + 4H2O 2C6H11O5 - NH2 + 3CH3COOH
Then, from acetic acid water and carbon dioxide, and from the glucosamine with another
hydrolysis, glucose and ammonia are produced.
Ammonification is an essential step in the cycle of elements. Its role in agriculture and wastewater
treatment is significant, and this, together with the nitrogen fixation process, provides nitrogen for
the ecosystem.

10.5 The sulfur cycle
Sulfur is the 14th most common element in the earth's crust, and 6th in the living world.
Components of protein, vitamins, plays a crucial role in the energy obtaining processes of various
micro-organisms. Sulfur can be found only in a small amount in the atmosphere, reservoirs are
found in sulphurous sedimentary rocks. Bacteria can intake sulfur in various forms. Plants can only
utilize them in the form of sulfates, plants and animals are only able to utilize them in organic
sulfur-containing nutrients. In largest amount, sulfur is available in organically bound form in the
soil. In inorganic form, can form with other elements (Na, Mg, K) soluble or insoluble (Ba, Fe, Al)
sulphates, occur in the form of sulphites, or tied to the surface of clay minerals.
Can reach the atmosphere by volcanic eruptions and the burning of fossil fuels in the form of SO2
and SO3, which reacting with water return to the lito and hydrosphere in the form of acid rain.
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10.5.1 Assimilating sulphate reduction

Assimilating sulphate reduction is the first step in the sulfur cycle. In this process, plants and some
bacterial species intake inorganic sulphates from the soil and reducating to a sulfhydryl (-SH)
group, incorporate in their amino acids. Microorganisms obtain energy needed for the reduction
from the breakdown of carbohydrates.
SO42- + H+ + 2CH2O → HS- + 2H2O +2CO2
10.5.2 Desulfurization

The next phase of the sulfur cycle is desulfurization during which sulfur found in nonliving
organisms is mineralized by bacteria in the form of H2S. Bacteria gain energy during the process.
Such micro-organisms belong to genera of Escherichia, Proteus, and Clostridium. Strictly anaerobic
bacteria, usually found only in the soil, in small quantities can be found in living organisms and
intestines.
10.5.3 Dissimilating sulfate reduction

In the dissimilating sulfate reduction bacteria use the oxygen content of sulfates to oxidize k other
organic compounds, and from sulfur they could produce hydrogen sulfide. This process is similar to
the denitrification, the difference is that the sulfate reduction only occurs under anaerobic
conditions. The majority of bacteria involved in the process are chemoorganotrophic (using organic
compounds), but there are also chemoautotrophic ones involved in the reduction of carbon dioxide
as well. If the breakdown of hydrogen sulphide is inadequate or too much of it is generated,
accumulating in the water can lead to the death of local wildlife. The sulfate reducents may reduce
the sulfate content of waters, thus promoting the improvement of acidic waters. Adverse effect is
that with metals it forms insoluble compounds, making them corroded. There are micro-organisms
capable of reducing thiosulfate or elemental sulfur. Such a bacterium is the Desulfuromonas
acetoxidans, which oxidizes acetate with the use of sulfur:
CH3- COOH + 2 H2O + 4S; 2 CO2 + 4 H2S + 5,7 Kcal
The next section is the microbiological oxidation of sulfur carried out by sulfur oxidant bacteria.
They oxidise hydrogen sulfide, sulfur, or thiosulfate for their energy needs. There are two main
groups, the photosynthetic or colored bacteria and colorless or non-photosynthetic bacteria.
Processes by colorless sulfur-bacteria take place under aerobic conditions. Colored photosynthetic
bacteria oxidise under anaerobic conditions.
The consequence of acid rain is the acidification of water and by this the reduction in the number of
each species, possible extinction. As a consequence of soil acidification metal compounds are easily
soluble which can be poisonous for plants. The dissolved heavy metal ions can enter the drinking
water. Acid rain not only causes problems in nature, but also in cities. Indeed, such low
concentrations of the acid dissolves limestone and marble, thereby damaging buildings, statues,
roads.
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fig.10-2. The sufur cycle between biotic and abiotic environmental conditions
(Sylvia Graczka, 2009 )

Translation of the Figure
elemi kén: elemental sulfur
fosszilis tüzelőanyagok égetése: burning of fossil fuels
fotokémiai oxidáció: photochemical oxidation
fotoszintetizáló kénbaktériumok tevékenysége: activity of photosynthetic sulfur-bacteria
hidrogén-szulfid: hydrogen sulfide
kén a növényi fehérjékben: sulfur in the plantal proteins
kén az állati fehérjékben: sulfur in the animalistic proteins
kénbaktériumok oxidáló tevékenysége: the oxidant activity of sulfur bacteria
kőzetekben található kén: sulfur located in rocks
légköri kén-dioxid: atmospheric sulfur dioxide
mállás és oxidáció: weathering and oxidation
szulfát: sulfate
szulfátredukáló baktériumok lebontó tevékenysége: decomposing activity of sulfate reducing bacteria
táplálkozás: nutrition

1

Sulphate (SO42-), derived from the weathering of rocks, is absorbed by plants from soil.
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2

Plants reduce sulfate and integrate it to sulfur-containing amino acids with the help of sulphide
bonds (L-cysteine, L-methionine), as sulfhydryl group (-SH). The hydrogen sulfide is a strong
pison, so this form is not tolerated by plants.

3

Gets in animal body via food chain.

4

Sulfur from dead organic matter and dejecta return to the inanimate environment in the form of
H2S via activities of sulfate reducing bacteria belonging to the genera of Escherichia and
Proteus. Reduced to sulfides or hydrogen sulphide under anaerobic conditions.

5

Some photosynthetic bacteria reduce H2S to elemental sulfur.

6

Sulfur is integrated into rocks.

7

Sulfur oxidant bacteria return sulfur to the cycle.

8

Sulphide oxidant bacteria convert H2S to sulfate.
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11 Soil functions
Soil is the space of constantly acting dynamic effects, the top, fertile, and loose layer of the earth's
crust. A number of factors can form the soil, soil functions, and the creatures living in it, which may
be biotic, abiotic and anthropogenic influences.
Biotic factors: effects of habitats on soil. These factors may be essential (e.g., soil microfaunas) and
detrimental (e.g. pests, pathogens).
Abiotic factors: physical and chemical non-living factors for life. e.g. light, temperature, air.
Anthropogenic impact: effects belonging to biotic factors, the consequence of human nature
forming activities.

11.1 The significance of soil
Soil is the most important renewable energy source. In the agricultural development, the aim is the
maximum use, maintenance, and preservation of this renewable ability.
Soil is the most significant element of earthly existence, and its biological reactor as many natural
resources are mixed and conveyed here, giving habitat for microorganisms, animals, place for plants
and agricultural crops.
Soil is the fundamental medium for biomass production, and most important source of nutrients in
the biosphere.
The basic living condition of plants and soil organisms is the air, and the simultaneous presence of
water and nutrients in the soil. It is possible that the soil is a three-phase, polydisperse system.
Soil is the stockholder of heat, water, plant nutrients, but also of harmful substances. Able to settle
temperature close to the earth's surface, and bale to store the necessary water and nutrients for the
formation and survival of plants and microorganisms.
Heat storage: soil is capable of moderating the harmful ecological affects of summers and winters
with extreme temperature fluctuations.
Water storage: ensure water for plants for longer or shorter periods of rain as well.
Intake of nutrients and its supply for plants is clearly ensured by the soil.
Soil is the gene bank of the biosphere, which plays a major role in maintaining diversity.

11.2 Biomass-production
Biomass is the mass of dead and living organic matters in water and earth, which is biological in
origin. Play the most important role among renewable energy sources.

11.3 The biological components of the soil
The major part of the components are non-living or abiotic, biotic factors make up a smaller
portion.
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Non-living components: the particle size of solid components can be extended from several mm
below micrometer range.
The liquid phase, or soil solution: inorganic and organic compounds, gases are released in soil
solution.
Soil air: the amount of it is crucial from the view of microbiological activity, and the regulation of
some chemical and biochemical reactions.
Living organisms: macro-and microscopic organisms, which play a major role in the blend a soil
components, the transformation of organic matters, and after death they enrich the organic matter of
the soil.
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12 The biodiversity of habitats
The importance and conversation of biological diversity has become important in the world.
Perhaps this could be the key to the survival of humanity.
Decay of habitats. Larger bioms (e.g. rainforest, savannahs, pine forests) has been 20-50%
transformed into agricultural and industrial purposes. In a narrower context, we can think of our
cities; this is so devastating to the few remaining green parts.
Pollution. Pollution of rivers, seas, air, and soil. Think of the cyanide contamination of Tisza,
continued to receive news about the various tankers, oil rigs and disasters, which caused damage
across the coastal flora and fauna pollution of soils with agricultural chemicals, the red mud
catastrophe. Industrial pollution.
Exploitation. Extinction of rain forests for obtaining land for agriculture. Because of luxurious food
and caviar many sturgeon species are in mortal danger, whaling is widespread in Japan. Overfishing
upsets the ecological balance of oceans. Agriculture cannot follow demands of the global market
disregarding the rules of evolution.
Hobbies: many species are overhunted, especially from the greed of nations without hunting
cultures. People with high natural cultures traditionally knew how much to take from nature, and
not more. In Hungary, wildlife management is based on the German systematic hunting culture.
Enormous damage can be caused by feral domesticated species in nature, like dog or cat, which is
now under pressure from animal rights activists and can not be reduced.
Global warming and climate change. 4 0C average annual temperature may occur, due to which
climatic belts are significantly shifted. For this reason, animals are changing their habitats.

fig.12-1. Ice storm in the are of Királyhegyes and Mezőhegyes 2010
Photo: László Engi, www.falconprojekt.hu

Consequences
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Energy loss. 50% of energy is derived from wood in developing countries, cut down rainforests, so
lacking countries are even in worse situation in Africa or Asia. Poorer nations nomadic and more
vulnerable to nature, along with the reduction of diversity in their environment, and that their
culture, lifestyles and livelihoods is closely connected to nature.
Food stock. About 7000 plants and 100 species are used in everyday for food and medicinal
purposes and half of the medicines are part of plant origin.
Biogeochemical processes. Water, oxygen, carbon cycle and soil processes. Plants, animals play an
important role in the fertility, purification, and renewal of water, air and soil.
Climate control. Deforestation strongly contribute to climate change. The fixation of carbon-dioxide
and the production of oxygen act as a brake in the process.
Culture and leisure. A lot of people go out in recreational programs into nature with their families,
the diversity of our environment makes it possible for every landscape, habitat, forests, etc.. be
different, diverse plants and animals inhabit our immediate environment and the world around.
Soil pollution
Soil pollution mainly comes from the non-compliance of environmental regulations, we think of
illegal garbage and landfills, becoming more and more significant problems. As a result, various
chemicals and inorganic substances get in the soil. Pollution gets in the ecological cycle, then to
people, top of the food chain, and accumulates after ecological regularity.
Recognition of this problem was created soil rehabilitation and remediation, but due to the swelling
problem, more and more difficult to fulfill these tasks, as the amount of money is of opposite
proportion to the size of pollution. Unfortunately, the former decreases, while the latter increases.
Sometimes the lack of professional knowledge emerges problems because money for the recognized
problems does not concentrate in the right place, so it can not be utilized effectively.

12.1 Soil biodiversity
Soil biodiversity is made up of all living organisms, and thus directing the natural cycle and
regeneration of soil, which is one of the most important element of the Earth. The development of
soil may occur in several ways.
direct effect (loosening, breakdown of nonliving organic matters)
indirect effect (through food chain)
Biodiversity has several, includes the number and richness of species, the genetic diversity within
species, the diversity of ecosystems and the diversity of individuals between the occurrence of other
species.
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12.1.1 Protozoae

Typically, these are small creatures without true cell wall. Extremely well adapted to the quality and
condition of the soil. Consume bacteria and fungi, thus, carefully maintain the number of parasitic
microorganisms in soil. The more protozoa can be found in soil, the better soil quality is.
Classification
 Plasmodroma: Sporozoa, Rhizopoda, Flagellates
 Ciliophora: Ciliata
Types
 bacterium-eating
 predators
 cannibalists
 saprophagous
12.1.2 Nematodes

Nearly 20 thousand of its species are known, which mainly live in soil. Their adaptability is perhaps
the largest among the fauna. Can be found in salty seas, fresh waters, half- salty waters, saline soils
and even deserts.
Classification after their eating habits:
Omnivores: most common, mainly live in decomposing organic matters.
Carnivores: consume other nematodes.
Parasites: infect plantal roots forming cysts on roots. If they managed to get into the plant,
other pathogens can easily get into as well
Herbivora
Fungi- consumers
Bacteria-consumers
12.1.3 Annelida

Body is wormy, buit up from apparently the same segments, however, under microscopic
magnification, this is not always true. Perhaps the best known for ground-dwelling animals,
earthworms belong to this group.
Their prey is mainly micro-organisms, but intestinal canals approx. filled in the same proportion
with plant debris, fungal hyphae and mineral substrate. Animals live mainly in the leaf-litter are
Collembola, consuming dejecta of mites and various fungi.
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12.1.4 Acari

Arthropods with pedipalps, more than 15 thousand species are known. 90% of them live in the
forest soil. Body size is between 0.2 to 2 mm, depending on the individual. They have no eyes, yet
it is proven fact that they perceive light, so keep themselves informed.
Development takes place through four stages, which are separated by moults. The four stages
consist of one larval and three so-called nymph forms. At the latter, 4-4 feet pairs of legs are
formed, unlike the larval stage, where only 3-3 pairs of legs can be found.
12.1.5 Bacteria and fungi

Bacteria (Bacteriophyta) are chlorophyll-free prokaryotes. Can be found one by one, forming loose
colonies in soil.
Bacteria and fungi are small organisms without nuclei, called microorganisms.
Classification, after the:
number and distribution of flagellates: mototrich, polytrich
coloring: Gramm-positive, Gramm-negative
can be further classified by DNA testing
Fungi
Eukaryote group without chlorophyll. Separated from algae and mosses due to the fact that there is
no chloroplast, and from bacteria, the presence of a true nucleus. Have heterotrophic eating habits,
i.e. carbon is produced from organic matters, energy from chemical substances. Most of them are
mainly saprophytic and parasitic.
Play a major role in the breakdown performed by saprophytic fungi. Particularly organic plant
material is broken down, but not all of them. A full breakdown is carried out only by bacteria, fungi
just "help", thus speeding up the process.

12.2 The role of soil biodiversity
Soil organisms contribute to a number of important processes.
to the formation and development of soil ecosystem
to the breakdown and converison of organic matters in soil, and thus to humification and
mineralization
to the fixation of carbon, which is assimilated and use for the build up of their own organic
substances, thus preventing the formation of CO2, which reduces the greenhouse effect
to nitrogen fixation and intake of other plantal nutrients
to the suppression of plant pathogens and animal pests
to the improvement of derelict and contaminated soil
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to the ofrmation of soil structure, as smaller-larger animals bite themselves through the soil,
thereby contributing to improved water and air storage
The number of individuals within each taxon:

Groups
bacteria and viruses

Known
5,800

Supposable
10,000

protozoae and algae

100,000

250,000

fungi

80,000

1,500,000

1,500,000

7 - 50 million

amphibians and reptiles
pisces

12,000
20,000

13,000
23,000

aves

9,100

9,200

mammals

4,200

4,300

vascular plants

250,000

300,000

other plants

150,000

200,000

2,125,300

9 -52 million

invertebrates

total

12.3 Forms of diversity
Soil biodiversity can be approached in several ways.
Biological diversity: includes the genetic composition within one species and association above the
levels of species, communities, the diversity of landscapes as well.
Compositional diversity: includes genetic, taxonomic, and biome (ecosystem) diversity.
The three-dimensional (architectural) diversity means the spatial order of components. Concerning
soil, e.g. the proper location of soil horizons and layers.
Functional diversity characterizes trophic relationships, material and energy flow processes.

12.4 Hunting, wildlife management, and biodiversity
Hungarian hunting with great traditions is far from reducing, but also contributing to maintaining
biodiversity. At those natural areas where wildlife management is active important to maintain
natural ecosystem. Indeed, stock of game needs natural habitat, nutrition, shelter and breeding
places. Therefore, wildlife management can only be effective where these conditions are ensured for
the stock of game. Lands covered by high-energy crops without agricultural chemicals are
maintained by game managers, which provide abundant food source for animals. Biodiversity is
bigger in such a carefully managed territory. The number of species and individuals increase. At the
same time, soil life is enriching which can lead to a richer vegetation. This in turn creates new
habitat for the entire ecosystem.
The range of hunted species are carefully defined. Endangered or protected species can not be
included here. Only species of abundance, with safe regenerative potential could be hunted. Their
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use (killing) is after a careful census. Thus, overhunting can be forgot, but rather must be dealt with
the overgrowth of some species (wild boar, roe deer, mouflon).
The misjudgement of laical society would rather curse the over-zealous fighting for animal rights
who, for example has successfully banned by influencing legislation and public sentiment the
thinning of stray cats and dogs in nature. These are totally alien, domesticated species have no
business in local ecosystems. They harm immeasurable natural populations. The hungry stray cats
indiscriminately plundering the nests of protected birds, stray dogs are often attack big game in
hounds, but they are dangerous to humans. Carrying diseases. The ancient ethology (behavior) is
lost by domestification, due to this, would not be able to fit into nature later in the intoxication of
freedom, in which destroy all species. Well, now, despite all reasonable arguments, many protect
these against the biodiversity maintaining wildlife engineers.
It would be beneficial for the sustainability of biodiversity, if against the possible land purchasing of
foreigners, rather the domestic hunting parties assure the legal possibility of domestic land
purchasing. These areas will certainly remain in natural or semi-natural state, without intensive
agricultural farming and installation! More of these areas would be national interest. Furthermore, it
would be useful such a legal rule which eliminate the financial empowerment of hunting parties.
For example, the reduction of taxes related to wildlife management, simplifying the often too strict
and impossible regulations, eliminate the load of game damages on companies, etc.. Thus, more
resources would remain in hunting parties for the conservation and development of habitats.

12.5 Biodiversity today
Biodiversity covers genes, species, and ecosystems based on diversity. Biological diversity means
the diversity of ecosystems, just think of forests, marshes, deserts, lakes, rivers, mountains,
agricultural areas, etc.. Each ecosystem, living creatures and the man himself, form a community,
having a very large impact on each other and their environment. The cooperation of life forms and
their interaction make the Earth habitable for mankind. Thus, biological biodiversity, along with a
number of products and services of nature provided for us, which is essential for the survival of
human life. Today, we live in the decline of biodiversity, since most of our acts strengthen this
negative process. In the long run, it may have extremely serious consequences, which also affect
daily well-being, and the impoverishment of nature. Have a lot of chief causes, which are
unfortunately very difficult to stop, because the two conflicting things are: the acquisition of wealth
and power, and nature conservation. As a multitude of economic interests and political decisions
driven by them, govern the behavior of humanity against nature.
2010: the year of biodiversity
About 50 species dying out every day in the world, while the birth a new one can be measured of
thousand year. Animal and plant species are howsoever adaptable, unable to follow the rythm of
change concerning their habitat. The European Union chose 2010 as the Year of Biodiversity. Thus,
its noble goal to stop the continuing decline in 2010. Assume the question, that what the present-day
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civilization destroyed in several decades or centuries, it can be stopped within one year. The answer
is no, or virtually impossible. Species have always died out, but the rate never reached this level.
The destruction and renewal is in inverse proportion to each other, if we take mathematics, this
confirms the separation of the world. Scientists named this the sixth wave of extinctions, but unlike
the others, this is not caused by nature, but we, the people. Unlike the previous waves were
conducted fast, this one is slower, a multi-decade-century course, which is constantly destroying
ecosystem. The year of biodiversity may call the attention of people to be careful.
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13 The impact of agriculture on soil life
There is no doubt that agricultural farming have the most significant anthropogenic impact on soil
and soil life, and therefore deserves a separate chapter for discussion.
The effects of agricultural techniques and methods will be examined in the following section, how
they operate and what effect they have on plants and animals of the soil.

13.1 Agrotechnical factors
tilling
manuring
irrigation
amelioration
use of pesticides
application of herbicides
monoculture, crop rotation and their effects

13.2 Tilling
A positive change of physical conditions of the soil by agricultural machinery / technology.
Goal:
soil protection
adequate living conditions for the development of agricultural crops,
the proper rotation of stubble residues into the soil,
influencing biological processes
influencing the activities of soil organisms.
Objective:
constructing adequate soil structure
changing water, air, and heat circulation
influencing chemical and biological processes
increase irrigation efficiency
reduce erosion and deflation
reduce soil degradation.
Steps:
rotation,
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loosening,
blending,
condensation,
surface formation.
Soil biodiversity decreases due to tilling.
During cultivation, more oxygen get into the soil increasing its average temperature, by which the
decomposition of organic matter is faster and soil organic matter decreases.

13.3 Manuring
Plant nutrition in order to achieve the higher fertility is replaced by agricultural fertilizers, or try to
influence the maintenance of healthy soil life by the ingested nutrients. Thus, manures and
fertilizers effect both soil life, the activities, processes.
Because of nutrient supply, the number of species may increase, which due to the strong growth
eliminate other plant species from the habitat. Phosphorus fertilizers cause eutrophication in waters,
waste waters, ground waters. The application of fertilizer in sufficient quantities causes nutrient
impletion, but the excessive use can cause the acidification of soil.
All cultivated plants and fodder crops demand different nutrients.
The most basic is the use of nitrogen, phosphorus and potassium contented fertilizers, which serve
as the nutrient supply for crops. You must find the optimum NPK ratio. Next to all these, additional
components are necessary, such as: a substance fixing ammonia, in a way to minimize evaporation
of NH4+.
Organic manure is rich in microelements, so it is not necessary to replace them by other means,
such in the case of fertilizer.
Another option is green manuring. Plants used by this method play a role in nutrient supply in soil.
Where green manure is used, in those humus content and minerals is more sustainable, as well as
green manure protect crops against erosion.
In the case of fertilizing, the balanced instribution and the immediate incorporation are very
important. In the case of proper fertilization, living space is less for weeds, soil evaporation is
reduced.

13.4 Irrigation
To preserve soil water content, water requirement of plants, soil fertility, agriculture try to replace
them by irrigation.
Take into consideration:
soil characteristics
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the amount of irrigation water
the quality of irrigation water
irrigation techniques
the time and frequency of the irrigation
Systematic irrigation has an effect on:
water balance of the soil
physical and chemical properties in soil
movement of various substances in soil
heat and water circulation
soil forming processes
The expected amount of rainfall should be considered in irrigation as well.

13.5 Amelioration
Amelioration tries to have a positive influence on the physical, chemical, and biological
characteristics of the soil. The aim is to balance the proportion of water and air, to assure
appropriate pH in order to increase fertility, decrease soil degradation, and resist against erosion and
deflation.
Physical amelioration is needed to reconstitute water storage in soil to restore water storage, air
and heat circulation, and the nutrient intake of the soil.
Improving characteristics:
high sand content,
clayey soil, densed soil structure,
inadequate water management.
Can be improved by:
soil loosening, rotation,
drainage,
building up channeling,
balancing sandy areas,
the improvement of subsoil fertilization of sandy areas.
Soil pH influences nutrient intake, the activity of microorganisms. Neutral pH is the most adequate
for soil life.
Improve properties chemically:
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soil acidification,
alkalinity.
In the case of soil acidification, the amount of admissible nutrient for wildlife is decreasing, but the
previously indissoluble heavy metals become admissible, such as the solubility of aluminum is
increasing, which is poisonous to the organisms in soil and plants. The acidity of the soil is borne by
fungi well, but the development of bacteria stops. Organic matter mineralization and nitrification is
slow down and reduced, which affect plant growth unfavorably.
Acidification can be improved by liming, plastering, and complex procedures.
In the case of salinization, the sodium ion concentration of the soil is increasing. Soil becomes
harder and more clayey. Then more complex land improvements are needed.
Biological soil amelioration is used in two cases. One, if the cultivation of some crops improves the
quality of the soil in itself. For example, a strong root system, which loosens the soil, or green
manuring. Another case, where some contamination gets in the soil, e.g. oil. In this case, such
micro-organism, bacteria are taken in the soil which are able to clean soil.

13.6 Utilization of pesticides
In our country, chemical pesticides are used for not too long. These are nowadays indispensable for
intensive crop production. There are pesticides with many active ingredients with different
compositions and concentrations.
A group of pesticides work in a way that provide useful carbon source for microorganisms. Due to
their effects, the bacterium flora helping and accelerating decomposing processes begins to
reproduce rapidly. At the same time, the number of harmful processes and pests is decreasing. The
decomposition of organic matter starts, organic colloids are formed, soil heats having a beneficial
effect on the faster development of plants.
A part of processes by pesticide may be carbon dioxide generation, which loosens soil structure,
contribute to the formation of carbonic acid, calcium in the soil becomes easily assumable.
Due to the impact of other pesticides, root hairiness is multiplied, as a consequence the root does
not freeze, can not be sick so easily, and the plant become more resistant against environmental
effects, have a better tolerance against stress caused by herbicides.
The use of pesticides have many positive effects, of course, the proper use is also very important
here.

13.7 Utilization of herbicides and insecticides
Herbicides are used against weeds, fungi, and insects. Many herbicides and insecticides (pesticides)
are used in agriculture. They kill some organisms and their organic remains are used by surviving
organisms.
109

Different herbicides usually come into contact with plants and their roots through stems or leaves.
Lead to disturbances in protein synthesis, disrupt the metabolism of the plant.
After their entry in soil, herbicides influence the microbiological activity of the soil, the functioning
of micro-organisms, the progeny of soil organisms as well.
Against long-lived drugs, a high degree of caution is justifiable. For instance, our country did not
inadvertently banned DDT, which after 3-5 years of its use, can be found in the soil, but
degradations can occur in 15 to 25 years, and are extremely toxic.
The residues of herbicides accumulation in soil, soil testing is important, because this could have
serious consequences on microbiological processes of the soil. Affect strongly the environment, and
the development of next crops produced.

13.8 GMO
The genome of Genetically Modified Organisms is created artificially with molecular genetic
devices.
A resistance has developed against the spread of GMO from the pressure of social groups. Not
coincidentally, since their use is likely to have significant known and unknown risks to the
environment and humans.

13.9 Monoculture, crop rotation
Monoculture: the same plant cultivated on the same area for many years
Crop rotation: in some areas, in different cycles, alternation happens between different crops.
Crop rotation plays a very important role in agriculture. Primarily, prevents the growth of weeds
and pests, preserves soil fertility, conservation of biological diversity, and the establishment of
favorable conditions for the next crops is very crucial as well.
It is important that two of the same or adjacent areas in the two consecutive years, do not produce
the same crop. Thus, weeds and pest animals are killed, they can not survive or migrate with the
mother plant.
Consecutive plants should be chosen on experiences so that one could create favorable conditions
for the following one.

13.10 Traditional farming
The traditions of farming and animal husbandry is almost kicked by the global market economy and
the intensive agriculture of consumer society. The approach is to minimize the investment and get
the maximum, and only profit gives the measure of success, in completely opposite trends of four
billion years. Located opposite each harmonic consistency, direct, and harsh artificial nature in
which the intervention. Already the industry is well-made disasters can put this approach, see,
pollution, ecological disasters, extinction of species - biodiversity loss, global warming itself, and
110

the endless increase in production not only superfluous but also unsustainable. The natural
resources of agriculture, these effects directly using just noticeable.
Modern society should understand that all chemical means an unnecessary risk! Artificial materials
are not created by nature. Have not undergone the test of evolution. There was no time for the
emergence of degradation against foreign compounds in species. There was no time for the
emergence of species that degradation of new foreign compounds, detoxification of the biochemical
apparatuses. The man then produced in nature and bypass the filter, saddle a billions of years ago
formed a complex and incomprehensible, harmonious system. Even the idea is daunting, the
consequences are, respectively, show all the decent, nature-knows-man concern.
A life without chemicals would be ideal. The use of chemicals allowed by strict organic standards
would be licensed. And so it was from prehistoric societies to the past century. Then "someone"
guessed that the chemical - which has the boiling in flask of alchemists and chemists - fed with
others, spray on plants, circulated in soil, etc... The global market economy has created a situation
where agriculture will be competing as well as any other industry products. If an economy is not
making the extremes of the earth, using all available technology, it will not be economically viable,
market loses and goes to ruin.
The law of nature is not that. There should only be produce as much as it is reasonable. Crop
rotation, organic fertilizers, grazing should be applied reasonably. The use of chemical substances
or genetically modified species, etc. are attacks against nature!

fig.13-1. Herd. Midday rest (Hungarian Ethnographic Lexicon)

This can only be achieved by complete paradigm change. Go back to a sustainable, non-continuous
economic growth based on the balance that has only recently lost. The free trade, an artificial
increase in consumption, the pressure of the economic growth, the denial of tradition, the entire
globalist thinking is not suitable.
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But gives rise to hope that many people have realized this. Returned to the traditions and the
traditions that they produce. They are kept alive by those who are more and more people are
looking for traditional and locally produced, healthy Hungarian organic products. "The love of the
soil, is the mother country's love"
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