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Magdalena JAWORSKA'

SOME RESEARCH PROBLEMS IN MODERN PESTICIDE
MANUFACTURING

NIEKTORE PROBLEMY BADAWCZE W PRODUKCJI
NOWOCZESNYCH PESTYCYDOW

Abstract: Efficient plant protection involves the application of all methods available within the IPM (In-
tegrated Pest Manegement) programme. The chemical plant protection method is undergoing considerable
transformations since not only new efficient biologically active substances are sought but the requirements
concerning their biological safety for non-target organisms and the whole environment have increased. No
success is possible without a proper functional form. New formulations and microcapsules, oil dispersions
or agrogels should be biodegradable and cannot pollute the environment. Scientific research aimed at see-
king substances enhancing the pesticide effect, such as capsaicine, which is a natural component of pepper
(paprika), increasing toxicity of some insecticides. Environment-friendly preparations are products based on
chitosan destruction, useful particularly for the protection of organic crops and valuable ornamental plants
against diseases. Biotechnological methods are used in Poland and in the world to develop biopesticides,
such as preparations containing new species and strains of live entomopathogenic nematodes for plant pro-
tection against pests.

Keywords: chemical pesticides, biopesticides, environment protection

Insects (Insecta) constitute the most numerous phylum among the anthropods (A4n-
thropoda). To this day over 2 million insect species have been identified and new ones
are discovered and described every year.

Simultaneous evolution of insects and plants, lasting for over 300 million years
formed a strict interdependence between these organisms. It is particularly apparent be-
tween flower plants and pollinating insects, which have a specialized sucking and lick-
ing mouthparts which enables them to suck up nectar. Insects — plant pests have special-
ized mouthparts of the chewing type (capable of crushing hard terrestrial vegetation),
piercing-sucking type for piercing plants and sucking up saps and other modifications.

About 50 % of insect species are phytophages. Accompanying the humans from time
immemorial they provide serious food competition and make people seek various meth-

! Department of Agricultural Environment Protection, University of Agriculture in Krakow, al. A. Mickie-
wicza 21, 31-120 Krakow, Poland, email: rrmjawor@cyf-kr.edu.pl
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ods of protection. These were different, starting from mechanical measures through bio-
logical ones (eg the use of ants in ancient China), the use of plant extracts to prayers
and spells, and even court sentences. These endeavours usually proved little effective,
which was also due to limited technical abilities and isolation between human commu-
nities.

Pesticides were first used successfully on a wide scale only in the second half of the
19" century. At first they were inorganic compounds with a strong effect, such as lead
arsenate, calcium arsenate and fluorine compounds, which at present have only historic
importance as insecticides of the first generation. This group also comprised prepara-
tions of plant origin with contact activity such as pyretrum and nicotine used as a to-
bacco concoction.

A rapid development of pesticides started with production of synthetic preparations.
In 1942 insect killing properties of DDT were discovered and soon after this compound
initiated a new era in plant protection. In 1946 mass application of organic phosphorus
insecticides started, which still make up a considerable share, and then the next II gen-
eration preparations were introduced, such as carbamates and pyrethroids. III genera-
tion insecticides (antifeedants, hormones and feromones) and IV generation insecticides
(antihormones) appeared in the seventies.

Insecticides currently in use make up the smallest group of plant protection means
applied in Poland; however, their role is still very important (eg in fighting potato bee-
tle, rapeseed pests or orchard pests).

They are also present on farms as household chemicals used for sanitary and veteri-
nary hygiene.

Organic compounds of anthropogenic origin, including also crop protection chemi-
cals pose the main threat not only to human health but also to flora and fauna. The
important role of plant protection chemicals results mainly from the wide scale of their
application, their persistence in the natural environment and toxic properties. Dimin-
ishing the environmental impact of plant protection chemicals is one of the objectives
assumed by the European Union in the Sixth Environment Action Programme of the
European Community 20022012 (EAP6) (Decision No. 1600/2002/WE of the Euro-
pean Parliament and the Council adopted on 22nd July 2002). Based on four priori-
ties, the programme made the European Commission responsible for the preparation of
seven Thematic Strategies, including sustainable application of pesticides. The subject
belongs to priority 3 EAP6 (“Environment and Health and Life Quality”), which sets
the following goals:

— minimizing hazards and threats to human health and the environment resulting
from pesticide application;

— decreasing levels of active harmful substances, particularly through replacement of
the most dangerous substances by safer alternatives

— promoting farming systems using small amounts of pesticides or pesticide-free
plantations.

Achieving these goals is possible only by introducing new active substances or de-
veloping new pesticide preparations (functional forms, formulations).

The number of biologically active substances applied has been decreasing system-
atically, which is connected with very high costs of research, especially concerning the
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assessment of the impact of these compounds on the environment and human health.
Currently, the total costs of developing a new, original active substance which requires
between 30 and 50 thousand synthesis reactions is 120 million dollars.

Pesticide biologically active chemicals are generally organic compounds revealing
considerable biological activity and relatively small water solubility. Moreover, they are
able to penetrate insect or plant cuticule to some degree. For these reasons they are used
for plant protection only as the right functional forms called pesticide preparations. The
time which elapses from synthesis of a biologically active substance to marketing its
commercial preparation is ca 10 years. It is so because the manufacturer must properly
select the components to ensure the stability of biologically active pesticide substanc-
es during storage and to enable obtaining stabile dispersions in the fluid phase during
spraying. According to the law in force, the manufacturer of a plant protection chemi-
cal is obliged to submit to the Plant Protection Institute detailed documentation of the
chemical he manufactures, comprising among others results of tests on behaviour and
decomposition of the biologically active substance in soil, water and air together with
the results of an ecotoxicological test, comprising data on acute toxicity for fish, daph-
nias and algae.

Measures undertaken to reduce the environment pollution, mainly of surface and
groundwaters, should start at the stage of developing proper functional forms of the
preparation. Scientific research on both the stability of a biologically active substance
and its toxicity but also on paths of degradation, sorption properties and identification
of potential ecological side effects should concern preparations including the effect on
the above-mentioned agents applied in the process of adiuvant formulation.

Therefore, efficient plant protection does not only involve the application of a proper
biologically active substance but its functional form is also important. Under conditions
of increasing requirements for modern plant protection a necessity arises to create new
improved variants of well-known types of formulations and new concepts of the effect
which the preparation components have on active substance behaviour in various com-
partments of the environment. It is anticipated that the obtained insecticide preparations
will reduce their dose and widen the spectrum of the optimal temperature of the prepa-
ration application. Results of testing the effect of various surficially active compounds
on the processes of mass exchange in modified dispersive systems of modified forms of
EC and WP insecticides from pyrethroids group will be a basis to obtain new formula-
tions of these compounds as microcapsules, agrogels and oil dispersions[1, 2].

Preparation of appropriate formulations as products ready for sale is mainly the task
of relevant departments of large chemical plants. Therefore, a great amount of data con-
cerning technologies of formulation exists as patents [3].

The available literature contains a number of papers confirming greater persistence
and toxicity of active substances used as preparations in comparison with the same
properties determined for a pure active substance. It is also known that application of
various types of oil adiuvants causes intensification of active substance durability and
considerably contributes to decreasing the environmental pollution level.

So, scientific research aims at developing functional forms of plant protection chemi-
cals which would be less harmful for the natural environment and human health. At
this point a reference should be made to more efficient pest control in agriculture and
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diminishing the amount of applied active substances, which is an important factor in
multifunctional development of agriculture, especially organic farming.

Because of an increasing quantity of chemical insecticides accumulating in the envi-
ronment and growing pest resistance to some of them, particularly to pyrethroids, new
substances which would support their effect are sought intensively. Such synergistic
substances include, among others, capsaicine, a natural component present in pepper.
It affects insect thermoreceptors diminishing the efficiency of their work, meaning that
insects do not feel threatened by temperature. Therefore it may be assumed that capsai-
cine and its chemical analogues disturbing the insects natural physiological mechanism
leading to an increase in the insecticide toxicity, as was demonstrated on an example of
potato beetle larvae [4]. It has been common knowledge for over 40 years that the mod-
el of ionic balance, described in the physiology handbooks, causing depolarization in
neuron and formation of action potential, is not the only model occurring in the whole
nature. Because it has been shown that in different insect taxonomic groups, genesis
of both rest and action potential is different and associated with the presence of some
determined channels in the membrane, a xenobiotic affecting a determined kind of ionic
channels will differently affect an insect in which the importance of these ionic chan-
nels is crucial and the one where these membrane channels are of lesser importance.
This fact provides a basis for a selective, for some insect groups, insecticidal effect of
pyrethroids, particularly indenooxadiazines [5].

Nowadays, plant protection abandons purely chemical pest control and more often
uses biological methods — Ecologically Based Pest Management (EBPM) and Inte-
grated Pest Management (IPM) [6]. Recommendations and requirements of Good Agri-
cultural Practice concerning application of plant protection chemicals are legally based
on the Act on Crop Protection. Meeting these requirements is most important not only
from the perspective of efficacy and efficiency of plant protection measures, but even
more important from the environment protection and human health viewpoint (Ministry
of Agriculture and Rural Development, 2005). However, while introducing biological
preparations containing live entomopathogenoc nematodes to crops, one should con-
sider their impact on biodiversity. One of the main hazards to biodiversity is penetration
of alien species (including their accidental or planned introduction), which often causes
the competitionally inferior native species to drop off from the contest. Therefore, bio-
logical plant protection should necessarily apply the preparations manufactured on the
basis of local species. The nematodes most frequently isolated from soils in Poland in-
clude: Steinernema feltiae, S. affinis and Heterorhabditis megidis [7]. Introduction of
nematodes as biopreparations to crops may efficiently protect crop production reducing
economic losses with a simultaneous decrease in applied chemical pesticides.

Biological methods may not only reduce a large pest population, but also maintain
the pest population on a low level, safe for the crops. It is most important, since small
numbers of insects settling individual niches prevent a much more dangerous invasion
of other agrophagous species [6].

Entomopathogenic nematodes and their symbiotic bacteria are safe for the environ-
ment, mammals and other organisms which are not their aim [8—10].

Another crucial asset of these organisms is the morphological and physiological abil-
ity of infective juveniles (L3) to adapt to stressful conditions in soil: low temperatures,
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low moisture, pH, pollutants [11-16] but also long survival period of larvae without
the host-insect [17]. In overdried soil an infective juvenile may survive in moisture be-
low the level causing plant withering [8]. H. bacteriophora larvae resistance to pressure
of 2000 kPa (290 psi) or S. carpocapsae and H. megidis resistance to the pressure of
1380 kPa (200 psi) is another asset of these organisms [18]. Owing to these proper-
ties they may be applied using the same equipment as for chemical measures: sprayers
with mesh diameter bigger than 50 um, helicopters or irrigation systems. Nematodes
can also be applied using injection nozzles and pumps, which are the standard equip-
ment for pressure application.

Moreover, nematode potential is not usually weakened when chemicals are used at
the same time [19].

Nematodes have been cultured for over 70 years [8] and currently they are cultured
on a large scale using three methods: in vivo, in vitro on solid media and in vifro in lig-
uid media. Each of these methods has its advantages and disadvantages influenced by
production costs, required technical skills or product quality. Moreover, each of them
reveals potential for development. However, reduction of production costs through opti-
mization of parameters and factors affecting final efficiency of nematodes are the most
important.

Present biological substances containing Steinernema and Heterorhabditis nema-
todes are manufactured on a large scale by numerous firms in the world [17, 20, 21].
From among many species belonging to these two families, only 6 of them are used for
commercial production.

Primary nematode lines are kept in liquid nitrogen until the start of production. The
next stage is activation of these organisms when the nematodes in cuvettes are placed
for 18 days in incubators where the temperature required for individual species is main-
tained. Initiating of the nematode reproduction process lasts for the subsequent 18 days
and for this reason they are placed in cuvettes containing plant fermentation products
(the composition is secret). The subsequent 18 days are devoted to final production in
two containers of 6 thousand liter volume and two 40 thousand liter ones. Proper medi-
um pH values, pressure and temperatures are maintained. Because of growing demand
for that product BU, an additional container, 40 thousand liter volume, is planned for
the next year. The whole production process is conducted in sterile conditions and the
process is fully computerized. Proper functioning of the apparatus is monitored by four
persons. The next stage involves filtering and washing the whole mass filling the con-
tainers in order to obtain a pure product containing 100 % of nematodes, whose vitality
and infectivity are controlled in a laboratory. If the product meets all required quality
standards it is placed together with the substance protecting these organisms against
moisture loss, in unit packagings. The packed nematodes may survive at 2 °C for about
two months. No more than 24 hours elapse from the moment of placing an order (by
a farmer) for a nematode batch to its realization (supply to the farmer) [22]. Production
of biopreparations with live nematodes is conducted also in Poland by “Owiplant” Hor-
ticultural enterprise on the basis of native nematode species. The only Polish prepara-
tion Owinema containing Steinernema feltiae nematodes was obtained on solid medium.

Entomopathogenic nematodes (EN) are alternatives for chemical control of sciarid
flies, especially on mushroom farms. There are in Poland 89 week cycles of mush-
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room production and over such a long period chemical pesticides are ineffective. In
1998 on two Polish mushroom farms in Krakow and Rzeszow production was protected
from sciarid flies using EN: commercial biopesticides “Entonem” (Dutch), “Nemasys”
(English) and “Owinema” (Polish selected strain of Steinernema feltiae) [23]. Chemical
standard pesticides: teflubenzuron, Nomolt, and diflubenzuron, Dimilin, were used for
comparison. On both mushroom farms sciarid flies, Lycoriella solani, were the main
trapped insect pests. Biological protection of mushroom against sciarids was improved.
Mean yield was increased from 1.10, when chemical protection was applied, to 2.20
kg/m?®. The index of treatment profitability, the index of cost coverage and the index of
percentage refund of expenditures of treatment, were the best on treatment with Polish
“Owinema” biopesticide. The cost of sciarid's control by “Owinema” was the lowest
(0.48 PLN/m? 3.9 PLN = 1USS$). The data confirmed the suitability of EN commercial
products as on alternative for chemical mushroom protection against sciarid flies. Bio-
logical control with Polish bio-pesticides “Owinema” was superior.

As was demonstrated in research by of Jaworska et al [24, 25], nematodes are resist-
ant to heavy metals, whose ions contaminate soil increasingly [26]. In laboratory condi-
tions most metal ions, except lead (Pb(II)), copper (Cu(Il)) and zinc (Zn(I1)) in medium
concentrations do not reveal a toxic effect on entomopathogenic nematodes. However,
invasive abilities of nematodes in water ion solutions weaken already after 96 hours,
particularly in case of lead (Pb(Il)), chromium (Cr(VI)), vanadium (V(V)), cadmium
(Cd(I1)) and nickel (Ni(II)) ions. Further research [27] revealed that this negative effect
may be mitigated by an addition of Mn(IT) (400 mg - dm™/L) or Mg (160 mg - dm™/L)
or lithium to the solution.

A new biopreparation has been planned on the basis of Heterorhabditis megidis.
These nematodes are the most frequently isolated from the soils of Poland. Nematodes
of this species efficiently control not only Lepidoptera caterpillars, Hymenoptera lar-
vae or Diptera, but also beetles. Preparations obtained from the liquid in vitro culture
guarantee better productivity so they may provide competition for foreign preparations,
registered in Poland (Table 1) [24].

Table 1
List of plant protection means containing entomopathogenoc nematodes licensed for sale and use
in Poland
Name of plant Manufacturer of plant | Name and characteristics . . .
No. . . .. . Licence valid until
protection mean protection mean of living organism
KOPPERT Biological
1. | Entonem Systems B.V. — Steinernema feltiae 11.05.2010
The Netherlands
KOPPERT Biological .
2. | Larvanem Systems B.V. — Izztf;izﬁazzljig 11.05.2010
The Netherlands P
“OWIPLANT” Ltd.
3. | Owinema Horticultural Steinernema feltiae 26.11.2009
Enterprise — Owinska
BIOBEST N.V.
4. | Steinernema System | Biological Systems — Steinernema feltiae 15.03.2010
Belgium
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Assumptions for the technological process of manufacturing a modern, environment-
-friendly biopreparation based on chitosan destruction products have been developed. It
will be useful for plant protection against fungal, bacterial and virus diseases [25].The
biopreparation will be particularly serviceable for organic crops for pro-health food pro-
duction. Synthetic plant protection means currently available on the market reveal toxi-
city both for humans and animals posing a hazard to the environment. They are unable
to simultaneously combat various fungi, bacteria and virus strains which makes neces-
sary the application of various pesticides or their combinations depending on present
threat. The use of synthetic pesticides leads to pathogen immunization to their activity.
So far, no biocides which would efficiently control fungal, bacterial or virus disease at
a wide spectrum of their effect have been known.

The faults of commercial pesticides, leading to environment degradation and caus-
ing, among others, genetic changes in living organisms, including the human organism,
arouses growing interest in natural plant protection means, including biopreparations.
The preparation based on products of chitosan destruction (derivatives of chitin, the
natural polymer) should meet these requirements.

Chitosan, due to its unique properties, such as biodegradability, bioactivity, biocom-
patibility, fiber forming and film forming abilities and good blending ability with other
polymers, finds many applications in various fields, including medicine, agriculture,
environment protection and food industry.

The purposefulness of developing a plant protection biopreparation with chitosan
oligomers results also from ecological reasons, since such a preparation does not cause
environmental pollution. Natural origin, no toxicity for humans, animals or plants, no
phytotoxic activity provides a safe alternative for toxic pesticides. It may be expected
that the new preparation may reveal activity comparable with vaccines in people and
animals, improving their immunity to fungi and bacteria activity. The optimal method
of chitosan destruction allowing for highly productive formation of water soluble oli-
gomers will probably be an enzymatic degradation or a combination of various meth-
ods. A new, easily applicable mean with a wide activity spectrum for cultivational ap-
plications, will be developed soon. It will be serviceable for protection against diseases
caused by fungi, bacteria and viruses.
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NIEKTORE PROBLEMY BADAWCZE W PRODUKCJI NOWOCZESNYCH PESTYCYDOW

Katedra Ochrony Srodowiska Rolniczego
Uniwersytet Rolniczy w Krakowie

Abstrakt: Skuteczna ochrona roslin polega na zastosowaniu wszystkich dostgpnych metod w programie IPM
(Integrated Pest Manegement). Metoda chemicznej ochrony ulega znacznym przeksztatceniom, poszukuje si¢
nie tylko nowych skutecznych substancji biologicznie czynnych, ale rowniez wzrosty wymagania co do ich
bezpieczenstwa biologicznego dla organizmow niedocelowych i catego srodowiska. Bez wihasciwej formy
uzytkowej nie mozna liczy¢ na sukces. Nowe formulacje i mikrokapsuitki, dyspersje olejowe czy agrozele
maja by¢ biodegradalne i niezanieczyszczajace srodowisko. Badania naukowe ida rowniez w kierunku poszu-
kiwania substancji wspomagajacych dziatanie pestycydow, jak np. kapsaicyna, naturalny sktadnik papryki,
zwigkszajaca toksycznos¢ niektorych insektycydow. Preparaty przyjazne dla srodowiska to produkty na bazie
degradacji chitozanu, przydatne szczeg6lnie w uprawach ekologicznych i ochronie cennych roslin ozdobnych
przed chorobami. Biopestycydy, jak np. preparaty zawierajace zywe nicienie owadobojcze do ochrony roslin
przed szkodnikami, tworzone sa w Polsce i na $wiecie z wykorzystaniem nowych gatunkéw i szczepdw, przy
udziale metod biotechnologicznych.

Stowa kluczowe: pestycydy chemiczne, biopestycydy, ochrona $rodowiska
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EFFECT OF REDUCTION PHOSPHORUS CONTENT
IN DIETS AND ADDITION OF PHYTASE PREPARATION
ON PHOSPHORUS AND NITROGEN EXCRETION
IN BROILER CHICKENS

WPLYW OBNIZENIA ZAWARTOSCI FOSFORU W MIESZANKACH
ORAZ DODANIA PREPARATU FITAZY NA WYDALANIE FOSFORU
I AZOTU PRZEZ KURCZETA BROJLERY

Abstract: The objective of the study was to determine whether reduction in phosphorus content in wheat-
-soybean-rapeseed-based diets and an addition of a phytase preparation to a low phosphorus mixture will
influence phosphorus and nitrogen excretion in broiler chickens. The experiment was carried out on 60 one-
-day-old broiler chickens divided into three groups at 20 birds each (4 replications, 5 birds each), and were
conduced over the period from the 1% to the 21 day of age. Group I (control) — chickens were fed a starter
wheat-soybean-rapeseed-based diet containing 7.26 g/kg total phosphorus. Group II diet had total phosphorus
content reduced to 5.91 g/kg. Group III was offered the same mixture as group II but supplemented with an
enzymatic preparation containing phytase in an amount of 0.35 g/kg. Nitrogen and phosphorus balances were
determined in the last week of the experiment. Chicken body weight at 21 days of age was similar in all the
groups. Reduction in the total phosphorus content of the mixture offered to group Il resulted in lower pho-
sphorus content in feces. The phosphorus amount excreted by one bird over three days of feces collection and
per one day was significantly lower for the experimental groups than the control group. Reduced phosphorus
content in the mixture as well as phytase addition to the low phosphorus diet did not significantly influence
nitrogen excretion. Despite lack of differences in the amount of nitrogen excreted, reduced phosphorus con-
tent in the diets was followed by lower phosphorus excretion in feces.

Keywords: phosphorus, nitrogen, extraction balance, broiler chickens

Animal production is to a large extent responsible for nitrogen- and phosphorus-re-
lated pollution of the environment. It follows from the fact that nutrients are excreted
to the environment, also in poultry feces. One of important ways of limiting nutrient
excretion is their rational use in animal diets. By limiting the amount of phosphorus in
rations the excretion of this element with poultry feces can be reduced by about 1/3 [1].
Plant feeds (mainly grains, seeds and extracted meals), which are rich in phosphorus,
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banaszt@ap.siedlce.pl, tel 25 6431342



718 Teresa Banaszkiewicz

constitute basic ingredients of feed mixtures for poultry. However, about 2/3 of phos-
phorus in plant feeds is phytate phosphorus which is unavailable to chickens and, as
a result, excreted to the environment. Phytates can also negatively influence the avail-
ability of other minerals as well as protein [2]. Protein, phosphorus and other minerals
from phytate compounds can become available only after enzymatic hydrolysis. Some
feeds, like wheat bran for example, contain considerable amounts of plant phytase
(1200 to 5000 U/kg) which improves phosphorus utilization. Other feeds either do not
contain phytase or contain marginal amounts of it. The phytase content in rapeseed-
based feeds is minimal and ranges from 15 to 50 U/kg [3]. An application of enzymatic
preparations containing microbial phytase in feeds and mixtures improves phosphorus
release from 5 to 25 % [4]. Zyta and Koreleski [S] found a positive effect of phytase
obtained from Aspergillus niger on utilization by broiler chickens of phytate phospho-
rus from rapeseed extracted meal. In contrast, Rutherfurd et al [6] found no significant
effect of an addition of phytase on ileal digestion of total and phytate phosphorus in
broiler chickens fed a diet including rapeseed meal. Inorganic phosphorus in the form
of feed phosphates is added to poultry mixtures in order to supplement phosphorus defi-
ciency. In practice they are quite often applied in excess. Microbial phytase production
may limit the amount of phosphates included in mixtures and phosphorus excretion to
the environment by 4-9 to as much as 15 %. Appropriate levels of ingredients in mix-
tures can be used to influence excretions of unused compounds of nitrogen, phosphorus
and microelements in particular [7, 8].

Studies were undertaken to determine whether reduction in phosphorus content in
wheat-soybean-rapeseed-based mixtures and an addition of a phytase preparation to a low
phosphorus mixture will influence phosphorus and nitrogen excretion in broiler chickens.

Materials and methods

The investigations were carried out on 60 one-day-old broiler chickens Ross 308
which were divided into three homogeneous experimental groups, 20 birds in a group
(4 x 5 birds) in period from the 1% to the 21* day of age. Chickens were housed in
metabolic cages and fed isocaloric and isoprotein experimental starter diets. Diets (in
a mashed form) and water were given ad libitum. All diets were formulated according to
the Nutritional Requirements for Poultry [9]. The chickens from control group were giv-
en experimental starter diet based on wheat (61 %), soybean meal (20.75 %), rapeseed
cake of Lirajet cv. (15 %) with higher concentration of phosphorus (mixture H — 7.26 g
of phosphorus/kg). In the mixture for group II the phosphorus content was lower due to
the dicalcium phosphate reduction (mixture L — about 5.91 g of phosphorus/kg), mixture
for group III was supplemented through the enzymatic preparation of phytase, at quan-
tity of —0.35 g/kg (mixture L + phytase). The enzymatic preparation — is preparation of
phytase from Peniophora lycii (Pers.) Hohn. & Litsch., 1907 derived from the fermen-
tation of fungus Aspergillus oryzae (Ahlb.) Cohn (min. 2500 FYT/g). In the 1* and 21
day of life, chickens were weighed and the amount of feed consumed was determined.
During the last week of experiment the balance of crude nitrogen and phosphorus was
carried out. During the following 3 days, all excreta were collected and feed consump-
tion was determined. Prior to analysis the excreta were dried at 60 °C and ground. In
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the feeds, diets and excreta the crude nitrogen was determined by the AOAC procedure
[10]. The crude phosphorus was determined by colorimetric method (PN-76/R-64781)
with eicogenic. The excretion of nitrogen, phosphorus and balance of these elements
was assessed. The data obtained were statistically analyzed by analysis of variance and
the Duncan’s multiple range test was used to separate means (at significance p < 0.05).

Results and discussion

Table 1 presents nitrogen and total phosphorus contents in both feed materials and
experimental mixtures. Crude protein (N) content in the wheat meal was similar to the
values specified in the Poultry Nutrition Recommendations [9]. In contrast, soybean ex-
tracted meal contained more and rapeseed cake less crude protein than it is specified in
the above-mentioned recommendations. The nitrogen content determined in the mixtures
was similar whereas total phosphorus content varied (H — 7.26 g/kg vs L — 5.91 g/kg).
The body weight of 21-day-old chickens in the groups was similar and ranged from 453
to 493 g. Table 2 shows percentage nitrogen content in feces, the amount of nitrogen
excreted by one bird during the balance experiment, as well as an approximate amount
of nitrogen excreted by the 15-thousand chicken flock during one day. Percentage ni-
trogen content in feces ranged from 3.15 %, for the group offered the low phosphorus
mixture (L), to 3.45 % for the group fed the high phosphorus mixture (H). No sig-
nificant differences were noted between the groups as to both the amount of nitrogen
excreted by one bird during the balance assay, and the approximate amount of nitrogen
excreted during 24 hours by the 15-thousand flock of chickens.

Table 1
Nitrogen and total phosphorus content in feeds and experimental mixtures [g/kg]
Specification Nitrogen Total phosphorus
Wheat meal 18.8 3.47
Soybean meal 68.5 6.71
Rape cake of Lirajet cv. 42.9 8.16
Starter mixture (H) 32.5 7.26
Starter mixture (L) 33.0 591
Table 2
Amount of nitrogen excreted in broiler chicken feces
. . Amount of nitrogen Amount of nitrogen Appyommate amount
Exper. | Nitrogen content in . of nitrogen excreted
group excreta [%] excreted durlpg exs:reted by 15-thou flock
the assay [g/bird] [g/bird/day] of chickens [ke/day]
I 345 2.0+0.17 0.67 £0.05 9.99 +0.83
I 3.15 1.91+0.27 0.64 £+ 0.09 9.57+1.37
111 3.32 1.86 +£0.24 0.62 +0.08 9.31+1.19
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Despite lack of significant differences in the amount of nitrogen excreted in the chic-
ken feces in the experiment, decreased phosphorus content in the diet was followed by
lower nitrogen excretion in the feces of the birds. An addition of phytase to the low
phosphorus mixture resulted in an even lower nitrogen excretion in the feces. The re-
sults obtained indicate that, as a result of decreased amount of phosphorus in the wheat-
soybean-rapeseed-based mixture, it is possible to reduce the daily amount of nitrogen
excreted by the 15-thousand chicken flock by 0.42 kg. An addition of a phytase enzy-
matic preparation to the above mixture may additionally reduce this amount by 0.26 kg,
the sum of the two being 0.68 kg nitrogen per 24 hours.

The lowest phosphorus content (Table 3) was found in the feces of group II chickens
fed the low phosphorus mixture (L). Reduction in an amount of total phosphorus in
the experimental mixture fed to group II was followed by lower total phosphorus con-
tent in the excreta. Supplementation with a phytase enzymatic preparation also reduced
this content. The results indicate that, as a result of reducing the phosphorus content
in the wheat-soybean-rapeseed-based mixture and its supplementation with the phytase
enzymatic preparation, it is possible to reduce the daily amount of phosphorus excreted
by a 15-thousand chicken flock by 0.44 kg. Rutkowski et al [11] mention that an addi-
tion of phytase to the low phosphorus diet improved phosphorus utilization by 24 % in
soybean-based diets, and by 29 % in rapeseed-based diets. A positive effect of micro-
bial phytase on reduction of phosphorus excretion by layer hens was also observed by
Kaminska [12].

Table 3

Amount of total phosphorus excreted in broiler chicken feces

Approximate amount

group [%] the assay [g/bird] [/bird/day] o ghilciéﬁ(snikg(;gl;y]
I 6.65 0.39.0.06a 0.13£0.02a 1.95£0.32a
I 471 0.29 £ 0.05b 0.096  0.02b 1,44 £0.55b
n 542 0.30 £ 0.04b 0.101 £ 0.01b 1.51£0.18b

The amount of phosphorus excreted by one bird during the experiment and per 24
hours in the experimental groups was significantly lower compared with the control.
Zanini and Sazzad [13] found that an addition of 500 U/kg phytase to the diet conta-
ining 40 % phytate phosphorus improved phosphorus, calcium, zinc and nitrogen uti-
lization, and reduced phosphorus excretion. Table 4 presents 24-hour balances of ni-
trogen and phosphorus as well as retention coefficients for these elements. The amount
of nitrogen consumed by one bird ranged from 1587 to 1632 mg per 24 hours whereas
for phosphorus the values ranged from 270 mg for group II to 370 mg for the control
group. No significant differences were found between groups in the amount of nitro-
gen consumed and excreted. However, there were detected significant differences in the
amount of phosphorus excreted. Significantly less phosphorus was excreted by chickens
fed mixtures with decreased phosphorus content compared with the control group. Smu-
likowska et al [14] report that phosphorus retention from rapeseed cake ranged from 23
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to 27 % and did not increase as a result of phytase addition. In another experiment
by Smulikowska et al [15], the authors found that retention of phosphorus from diets
containing rapeseed cake amounted to about 38 % and did not increase as a result of
supplementation of the mixtures with phytase. Nitrogen content in the feces of chickens
fed the low phosphorus mixture decreased by 8.69 % and by 3.77 % after an addition of
phytase, compared with the feces of chickens offered a diet higher in total phosphorus.
The respective values of phosphorus content were 29.17 and 18.49 %.

Table 4

Nitrogen and phosphorus daily balances in broiler chickens

Phosphorus balance . .
Experim. [rrll)g/bird/day] P retention | Nitrogen balance [mg/bird/d] | N retention
0, 0,
group Consumed Excreted [l Consumed Excreted ]
1 370 + 88 130+22a | 63.15+£9.07 | 1632%396 66557 |57.04+12.44
11 270 £ 113 96 £+ 36b 61.36+17.8 | 1587705 | 637.5+£271 |55.65+18.83
11 280 + 83 101£31b | 63.52+8.17 | 1640 +466 620+ 170 | 61.72+£6.85
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WPLYW OBNIZENIA ZAWARTOSCI FOSFORU W MIESZANKACH
ORAZ DODANIA PREPARATU FITAZY NA WYDALANIE FOSFORU I AZOTU
PRZEZ KURCZETA BROJLERY

Katedra Zywienia Zwierzat i Gospodarki Paszowej
Akademia Podlaska

Abstrakt: Celem podjetych badan bylo stwierdzenie czy obnizenie zawartosci fosforu w mieszankach pszen-
no-sojowo-rzepakowych oraz dodanie preparatu fitazy do niskofosforowej mieszanki wptynie na wydalanie
fosforu i azotu przez kurczeta brojlery. Badania przeprowadzono na sze$édziesigeiu jednodniowych kurczg-
tach brojlerach podzielonych na 3 grupy po 20 ptakoéw (cztery powtdrzenia po 5 sztuk ) w okresie od 1. do
21. dnia zycia. Kurczgta z grupy I ( kontrolnej) byly zywione mieszanka typu starter pszenno-sojowo-rzepa-
kowa zawierajaca 7,26 g/kg fosforu ogolnego. W diecie skarmianej w grupie II obnizono zawartos$¢ fosforu
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ogolnego do 5,91 g/kg, a grupa III otrzymywata taka mieszanke jak grupa II ale dodatkowo uzupetniona
preparatem enzymatycznym fitazy w ilosci 0,35 g/kg. W ostatnim tygodniu doswiadczenia okreslono bilans
azotu i fosforu. W tym celu przez trzy kolejne dni zbierano odchody. Masa ciata kurczat w wieku 21 dni
byla zblizona we wszystkich grupach. Obnizenie zawartosci fosforu w mieszance dla grupy II spowodowato
nizsza zawarto$¢ fosforu w odchodach. Ilos¢ fosforu wydalanego przez jednego ptaka w okresie trzech dni
kolekcji wydalin oraz przez jednego ptaka w ciagu dnia w grupach do$wiadczalnych byla statystycznie istot-
nie mniejsza niz w grupie kontrolnej. Zmniejszenie zawartosci fosforu w mieszance, jak rowniez dodatek
preparatu fitazy do niskofosforowej diety nie wptynat statystycznie istotnie na wydalanie azotu. Mimo braku
statystycznie istotnej roznicy w iloci wydalanego azotu, zmniejszenie zawartosci fosforu w dietach spowo-
dowato mniejsze jego wydalanie w odchodach.

Stowa kluczowe: fosfor, azot, bilans wydalania, kurczgta, brojlery
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Abstract: The mineral components of topsoil in the zinc and lead flotation tailings ponds were analyzed. To
examine such mineral components the authors used methods such as scanning electron microscopy (SEM),
energy dispersive spectrometry (EDS) and atomic absorption spectroscopy (AAS). The goal of this study
was to pay particular attention to the secondary metalliferous mineral phases formed in rhizosphere zones
mainly on plant roots and the influence of autochthonous sulphur bacteria and ferric bacteria on the chemical
mechanism of waste components. This study aims both to recognize the (bio)chemical change of flotation
tailings which is of great significance for the vegetation of plants, fungi and microorganisms and to properly
plan the treatment connected with reclamation and phytoremediation of the area affected by waste disposal.

Keywords: Zn-Pb flotation tailings, secondary mineral transformations, autochthonous bacteria.

Mining activity and exploitation of sulphidic metal ores can produce large amounts
of waste particularly during the Zn—Pb processing. One of the areas where the exploita-
tion of Zn-Pb ores occurs on a large scale is the Olkusz region. Over 1.3 million Mg of
flotation tailings are deposited in the pond per year. Nowadays this settling pond covers
more than 130 hectares and it is 37 m above surface level. The waste produced includes
considerable quantities of fine-grained metalliferous minerals (Zn, Pb, Fe, Cd, Cu, As,
Sb and TI1) with a fraction of up to 0.04 mm (55-81 % of wastes) and a contribution of
grains over 0.2 mm amounting to 3.9 % [1]. Because of easy transport by the wind the
fine-grained structure allows the waste to become a source of heavy metal pollution for
the soil, water and atmosphere within several kilometres of the tailings ponds [2].
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The vegetation in waste disposal sites becomes sparse and it is particularly difficult
to cultivate with respect to a deficiency of water as well as the loss of nutrients (K, N
and P). However, the negative impact of sulphidic mine waste and tailings on the en-
vironment can be significantly reduced in the cases where appropriate reclamation and
phytoremediation is applied. Solutions infiltrating through the topsoils of tailings are
enriched with chemically active ions such as SO,*, Zn**, Pb**, Fe**, Cd**, TI* and Cu®*
which affect plant roots, symbiotic fungi and microorganisms. In conditions of high
stress on metals the plants [3] and symbiotic mycorrhizal colonization [4] initiate their
biological immune defences which can reduce the transfer of toxic heavy metals into the
root system of plants. The reaction between biotic excretion of roots and fungi and a so-
lution rich with metal ions results in the crystallization of the secondary metalliferous
phases [5, 6]. Up to now these phases have been slightly recognized because of difficul-
ties in their identification. As it turns out the best possibilities for their study appear on
flotation tailings sites settled by plants and other living organisms. Scanning methods
such as BSE and EDS can be used for an examination of the secondary phases formed
on a root’s rhizoderm [7] to identify the metalliferous phases.

The authors’ achievements to date show that bacterial strains of species such as
Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans isolated from tailings
sites can have an influence on the ionic concentration level of heavy metals (Fe, Zn, Pb
and Cd) in eluate solutions [8, 9]. Simultaneously these bacteria show a considerably
low resistance both to metal ions considered to be toxic, Cu**, Cd** and Ag* [10] and to
residues of flotation reagents on tailings sites [11]. That is why their metabolic activity
is reduced.

The chemical change, mainly Acid Waste Drainage (AWD) [5, 6], limits the plant veg-
etation and the development of biotic components. Submicroscopic mineral phases can
be formed as a result of the interaction of metalliferous solutions with excretion of roots
and fungi or bacteria metabolism products. Products of the chemical change of unstable
metalliferous mineral components taken from tailings can be recognized in the BSE im-
ages [7].Their identification can prove that the organic ligands participate actively in the
migration of metal ions. The primary aim of this study was to analyse the impact of met-
alliferous minerals occurring on Zn-Pb ore waste sites on the biotic components of rhizo-
sphere zones and on microorganisms settled on the surface of flotation tailings ponds.

Material and methods

Samples used for study were taken from the scarp and top soils of flotation tailings
ponds of ZGH Boleslaw SA located 2 km to the west of Olkusz in May, 2006. The min-
eralogical composition of tailings was determined using the X-ray diffraction method
(XRD) with a 3710 PW Philips X-ray-diffractometer with gas monochromator. Scan-
ning research (SEM) was done using a 30 XL Philips microscope with EDAX analyser
and also an S-3400N Hitachi microscope. Accelerating voltage of 15 or 25 kV and the
low vacuous mode were applied. XRD and SEM analyses were done in the labora-
tory at the Faculty of Earth Sciences (University of Silesia) and in the laboratory at
Faculty of Materials Engineering and Metallurgy (Silesian University of Technology).
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Chemical analyses of heavy metal contents were determined using the atomic absorp-
tion spektrometry (AAS) with an M6 SOLAAR spectrometer in the BOL-THERM SA
laboratory in Bukowno.

Results and discussion

Mineralogical and chemical composition of flotation tailings

The mineral composition of tailings formed in zinc-lead ore processing is similar to primary
ores. X-ray identification (XRD) of the mineral components in the investigated tailings reveals
the presence of minerals such as dolomite CaMg(CO,),, ankerite Ca(Fe,Mg,Mn)(CO,),, calcite
CaCO,, quartz SiO,, illite and montmorillonite (Na,Ca),;(Al,Mg),Si,0,(OH), - n(H,0),
sphalerite o(Zn,Fe)S, galena PbS, marcasite FeS,, pyrite FeS,, smithsonite ZnCO,,
cerussite PbCO;, monheimite (Zn,Fe)CO,, gypsum CaSO, - 2H,0, goethite aFeO(OH),
barite BaSO, and Fe sulphates eg, FeSO, - nH,0.

Table 1 shows the chemical analyses. It can be seen that the topsoils of tailings
which can be found in the parts of the pond with the earliest deposits are characterised
by high contents of Fe, Zn, Pb in comparison with those where deposition occurred lat-
er which showed considerably lower contents of the metals mentioned above. The pre-
dominant parts of Fe and Zn are bound in unstable sulphide phases, whereas Pb occurs
in the secondary carbonate phases, which is proved by the great participation of Pb,,
(Table 1) — all this confirms the results of previous studies [2, 7]. The large concentra-
tion of alkaline components in the investigated tailings results in the stabilisation of
metals in slightly insoluble carbonate phases. A high content of sulphur bound mainly
in marcasite and pyrite can have a significant impact on the chemical mechanism of
flotation tailings. The contents of sulphate compounds in tailings occurring in the old-
est part of the waste dump is significantly higher and this can result in the chemical or
biochemical weathering of minerals. Within an early period of waste disposal the flota-
tion reagents, supporting selective flotation, have a certain influence on the chemical
mechanism of tailings.

Table 1
Chemical composition [%] of waste samples taken from topsoils of tailings ponds
Symbol

ofysample Zn 2 Pb Pbyyo Fe Fepeo FeS, S
A-1% 2.98 0.83 1.32 0.94 16.10 2.35 29.60 14.70
A-2** 1.63 0.40 0.64 0.35 13.10 1.48 25.10 13.50
A-11%** 0.95 0.20 0.48 0.26 8.35 1.26 15.20 7.39

S, Sso, As Tl Sb Cu CaO MgO
A-1* 14.40 0.30 0.098 0.0083 0.0063 0.0040 18.20 8.80
A-2%* 13.30 0.23 0.085 0.0059 0.0052 0.0044 21.20 9.94
A-11%** 7.21 0.18 0.062 0.0021 0.0047 0.0021 24.50 12.30

* — the part of the tailings pond with the earliest waste deposits; ** — the part of the tailings pond
with the latest waste deposits; *** — the part of the tailings pond with the mixed waste deposits.
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Transformation of mineral composition in rhizosphere zones

Fine-grained mineral components of tailings characterised by the great participation
of metalliferous minerals occur in the rhizosphere of root plants (Fig. 1a—f). The bio-
logical activity of roots favours the formation of polymineral aggregates on their sur-
face. The aggregates consist of carbonates, clay minerals, Fe oxides, sulphides, Zn, Pb
and Fe carbonates and sulphates (Fig. 1a). Zn and Pb, Fe sulphides undergo a second-
ary chemical change in subsurface layers, and as a result of oxidation SO,* ions are
released and then they are stabilised in calcium sulphate. Gypsum CaSO, - 2H,0 and
bassanite CaSO, - 0.5 H,O crystallize in masses on polymineral aggregations (Fig. 1b)
and Fe sulphides. Fe, Pb and Mg sulphates can also be identified. The oxidation and
dissolution processes have an influence on the morphology of metalliferous mineral
grains which show traces of erosion, leaching and recrystallization (Fig. 1b, d, f). These
features imply that they become the source of heavy metal ions and sulphate ions. In
the waste sites where tailings are enriched with Fe sulphides AWD can be developed.
As a result of this, the secondary sulphates, seldom Fe oxides and hydroxides, crystal-
lize on plant roots, the hyphae of fungi and other organic elements. The development of
these processes on a mass scale reduces the ability of plant vegetation to occur.

Effect of metalliferous sulphide minerals on microorganisms

Metalliferous sulphide minerals become the natural habitat for chemolithoautotrophic
bacteria which are characterised by the ability to oxidize iron (II) compounds such as
Acidithiobacillus ferrooxidans and other genera eg, Leptospirillum or Sulfolobus and
also oxidized sulphur compounds eg, Acidithiobacillus thiooxidans or Acidithiobacillus
caldus [12]. That is why the presence of Fe, Zn, Pb and Cd sulphides occurring in flota-
tion tailings can stimulate their metabolic activity through oxidation and solubilization
of sulphides in the oxygen-rich top layer of the tailings pond. Bioleaching processes
take place where there is a contact between microorganisms adhesion and the surface of
the mineral in the exopolimer layer. In Figure 1c the bacterial active cells of Bl = WB1
strain belonging to the Acidithiobacillus thiooxidans species are presented. These cells
adhere to the sulphur-rich grain. The bacteria were isolated from flotation tailings (A1).

Minerals including iron and sulphur compounds are mainly subjected to bacterial
solubilization whose final products can be solutions of Fe(IIl) compounds and sulphuric
acid as well as sulphur compounds such as jarosite as well as elementary sulphur. The
oxygen-rich environment favours these processes. Figure 1 d, e, f present BSE images
of Fe sulphides (marcasite and pyrite) taken from different layers of flotation tailings
ponds (A1) characterised by the intermittant access to oxygen. In the top layer the most
intensive chemical and biological weathering of pyrite took place (Fig. 1d). In the study
area in a subsurface layer (0.3 m and 3.0 m) of the tailings pond, the biological and
chemical leaching of pyrite is reduced (Fig. le, f).

Conclusions

Scanning methods used for research into the mineral components of waste deposited
in ponds can prove that they undergo essential chemical changes when subjected to oxi-
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dation, dissolution and interaction with aggressive solutions which are generated by the
biotic components of the flotation tailings.

a Ca,Mg carbonate ; - Ca sulphate
o Aluminosilicate Aa
N :

Diatomeae

i Zn sulphide

Fe oxide
with Zn & Pb

Ca,Mg carbonate

*50.00 un

Fig. 1 BSE images of Zn-Pb flotation waste. a — Roots vegetated in the top layer of tailings ponds,
b — sulphide aggregates from the top layers of tailings ponds, ¢ — bacterial cells, Bl = WBI strain Aci-
dithiobacillus thiooxidans isolated from flotation tailings — Al surface layer, d — corroded Fe sulphide
crystal, — the place of isolated active sulphide and ferric bacteria, top layers of tailings ponds Al, e —
Fe sulphide crystal from 0-0.3 m layers Al, f — surface of Fe sulphide subjected to bacterial medium
stimulating metabolic activity of Acidithiobacillus ferrooxidans bacteria.

The morphological features of marcasite, pyrite, sphalerite and galena show that in
topsoils of a tailings pond the development of the leaching process enriching the solu-
tions with active ions of metals and sulphates occurs.
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The development of the secondary mineralization that occurred on plant roots has an
influence on the conditions of plant vegetation, microorganisms and fungi. Moreover,
it reduces the spontaneous succession of plants and can hinder phytoremediation in sul-
phide-rich tailings ponds.

The ability to develop autochthonous sulphur bacteria and ferric bacteria diminishes
as the quantity of oxide in flotation tailings ponds decreases. The intensive biological
weathering processes of sulphide minerals take place mainly in the topsoils of tailings
ponds.
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WPLYW MINERALOW METALONOSNYCH NA BIOTYCZNE SKEADNIKI
WIERZCHNICH WARSTW SKEADOWISK ODPADOW Z FLOTACJI RUD ZYNKU I OLOWIU

Wydziat Nauk o Ziemi, Uniwersytet Slaski
Wydziat Inzynierii Materiatowej i Metalurgii, Politechnika Slaska

Abstrakt: Autorzy za pomoca metod elektronowej mikroskopii skaningowej (SEM), mikroanaliz (EDS) oraz
analiz chemicznych (AAS) badali sktadniki mineralne wierzchnich warstw odpadoéw zdeponowanych na skta-
dowiskach poflotacyjnych rud Zn-Pb. Szczegolng uwagg zwrdcono na wtorne, metalonosne fazy mineralne
powstale w strefach ryzosferowych, na powierzchni korzeni roslin oraz na wptyw autochtonicznych bakterii
siarkowych i zelazowych na chemizm odpadow. Przeprowadzone badania sa przydatne dla poznania (bio)che-
micznych przemian odpadéw poflotacyjnych, ktore maja duze znaczenie dla wegetacji roslin, grzyboéw i mi-
kroorganizméw. Sa one wazne dla prawidlowego projektowania zabiegdw rekultywacyjnych i fitostabilizacji
sktadowisk.

Stowa kluczowe: Odpady z flotacji rud Zn-Pb, sktadowiska odpadoéw, wtorne przemiany sktadu mineralne-
g0, autochtoniczne bakterie
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Abstrac: The researches of the four chosen grass habitats influenced by the anthropopressure of different
levels were carried out in autumn (three in the center and one on the west outskirts of Krakow). The goal
was to define the accumulation of Cd, Pb, Ni, Cu, Zn, Fe, and Mg in the soils of chosen areas as well as
moisture, pH and temperature of the soil. The results were analyzed with regards to density and diversity of
mesofauna with particular regard to Diptera larvae. The soils differentiate clearly in terms of the concentra-
tion of the analyzed metals. In one of the habitats in the center of Krakow where the lowest density and
differentiation of both mesofauna and Diptera larvae were recorded, the highest concentration values of Cd,
Pb, Ni, Zn, Fe and Cu were found. The research show that Cd in concentration more than three times higher
on this habitat than on the others, has the biggest influence on the mesofauna number. Whereas the influence
of the fact that the temperature of the soils, pH and moisture differ slightly was not detected on the density
and the diversity of the mesofauna.

Keywords: soil mesofauna, soil Diptera larvae, abundance, diversity, metals

The anthropogenic processes such as: different branches of industry, transport, pub-
lic utilities, fertilization and the use of pesticides are the main cause of the growth of
toxic influence of many metals on the environment. The heavy metals deriving from
these processes disperse in the environment and pollute air, water, soil and organisms.
The soil pollution is considered to be the indicator of environment quality, besides, the
ecological effects caused by heavy metals that pollute the soil depend not only on their
quantity but also on their chemical forms, their solubility, the content of organic C and

! Department of Ecology, Wildlife Research and Ecotourism, Institute of Biology, Pedagogical University
of Krakow, ul. Podbrzezie 3, 31-084 Krakow, Poland, email: chrzan@ap.krakow.pl, mmw(@ap.krakow.pl

2 Department of Zoology, Institute of Biology, Pedagogical University of Krakow, ul. Podbrzezie 3, 31-084
Krakow, Poland, email: tlaciak@ap.krakow.pl



730 Anna Chrzan at al

sorption qualities of the soil [1]. In the soils with a big content of organic matter and
reaction close to neutral the metals are effectively bind and their concentration even
with relatively small inflow can rise quickly. Although, when bound, heavy metals are
relatively not very harmful and reveal their toxicity at the moment they become soluble
forms. At low pH heavy metals are readily soluble and that are easily freed from sorp-
tion complex [2, 3]. The presence of above standard concentrations of heavy metals in
organisms cause negative mutagenic, carcinogenic, teratogenic effects [3, 4] that pre-
vent them from normal functioning. Cd, Pb, Cr, Zn, Fe and Ni are the elements with
high degree of potential danger to the environment [5].

The aim of the research was detection of relations between the number of metal
forms (Cd, Pb, Ni, Cu, Zn, Fe and Mg) and quantity and quality of mesofauna with par-
ticular regard to Diptera larvae in the soils of grass habitats in different places around
Krakow.

Materials and methods

For the purpose of the evaluation of the soil contamination with heavy metals and its
influence on pedofauna of four sites (three areas situated in Krakow — Srodmiescie and
one on the west outskirts) were chosen:

1. the lawn situated near the Vistula river at Podgoérska Street;

2. the lawn near route next to Pitsudski bridge;

3. the tree-surrounded lawn in Bednarski Park;

4. the lawn next to the forest in Krakow-Tyniec at Jurandowny Street.

The set of samples was taken on the selected localities in autumn 2007 with the use
of the soil cylinder with 10 cm in diameter. The soil cylinder was thrust into the soil to
the depth of 10 cm. Each series consisted of 25 samples in the area of around 1 m?.

Mesofauna was caught by employing the dynamic method width the modified Tull-
gren apparatus. After marking the selected mesofauna its density and diversity were
analysed. Soil moisture and its pH, its temperature as well as the content of Cd, Pb, Ni,
Cu, Zn, Fe and Mg were determined.

Dry samples of the soil (2.5 g) were mineralized. For this purpose 20 ml of 65 %
HNO, was poured over heated to the temperature of 120 °C and left for 4 hours. The
filtered liquid was poured into measuring flasks and filled with distilled water to the
volume of 25 cm’. In the solutions prepared in this way the content of heavy metals
was determined by atomic absorption spectrometer (AAS - Cole-Parmer, BUCK 200A).

The correlation coefficient between heavy metal contents in soil and number of Dip-
tera larvae were calculated with linear type of regression.

Results and discussion

Despite of some differences in pH, the analyzed soils had slightly alkaline reaction
[6]. The small differences in moisture and temperature of the soils had not actual influ-
ence on the density and diversity of the mesofauna (Table 1, 3).
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Table 1
Comparison of selected parameters of the soils in the selected localities in Krakow
Selected parameters Locality 1 Locality 2 Locality 3 Locality 4
Soil moisture [%] 14.06 17.26 14.28 13.99
Soil pH [-] 6.59 7.07 7.44 7.23
Area temperature [°C] 223 19.9 18.6 14.0
Soil temperature [°C] 17.7 18.0 13.7 11.0

The interpretation of the results in terms of the soil pollution degree might be dif-
ficult, because there are no norms concerning pollution of the soils of grass habitats by
heavy metals. The norms used for cultivated soils are based on the total content of met-
als [2, 7]. As the research shows, the total quantity of Cd, Pb, Ni, Zn and Fe on position
no. 2 was characteristic for polluted cultivated soils (Table 2). This result indicates that
there is an influence of distance from industry, routes, forested or tree-covered areas on
location of the places with high heavy metals concentration in the soils.

Table 2
Contents of heavy metals in the soils of the selected localities in Krakow [mg/kg]
Metal Locality 1 Locality 2 Locality 3 Locality 4
Cd 2.051 7.254 2.147 0.944
Pb 197.26 215.923 54.13 46.881
Ni 20.549 25.515 16.18 8.214
Cu 34.08 83.442 15.5 3.418
Zn 10.118 24.192 8.13 3.335
Fe 506.284 747.836 427.73 207.407
Mg 4212.276 3053.807 1359.70 502.575

Locality 1 — the lawn situated near the Vistula river at Podgorska street; locality 2 — the lawn near
route next to Pilsudski bridge; locality 3 — the tree surrounded lawn in Bednarski Park; locality 4 —
the lawn next to the forest in Krakow-Tyniec at Jurandowny Street.

As the results concerning mesofauna and Diptera larvae indicate, quantity of met-
als analyzed influences concentration of this pedofauna group. On no. 2 site, where the
highest concentration of all analyzed metals, apart from Mg, was found, the lowest den-
sity of mesofauna and Dipfera larvae was determined (Table 3).

Table 3
Comparison of mesofauna in the soils of the selected localities in Krakow

Selected parameters Locality 1 Locality 2 Locality 3 Locality 4
Abundance of pedofauna 8600 5100 6235 6389
[sp.no.per m?]

Abundance of larvae Diptera 725 275 1100 1125
[sp.no.per m?]

Diversity (number of taxonomic groups) 17 13 15 18
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The analysis of the results show that the influence of the analyzed elements presen-
ted in the soil on Diptera larvae density is significant (Table 4).

Table 4

The correlation coefficient between heavy metals contents in soil and number of Diptera larvae R?

Metal Cd Pb Ni Zn Fe Mg Cu
R? 0.8368 0.8513 0.8012 0.9097 0.8553 0.9066 0.9686
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WPLYW WYBRANYCH METALI NA MEZOFAUNE GLEBOWA SIEDLISK TRAWIASTYCH
W ROZNYCH MIEJSCACH NA TERENIE KRAKOWA

Zaktad Ekologii, Badan Lowieckich i Ekoturystyuki, Instytut Biologii,
Uniwersytet Pedagogiczny w Krakowie
Zaktad Zoologii Krggowcow, Instytut Biologii, Uniwersytet Pedagogiczny w Krakowie

Abstrakt: Badania przeprowadzono w okresie jesiennym na czterech wybranych stanowiskach trawiastych
(trzy w centrum i jedno na zachodnich obrzezach Krakowa) bgdacych pod wptywem roéznego stopnia antro-
popresji.

Okreslono akumulacjg pierwiastkow: Cd, Pb, Ni, Cu, Zn, Fe i Mg w glebach stanowisk, a takze ich wil-
gotnos$¢, odczyn oraz temperaturg. Otrzymane wyniki opracowano w odniesieniu do zaggszczenia i zrézni-
cowania mezofauny, ze szczegblnym uwzglednieniem larw muchéwek Diptera. Gleby stanowisk zasadniczo
roznity sig koncentracja badanych metali. Na jednym ze stanowisk w centrum Krakowa, gdzie stwierdzono
najmniejsze zaggszczenie i zréznicowanie mezofauny, w tym réwniez najmniejsze zaggszczenie i roznorod-
nos¢ larw Diptera odnotowano najwigksza zawartos¢ Cd, Pb, Ni, Zn, Fe i Cu. Z badan wynika, ze najwigkszy
wplyw na liczebno$¢ mezofauny ma kadm, ktérego koncentracja jest na ww. stanowisku ponad trzykrotnie
wigksza niz na pozostatych. Nie stwierdzono natomiast wptywu niewielkich réznic w temperaturze gleb, war-
tosci pH, a takze wilgotnosci na zaggszczenie i zréznicowanie mezofauny.

Stowa kluczowe: mezofauna glebowa, larwy Diptera, zaggszczenie, roznorodnosc¢, metale
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OCCURRENCE AND HARMFULNESS OF FUNGAL DISEASES
ON ROSE BUSHES CULTIVATED IN KRAKOW
PART II. BLACK SPOT (Diplocarpon rosae) INFECTION

WYSTEPOWANIE I SZKODLIWOSC CHOROB GRZYBOWYCH
NA KRZEWACH ROZ UPRAWIANYCH NA TERENIE KRAKOWA
CZ. I PORAZENIE PRZEZ CZARNA PLAMISTOSC (Diplocarpon rosae)

Abstract: The aim of the paper was to determine the occurrence of black spot on rose bushes growing in
convent gardens and in a Krakow park. The research was conducted in 2002-2004. In the selected points
black spot posed the gravest hazard in 2002. In all years of the research rose in the Carmelite convent garden
and in Polish Aviators’ Park were most strongly infected by Diplocarpon rosae. The diseases were the least
intensified in the St. Bernard monastery garden and in Cistercians’ garden, except the year 2002.

Keywords: roses, rose black spot, city green areas, air pollution

Krakow is one of large European cities with the worst air quality [1]. The main ele-
ment of the urban landscape, which also alleviates the effects of pollution are urban
green areas. Green areas are capable of capturing a considerable part of gaseous and
dust pollutants from the air [2]. Plants respond to air pollution by their shoot injuries
and growth inhibition and even by die-back [3]. Pollutants may also affect the interac-
tions between host plants and pathogens. These substances may directly influence the
growth and development of mycelium, and spore germination, but also fungal patho-
genicity. Pollutant compounds originating from the atmosphere may affect pathogens
directly or indirectly through a change of host plant susceptibility [4].

In compliance with the act of 16th April 2004 [5] the aim of environmental protec-
tion is among others protection of city green areas involving maintenance, sustainable
use and restoration of green resources and elements. Green areas in cities fulfil aes-
thetic, recreational, health and protective functions. Green areas on the estates included
in the historic monument register are particularly important. In Krakow such places in-
clude eg convent gardens.

! Department of Agricultural Environment Protection, University of Agriculture in Krakow, al. A. Mickie-
wicza 21, 31-120 Krakéw, Poland, email: rrdluzni@cyf-kr.edu.pl
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Rose black spot caused by Diplocarpon rosae Wolf fungus is a common and dan-
gerous rose disease, which generally causes considerable losses on plantations. Rec-
ommendations on its control prove little efficacious in practice. As a result numerous
rose bushes lose leaves already in midsummer. Infection by D. rosae greatly diminishes
decorative qualities of the plants [6-9].

The present study aimed to determine the occurrence of black spot on rose beds situ-
ated in convent gardens and a park in Krakow.

Material and methods

The research was conducted in 2002-2004 on rose beds in four convent gardens of the
following orders: Carmelite Sisters (40, Lobzowska str.), Felician Sisters (6, Smolensk
str.), St. Bernard’s order (2, Bernardynska str.), Cistercians’ order (11, Klasztorna str.)
and in Polish Aviators’ Park (John Paul II Av.). Only the first three gardens are located
in the very centre of Krakow, whereas Cistercians’ garden and Polish Aviators’ Park are
locates in the eastern part of the city in a sparsely build-up area.

The research methods were presented in the paper by Diuzniewska and Nadolnik [9].

Results

The weather conditions during the period when the research was conducted were
presented in the paper by Dluzniewska and Nadolnik [9]. The lowest average tempera-
ture in the period from May to August was registered in 2004. Also considerable dif-
ferences in precipitation amounts were observed in the respective years of the research.
In 2002 the highest rainfall was noted in July when also excessive humidity occurred.
Superfluous rainfall was also noticed in October of the same year. The year 2003 was
characterized by the most unfavourable precipitation distribution. Excessive humidity
was noted in May and July, whereas in June, August and September too little humidity
was registered. In the third year of the research the dependencies between the precipita-
tion amount and the temperature were favourable and the humidity was optimal for the
entire vegetation season, except September.

Data on air pollution were provided by the Department of Environment Monitor-
ing and Automatic Air Analyses Laboratory in Krakow (Table 1) [10]. The results from
the Main Square station referred to the convent gardens of Carmelite Sisters, Felician
Sisters and St. Bernard’s order. Polish Aviators’ Park and Cistercians’ garden are lo-
cated within the Nowa Huta station range. The measuring stations did not register all
selected pollutants over the investigated period. No data were available from August
to October 2004 because of modernization of monitoring network, communication and
data processing systems. SO, concentration was similar at both measuring points. In
the years 2002 and 2003 the suspended particulate matter, NO and NO, concentrations
were higher in Nowa Huta. The admissible level for airborne substance — 40 pg - m™
was exceeded. In 2002 the norm was exceeded four times, in 2003 three times and once
in 2004. At the Main Square the exceeded values for suspended particulate matter were
observed in April 2002 and 2003.
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Table 1.
Air pollution during the research period in 2002—2004 annual average [11]
Month SO, [ng/m’] PM [pg/m’] NO [ug/m’] NO, [ug/m’]
2002 | 2003 | 2004 | 2002 [ 2003 | 2004 | 2002 | 2003 [ 2004 | 2002 | 2003 | 2004
Main Square measuring station
April 13 14 11 48 45 - - 4 - - 28 -
May 9 10 6 37 36 - - 4 - - 23 -
June 8 8 6 32 32 — — 4 — - 24 -
July 9 7 6 32 28 — — 4 — - 22 -
August 7 7 - 39 32 - - 5 - - 26 -
Sept. 7 9 - 36 39 - 8 14 - 22 32 -
Oct. 11 14 - 38 38 - 22 17 - 30 32 -
Nowa Huta measuring station

April 11 14 - 55 51 55 10 8 11 32 30 30
May 8 7 - 37 40 28 8 8 8 25 28 24
June 9 - 28 34 32 9 9 9 24 30 29
July 10 7 - 39 30 33 11 12 24 27 28
August 9 - 59 39 — 10 11 — 25 31 -
Sept. 9 - 63 54 — 12 25 — 26 34 -
Oct. 10 11 - 55 42 - 34 24 - 29 29 -

In 2002 black spot symptoms were noticed by the end of May on all investigated
sites except the Carmelite Sisters’ garden (Table 2). The disease was exacerbating signi-
ficantly at subsequent dates. In mid-August the infection index by D. rosae increased
rapidly. In Polish Aviators’ Park this index reached 100 %. By the end of August 100 %
of infected plants were observed in Carmelite Sisters’ and Cistercians’ gardens and in
Polish Aviators’ Park. The plants were rapidly loosing leaves. Such fast development
of the disease might have been caused by too much precipitation in July and resulting
excessive humidity. Significantly smallest infection was observed in St. Bernard’s mo-
nastery garden.

Table 2

Dynamics of rose infection by Diplocarpon rosae in 2002

Date Infection index [%] in respective observation points
of observation Carmelite Felicjan St. Bernard’s Cistercian Polish Aviators’

2002 Sisters Sisters monastery monastery Park
31.05 00a 11.7 a— 7.7 a— 13.3 a—f 8.3 a—d
14.06 57b 20.0 b-g 21.0 c-g 24.3 e—i 15.0 b-f
30.06 10.0 a—e 35.7 h—% 21.0 c-g 39.7 j-m 35.7 n%k
15.07 24.3 e—i 43.0 k—o 22.7 d-h 55.7 n—g 50.0 Ip
30.07 37.7 - 52.0 m—p 27.7 5 55.7 n—g 56.7 0—q
14.08 71.3r 66.3 g 32.7 gk 63.3 p—r 100.0 s
28.08 100.0 s 723r 423 k-h 100.0 s 100.0 s
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In 2003 the disease symptoms occurred later than in the first year of the research
(Table 3). In Carmelite Sisters’ garden and in Polish Aviators’ Park rose leaves with
black spots were noticed at the beginning of June. On the other hand in the gardens of
St. Bernard’s and Cistercians’ monastery the disease symptoms appeared only in the
first decade of July. Later in the vegetation season black spot infection of roses was
increasing significantly. By the end of September bushes growing in the Carmelite Si-
sters’ garden were apparently the most heavily infected by the pathogen. The plant in-
fection index exceeded 83 %. Very strong infection was also noted in Polish Aviators’
Park, where the index reached the level of about 77 %. Notably healthiest roses were
cultivated in St. Bernard’s and Cistercians’ monastery gardens.

Dynamics of rose infection by Diplocarpon rosae in 2003

Table 3

Date Infection index [%] in respective observation points
of observation Carmelite Felicjan St. Bernard’s Cistercian Polish Aviators’
2003 Sisters Sisters monastery monastery Park
6.06 21.7 ef 3.3 ab 0.0 a 0.0a 11.7 ¢
20.06 29.2 gh 20.0 de 0.0a 0.0a 36.7 ik
9.07 4331 254 fg 58b 2.8 ab 4221
20.07 542 m 30.0h 246 f 16.9d 51.7m
15.08 60.4 n 36.2 ij 324 hi 30.0 h 553 m
30.08 68.3 op 4331 312h 33.9 hj 66.9 o
15.09 79.6 q 50.9 m 36.2 ij 37.5 jk 71.7p
30.09 83.3r 554 m 40.8 k1 4201 773 q

In 2004 black spot symptoms were visible at the beginning of June (Table 4). The di-
sease was developing gradually in subsequent months. At the beginning of October si-
gnificantly most serious infection by black spots was observed in the Carmelite Sisters’
garden and in Polish Aviator’s Park.

Dynamics of rose infection by Diplocarpon rosae in 2004

Table 4

Date Infection index [%] in respective observation points
of observation Carmelite Felicjan St. Bernard’s Cistercian Polish Aviators’
2004 Sisters Sisters monastery monastery Park
11.06 22.5c-¢g 133 ad 4.2 ab 09a 4.2 ab
27.06 17.5 b—e 22.5c-g 23.3 o—f 10.9 a— 28.3 c—¢g
14.07 29.2 dj 30.9 ej 25.9 c—f 225¢c¢g 30.0 c-h
4.08 35.0 £ 42.5 ik 29.2 d-h 27.5 c—f 30.5d
28.08 35.5 43.0 i-k 30.5 d+ 27.0 c—f 35.6 £
18.09 37.5 gk 45.0 jk 37.5 i 27.5 d-i 40.5 gk
1.10 62.51 52.5 k-1 42.5 ik 30.0 e 64.51
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Discussion

The research confirmed that black spots belong to the most serious rose diseases.
The pathogen considerably diminishes the plant decorative qualities and causes prema-
ture defoliation of bushes [7, 12]. On the analyzed sites, black spots posed the gravest
hazard in 2002. In all investigated years roses were the most seriously infected by D.
rosae in Carmelite Sisters’ convent garden and in Polish Aviators’ Park. On the con-
trary, the disease was the least exacerbated in St. Bernard’s monastery garden and in
Cistercians’ garden, except the year 2002.

D. rosae infestation is visible as black round or irregular spots with frayed edges.
The tissue around the spots is yellowing and the leaves fall prematurely. The leaves
from the lower part of bushes fall first, then those from the upper part. Bushes are less
frost resistant, have less vitality and die faster. Weakened plants are easily infested by
other fungi pathogens and pests [7, 8, 11].

Development of the disease is connected with atmospheric conditions. Wet weather
during summer favours infection. Germination of D. rosae spores, therefore rose infec-
tion by black spots occurs when the leaves are moistened for 9—18 hours [3, 13—14].

Infection may be also affected by pollutants originating from the atmosphere, which
in host plants lead to changes, such as a change of wettability and chemical composi-
tion of the surface and a change of leaf secretion products [4].

Air pollution may also influence plant-pathogen-endophyte interactions through
a change of the species composition of endophyte communities, which may be antago-
nistic to pathogenic fungi [15]. Yeast, which is an antagonist of leaf pathogens is par-
ticularly sensitive to SO,. It was noticed that at low concentrations of SO, (< 50 ppb)
yeast Sporobolomyces roseus and Cryptococcus laurentii reduced Alternaria brassicae
infection in the cruciferous. On the other hand at SO, concentration over 100 ppb an
apparently increased plant infection was registered. The results of the experiment show
that high concentrations of SO, reduce the activity of saprophytic yeast, which favours
plant pathogen infections [4].

Nadolnik [2] observed that lesions on rose leaves caused by black spot were less
intensified on bushes growing on the site with high traffic density. D. rosae fungus is
counted among species sensitive to high pollutant concentrations [16].

The effect of air pollution on plant pathogenic fungi depends on many factors, such
as: concentration, amplitude of daily seasonal concentrations, time of activity composi-
tion of vegetation cover and degree of its injury by phytotoxic components of pollu-
tion, land topography, climatic conditions, soil and habitat quality and sensitivity of the
pathogens themselves [16].

Monitoring of the healthiness of plants cultivated in urban green areas is useful for
making decisions concerning cultivation measures to maintain plants in good condition.
Damage due to improper care of green areas may result in a penalty imposed by the
president of the city [17].
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WYSTEPOWANIE 1 SZKODLIWOSC CHOROB GRZYBOWYCH NA KRZEWACH ROZ

UPRAWIANYCH NA TERENIE KRAKOWA
CZ. 11 PORAZENIE PRZEZ CZARNA PLAMISTOSC (Diplocarpon rosae)

Katedra Ochrony Srodowiska Rolniczego, Uniwersytet Rolniczy w Krakowie

Abstrakt: Celem pracy bylo okreslenie wystgpowania czarnej plamistosci na skwerach rézanych potozonych
w trzech ogrodach przyklasztornych i jednym parku Krakowa. Badania prowadzono w latach 2002-2004.
W wybranych punktach najwigksze zagrozenie czarna plamisto$¢ stanowita w 2002 r. We wszystkich latach
badan najbardziej opanowane przez D. rosae byly rd6ze w ogrodzie Karmelitanek i Parku Lotnikow Polskich.
Natomiast w najmniejszym nasileniu choroby obserwowano w ogrodach Bernardynéw i z wyjatkiem 2002 r.
u Cystersow.

Stowa kluczowe: roze, czarna plamisto$¢, zielen miejska, zanieczyszczenie powietrza
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EFFECT OF COPPER AND TEMPERATURE
ON THE GROWTH AND CHLOROPHYLL CONTENT
OF SCENTLESS MAYWEED (Tripleurospermum indorum (L.)
SCHULTZ-BIP.) ORIGINATED FROM VICINITY
OF GLOGOW COPPER SMELTER

WPLYW MIEDZI I TEMPERATURY NA WZROST I ZAWARTOSC
CHLOROFILU U MARUNY BEZWONNEJ (Tripleurospermum indorum (L.)
SCHULTZ-BIP.) POCHODZACEJ Z OKOLICY HUTY MIEDZI
,GLOGOW?”

Abstract: Scentless mayweed (7. indorum (L.) Schultz-Bip., Asteraceae), as the dominant weed in winter
cereals, on account of producing big biomass makes dangerous concreation for the crops cultivated in the
vicinity of GLOGOW Copper Foundry (GCF) situated in the Silesia region. The aim of this study was to
compare the influence of increasing doses of copper in two temperature ranges on the growth and chlorophyll
content among biotypes of scentless mayweed coming from the vicinty of GCF and Wielkopolska province.
The experiments were conducted in greenhouse conditions in two temperature ranges: 40/10 °C and 25/5 °C
(day/night). The seedlings of T. indorum were grown in pots filled with the soil including different doses of
copper (CuSO, - 5H,0): 0, 50, 100, 200, 400, 600 and 800 mg Cu/kg of dry soil. The higher doses of copper
inhibited the shoot growth and decreased leaf chlorophyll content. The reduction rate of both parameters was
considerably slower in lower temperatures.

Keywords: Chlorophyll, copper, plant growth, industrial pollution, Tripleurospermum indorum

In the Lower Silesia province of Poland, agricultural areas situated in the vicinity of
GLOGOW Copper Foundry (GCF) have been polluted by heavy metals included in the
dust emitted into the atmosphere. Within the last ten years, thanks to intensive modern-
izing activities by GCF, the condition of agricultural environment got radically better.
At present, increased contents — mainly of copper and lead — are detected in cultivated
fields situated in the nearest vicinity of the copper foundry [1]. The results of the latest

! Department of Ecology and Protection of Agricultural Environment, Institute of Plant Protection-National
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investigations showed that over 80 % of total concentration of Cu in a soil arable layer
is bound in the fraction hardly available to plants [2].

In the region of GCF 60-70 % of cultivated crops are cereals. Scentless mayweed, as
the dominant dicotyledonous weed in winter cereals, on account of producing big bio-
mass, makes dangerous competition for these crops. In agricultural environment weeds
and crops are often exposed to the co-occurrence of different abiotic stresses such as heat,
drought, cold, salt, high light, mechanical injuries or abundance of heavy metals [3].

The aim of this study was to compare the influence of increasing doses of copper in
two temperature ranges on the growth and chlorophyll content among biotypes of scent-
less mayweed coming from the vicinity of GCF and the Wielkopolska province.

Material and methods

Seeds of T. indorum (L.) Schultz-Bip., Asteraceae were collected from two cultivat-
ed fields (marked as G-1 and G-2) in the vicinity of GCF in the Lower Silesia province.
Comparative seeds were collected from the fields in Skokoéw (Sw) in Wielkopolska
province (about 120 km far from Glogow). The level of copper content in soils from
which seeds were collected amounted to 223, 88 and 28 mg/kg of dry matter of soil re-
spectively for localizations G-1, G-2 and Sw. Polish standard concentration of copper in
soil — according to the law: Journal of Laws, No. 165 Item 1359 — amount to 150 mg/kg
of dry matter of soil.

Seedlings obtained from seeds collected near Glogow (G-1, G-2) and near Poznan
(Sw) were grown in greenhouse conditions. Plants were grown in pots filled with mix
of compost soil and sand (2 : 1) including different doses of copper (as CuSO, - 5H,0):
0, 50, 100, 200, 400, 600 and 800 mg Cu/kg of dry soil. In such prepared soils pH
in 1M KCI ranged from 7.02 to 6.71 according to the dose of copper. Four pots per
treatment were used, with 5 seedlings in each pot. Each experimental combination was
made in two replications. After four weeks, the aboveground parts (shoots) of plants
were cut and the fresh weight [in g] of 5 shoots per pot was estimated. Presented results
are the average of eight measurements for each combination of copper level.

Experiments were conducted in two terms: in summer — with the temperature ranges
0f 40/10 °C (day/night) and in autumn with temperature 25/5 °C (day/night).

Chlorophyll content was determined in 80 % acetone extract, using spectrophotom-
eter measuring the absorbeance at A = 645 and 663 nm (UV/VIS Helios alfa, UNICAM,
Great Britain). Chlorophyll a + b were calculated according to Arnon method [4]. Re-
sults are presented as arithmetical average from two series in which two parallel anal-
yses were made. Statistical evaluation has been made using the analysis of variance,
ANOVA test.

Results and discussion

Both shoot growth and chlorophyll content in leaves of the plants from Glogow and
Skokow locations changed according to the amount of Cu content in the soil and tem-
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perature. In all experiments copper at sublethal concentrations (600 and 800 mg Cu*'/kg
of dry soil) reduced shoot growth as well as chlorophyll content, but these reduction
rates were considerably slower at lower temperatures (Table 1 and 2). At temperatures
40/10 °C and 25/5 °C, the fresh biomass of three weed populations increased in the
range of supplied copper 0200 mg Cu*'/kg of dry soil. Additionally for population
G-2 at low temperatures fresh biomass still increased at the level of 400 mg Cu®*/kg of
dry soil. In high temperatures, reduction of chlorophyll content was observed already at
the lowest level of copper dose applied. However in low temperatures the reduction of
chlorophyll content was still observed at 600 and 800 mg Cu?*/kg of dry soil, but there
was not significant decrease.

Tablel

Fresh weight of shoots [g] of 7. indorum populations in respect of copper dose and temperature range

. Dose of copper [mg Cu/kg dry matter of soil]
Population
S 100 | 200 | 400 | 600 800

Temperature 40/10 °C (day/night)

Sw *551a 554 a 575a 58l a 540 a 4250 2.04c

G-1 5.65a 589 a 585a 599 a 549 a 4490 294 ¢

G-2 5.65a 580 a 597 a 583a 554 a 4610 273 ¢
Temperature 25/5 °C (day/night)

Sw 2.25a 227a 242 a 231a 2.07 ab 1.80 be 142 ¢

G-1 2.57a 2.58 a 2.62a 2.64 a 2.50 ab 2.43 ab 2.07b

G-2 2.44 ab 2.55 ab 275 a 2.62 ab 2.51 ab 2.28 be 198 ¢

* Values in lines marked by the same letter are not significantly different at p<0.05

Table 2

Chlorophyll a + b content [mg/g fresh mass] in leaves of 7. indorum populations in respect of copper
dose and temperature range

. Dose of copper [mg Cu/kg dry matter of soil]
Population o | 50 [ 100 [ 200 400 | 600 800

Temperature 40/10 °C (day/night)

Sw *1.88 a 1.80 ab 1.72 b 1.72 b 142 ¢ 1.16 d 0.68 ¢

G-1 1.89a 1.84 ab 1.76 be 1.69 ¢ 1.45d 1.20 e 0.87 f

G-2 1.89 a 1.84 a 1.77 ac 1.70 be 148 d 1.18 e 0.87 f
Temperature 25/5 °C (day/night)

Sw 1.63 a 1.66 a 1.71a 1.67 a 1.64 a 1.58 a 1.53a

G-1 1.77 a 1.82a 1.83a 1.81a 1.79 a 1.73 a 1.69 a

G-2 1.78 a 1.80a 1.82a 1.81a 1.79 a 1.74 a 1.68 a

* Values in lines marked by the same letter are not significantly different at p < 0.05

Although the influence of copper on the growth and the metabolism of several pho-
tosynthetic organisms has been extensively studied, little information is still available
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concerning the relationship between the growth and metabolism of plant for different
levels of copper concentrations. Many authors reported that, photosynthesis and growth
respond to the presence of different Cu** levels separately. Perales-Vela at al, found that
the growth is more sensitive to Cu?* than metabolism [5].

In agricultural environment, often several abiotic stress factors appear simultane-
ously rather than a particular stress factor. Plants’ response to a combination of two dif-
ferent abiotic stresses may be unique and cannot be directly inferred from the response
of plants to each of the different stresses applied individually. In addition, combined
different stresses might evoke conflicting or antagonistic responses. Heavy metal stress
might pose that problem to plants when combined with heat stress because enhanced
transpiration could result in enhanced uptake of heavy metals [3, 6].

There are some reports about weed species growing on naturally metalliferous sites,
near copper mines or on piles with metallic ores which developed different tolerance
strategies that protected them against copper toxicity [7-9]. Near the copper smelter
LEGNICA situated in the Lower Silesia province, among many weed species spontane-
ously migrating to the area around the emitter, copper tolerant Agropyron repens and
Convolvulus arvensis were found. Activity of this oldest smelter in Poland (with con-
stantly high emissions of fly-ash, reduced distinctly only in the nineties) theoretically
gave some weed species a sufficient period to develop tolerance [10]. The results of
presented studies in vivo showed small differences in the reaction of plant growth and
its chlorophyll content to Cu stress between populations of 7. indorum originated from
the vicinity of GCF and from the site studied in Wielkopolska province.

References

[1] Rosada J. and Urbanczyk J.: Ocena stopnia zanieczyszczenia gleb i roSlin w rejonie Huty Miedzi
., Glogow” w swietle nowych ustaw o dopuszczalnym poziomie metali cigzkich, [in] Kwas Siarkowy —
Nowe Wyzwania, (eds.) Grzesiak P., Schroeder G., Pruszynski S., IOR Poznan 2003, 245-252.

[2] Rosada J., Grzesiak J., Grzesiak P., Schroeder G., Orlicka A., Ratajczak J. and Rissmann 1.: The ap-
plication of AAS and ICP techniques for the speciation of trace metals insulated by sequential chemi-
cal extraction, [in:] Development in Production and Use of New Agrochemicals, (eds.) Gorecki H.,
Dobrzanski Z., Kafarski P.: Chemistry for Agriculture, 2005(6), 464-477.

[3] Mittler R.: Abiotic stress, the field environment and stress combination, Trends in Plant Sci. 2006, 11(1),
15-19.

[4] Amon D.J.: Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris, Plant Physi-
ol. 1949, 24, 1-15.

[5] Perales-Vela H.V., Gonzalez-Moreno S., Montes-Horcasitas C. and Cafiizares-Villanueva R.O.: Growth,
photosynthetic and respiratory responses to sub-lethal copper concentrations in Scenedesmus incrassat-
ulus (Chlorophyceae), Chemosphere, 2007, 67(11), 2274-2281.

[6] Anand P, Isar J., Saran S. and Saxena R.K.: Bioaccumulation of copper by Trichoderma viride, Biores.
Tech. 2006, 97(8), 1018-1025.

[7] Boojar M.M.A. and Goodarzi F.: The copper tolerance strategies and role of antioxidative enzymes in
three plant species grown on copper mine, Chemosphere, 2007, 67(11), 2138-2147.

[8] LiuJ., Xiong Z., Li T. and Huang H.: Bioaccumulation and ecophysiological responses to copper stress
in two populations of Rumex dentatus L. from Cu contaminated and non-contaminated sites, Environ.
Exp. Bot. 2004, 52(1), 43-51.

[91 Masarovicova E. and Holubova M.: Effect of copper on growth and chlorophyll content of some herbs,
Rostlinna Vyroba, 1998, 44(6), 261-265.

[10] Brej T.: Heavy metal tolerance in Agropyron regens (L.) P. Bauv. populations from the Legnica copper
smelter area, Lower Silesia, Acta Soc. Bot. Pol. 1998, 67(3—4), 325-333.



Effect of Copper and Temperature on the Growth and Chlorophyll Content of Scentless Mayweed... 743

WPLYW MIEDZI I TEMPERATURY NA WZROST I ZAWARTOSC CHLOROFILU
U MARUNY BEZWONNEJ (Tripleurospermum indorum (L.) SCHULTZ-BIP.)
POCHODZACEJ Z OKOLICY HUTY MIEDZI ,,GEOGOW”

Zaktad Ekologii i Ochrony Srodowiska, Instytut Ochrony Roglin — Panstwowy Instytut Badawczy

Abstrakt: Maruna bezwonna to chwast dwuliscienny, dominujacy w zbozach ozimych uprawianych na te-
renie Slaska, gdzie usytuowana jest Huty Miedzi ,,GEOGOW” (HMG). Ze wzgledu na wytwarzanie duzej
biomasy stanowi ona silng konkurencjg dla rosliny uprawnej. Celem badan bylo porownanie wptywu wzra-
stajacych dawek miedzi w dwoch zakresach temperatur na wzrost i zawarto$¢ chlorofilu migdzy biotypami
maruny bezwonnej pochodzacymi z rejonu oddziatywania emisji przemystowych HMG a biotypem pocho-
dzacym z Wielkopolski. Doswiadczenia prowadzono w warunkach szklarniowych w przedziale temperatur:
40/10 °C i 25/5 °C (dziefn/noc). Siewki maruny rosty w doniczkach wypetnionych ziemia zawierajaca wzra-
stajace dawki miedzi (CuSO, - 5H,0): 0, 50, 100, 200, 400, 600 i 800 mg Cu/kg suchej gleby. Wigksze daw-
ki miedzi hamowaty wzrost pgdoéw oraz zmniejszaty zawarto§¢ chlorofilu w lisciach. Tempo zmniejszania sig¢
obu badanych parametrow ulegato znacznemu spowolnieniu w nizszych temperaturach.

Stowa kluczowe: chlorofil, huta miedzi, miedz, temperatura, Tripleurospermum indorum, wzrost roslin
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INFLUENCE OF TEMPERATURE ON EFFECTIVENESS

OF PATHOGENIC FUNGI FOR CONTROL OF WESTERN

FLOWER THRIPS Frankliniella occidentalis (PERGANDE)
(THYSANOPTERA: THRIPIDAE)

WPLYW TEMPERATURY NA SKUTECZNOSC GRZYBOW
PASOZYTNICZYCH W ZWALCZANIU WCIORNASTKA ZACHODNIEGO
Frankliniella occidentalis (PERGANDE) (THYSANOPTERA: THRIPIDAE)

Abstract: Frankliniella occidentalis is the most damaging pest of protected cucumbers in Poland and reliable
control measures are required that are compatible with other components in the Integrated Pest Management
programme. Successful control of this pest is very difficult to achieve due to life cycle where some stages
are not available to the insecticides. In practice, entomopathogenic fungi are mostly used in control of insect
pest of greenhouse crops because environmental factors such as temperature and humidity are optimal for
their development and efficacy. Entomopathogenic fungi are able to have a major role in the regulation of
insect populations in greenhouse conditions. The study shows efficacy of following pathogenic fungi: Paeci-
lomyces lilacinus, Beauveria bassiana and Acremonium sp depending on temperatures. The fungus Beauveria
bassiana was effective against larvae and adults of F. occidentalis when applied at the temperature of 25 °C.
Acremonium sp. was more effective against western flower thrips at higher temperatures.

Keywords: pathogenic fungi, temperature, Frankliniella occidentalis

For many years entomopathogenic fungi have been applied in the biological control
of the most severe greenhouse pests, such as aphids, mites, greenhouse whiteflies and
western flower thrips. However, their efficacy depends upon several abiotic factors and
therefore, results are not always satisfactory [1, 2]. In Poland only one bioinsecticide
is available based on fungus Isaria fumosorosea (old name — Paecilomyces fumosoro-
seus). When applied together with the parasitoid Encarsia formosa it can sufficiently
decrease populations of the whitefly [3, 4].

The main objective of the research was to evaluate the influence of temperature on path-
ogenicity of the Polish strain of three species of pathogenic fungi such as: Paecilomyces
lilacinus, Beauveria bassiana, Acremonium sp. at different stages of Frankliniella oc-
cidentalis.

! Department of Biological Control and Quarantine, Institute of Plant Protection — National Research Insti-
tute, ul. Wiadystawa Wegorka 20, 60-318 Poznan, Poland, email: z.fiedler@ior.poznan.pl, d.sosnowska@ior.
poznan.pl



746 Zaneta Fiedler and Danuta Sosnowska

Materials and methods

Experiments were carried out in laboratory conditions. P. lilacinus, Acremonium sp.
and B. bassiana were applied as a suspension of conidia. Spore suspensions were pre-
pared by harvesting spores grown on PDA by washing the cultures with tap water plus
Triton X-100 (0.05 %). The spores were collected from a 12-day-old fungus culture
grown on potato-dextrose-agar medium (PDA). Spores were harvested by adding
20 cm® of sterile distilled water and scraped off with a sterile cell scraper and then ho-
mogenized in a glass homogenizer. The concentration of conidial suspension was sub-
sequently adjusted to 108 conidia cm™ using a Goriaev haemocytometer. The isolates
were maintained in a collection at the Department of Biological Control and Quaran-
tine, Institute of Plant Protection — PIB, Poznan, Poland.

In laboratory tests, 10 individuals of different stages of western flower thrips were
placed on bean leaves covered with moistened filter paper in Petri dishes (9 cm diam.).
These leaves were sprayed with a spore suspension in sterile water at a concentration of
10%/cm? with Triton X-100. The dishes were preserved during tests at 20 °C, 25 °C and
30 °C temperatures. Observations were conducted 2, 5 and 7 days after a treatment and
each time the number of live and dead pest individuals were recorded. The degree of
fungal infection was evaluated under a microscope.

There was one Petri dish with bean leaves with 10 individual stages of thrips per
treatment, with 5 replications.

Data were analyzed by ANOVA after angle transformation. The differences were exa-
mined with the Tukey’s test at p < 0.05.

Results and discussion

P. lilacinus was most successful when applied against soil stages of Frankliniella oc-
cidentalis, this fungus caused about 70 percentage of mortality. No effect of tested tem-
peratures was observed on effectiveness P. lilacinus for control soil stages of western
flower thrips. This fungus is effective against different species of plant pathogenic nem-
atodes, and mainly infects eggs and females [5, 6]. In Poland, a domestic strain of this
fungus species was investigated as a potential biological agent against root-knot nema-
todes in greenhouses [7].There is no information in the literature about using P. /ilacinus
against F. occidenatlis. Our results showed that P. lilacinus could also be recommended
for control of thrips.

Table 1

Mean percentage mortality (£ sd) of soil stages of Frankliniella occidentalis, on P. lilacinus treated
and control in different temperatures

Mortality [%]
Treatment
20 °C 25°C 30 °C
1. P, lilacinus 68+48b 72+82b 70+ 64b
2. Control 0+£00a 0+0.0a 0+£00a

Means marked by the same letter in each column are not significantly different, p < 0.05, Tukey’s test)
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Table 2

Mean percentage mortality (£ sd) of larvae (L1) of Frankliniella occidentalis, on Acremonium sp.
and B. bassiana treated and control in different temperatures (7 days observation).

Mortality [%]
Treatment
20 °C 25°C 30 °C
1. B. bassiana 38+4.6b 84+88¢ 40+4.6D
2. Acremonium sp. 48+440 52+102b 84+28¢
3. Control 4+08a 4+02a 2+08a

Means marked by the same letter in each column are not significantly different, p < 0.05, Tukey’s test)

Table 3

Mean percentage mortality (£ sd) of larvae (L2) of Frankliniella occidentalis, on Acremonium sp.
and B. bassiana treated and control in different temperatures (7 days observation).

Treatment Mortality [%]
20 °C 25°C 30 °C
1. B. bassiana 52x42c¢ 80x62¢ 60+£22b
2. Acremonium sp. 32£2.0b 42+240 7644 c
3. Control 2+04a 4+10a 2+02a

Means marked by the same letter in each column are not significantly different, p < 0.05, Tukey’s test)

Generalny, the greatest mortality of larvae F. occidentalis was obtained with Acremo-
nium sp. (84 % and 76 %) at the temperature of 30 °C. If the temperature increases, the
mortality of different stages will also increase. This isolate was isolated from Trialeurodes
vaporariorum in Palm House in Poznan. The effect of temperature was recorded for
fungus B. bassiana, where larvae and adults of F. occidentalis mortality was significant-
ly greater at 25 °C than at 20 °C and 30 °C. The fungus caused 92 % mortality of adults
7 days after application (Fig. 1). Other authors also examined the efficacy of B. bassiana
strain. They obtained similar results [8, 9].

30°C c
a B Control
25°C be W Acremonium sp.
[ B. bassiana
a
20 °C b

\ \
I
20 40 60 80 100

| c

(=]

Percentage of mortality

Fig. 1. Mean percentage mortality of Frankliniella occidentalis adults on Acremonium sp. and B. bassiana
treated and control (7 days observation).



748 Zaneta Fiedler and Danuta Sosnowska

Microbiological control of arthropod pests using entomopathogenic fungi is not
a new idea. In practice, entomopathogenic fungi are mostly used in control of insect
pests of greenhouse crops because environmental factors such as temperature and humi-
dity are optimal for their development and efficacy. However, application of natural
enemies and entomopathogenic nematodes is still the most common biological control
method. Chemical products are applied in cases of failure of the biological methods or
their insufficient effect. According to the Polish Act on Plant Protection issued on De-
cember 18th 2003, biological methods should be used prior to any application of chemi-
cal products. Thus, biological control is a priority in plant protection, and P. lilacinus,
B. bassiana, Acremonium sp. seem to be excellent candidates to be used in greenhouse
biocontrol programs. The pathogenic fungi are good alternative for control pests in
greenhouse crops.

Conclusions

1. The fungus P. lilacinus was effective against prepupal and pupal stages of Frank-
liniella occidentalis when applied at different temperatures, from 20 °C to 30 °C. This
is the first report on efficacy of this fungus in western flower thrips control in Poland or
anywhere else.

2. B. bassiana was the greatest pathogenic to L1-L2 larvae and adults of western
flower thrips when fungus was applied at the temperature of 25 °C and Acremonium sp.
was more effective at temperature 30 °C.
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WPLYW TEMPERATURY NA SKUTECZNOSC GRZYBOW PASOZYTNICZYCH
W ZWALCZANIU WCIORNASTKA ZACHODNIEGO Frankliniella occidentalis (PERGANDE)
(THYSANOPTERA: THRIPIDAE)

Instytut Ochrony Roslin — Panstwowy Instytut Badawczy, Poznan

Abstrakt: Wciornastek zachodni (Frankliniella occidentalis) nalezy do najgrozniejszych szkodnikow wyste-
pujacych w uprawach szklarniowych. Zwalczanie tego szkodnika za pomoca $rodkow chemicznych i ento-
mofagow nie rozwiazato problemow z jego wystgpowaniem w uprawach szklarniowych. W doswiadczeniach
laboratoryjnych przebadano wptyw temperatury 20 °C, 25 °C i 30 °C na skutecznos$¢ trzech gatunkow grzy-
bow pasozytniczych: Paecilomyces lilacinus, Beauveria bassiana i Acremonium sp. w ograniczaniu liczebno-
Sci roznych stadiow rozwojowych wciornastka zachodniego. Doswiadczenia wykazaly, ze powyzsze tempe-
ratury nie maja wptywu na skutecznos$¢ grzyba P. lilacinus w zwalczaniu szkodnika. Inna sytuacja wystapita
w przypadku grzyba B. bassiana, gdzie optymalna temperatura dla jego stosowania okazata si¢ temperatura
25 °C, natomiast dla grzyba Acremonium sp. stwierdzono, ze wraz ze wzrostem temperatury wzrasta skutecz-
nos¢ tego gatunku w zwalczaniu weiornastka zachodniego.

Stowa kluczowe: grzyby pasozytnicze, temperatura, Frankliniella occidentalis
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EFFECT OF SELECTED FOLIAR FERTILIZERS
ON PHYTOPATHOGENIC FUNGI UNDER CONDITIONS
IN VITRO

WPLYW WYBRANYCH NAWOZOW DOLISTNYCH
NA GRZYBY FITOPATOGENNE W WARUNKACH IN VITRO

Abstract: The research aimed at an assessment of the effect of foliar fertilizers, ie Mikrovit Fe — Iron che-
late, Wapnovit and Fostar recommended for agronomic and vegetable crops and in orchards on linear growth,
biomass and sporulation of the following fungi: Sclerotinia sclerotiorum (Lib.) de Bary, Rhizoctonia solani
Kiihn and Phoma exiqua Desm. var. exiqua under conditions in vitro.

The results obtained show a not unanimous response of the tested fungi species to applied foliar fertilizers
and their various concentrations. Among the analyzed foliar fertilizers, Mikrovit Fe most strongly inhibited
linear growth, biomass increment and mitigated spore production in all tested fungi. Also Fostar revealed
a strong fungistatic effect on Phoma exiqua and Rhizoctonia solani. At the highest applied concentration
(1.0 mm*/cm?®) growth inhibition coefficients for these species were respectively 67.54 % and 46.45 %. On
the other hand, Wapnovit revealed very weak fungistatic properties because it inhibited the linear growth
of the analyzed fungal organisms only between 0.02 and 8.24 %. At the same time this fertilizer stimulated
growth of the aerial mycelium and sporulation process in the tested fungi. Moreover, Sclerotinia sclerotiorum
was the species which most weakly responded to fertilizer presence in the medium.

Keywords: foliar fertilizers, phytopathogenic fungi, growth, biomass, sporulation

The growing assortment of foliar fertilizers available on the market answers plant
producers’ requirements and provides a challenge to undertake new research on their ef-
fect on the amount of yield and the environment. The main objective of the introduction
of foliar fertilizer to the agrocenosis is increasing the quantity of obtained yields [1-7].
While improving plant nutrition through foliar fertilization, one may also strengthen
their resistance to pathogen infestation [8—14]. Moreover, the protective effect of foliar
fertilizers is connected with their direct effect upon pathogens. Several studies in this
area show that foliar fertilizers may inhibit development of plant pathogen under condi-
tions in vitro [15-21].

! Departament of Agricultural Environment Protection, University of Agriculture in Krakow, al. A. Mickie-
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The paper shows the influence of various concentrations of foliar fertilizers, ie
Mikrovit Fe, Fostar and Wapnovit on linear growth, biomass increment and sporulation
of phytopathogenic fungi: Sclerotinia sclerotiorum (Lib.) de Bary, Rhizoctonia solani
Kiihn and Phoma exiqua Desm. var. exiqua under conditions in vitro.

Material and methods

Foliar fertilizers: Mikrovit Fe, Fostar and Wapnovit manufactured by Intermag En-
terprise in Olkusz were selected for a laboratory experiment. Mikrovit Fe — Iron chelate
contained 3.0 % Fe, 32 g Fe/dm® of the fertilizer, 4.5 % N, pH — 32; Wapnovit had
12.16 % Ca0, (256 g CaO/dm® of fertilizer), 10 % of nitrogen (N-NO,), 0.48 % — MgO,
0.05 % — B, 0.02 % — Cu, 0.02 % — Zn, pH — 2.7,whereas Fostar; contained: 14.8 % — P,
34.1%—-P,0,(500.3 g PZOS/dm3 of fertilizer), pH — 1.4. Fungi species: Sclerotinia sclero-
tiorum (Lib.) de Bary, Rhizoctonia solani Kithn and Phoma exiqua Desm. var. exiqua
originated from the cultures of the Agricultural Environment Protection Department.
The fungi were cultured under conditions in vitro, in five replications, on the PDA me-
dium (glucose-potato) and at the temperature of 23 °C. The PDA medium with added
Mikrovit Fe, Wapnovit and Fostar were prepared to obtain their concentrations of : 0.01,
0.1 and 1 mm® per 1 cm® of the medium. Prior to the experiment, the outset pH was
measured in the media. The media were inoculated with an agar ring, 5 mm in diameter,
overgrown with two-week old mycelium. The control was provided by Petri dishes with
the medium without the fertilizer supplement. The effect of individual foliar fertilizers
and their concentrations on linear growth of the analyzed fungal organisms was present-
ed as a difference between the mean fungus colony diameter on the control dishes and
the diameter of the mycelium colony on dishes with individual concentrations of foliar
fertilizers. Coefficients of linear growth rate and inhibition/stimulation coefficients were
computed following the formula presented by Glen [13]. After three weeks of the fungi
culture growing on the PDA media with the foliar fertilizers and control the numbers of
spores were assessed in Thom haemocytometer.

Fungi biomass growth was maintained in 300 cm® Erlenmayer flasks on 100 cm® of
the modified PDA medium (without agar) with the supplements of foliar fertilizers in
the same concentrations as in the above mentioned experiment. The culture was main-
tained for 21 days at the temperature of ca 23 °C. After this period the post-culture
liquid with mycelium was filtered through filter paper. Then the mycelium was dried
on a sterile glass at 80 °C to constant weight and weighed. The results were verified
statistically using ANOVA and the significance of differences was assessed on the basis
of the t-Student test.

Results and discussion

The laboratory experiments allowed to assess the direct effect of foliar fertilizers, ie
Mikrovit Fe, Fostar and Wapnovit on linear growth, biomass and sporulation of Sclero-
tinia sclerotiorum (Lib.) de Bary, Rhizoctonia solani Kithn and Phoma exiqua Desm. var.
exiqua fungi. However, the obtained results do not provide grounds for unanimous de-
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termination of the fertilizer effect on the fungal organisms, since each investigated fun-
gus species responded differently to individual fertilizer preparations and their concen-
trations in the medium. This fact was confirmed by other authors [15-22].

Among the analyzed foliar fertilizers Mikrovit Fe, irrespective of the concentration
applied, revealed strong fungistatic properties towards Phoma exiqua and Rhizoctonia
solani. 1t has been visible as a significantly slower rate of the linear growth of these
species in comparison with the growth on Petri dishes, inhibition of surface growth of
these species colonies by respectively 49.28 % and 44.76 %, biomass increments on
average by 41.36 % and 64. 36% and sporulation (Fig. 1, Table 1-3).

Table 1
Coefficients of rate [T] and inhibition of the linear growth of the tested fungi [%)]

Foliar Concentration | Rhizoctonia solani | Sclerotinia sclerotiorum Phoma exiqua
fertilizers [mm*/cm?] [T] [%] [T] [%] [T] [%]
Mikrovit 1 3338 a* | 59.97 76.94 b 4.82 20.83 a 74.99
Fe — Iron 0.1 40.75b 51.14 68.14 a 15.71 3745 ¢ 55.05
chelate 0.01 64.12d | 23.18 | 80.56¢ 035 68.48 f 17.8
1 44.66 ¢ 46.45 80.44 ¢ 0.49 27.04b 67.54
Fostar 0.1 64.03 d 23.22 79.92 ¢ 1.14 55.17d 33.77
0.01 65.30 e 21.70 83.55d +3.35 56.09 e 32.67

1 76.53 f 8.24 80.42 ¢ 0.52 79.00 g 5.17

Wapnovit 0.1 81.94 ¢ 1.75 79.66 be 1.46 80.23 ¢ 3.70
0.01 83.96 1 +0.67 79.66 be 1.46 83.29 1 0.02

Control 8340 h 80.84 cd 83.311

* Values in columns marked by the same letter are not significantly different,
+ means stimulation of biomass increment.

At the same time it was found that the inhibitory effect of Mikrovit Fe on P. exiqua and
R. solani was diminishing with their decreasing concentrations in the media (Table 1-4).
A similar relationship was found in the research on the influence on Mikrovit Fe on
Botrytis cinerea [21]. Moreover, Mikrovit Fe used in 0.1 mm?®/cm® concentration very
strongly (91.46 %) inhibited S. sclerotiorum biomass growth, but it limited its linear
growth only in 15.40 % (Table 1-2). However, in the same object a stimulation of
S. sclerotiorum sporulation was detected (Table 3). In the opinion of Hodges [23] such
a result may be considered as a defensive response of the fungus to unfavourable condi-
tions and protection of the colony durability.

The activity of foliar fertilizers on fungal organisms under in vitro conditions greatly
depends not only on the kind and dose of the fertilizer preparation but, as reported by
Weber and Wyrwa [16], also on the medium reaction. On the other hand, in common
opinion, microscopic fungi may develop within a wide range of environment reaction
values, but for the majority the optimum pH ranges from 4 to 7 [24-26]. In the Authors’
studies the share of individual concentrations of Mikrovit Fe changed the medium pH
to a slight extent (4.34-5.20). Moreover, a characteristic feature of Mikrovit Fe used in
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the experiment was the presence of chelated Fe cations. Guminski [27] reports that Fe**

is the most strongly bound at pH of 3 and the bond strength decreases with growing pH.
Therefore, the role of the medium reaction is connected rather with the availability of in-
dividual nutrients to fungi. In their own studies the Authors observed a significant and at
the same time very strong inhibition of biomass increment, particularly in S. sclerotiorum
and Rhizoctonia solani at 1.0 and 0.1 mm*/cm® of Mikrovit Fe supplement (Table 4).
On the other hand, it may be supposed that at a lower concentration of this preparation
in the medium and pH 5.20, Fe ions might have been better utilized by the analyzed
fungal organisms to build fungal structures. On the other hand, irrespectively on the
applied concentration, Mikrovit Fe strongly reduced sporulation process in the tested
fungi. This fact was also corroborated by the studies of Glen and Boliglowa [19].

\ \ \
M Fostar
Phoma .
exiqua B Wapnovit
[ Mikrovit Fe
Sclerotinia
sclerotiorum
Rhizoctonia
solani ‘
T T T T

-10 0 10 20 30 40 50 60 70 80 90 100

% of linear growth inhibition

Fig. 1. Effect of foliar fertilizers on tested fungi growth inhibition

The response of the tested fungal organisms to Fostar was rather diversified. Gener-
ally the fertilizer revealed weaker fungistatic properties. In its highest concentrations
(1.0 and 0.1 mm?/cm?) it notably reduced the development of all tested fungi colonies,
but as in the case of Mikrovit Fe, P. exiqua and R. solani proved to be the most sensitive
species (Table 1). An apparent inhibition of their linear growth (ca 34 and 23 %) was
observed also on media containing 0.1 mm®/cm?® of this fertilizer preparation (Table 1).
However, on liquid media Fostar, especially in the lowest concentration it stimulated bi-
omass increments in the tested organisms (Table 2). R. solani biomass increment reached
even 68.34 %. In the Authors’ former studies [22] a strong inhibition of linear growth
reaching ca 80 % was noted as well as very intensive biomass increments (54.62—
106.17 %) of Fusarium fungi in the presence of 0.01 mm?*/cm’ of Fostar. ANOVA
conducted in the Authors’ own research did not reveal any notable effect of individual
Fostar concentrations on S. sclerotiorum growth rate (Table 1). However, in each of the
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analyzed concentrations of this fertilizer a four time smaller number of S. sclerotiorum
spores was registered (Table 3). On the other hand at 1.0 mm*/cm® of Fostar content
in the medium the number of P. exiqua spores declined even ten times. Also Glen [22]
reported that irrespective of the applied concentration, this fertilizer totally blocked the
macroconidia forming the process in F. coeruleum, F. culmorum and F. graminearum. In
the Authors’ own research, pH of media containing 1.0, 0.1 and 0.01 mm?/cm?® of Fostar
was respectively: 3.61, 3.95 and 4.32. A strongly acid medium pH assuredly did not
favour the growth of the tested phytopathogenic fungi, particularly during the short ex-
periment on Petri dishes. It was confirmed by the research by Glen and Boligtowa [19].
Foliar fertilizers characterized by a low pH applied in 1.0 mm?*/cm?® concentration led to
a complete inhibition of F. avenaceum, F. coeruleum, F. graminearum.

The Wapnovit foliar fertilizer revealed a lack of fungistatic activity. Slight inhibition
of R. solani, P. exiqua and S. sclerotiorum colony growth was registered only when the
highest concentrations were used (Table 1). Irrespective of its concentration Wapnovit
had a significant influence on stimulation R. solani biomass increments (Table 3). The
0.01 mm?*/cm® concentration also greatly affected intensive growth of P. exiqua bio-
mass. On the other hand, although higher concentrations of Wapnovit revealed a tenden-
cy to stimulate this species, the biomass increments did not differ notably from the con-
trol. Moreover, a considerable (nine-fold) smaller P. exiqua spore number was observed
(Table 3). The analyzed foliar fertilizer did not have any marked influence either on
linear growth or biomass of S. sclerotiorum (Table 1, 2). Very weak fungistatic proper-
ties of Wapnovit applied in 1.0 mm?*cm?® concentration (field dose) towards Fusarium
fungi were also observed by Glen [22]. Unlike Fostar, Wapnovit is a mutlicomponent
fertilizer which apart from calcium contains also nitrogen, magnesium, boron, copper
and zinc. Moreover the pH of the media with added Wapnovit ranged from 4.51 to 5.75,
remaining within the range optimal for the fungi tested in the experiment. The tested
fungi species revealed a great tolerance to Wapnovit presence in the medium.

Table 2
Effect of foliar fertilizers on biomass increment of tested fungi
Foliar Concentration Rhizoctonia solani Sclerotinia sclerotiorum Phoma exiqua
fertilizers [mm*em’] | Biomas [¢]| T[%] | Biomas [g] T[%] |Biomas[g]| T [%]
Mikrovit 1 0.046 a* 92.29 0.181 a 80.43 0.259 a 53.75
Fe —Iron 0.1 0.164 a 72.53 0.079 de 91.46 0.311 ab 44.46
chelate 0.01 0424 b 2898 | 04420 52.21 0415¢ | 2589
1 0.525 be 12.06 0.755 ¢ 18.38 0.394 be 29.64
Fostar 0.1 0.533 be 10.72 0.893 cde 3.46 0.569 de +1.61
0.01 1.005d +68.34 0.9% e +7.46 0.664 ef | +18.57
1 1.009 d +69.01 0.953 de +3.03 0.563 d +0.53
Wapnovit 0.1 0.977d +63.65 0.814 cd 12.00 0.608 de +8.57
0.01 0.970 d +62.48 0.863 cde 6.70 0.714 f +27.50
Control 0.597 ¢ 0.925 de 0.560 d

* values in columns marked with the same letter do not differ significantly,
+ means stimulation of biomass increment.
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Table 3
Sporulation of tested fungi
Fungus species Spore number per 1 cm® x [10%]
Mikrovit Fe Fostar ‘ Wapnovit
Fungus species Control concentration [mm*/cm’]

1.0 0.1 0.01 1.0 0.1 0.01 1.0 0.1 0.01
Sclerotinia sclerotiorum | 12.48 | 836 | 740 | 6.79 | 4.06 | 421 | 493 | 13.61 | 8.59 | 8.39

Phoma exiqua 7224 | 023 | 547 | 738 | 7.18 | 810 | 11.69 | 7.23 | 8.02 | 8.14

Conclusions

1. Among the tested fungal organisms, Phoma exiqua and Rhizoctonia solani re-
vealed high sensitivity to the applied fertilizer preparations, particularly to Mikrovit Fe
and Fostar.

2. Mikrovit Fe revealed the strongest fungistatic properties, which became apparent
as strong inhibition of biomass growth of all tested fungi species, a considerable limita-
tion of P. exiqua and R. solani linear growth, and inhibition of sporulation of P. exigua
and S. sclerotiorum.

3. Fostar foliar fertilizer applied in 1.0 mm*/cm’ concentration strongly inhibited linear
growth of R.solani and P. exiqua, reduced their biomass increment by 12.06-29.64 %.
Irrespective of its concentration, it inhibited sporulation in P. exiqua and S. sclerotiorum.

4. The share of 1.0 mm*/cm® of Wapnovit in the medium stimulates biomass incre-
ment in all tested fungi species and favours intensification of the sporulation process in
S. sclerotiorum.
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WPLYW WYBRANYCH NAWOZOW DOLISTNYCH NA GRZYBY FITOPATOGENNE
W WARUNKACH IN VITRO

Katedra Ochrony Srodowiska Rolniczego, Uniwersytet Rolniczy im. Hugona Kolataja w Krakowie

Abstrakt: Celem podjetych badan byto okreslenie wptywu nawozoéw dolistnych, tj. Mikrovit Fe — Chelat
zelaza, Wapnovit 1 Fostar zalecanych do stosowania w uprawach rolniczych, warzywniczych i sadach, na
wzrost liniowy, biomasg i zarodnikowanie grzybow: Sclerotinia sclerotiorum (Lib.) de Bary, Rhizoctonia
solani Kithn i Phoma exiqua Desm. v. exiqua w warunkach in vitro.

Uzyskane wyniki wskazuja, ze reakcja badanych gatunkow grzyboéw na zastosowane nawozy dolistne
i ich rézne stezenia nie jest jednoznaczna. Sposrod badanych nawozow dolistnych Mikrovit Fe niezaleznie
od stgzenia w podlozu najsilniej ogranicza rozrost liniowy, przyrost biomasy oraz ostabia proces sporulacji
wszystkich grzybow testowych. Silne wiasciwos$ci fungistatyczne w odniesieniu do Phoma exiqua i Rhizocto-
nia solani wykazywat réwniez Fostar. Szczegdlnie za$ w najwigkszym z zastosowanych stezefi (1.0 mm>/cm?)
— wspolczynnik zahamowania wzrostu dla tych gatunkéw wynosit odpowiednio 67,54 % i 46,45 %. Nato-
miast Wapnovit wykazat bardzo stabe wlasciwosci fungistatyczne, bowiem hamowat on rozrost liniowy bada-
nych organizmoéw grzybowych w zakresie 0,02—8,24 %. Jednocze$nie nawoz ten stymulowal wzrost grzybni
powietrznej i proces sporulacji testowanych gatunkow. Ponadto gatunkiem najstabiej reagujacym na obecnosé
nawozow w podtozu okazat si¢ Sclerotinia sclerotiorum.

Stowa kluczowe: nawozy dolistne, grzyby fitopatogenne, wzrost, biomasa, zarodnikowanie
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EFFECT OF MINERAL FERTILIZATION ON THE DYNAMICS
OF Rhizoctonia solani KUHN GROWTH

WPLYW NAWOZENIA MINERALNEGO NA DYNAMIKE WZROSTU
Rhizoctonia solani KUHN

Abstract: The research focused on determining the effect of water extracts of soil fertilized with mineral
fertilizers: NPK, NPK + S(ammonium sulphate), NPK + S(Potafoska) on the linear growth and biomass of
Rhizoctonia solani under conditions in vitro. The research has shown that R. solani fungus is very sensitive to
the presence in the medium of water extracts of soils fertilized with mineral fertilizers. It has been reflected
both by linear growth rate coefficients, inhibition of linear growth and biomass increments. All investigated
extracts and their concentrations significantly affected the dynamics of R. solani growth. The strongest in-
hibitory effect on the R. solani hyphae linear growth was observed in the presence of the water extract of
the soil fertilized with NPK + S(Potafoska). On the other hand, when 50 mm?*/cm?® of the extract of the soil
fertilized with NPK and 25 mm?®/cm?® of the extract of the NPK + S(ammonium sulphate) treated soil was
added, the tested fungus responded by strong inhibition of biomass increment, respectively by 55.71 and
57.07 %. The experiments conducted in vitro may suggest that supplying mineral NPK and other fertilizers,
such as ammonium phosphate or Potafoska to the soil may limit the population of R. solani pathogenic fungi.
However, in agrocenoses one should also consider the complicated interrelations between individual elements
of the environment.

Keywords: Rhizoctonia solani, mineral fertilization, soil extracts, linear growth, biomass

Fungi from the Rhizoctonia genus cause tiresome diseases in many plants, mainly
due to injuries of their underground organs. Rhizoctonia solani Kiihn species belongs
to the Mycelia sterilia group and occurs in soil where it is one of the most serious poly-
phagous pathogens. In the opinion of many authors [1-5] R. solani is the cause of shoot
rotting and rhizoctonosis of potato and beetroot seedling disease [6]. It causes cereal
root diseases and also other diseases [7-9]. Mineral fertilization, beside soil and climat-
ic conditions, is one of the most important factors affecting the quantity of pathogenic
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organisms accumulated in soil [10, 11]. However, the interaction between the fertiliza-
tion level and the development of pathogens infecting roots has not been fully recog-
nized yet.

The research aimed at determining the effect of water extracts from soil fertilized
with mineral fertilizers: NPK, NPK + S(ammonium sulphate) and NPK + S(Potafoska)
on linear growth and biomass of Rhizoctonia solani under conditions in vitro.

Table 1
Contents of macro- and some microelements in water extracts of soils
Water extracts of soil Macroelements [mg/dm’]
N-NO, | N-NH, | P K Ca Na Mg S
Non-fertilized soil 1.6 traces | 0.31 1.05 2.82 2.02 1.40 0.80
NPK 0.19 | traces | 0.33 1.79 8.41 2.20 2.10 5.70
NPK + S(ammonium sulphate) | 1.84 traces 0.27 2.28 591 1.99 1.63 2.39
NPK + S(Potafoska) 0.43 traces | 0.40 2.29 5.52 2.31 2.32 6.75
Microelements and trace elements [mg/dm?]
Cr Zn Pb Cu Cd Ni Fe Mn
Non-fertilized soil 0.005 | 0.079 | 0.004 | 0.012 | 0.000 | 0.008 | 1.010 | 0.029
NPK 0.005 | 0.037 | 0.001 | 0.008 | 0.000 | 0.004 | 0.890 | 0.020
NPK + S(ammonium sulphate) | 0.004 | 0.067 | 0.000 | 0.008 | 0.000 | 0.003 | 0.690 | 0.030
NPK + S(Potafoska) 0.005 | 0.060 | 0.000 | 0.009 | 0.000 | 0.006 | 1.030 | 0.020

Subsequently individual water extracts were added to the PDA (glucose-potato) me-
dium, so that the extract constituted 50 and 25 mm?/cm® of the medium. R. solani was
cultured in five replications for each concentration at the temperature of 23 °C. The
control were Petri dishes with a medium without the water extract of soil. Before inocu-
lation of the media, their pH was measured; it ranged between 6.31 and 6.45. The effect
of individual water extracts of soil on R. solani linear growth was presented as a dif-
ference between the fungus colony diameter on the control dishes and the mycelium
colony diameter on the dishes with individual extract concentrations. Subsequently the
value was converted into the growth inhibition/stimulation coefficient according to the
Abbot formula and the linear growth rate coefficient of R. solani was computed accor-
ding to the formulas presented by Glen [12].

R. solani fungus biomass increment was conducted in Erlenmayer flasks on 100 cm’
of the modified PDA medium (without agar) with added water solutions of soils in the
same concentrations as described above. The culture was maintained for 21 days and
then the post-culture liquid with mycelium was filtered through filter paper. Dry matter
was assessed in the biomass and then in dry mass of the mycelium assessed were the con-
tent of mineral components, phosphorus, potassium, sodium, calcium, magnesium and
trace elements (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) using ICP-AES method on JY 238
Ultrace apparatus.

The results were elaborated statistically using ANOVA.
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Results and discussion

On the basis of conducted laboratory analyses it was found that water extracts of
soils and their concentrations had a significant effect on the rate of linear growth of the
R. solani colony and biomass. The analyses also revealed that the tested fungus was
a sensitive species, since it responded by an apparent inhibition of its linear growth and
biomass increment to the presence of individual soil extracts. It should be said that the
analyzed water extracts of soils were diversified with respect to their contents of indi-
vidual macro- and microelements (Table 1). The water extract from the soil fertilized
with NPK + S(Potafoska) was characterized by the highest contents of PK, Na, Mg,
S and Fe and it also inhibited the R. solani growth rate the most. The diameter of the
R. solani colony on the medium with added 50 mm?*/cm® of this extract was by 39.01 %
smaller in comparison with the control (Fig. 1). Higher (50 mm®/cm®) concentrations
of extracts of soils fertilized with NPK and NPK + S(Potafoska) revealed a markedly
stronger fungistatic activity than in 25 mm?/cm’ (Table 2).

Table 2
Growth rate coefficients of Rhizoctonia solani
Growth rate coefficients [T]
Water extracts of soil concentration [mm?*/cm?] Mean LSD, s
50 25
Non-fertilized soil 63.08 62.91 62.99
NPK 72.69 82.96 77.83
NPK + S(ammonium phosphate) 82.99 80.83 81.91 8.98
NPK + S(Potafoska) 54.80 60.72 57.76
Control (PDA medium) 89.41 89.41
Mean 72.60 75.36
LSD, ys 421

The R. solani culture on the media with added water solutions of soils fertilized
with mineral materials contributed to inhibition of biomass growth within the range of
42.92-57.07 % (Table 3). Generally in combinations with 25 mm>/cm® content of soil
extracts and therefore more deficient in macro- and microelements ca 5—10 % lower bio-
mass was registered. On the other hand on the medium with the water extract of NPK
fertilized soil an opposite response of the R. solani fungus was observed to the applied
concentrations. Moreover, no significant differences in the obtained R. solani biomass
were noted between the combinations with the extract of non-fertilized soil and the soil
fertilized with NPK + S(Potafoska) (Table 3). Fungal organisms reveal an ability to
accumulate both macro- and microelements. They use them to build cell structure or
they penetrate into cell organelle where biochemical processes take place and participa-
te in the regulation of secondary metabolism [13, 14]. On the basis of the chemical ana-
lysis of the R. solani mycelium it was demonstrated that in the presence of 50 mm?/cm’
of water extracts of soil in the medium the content of potassium decreases in the mycelium
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Fig. 1. Effect of water extracts of soil on linear growth of Rhizoctonia solani

dry mass but the contents of phosphorus and calcium increase (Table 4). Water extracts
of soil fertilized with NPK + S(ammonium sulphate) and NPK + S(Potafoska) conta-
ined the greatest quantities of potassium, yet in R. solani mycelium cultured in the abo-
ve mentioned objects the content of this element was the lowest (Tables 1 and 4). It is
a common opinion that plant fertilization with potassium and phosphorus favours im-
provement of their resistance to infectious diseases [14, 15]. In the light of the conduc-
ted experiments it may be deduced that the greater amounts of bioavailable potassium
in the environment, the lesser its utilization by R. solani. It shows that potassium is an
element mainly utilized by plants, but it may have a direct inhibitory effect on micro-
organisms, eg R. solani, which settle plants. Soil liming is often used as a measure to
disinfect the soil and get rid of phytopathogenic organisms [14]. In the presented expe-
riments, calcium was the element taken up by the tested fungal organism in amounts
proportional to its contents in the medium. The fact was corroborated by other research
where calcium fertilizer stimulated linear growth and biomass increments of Fusarium
fungi [16].

Table 3
Effect of water extracts of soils on Rhizoctonia solani biomass
Biomass
. Concentration [mm®/cm®]
Water extracts of soils
50 25
g [%] g [%]

Non-fertilized soil 1.20 cde* 452 1.09 bed 50.23
NPK 0.97 a 55.71 1.25 de 4292
NPK + S(ammonium phosphate) 1.16 cd 47,03 094 a 57.07
NPK + S(Potafoska) 1.19 cde 45,66 1.09 bed 50.23
Control without extract 2.19f

*values in columns marked by the same letters do not differ significantly
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Table 4
Contents of macro- and microelement in Rhizoctonia solani mycelium
i kg d.m.
Water extracts of soil Conce?trat;on ghe dm
[mm’/cm”] P K Ca Mg Na Fe Cu
50 242 | 7224 | 9.66 | 1326 | 1.63 1.40 | 0.043
Non fertilized soil
25 2.06 | 8440 | 8.02 | 12.86 | 1.57 1.07 | 0.039
NPK 50 299 | 78.82 | 15.74 | 15.11 | 3.49 | 0.41 | 0.046
25 2.50 | 88.71 | 11.40 | 13.15 | 1.29 | 0.30 | 0.039
50 2.15 | 4475 | 10.87 | 1635 | 3.83 1.37 | 0.088
NPK + S(ammonium sulphate)
25 1.99 | 6599 | 10.14 | 13.73 | 2.87 1.21 | 0.079
50 2.55 | 69.65 | 10.16 | 14.18 | 1.49 | 1.32 | 0.040
NPK + S(Potafoska)
25 1.60 | 8641 | 939 | 1320 | 2.10 | 0.92 | 0.039
Control without extract 244 | 9435 | 784 | 13.84 | 247 | 0.28 | 0.043

Water extracts of soil tested in the experiment did not favour the development of
the R. solani fungus. Under field conditions mineral NPK fertilization also inhibited
potato tuber infection by R. solani [17]. According to Gorski and Gaj [18] high contents
of Mg, Cu, and Mn in plants reduce beetroot leaf infection by Cercospora beticola,
Erisiphe betae and Uromyces betae. Therefore it is supposed that the presence of these
elements in water extracts of soils may contribute to inhibition of Rhizoctonia solani
fungus development.

Conclusions

1. Under conditions in vitro the R. solani fungus reveals high sensitivity to the presen-
ce in the medium of water extracts of soils fertilized with mineral fertilizers. All tested
soil extracts applied in concentrations of 50 and 25 mm®/cm? inhibit both colony surface
growth and increments of R. solani biomass.

2. The strongest inhibitory effect on linear growth of the R. solani mycelium was ob-
served in the presence of the water extract of soil fertilized with NPK + S(Potafoska).

3. The share of 50 mm?/cm® of the extract of NPK fertilized soil and 25 mm®/cm? of
NPK with the S(ammonium sulphate) extract contributes to inhibiting R. solani biomass
growth to the same extent.
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WPLYW NAWOZENIA MINERALNEGO NA DYNAMIKE WZROSTU
Rhizoctonia solani KUHN

Katedra Ochrony Srodowiska Rolniczego, Uniwersytet Rolniczy im. Hugona KoHataja w Krakowie

Abstrakt: Badania dotyczyly okreslenia wptywu wodnych wyciagéw z gleb nawozonych nawozami mine-
ralnymi: NPK, NPK + siarczan amonu, NPK + Potafoska na rozrost liniowy i biomas¢ Rhizoctonia solani
w warunkach in vitro. Z badan wynika, ze grzyb R. solani wykazuje duza wrazliwo$¢ na obecno$¢ w podiozu
hodowlanym wodnych wyciagéw z gleb nawozonych nawozami mineralnymi. Odzwierciedlaja to wspot-
czynniki tempa wzrostu liniowego oraz zahamowania rozrostu liniowego i przyrostoéw biomasy. Wszystkie
badane wyciagi glebowe i ich stgzenia znacznie wplywaty na dynamike wzrostu R. solani. Najsilniejsze
oddziatywanie inhibitujace wzrost liniowy strzgpek grzybni R. solani obserwowano w obecnosci wodnego
wyciagu z gleby nawozonej NPK + Potafoska. Natomiast na udziat w podtozu hodowlanym 50 mm?*/cm?
wyciagu z gleby nawozonej NPK oraz 25 mm*cm® NPK z siarczanem amonu testowany gatunek grzyba
reagowat silnym zahamowaniem przyrostu biomasy odpowiednio o 55.71 i 57.07 %. Przeprowadzone ba-
dania in vitro moga wskazywacé, iz wprowadzanie do gleby nawozoéw mineralnych NPK oraz innych takich
jak siarczan amonu czy Potafoska moga ogranicza¢ populacj¢ grzyba chorobotworczego R. solani. Jednakze
w agrocenozach nalezy uwzgledni¢ wzajemny skomplikowany uktad zaleznosci pomigdzy poszczegdlnymi
elementami $rodowiska.

Stowa kluczowe: Rhizoctonia solani, nawozenie mineralne, wyciagi glebowe, wzrost liniowy, biomasa
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FUNGUS SPORE

WPLYW WIELOSCIENNYCH NANORUREK WEGLOWYCH (MWCNTS)
NA ZYWOTNOSC ZARODNIKOW GRZYBA Paecilomyces fumosoroseus
(WISE) BROWN & SMITH (Deuteromycotina: Hyphomycetes)

Abstract: The study aimed at testing the influence of pristine multi-walled carbon (MWCNTs) and carboxyl
(MWCNT(COOH)) nanotubes on spores of entomopathogenic Paecilomyces fumosoroseus fungus. The effect
of the nanotubes on the fungus linear growth, biomass increment and sporulation was determined. The char-
acter of linear growth of P. fumosoroseus mycelium obtained from the spores contacted with MWCNTs was
different in comparison with the control. Pristine carbon nanotubes significantly stimulated P. fumosoroseus
mycelium linear growth and limited its sporulation in comparison with the control. Carboxylation changed
the influence of carbon nanotubes on the spores of the tested fungus. The activity of MWCNT(COOH) was
definitely weaker and the obtained linear growth and sporulation did not differ significantly from the control.
No apparent effect of MWCNTSs on the increment of P. fumosoroseus biomass was found.

Keywords: multi-walled carbon nanotubes, carboxylated multi-walled carbon nanotubes, Paecilomyces fiu-
mosoroseus

Nanotechnology is a modern scientific discipline evoking wide interest. Nanomateri-
als and nanocompounds find numerous applications in various fields of economy. Car-
bon nanotubes (CNTs) are novel nanotechnological material researched by numerous
scientists. Currently, as in the case of a majority of such materials, analyses focus prima-
rily on their physical and chemical properties and potential practical applications [1-5].
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There have been reports pointing out the necessity to test carbon nanotube toxicity,
especially for humans. Some of the obtained results may cause some anxiety [6-9].
Few of the studies conducted so far aim to test carbon nanotube toxicity for lower liv-
ing organisms [10]. Researchers from the Yale University pointed out to the strong an-
tibacterial effect of single-walled carbon nanotubes (SWNTs) on Escherichia coli [11].
Toxicity of this kind of nanomolecules for prokaryotic bacteria cells was demonstrated
in the direct contact with the cell wall, which caused the death of the bacteria.

The studies aimed at determining the influence of multi-walled carbon nanotubes
(MWCNTs) and carboxylated multi-walled carbon nanotubes (MWCNTs(COOH)) on
the spores of Paecilomyces fumosoroseus fungus.

Material and methods

Carboxylated multi-walled nanotubes MWCNTs(COOH) were obtained by oxidation
of pristine MWCNTs purchased in Echo-Nanobio Trading Co. Ltd., (Taipei, Taiwan).
These are carbon nanotubes with the outer diameter of 40—60 nm, specific weight be-
tween 140 and 300 g/dm® and carbon content over 80 %.

Commercial MWCNTs were heated in nitric(V) acid for 2 days at boiling tempera-
ture. Subsequently they were drained and washed with water to obtain a neutral fil-
trate. They were dried at 120 °C for two days. TG analysis and acid-base titration of the
carboxylated carbon nanotubes obtained in this way revealed the presence of carboxyl
groups gravimetrically 3(% 0.5), purity > 99 %, pH = 4.5, outer diameter 1040 nm
(SME). The nanotubes prepared in this way were used for further analyses.

The experiment used a Polish strain of P. fumosoroseus entomopathogenic fungus,
from the Department’s own collection and was isolated from the soil for trap insects.
The strain was multiplied to obtain sporulating mycelium. Fungus spore suspensions, in
concentrations calculated in Biirker haemocytometer, were prepared in sterile distilled
water. 200 cm3 of spore suspension in 5.5 - 10% pcs per cm® concentration was intro-
duced into glass flasks. The control was provided by pure suspension without added na-
notubes. The experimental objects contained multi-walled carbon nanotubes and carbox-
ylated multi-walled carbon nanotubes, which were added to the spore suspensions in the
volume of 0.1 cm? each. The control flask and flasks with added nanotubes were placed
in a shaker and shaken for 1 hour. 10 mm?® of the solution was collected with a micro-
pipette from each of the shaken suspensions and inoculated on dishes with a standard
Sabouraud solid medium to obtain mycelium linear growth. Six replications were used.
When the observation of linear growth was completed (23™ day of fungi culturing) and
sporulating mycelia were obtained, spore suspensions were prepared again by means
of collecting 5 mycelium rings, 1 cm in diameter, from each experimental object and
counting their sporulation. Mycelium biomass increment was also examined after 1 hour
contact with the nanotubes by inoculating 3 cm? of the suspension to the flasks containing
100 cm? of liquid Sabouraud medium in 6 replications and incubating them at 20 °C for
40 days. After this period the post culture liquid with the mycelium was drained through
filter paper. The mycelium was dried in sterile glass at 80 °C to constant weight. Dry
mycelium mass was weighed on electronic analytical balance.
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Analysing the obtained results, the curves of the linear growth trend were matched
with the Gompertz curve according to the following formula:

Y =A - exp(—exp (—k (x—x)))
where:
A — amplitude,
k — process speed rate,
X, — curve inflection point.

Results and discussion

Figure 1 presents linear growth of P. fumosoroseus obtained from the fungi spores
after one-hour contact with pristine multi-walled carbon and carboxylated nanotubes in-
oculated on solid media.

The trend of mycelium growth after the contact with multi-walled carbon nanotubes
was different in character as compared with the control (spore suspension stirred for
1 h). Following the contact with pristine carbon nanotubes, at the five hundredth hour
of growth, the mycelium reached a significantly larger size in comparison with the con-
trol. It was not observed for carboxylated carbon nanotubes. The analysis of growth ac-
cording to Gompertz distribution revealed differences in the rate of the process (k) and
the growth saturation time, which corresponds to the curve inflection point. The results
of analysis were compiled in Table 1.

70 —————————————————————1
e[ = comnl ]

I o MWCNTs
60 - 4 MWCNTs(COOH) ] } )

55+

50

Diameter [mm]

45

40

35

30

— T T T T T T T 7

25

T

P T R U R U R I B SR |
50 100 150 200 250 300 350 400 450 500 550
Time [h]

Fig. 1. Linear growth of P. fumosoroseus fungus obtained in culturing after 1 hour contact with carbon
nanotubes



768 Anna Gorczyca et al

Table 1
Linear growth parameters obtained on the basis of the Gompertz distribution.
Control MWCNTs MWCNTs(COOH)
Specification

value error value error value error

Amplitude — A 60.76 4.12 77.35 2.03 64.98 6.74
Growth rate — k 0.00510 0.00067 0.00435 0.00024 0.00439 0.00076

Time of fastest growth —x_ | 63.76 13.28 130.21 6.62 103.43 24.89

In the case when both kinds of carbon nanotubes were used, the growth trend re-
vealed a greater amplitude in comparison with the control, a lower process rate and
a significantly longer time of growth saturation, which means that the control mycelium
was growing faster, but also its growth rate was slowed earlier. In may be concluded
that culturing the fungus from P. fumosoroseus spores following their contact with both
kinds of MWCNTs initially only slightly limited the linear growth intensity in time,
whereas its collapse was observed significantly later in comparison with the control and
the mycelia reached greater sizes, particularly for non-carboxylated multi-walled carbon
nanotubes.

Biomass obtained from the spores after their contact with carbon nanotubes did not
change notably in comparison with the control. Differences were observed within the
measuring error range, as has been shown in Figure 2.
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Fig. 2. Biomass of P. fumosoroseus obtained in the fungus culturing after 1 hour contact with carbon
nanotubes

Results of fungus sporulation were diversified (Fig. 3). P. fumosoroseus sporulated
significantly worse after the contact with non-carboxylated nanotubes, which was not
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noted for carboxylated nanotubes, where the results obtained were very close to the
control.

Kang et al [12], who observed a strong antibacterial effect of carbon nanotubes on
E. coli, obtained different results. However, in their studies the above-mentioned au-
thors were using single-walled carbon nanotubes (SWNTs) at the concentration on of
5 ug/em’ introduced to 0.9 % NaCl. Moreover, their test organism were bacteria and
not a fungus spore.

Initial observations conducted on P. fumosoroseus fungus spores require more de-
tailed research including, among others, testing if carbon nanotubes may contain free
radicals. At present the P. fumosoroseus spore response to the contact with nanotubes
may be explained by the fact that non-carboxylated carbon nanotubes, although hydro-
phobic, provide a source of carbon necessary for the growth of living organisms. How-
ever, the applied dose of nanotubes was not a considerable source of amorphous carbon.
The more probable cause of the fungus growth stimulation may be the mutagenicity
of non-carboxylated carbon nanotubes expressed as a faster cell division and therefore
growth at simultaneous incapacitating sporulation.
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Fig. 3. Sporulation of P. fumosoroseus obtained in the fungus culturing after 1 hour contact with carbon
nanotubes

Conclusions

1. A different character of P. fumosoroseus mycelium linear growth obtained from
the spores in contact with multi-walled carbon nanotubes was observed in comparison
with the control.
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2. Pristine carbon nanotubes led to a significant stimulation of surface growth of P. fu-
mosoroseus mycelium and reduction of its sporulation in comparison with the control.

3. Carboxylation changes the properties of multi-walled carbon nanotubes towards
fungus spores.

4. The effect of carboxylated carbon nanotubes was definitely weaker and the ob-
tained linear growth and sporulation did not differ significantly form the control.

5. No significant effect of multi-walled carbon nanotubes on P. fumosoroseus fungus
biomass increment was observed.
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WPLYW WIELOSCIENNYCH NANORUREK WEGLOWYCH (MWCNTS)
NA ZYWOTNOSC ZARODNIKOW GRZYBA Paccilomyces fumosoroseus
(WISE) BROWN & SMITH (Deuteromycotina: Hyphomycetes)
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Uniwersytet Rolniczy w Krakowie

Abstrakt: Zbadano wptyw wielosciennych nanorurek weglowych surowych (MWCNTSs) i karboksylowanych
(MWCNT(COOH)) na zarodniki owadobodjczego grzyba Paecilomyces fumosoroseus. Okreslono wpltyw na-
norurek na wzrost liniowy grzyba, przyrost biomasy i zarodnikowanie. Charakter wzrostu liniowego grzybni
P. fumosoroseus uzyskanego z zarodnikéw kontaktowanych z MWCNTs w poroéwnaniu do kontroli byt inny.
Nanorurki weglowe surowe powodowaty znaczna stymulacj¢ wzrostu powierzchniowego grzybni P. fumoso-
roseus 1 ograniczenie jej zarodnikowania w poréwnaniu do kontroli. Karboksylacja zmienita wptyw nanoru-
rek weglowych na zarodniki badanego grzyba. Oddziatywanie MWCNT(COOH) bylo zdecydowanie stabsze,
a uzyskany wzrost liniowy i zarodnikowanie nie roznily sig istotnie od kontroli. Nie stwierdzono istotnego
wpltywu MWCNTSs na przyrost biomasy grzyba P. fumosoroseus.

Slowa kluczowe: wieloscienne nanorurki weglowe, karboksylowane wielo$cienne nanorurki wegglowe,
Paecilomyces fumosoroseus
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EFFECT OF MAGNESIUM TREATMENT ON BEAN BEETLE
(Bruchus rufimanus BOH.) FEEDING ON BROAD BEAN
(Vicia faba L. ssp. maior) IN CONDITIONS OF SOIL
CONTAMINATION WITH HEAVY METALS

WPLYW NAWOZENIA MAGNEZOWEGO NA ZEROWANIE STRAKOWCA
(Bruchus rufimanus BOH.) NA BOBIE (Vicia faba L. ssp. maior)
W WARUNKACH SKAZENIA GLEBY METALAMI CIEZKIMI

Abstract: The aim of the research was to determine the effect of magnesium treatment on the harmfulness
of bean beetle (Bruchus rufimanus Boh.) for broad bean growing in conditions of soil contaminated with
single heavy metals on III level of pollution acc. to the IUNG classification. The observations were conduc-
ted on broad bean (Vicia faba L. ssp. maior), White Windsor c.v. cultivated in two series: in soil subjected
to magnesium fertilization and unfertilized with it. In each series the plants were cultivated in the following
objects: unpolluted soil with natural heavy metal content (Control); unpolluted soil with natural heavy metal
content with mineral fertilization (Control + NPK); cadmium contaminated soil (4 mg - kg™' d.m.); soil pol-
luted with lead (530 mg - kg™' d.m.); soil polluted with copper (85 mg - kg™ d.m.); soil polluted with zinc
(1000 mg - kg™' d.m.) and soil contaminated with nickel (110 mg - kg™! d.m.). Identical magnesium fertiliza-
tion applied for all objects was 20.4 mg Mg - kg™ d.m.

The level of magnesium treatment applied to the soil contaminated with single heavy metals did not si-
gnificantly affect broad bean seed yield, degree of injuries caused by bean beetle or their germinating ability.
Magnesium treatment may slightly improve germination energy of broad bean seeds originating from plants
growing in soil polluted with cadmium.

Keywords: heavy metals, magnesium fertilization, Bruchus rufimanus Boh.

Soil concentrations of heavy metals, such as copper, lead or cadmium reaching the
level of elevated content or medium pollution according to the IUNG classification do
not affect negatively the amount or quality of broad bean seeds [, 2]. Therefore soil
polluted with these metals may be used for broad bean seed crop cultivation. Magne-
sium fertilization may additionally beneficially affect the growth and crop yield quality,
also when the plants are growing in heavy metal polluted soil [3]. It is due to potential
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reduction of the heavy metal uptake by plants as a result of the application of this meas-
ure and diminishing the harmfulness of some agrophages [3-5].

The studies were undertaken to determine the effect of magnesium treatment on the
harmfulness of bean beetle (Bruchus rufimanus Boh.) for broad bean growing in soil
contaminated with single heavy metals on the III level of pollution according to the
IUNG classification. Assessed were also the energy and germination ability of seeds
both injured by broad bean beetle and healthy ones.

Material and methods

The experiment was conducted in 2005 on degraded chernozem developed from
loess revealing acid reaction and organic carbon concentration 1.13 %. Observations
were conducted on broad bean (Vicia faba L., ssp. maior), White Windsor c.v. cultivat-
ed in the following objects: unpolluted soil with natural content of heavy metals (Con-
trol); unpolluted soil with natural heavy metal content receiving mineral fertilization
(Control + NPK); soil contaminated with cadmium dosed: 4 mg - kg™' d.m.; soil con-
taminated with lead dosed: 530 mg - kg™’ d.m.; soil contaminated with copper dosed:
85 mg - kg™' d.m.; soil polluted with zinc dosed: 1000 mg - kg™ d.m.; and soil pol-
luted with nickel dosed 110 mg - kg™ d.m. The same magnesium fertilization, with
20.4 mg Mg - kg~' d.m., was applied in all objects.

The analyzed level of soil heavy metal pollution corresponded to the III class of pol-
lution according to the [UNG classification [6]. The heavy metals in the form of water
solutions of the following salts: 3CdSO, - 8H,0, NiSO, - 7H,0, CuSO,, ZnSO, 7H,0
and Pb(NO,), were supplied to the soil in the year preceding the experiment. Basic fer-
tilization, the same on all objects (except for the non-fertilized control), dosed: 0.7 g N
(in NH,NO,); 0.8 g P,O, (in KH,PO,); 1.2 g K,O (in KCI) per pot (9.8 kg of soil d.m.)
was applied simultaneously with heavy metal addition to the soil. In the year of the ex-
periment some pots containing the contaminated soil received magnesium fertilization.
The dose of the magnesium fertilizer was established on the basis of the soil analysis
conducted by the Agro-Chemical Station in Krakow. The content of bioavailable mag-
nesium in the initial soil was 7.2 mg - 100g™" of soil dry mass. Magnesium was added to
the soil as water solution of MgSO, - 7H,0.

The harmfulness of bean beetle was estimated on the basis of the weight of injured
seeds in relation to the total seed weight. The germination energy and ability of broad bean
seeds were assessed in laboratory conditions according to the generally accepted stand-
ards. The test was performed on Petri dishes on filter paper as the substratum. Germinat-
ing energy was assessed after 4 days and germination ability after 14 days. Seeds injured
by bean beetle (Bruchus rufimanus Boh.) and healthy seeds were assessed separately.

Results and discussion

Soil pollution with zinc and nickel inhibited broad bean plant growth so that they
were unable to develop seeds. Applied magnesium fertilization did not lead to any
major changes in the soil reaction [7]. No statistically significant effect of the level of
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magnesium treatment applied to the soil contaminated with individual heavy metals
was registered with respect to the obtained broad bean seed yield and the level of their
injury due to bean beetle (Table 1). The largest number of seeds was gathered from
plants growing in lead and cadmium contaminated soil when magnesium treatment was
applied in the object where the soil was polluted with lead and fertilized with magnesi-
um also the highest proportion of seeds injured by bean beetle was found, significantly
higher than in the control receiving mineral fertilization.

Table 1

Characteristics of broad bean seeds from plants cultivated in natural soil and in heavy metal contami-
nated soil with applied magnesium treatment, and degree of injuries due to Bruchus rufimanus Boh.

. Average seed weight per plant Weight of seezds injured
Object [% in relation to NPK] by Bru.chus rzfﬁmanus Boh.

[% in relation to NPK]
Cut+Mg 88.22 ab 137.62 ab
Cu 117.13 ab 110.66 ab
Pb+Mg 17333 b 176.86 b
Pb 139.92 ab 167.37 ab
NPK+Mg 118.12 ab 163.22 ab
NPK 100.00 ab 100.00 a
Cd+Mg 153.64 ab 130.34 ab
Cd 139.41 ab 114.55 ab
K+Mg 52.12a 155.15 ab
K 116.69 ab 161.42 ab

A greater germination energy was observed in seeds uninjured by bean beetle from
plants growing in cadmium contaminated soil and fertilized with magnesium than when
this measure was not applied. The situation was similar in the control object where mi-
neral fertilizers were used. In the other objects no significant effect of magnesium fer-
tilization on seed germination energy was observed (Fig. 1b). Also the seeds injured by
bean beetle originating from plants cultivated in cadmium polluted soil subjected to ma-
gnesium treatment were germinating faster than the seeds from the object contaminated
with cadmium but not fertilized with magnesium (Fig. 2b). The cadmium content in
roots decreased ca 2.5 times as a result of magnesium fertilization. On the other hand,
no effect of magnesium fertilization was observed on the concentrations of this element
in broad bean shoots. Magnesium fertilization had a similar effect in the case of copper
and lead — diminished metal concentrations as a result of this measure was observed
only in the underground parts [7].

The analysis of the germination of the seeds uninjured by bean beetle did not reveal
a statistically significant effect of magnesium treatment (Fig. 2a). No major differences
in seedling condition were registered, either (Table 2). Bean beetle feeding considerably
inhibited seed germination ability (Fig. 2b). Also in this case no statistically significant
differences were found between objects subjected to magnesium fertilization and ones
non-fertilized with this element. Seeds from the control, from the object with mineral
fertilization and additional magnesium treatment and from the lead contaminated object
revealed the greatest germination ability.
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Fig. 1. Germination energy of broad bean seeds uninjured (A) and injured (B) by Bruchus rufimanus
Boh. originating from plants growing in natural and heavy metal contaminated soil with magnesium fer-
tilization. Values for individual metals or control and for individual features, marked by different letters
in columns are statistically different (p = 0.05).

Table 2

Characteristics of germinating broad bean seeds (injured or uninjured by Bruchus rufimanus Boh.) from
plants cultivated in natural soil and in heavy metal contaminated soil with applied magnesium treatment.

Shoot length [cm] Underground part length [cm] | Number of lateral roots >2 mm
Objects Uninjured | Injured Uninjured Injured Uninjured Injured
seeds seeds seeds seeds seeds seeds
Cu+ Mg 5.99a 2.76 a 10.60 ab 4.33 ab 6.82a 792 a
Cu 722 a 5.19a 8.80 ab 8.32 ab 12.88 ab 12.61 a
Pb + Mg 8.12a 8.03 a 6.25 ab 9.59 ab 8.45 ab 1144 a
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Table 2. contd.

Shoot length Underground part length Number of lateral roots >2 mm
Objects Uninjured | Injured Uninjured seeds Injured Uninjured Injured
seeds seeds seeds seeds seeds

Pb 9.10 a 8.80a 9.35 ab 12.65b 13.50 ab 10.49 a
NPK + Mg 15.62 a 477 a 8.50 ab 6.85 ab 17.00 ab 6.88 a
NPK 9.03 a 540 a 550a 4.60 ab 10.05 ab 535a
Cd +Mg 10.66 a 5.68a 12.94 b 6.91 ab 15.05 ab 6.53a
Cd 9.10 a 236a 9.00 ab 2.78 a 11.00 ab 4.89 a
K+ Mg 14.00 a 0.73 a 7.00 ab 298 a 18.00 b 7.75a
K - 598a - 8.92 ab - 15.19 a

Values for individual metals or control marked by different letters in columns are statistically different
(p = 0.05).
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Fig. 2. Germination ability of broad bean seeds uninjured (A) and injured (B) by Bruchus rufimanus Boh.
originating from plants growing in natural and heavy metal contaminated soil with magnesium fertiliza-
tion. Values for individual metals or control and for individual features, marked by different letters in

columns are statistically different (p = 0.05).
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Conclusions

1. The applied level of magnesium fertilization of soil contaminated with single
heavy metals does not significantly affect either broad bean seed yield, or the degree of
injuries caused by bean beetle, or their germination ability.

2. Magnesium treatment may slightly improve the germination energy of broad bean
seeds from plants growing in cadmium contaminated soil.
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WPELYW NAWOZENIA MAGNEZOWEGO NA ZEROWANIE STRAKOWCA
(Bruchus rufimanus BOH.) NA BOBIE (Vicia faba L. ssp. maior) W WARUNKACH
SKAZENIA GLEBY METALAMI CIEZKIMI

Katedra Ochrony Srodowiska Rolniczego, Uniwersytet Rolniczy w Krakowie

Abstrakt: Celem podjetych badan byto okreslenie wptywu nawozenia magnezowego na szkodliwos¢ stra-
kowca bobowego (Bruchus rufimanus Boh.) dla bobu rosnacego w warunkach gleby zanieczyszczonej po-
jedynczymi metalami cigzkimi na poziomie III stopnia zanieczyszczenia wg klasyfikacji [IUNG. Obserwacje
prowadzono na bobie (Vicia faba L. ssp. maior) odm. Windsor Bialy uprawianym w dwoch seriach: na
glebie poddanej nawozeniu magnezowemu i nienawozonej magnezem. W kazdej serii rosliny uprawiano
w nastgpujacych obiektach: gleba niezanieczyszczona — o naturalnej zawartosci metali cigzkich (Kontrola);
gleba niezanieczyszczona — o naturalnej zawartosci metali cigzkich nawozona mineralnie (Kontrola + NPK);
gleba zanieczyszczona kadmem w dawce: 4 mg - kg s.m.; gleba zanieczyszczona otowiem w dawce:
530 mg - kg™' s.m.; gleba zanieczyszczona miedzia w dawce: 85 mg - kg™' s.m.; gleba zanieczyszczona cyn-
kiem w dawce: 1000 mg - kg™' s.m.; gleba zanieczyszczona niklem w dawce: 110 mg - kg™' s.m. Nawozenie
magnezowe zastosowano jednakowe dla wszystkich obiektow: 20,4 mg Mg - kg™! s.m.

Zastosowany poziom nawozenia magnezowego gleby skazonej pojedynczymi metalami cigzkimi nie
wplywa znaczaco na plon nasion bobu, stopien ich uszkodzenia przez strakowca bobowego ani tez ich zdol-
nos¢ kietkowania. Nawozenie magnezowe moze nieco zwigksza¢ energig kietkowania nasion bobu pochodza-
cych z ro$lin rosnacych w glebie zanieczyszczonej kadmem.

Stowa kluczowe: metale cigzkie, nawozenie magnezowe, Bruchus rufimanus Boh.
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EFFECT OF LIMING OF HEAVY METAL POLLUTED SOIL
ON THE CONTENT OF MAGNESIUM, CALCIUM AND IRON
IN BROAD BEAN (Vicia faba L., ssp. maior) PLANTS

WPLYW WAPNOWANIA GLEBY SKAZONEJ METALAMI CIEZKIMI
NA ZAWARTOSC MAGNEZU, WAPNIA I ZELAZA W ROSLINACH BOBU
(Vicia faba L., ssp. maior)

Abstract: The research aimed at determining the effect of diversified lime doses on the content of magne-
sium, calcium and iron in broad bean plants growing in conditions of soil polluted with heavy metals on
the III level of pollution according to the IUNG classification. Analyses were conducted on broad beans
(Vicia faba L. ssp. maior), White Windsor c.v. cultivated in two series: in limed and non-limed soil. In each
series the plants were cultivated in the following objects: unpolluted soil with natural heavy metal concen-
trations (Control); unpolluted soil with natural heavy metal content receiving mineral fertilization (NPK);
soil polluted with cadmium dosed 4 mg - kg™' d.m.; soil contaminated with lead dosed 530 mg - kg™' d.m.;
soil contaminated with copper dosed 85 mg - kg™' d.m.; soil polluted with 1000 mg - kg™ d.m.of zinc and
soil contaminated with a dose of 110 mg - kg™' d.m. of nickel. Liming was conducted on the basis of hy-
drolytic acidity analysis of soil from individual objects. Two doses were applied: according to 1 and 2 Hh.
The lime doses were respectively: Control — 356 and 712 mg CaO - kg™' d.m.; NPK — 420 and 840 mg
CaO - kg™' d.m.; cadmium polluted soil — 504 and 1008 mg CaO - kg™' d.m.; soil polluted with lead — 420
and 840 CaO - kg™! d.m.; copper contaminated soil — 398 and 796 CaO - kg™! d.m.; soil polluted with zinc —
860 and 1720 CaO - kg™ d.m. and soil polluted with nickel 524 and 1048 CaO - kg™' d.m.

Soil contamination with heavy metals such as Cu, Cd, Pb, Ni or Zn causes considerable changes in Ca,
Mg and Fe concentrations in broad bean plants. Application of liming contributes to balancing the content
of the studied elements in plants. After the measure was applied the content of Ca, Fe and Mg in the plants
growing in soil contaminated with individual heavy metals in most cases was on a level similar as in the
plants growing in unpolluted soil.

Keywords: heavy metals, liming, accumulation, Mg, Ca, Fe

The harmful effect of heavy metals in soil may be revealed as blocking the uptake of
some macro- and microelements by plants. For instance, Zn and Cd have an inhibitory
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effect upon Fe, whereas lead on P and Mn absorption. Disturbances in the uptake of
these elements may result in their deficiency in plants but may also reduce the nutrition-
al value of plants cultivated for forage. Calcium in soil is identified as an agent neutral-
ising the negative effect of many harmful constituents, including heavy metals [1, 2].

The investigations aimed at determining the effect of diversified calcium doses on
the content of selected elements: magnesium, calcium and iron in broad bean plants
growing in conditions of soil contaminated with heavy metals on the III level of pollu-
tion according to the IUNG classification [3].

Material and methods

The soil used for the experiment was a degraded chernozem developed from loess
with acid reaction (pH in 1 mol - dm™ KCI solution was 5.7 and in water 6.5) and
organic carbon content 1.13 %. The observations were conducted on broad bean (Vi-
cia faba L. ssp. maior), White Windsor, c.v. cultivated in two series: in limed and
non-limed soil. The doses of heavy metals and calcium are given in Table 1. The way
in which heavy metals were supplied to the soil, the amount of basic fertilization and
methods of chemical analyses conducted on the soil were presented in other papers
[4, 5]. Liming was conducted on the basis of hydrolytic acidity analyses of the soil
from individual objects. Two doses were applied: according to 1 (...+Cal) and 2 Hh
(...+Ca2). The soil reaction from individual objects after the end of the growing period
was presented in another paper [6].

Table 1
Experimental design
. Metal dose Ca0 df)se a0 d.ose
Object [mg/ke soil d.m.] [mg/kg soil d.m.] [mg/kg soil d.m.]
(acc. to 1 Hh) (+Cal) (acc.to 2 Hh) (+Ca2)

Non-fertilized control — 356 712
Control receiving mineral — 420 840
fertilizers

Cadmium contaminated soil 4 504 1008
Copper contaminated soil 85 398 796
Lead contaminated soil 530 420 840
Nickel contaminated soil 110 524 1048
Zinc contaminated soil 1000 860 1720

The samples for chemical analyses were collected at the stage of seed milk maturity.
Chemical analysis of the plant material consisted in determining the content of selected
macroelements: iron, magnesium and calcium.

Plant material was washed in tap and in distilled water, dried at 105 °C to a constant
weight and ground to fine powder, then mineralized and dissolved in 10 % HNO,. Af-
ter filtration: Mg, Ca, Fe content was measured using Flame Atomic Absorption Spec-
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trometry (FAAS) [7, 8]. The quality of the analytical procedure was controlled by using
samples of the reference material in each series of analysis (Certified Reference ma-
terial CTA-OTL-1 Oriental Tobacco Leaves). The data were processed using software
Statistica to compute significant statistical differences between samples (p <0.05) ac-
cording to Tukey’s multiple range test.

Results and discussion

Soil contamination with copper, nickel and zinc caused a significant decline in mag-
nesium concentrations in broad bean shoots in comparison with the objects with unpol-
luted soil (Fig. 1A). The decline was slight for copper, in the case of nickel it was almost
two-fold, whereas for zinc even 5-fold. Liming of copper contaminated soil (both using
a higher and a lower dose) led to a further slight decrease in the Mg content. A similar
result of liming was observed when broad bean was growing in cadmium contaminated
soil. In conditions of nickel polluted soil a double lime dose diminished the magne-
sium content in broad bean shoots by 1/3 in comparison with the object contaminated
with this metal but without liming. On the other hand in the case of zinc contaminated
soil, liming (both at the lower and higher CaO dose) incurred growth in the Mg content
reaching almost the level similar to unpolluted plants. However, liming did not affect
the content of magnesium in the shoots of broad bean cultivated in lead contaminated
soil. Due to soil pollution with cadmium or lead, between 3 and 4 times larger amounts
of magnesium were detected in broad bean roots growing in this soil than in the control
plant roots (Fig. 1B). In conditions of copper and cadmium contaminated soils, a double
dose of lime significantly lowered magnesium concentrations in broad bean roots. In
broad bean grown in lead contaminated soil, a high, over two fold decline in magnesi-
um concentration in the roots was registered when liming was done with both the lower
and the higher dose.

This measure made the Mg content in roots approximate the same level as in plants
unpolluted with heavy metals. Liming of zinc polluted soil caused an increase in the
Mg content in broad bean underground parts, particularly at a higher lime dose. In nick-
el contaminated soil a lower dose of lime slightly elevated the Mg content in these plant
parts, whereas a higher dose did not lead to any notable changes in this macroelement
content. Similarly, a slight increase in the magnesium content under the influence of
liming was noted in broad bean roots growing in the soil contaminated with a joint dose
of heavy metals on the level corresponding to the I pollution degree according to the
TUNG classification [9].

Soil pollution with all of the analyzed heavy metals, except cadmium, led to a de-
cline in the calcium content in broad bean shoots (Fig. 2A). Liming of copper polluted
soil apparently did not affect the concentration of this element. In the case of soil pollu-
tion with cadmium liming with both a higher and a lower dose led to a decline in the Ca
content in broad bean shoots by ca 1/3. When the soil was polluted with lead the lower
dose of lime elevated the Ca content (almost twice in comparison with Pb contaminated
but non-limed soil), whereas the higher dose lowered this concentration (by ca 1/3 in
comparison with the non-limed object). In conditions of soils contaminated with zinc
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Fig. 1. Magnesium content in shoots (A) and roots (B) of broad bean (Vicia faba L., ssp. maior) cultivated
in unpolluted soil (Control, NPK) and in soil contaminated with single heavy metals and limed with

a dose acc. to 1 Hh (...+Cal) and acc. to 2 Hh (...+Ca2). Values marked with different letters are stati-
stically different at p = 0.05

and nickel, liming (both with a dose computed acc. to 1 Hh and acc. to 2 Hh) appar-
ently raised the Ca content in broad bean shoots. In the object with nickel contami-
nated soil the rise was almost twofold, while on the object with zinc contaminated soil
— 20-fold. In the latter case Ca concentrations in broad bean shoots after applied liming
approximated the level of this element in the control plants. Similarly as in the shoots,
also in roots soil contamination with a majority of the analyzed heavy metals caused
a decline in Ca content (Fig. 2B).
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Fig. 2. Calcium content in shoots (A) and roots (B) of broad bean (Vicia faba L., ssp. maior) cultivated in
unpolluted soil (Control, NPK) and in soil contaminated with single heavy metals and limed with a dose
acc. to 1 Hh (...+Cal) and acc. to 2 Hh (...+Ca2). Values marked with different letters are statistically
different at p = 0.05.

On the other hand, application of liming usually caused an increase in the calcium
content in these broad bean parts, which was the higher, the higher was the lime dose.
In objects where the soil was contaminated with cadmium and zinc this measure con-
tributed to increasing the Ca level in broad bean roots to the same one as in unpolluted
plants. Only in the case of soil polluted with nickel no changes in the Ca content were
registered in broad bean roots growing in it as an effect of liming, but the level of this
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element did not differ significantly either from the calcium content in plants growing in
natural soil. The Author’s former studies showed that at joint application of all heavy
metal doses the concentrations of this element in broad bean roots growing in contami-
nated and limed soil were also apparently higher in comparison with the roots growing
in polluted soil but without liming [9].

Soil contamination with copper, lead and cadmium did not affect significantly the
iron content in broad bean shoots (Fig. 3A). However, soil contamination with nickel
and zinc caused a considerable (ca 3 —fold for Ni and 4-fold for Zn) increase in iron
content. It was connected with a decrease in soil pH value in the objects polluted with
these elements [6]. Solubility of iron compounds increases proportionally to the soil
acidification degree. The iron content in plants changes considerably during the grow-
ing period. In legumes the content on the level of between 75 and 400 mg/kg d.m. is
registered [10]. In conditions of nickel contaminated soil, the lime dose calculated acc.
to 1 Hh caused further development of the Fe level in broad bean shoots, whereas the
dose computed acc. to 2 Hh caused that the Fe level declined to the level noted in the
control plants. In the case of zinc contaminated soil, a lower CaO dose decreased the
iron content in broad bean shoots by ca 1/3, while the higher one led to a further de-
cline to the level similar to the one registered in the control plants. No apparent dif-
ferences in the iron content between unpolluted plants and those growing in Pb, Cu or
Cd contaminated soil were registered either in broad bean shoots or roots (Fig. 3B). In
these objects liming caused only slight fluctuations of the iron content in these plant
parts. On the other hand, soil contamination with zinc affected a considerable, 6-fold
decrease in the iron content in broad bean roots. Liming with a dose established on the
basis of double hydrolytic acidity raised the content of this element to the level similar
to the control plants. Similarly, in conditions of soil contamination with nickel, already
the lime dose calculated according to single hydrolytic acidity raised the iron level in
broad bean roots to the same as noted in the control plants, whereas a higher CaO dose
caused a further increase in the Fe content in broad bean roots. In studies on the coop-
eration of NPK treatment with the liming effect on bioavailability of some metals to
meadow plants, the most intensive iron bioavailability was registered in plants in ob-
jects where liming was used [11]. In some other research non-directional changes in the
iron content in plants were observed irrespective of liming application [12, 13]. There
is a considerable interrelation between the metabolic effect of iron and other trace met-
als. Excessive amounts of metals, particularly Mn, Ni and Co reduce the uptake and
translocation of iron, which as a result inhibits chlorophyll formation leading to chlo-
rosis. These interactions occur both in the soil environment and in plant tissues [14].
Such symptoms and a declined chlorophyll content were noticed in plants growing in
zinc contaminated soil [15]. Proper calcium supply improved plant resistance to either
deficiency or excess of iron [10]. Plants growing in zinc contaminated soil after lim-
ing application revealed a much better condition that these which were growing in pol-
luted but non-limed soil (the Author’s own unpublished data). A complex character of
the antagonism in the Fe—Ca relation, which has been emphasized in literature, depends
on different soil conditions and concerning the soil metabolism is sometimes combined
with other elements [10].
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Fig. 3. Iron content in shoots (A) and roots (B) of broad bean (Vicia faba L., ssp. maior) cultivated in
unpolluted soil (Control, Control +NPK) and in soil contaminated with single heavy metals and limed
with a dose acc. to 1 Hh (...+Cal) and acc. to 2 Hh (...+Ca2). Values marked with different letters are
statistically different at p = 0.05.

Conclusions

1. Soil contamination with heavy metals, such as Cu, Cd, Pb, Ni and Zn causes sig-
nificant changes of Ca, Mg and Fe contents in broad bean plants.

2. Application of liming contributes to balancing the contents of the analyzed ele-
ments in a plant. After liming the content of Ca, Fe and Mg in plants growing in soil
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contaminated with individual heavy metals in most cases was on the level similar to the
one registered in plants growing in unpolluted soil.
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WPLYW WAPNOWANIA GLEBY SKAZONEJ METALAMI CIEZKIMI NA ZAWARTOSC
MAGNEZU, WAPNIA I ZELAZA W ROSLINACH BOBU (Vicia faba L. ssp. maior)

Katedra Ochrony Srodowiska Rolniczego, Uniwersytet Rolniczy w Krakowie
Katedra Ekologii, Uniwersytet Slaski w Katowicach

Abstrakt: Celem podjetych badan byto okreslenie wptywu zrdznicowanych dawek wapna na zawarto$é
mangezu, wapnia i zelaza w roslinach bobu rosnacych w warunkach gleby zanieczyszczonej pojedynczymi
metalami cigzkimi na poziomie III stopnia zanieczyszczenia wg klasyfikacji IUNG. Analizie poddano bob
(Vicia faba L., ssp. maior) odm. Windsor Bialy uprawiany w dwoch seriach: na glebie wapnowanej i niewap-
nowanej. W kazdej serii rosliny uprawiano w nastgpujacych obiektach: gleba niezanieczyszczona — o natural-
nej zawarto$ci metali cigzkich (Kontrola); gleba niezanieczyszczona — o naturalnej zawarto$ci metali cigzkich
nawozona mineralnie (NPK); gleba zanieczyszczona kadmem w dawce: 4 mg - kg™' s.m.; gleba zanieczysz-
czona otowiem w dawce: 530 mg - kg™' s.m.; gleba zanieczyszczona miedzia w dawce: 85 mg - kg™ s.m.;
gleba zanieczyszczona cynkiem w dawce: 1000 mg - kg™' s.m.; gleba zanieczyszczona niklem w dawce:
110 mg - kg™' s.m. Wapnowanie przeprowadzono na podstawie analizy kwasowosci hydrolitycznej gleby z po-
szczegodlnych obiektow. Zastosowano dwie dawki: wedtug 1 i 2 Hh. Dawki wapna wynosily odpowiednio: Kon-
trola— 356 i 712 mg CaO - kg™' s.m.; Kontrola + NPK — 420 i 840 mg CaO - kg™' s.m.; gleba zanieczyszczona
kadmem — 504 i 1008 mg CaO - kg™' s.m.; gleba zanieczyszczona otowiem — 420 i 840 mg CaO - kg™’ s.m,;
gleba zanieczyszczona miedzia — 398 i 796 mg CaO - kg™' s.m.; gleba zanieczyszczona cynkiem 860 i 1720 mg
CaO - kg™! s.m.; gleba zanieczyszczona niklem 524 i 1048 mg CaO - kg™' s.m.

Skazenie gleby metalami cigzkimi, takimi jak Cu, Cd, Pb, Ni i Zn powoduje statystycznie istotne zmiany
w zawartosci Ca, Mg i Fe w ro$linach bobu. Zastosowanie zabiegu wapnowania przyczynia si¢ do zréwno-
wazenia zawarto$ci badanych pierwiastkow w roslinie — po ich przeprowadzeniu zawartos¢ Ca, Fe i Mg w ro-
slinach rosnacych w glebie skazonej poszczegdlnymi metalami cigzkimi w wigkszosci przypadkow ksztattuje
si¢ na podobnym poziomie, jak w ro$linach rosnacych w glebie niezanieczyszczonej.

Slowa kluczowe: metale cigzkie, wapnowanie, akumulacja, Mg, Ca, Fe
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OWLET MOTHS (Noctuidae) AS BIOINDICATORS
OF ECOLOGICAL PROCESSES OCCURRING
IN AGROCOENOSES FARMLAND

SOWKOWATE (Noctuidae) JAKO BIOINDYKATORY
PROCESOW EKOLOGICZNYCH ZACHODZACYCH
W AGROCENOZACH POL UPRAWNYCH

Abstract: The aim of the study was to compare the Noctuidae moth in the environment of farmland in
four places, using ecological indices. The study was conducted from 2003 to 2005 on the fields sown with
the winter wheat, sugar beets, the maize and the winter rape. The subject of the study was the imago of
butterflies caught by light traps. Light traps (Polish brand) located at the Institute of Plant Protection (IPP),
Agricultural Experimental Farm — Winna Gora, Sugar Beet Breeding Research Station in Wieclawice, Expe-
rimental Station in Stupia Wielka and IPP — Poznan-research garden. The collected Noctuidae imagines
were identified and characterized qualitatively and quantitatively. Moreover, the composition of caught of
butterflies and its richness was assessed using “abundance relative method”, which estimated the number
of dominance of species. The Noctuidae imagines were analyzed using Shannon-Weaver’s diversity index
(H’), Simpson’s dominance index (SJ) and Sorenson’s indices of similarity (J %). The results showed higher
similarity between species composition in agrocenoses of Poznan and Wieclawice. The smallest diversity of
species, reflected in the lowest value of diversity index and the high value of dominance index, was observed
in a biotic community of the Winna Gora which reveals the species compensation of few Noctuidae kinds. In
this case there were: Agrotis segetum (Schiff. et Den.), A. exclamationis (L.), Xestia c-nigrum (L.), whether
Discestra trifolii (L.).

Keywords: cutworms, bioindicators, ecological index, light-trap

As many as 150.000 species belong to the Lepidoptera order, of which about 25.000
are Owlet moths (Noctuidae). The Owlet moths inhabit mainly areas in the moderate
climate. Approximately 60 % of their species live on the northern hemisphere, approxi-
mately 25 % on the southern hemisphere, while the remaining 15 % in the tropics. In
Poland, the Owlet moths family belongs to one of the larger taxonomical groups of in-
sects and is represented by approximately 500 species of butterflies [1, 2].

! Department of Method Forecasting and Pest Registration, Institute of Plant Protection, ul. Wiadystawa
Wegorka 20, 60-318 Poznan, Poland, email: mjakubowska@echostar.pl
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Majority of Owlet moth species known in Poland is characterized by a vast distri-
bution. Due to their environmental valency they accommodate easily to any changes
occurring in the environment as a result of human activity. Most Owlet moths are eury-
bionts that inhabit various forest and meadow biotopes as well as open areas. In agro-
cenoses they can constitute about 50 % of all species of butterflies; majority of them
are economically important pests of cultivations. Within the Owlet moths approx. 70 %
of species, of which nearly all Noctuinae Noctuidae, Hadeninae Noctuidae and many
other Owlet moths, are polyphagous with a broad trophic spectrum that covers from
a few dozens to several host plants [3, 4].

Large population fluctuations are an important feature of numerous species of
Noctuidae, and these are particularly visible in agrocenoses. The quantity and quality
changes repeated every year in specified seasons result from differences in their biotic
cycles [1, 3]. Species with the same biotic cycles constitute phenological groups, the
largest of which is composed of summer species that are active in the imago stage in
July and August, while the smallest of which includes autumn and winter species fly-
ing in the autumn, and even in warmer periods of winter, and in spring following the
diapause.

The paper presents barely a small part of vast data obtained in the course of works
performed on the areas monitored.

Material and methods

The Noctuidae were caught from May to the first half of October each year from
2003 to 2005 using light traps filled with insecticide. Inspections and picking of in-
sects caught from the traps were carried out systematically 2—3 times a week. The areas
for research were determined on the following premises: in Poznan in the phonological
garden of the Institute of Plant Protection (Wielkopolska province), in Winna Gora in
the Agricultural Experimental Station of the IPP (Wielkopolska province, about 70 km
far away Poznan) and in Wieclawice (Kujawy-Pomerania province, about 50 km from
Torun) area of the former Beet Breeding Station. One trap was installed on each of the
tested premises. The insects caught were assigned to species, secured and summarized
[5-8].

Based on the number of species and total population of the individuals caught, the
following indexes were specified that characterize the Noctuidae community:

—structure of the species domination in the Noctuidae groups expressed by the so-called
relative abundance calculated according to the following formula: D = s/S* 100 [%];
where s — number of individuals belonging to the given species caught within 2 years in
one trap on the tested area, S — total number of individuals of all species of the cenotic
unit tested;

— Shannon-Weaver index that determines the species diversity. The index value is
calculated basing on the following formula: H' = Spilog2pi; where S — number of spe-
cies in the group (total), pi — (n1/N) of i-th species in a group composed of S species,
and nl — population of the i-th species in a team with N total number of individuals;

— species richness index acc. to the Simpson’s formula; d = (S-1)/logN; where:
S — number of species in the community, N — total number of individuals caught.



Owlet Moths (Noctuidae) as Bioindicators of Ecological Processes Occurring... 787

Results and discussion

Overview of faunistic and ecological characteristics of Noctuidae

Throughout the four years of the research over 14 thousand of individuals were
caught to 3 light traps (8411 individuals in 2003; 3722 in 2004 and 2188 in 2005), and
they represented species from genera belonging to subfamilies.

Most species belonged to two subfamilies: Hadeninae (29 species) and Noctuinae
(20 species), and they constituted about 92 % of the total number of butterflies caught.
An occurrence of a large number of populous species of butterflies typical for this kind
of a landscape was detected in the material. Found were also species that are generally
rare in Poland such as Gortyna flavago Schiff. and species that had not been recorded
for the areas of Poznan and Wieclawice — Agrochola purpurea L. Generally, 2003 was
a year with the largest number of butterflies caught in comparison with 2004 and 2005.
Most individuals were collected in Wieclawice (6128 butterflies caught in 2003, 2093
individuals in 2004, and 1327 individuals in 2005); in Poznan (2003 — 1732 individuals,
2004 — 1361 individuals, 2005 — 510 individuals) and the smallest number of butterflies
were caught in Winna Gora (2003 — 651 individuals, 2004 — 268 individuals, 2005 —
301 individuals). In the phenological groups for one-generation species a majority con-
sisted of the spring and summer species that are active in the imago stage in June (eg spe-
cies from such genera as Orthosia spp., Cuculia umbratica L., Apameamonoglypha
Hufn., Melanchra pisi L.) and summer species (Cosmia trapezina L., Mythimna
conigera Schiff., Noctua pronuba L.), where the flight of their butterflies took place
in July and August. From multi-generation species 11 species need to be mentioned
the flight of which lasted uninterruptedly from May to September, and even to the first
decade of October. Majority of these species are well-known pests of crop plants of
large economic significance (e.g. Agrotis segetum Schiff., A. exclamationis L., Xestia
c-nigrum L., Mythimna pallens L., Mamestra brassicae L., Lacanobia oleracea L.).
Observed were also two migrating species: Agrotis ipsilon Hufn. and Autographa
gamma L., which occur in Poland, but probably do not winter here.

In the tested Noctuidae community, species characteristic for open areas related
trophically to synantropic and meadow plants were the most populous group. The second
group was composed of species characteristic for forest and scrub plant community
connected in terms of feeding with trees and bushes, while the third of the most popu-
lous groups included species characteristic for environments linked directly with agro-
cenoses of fields of: beets, rape, cereal plants.

The determination of the structure of domination was applied for faunistic identifi-
cation of the Noctuidae community. Over 80 % of all butterflies from the Noctuidae
community caught in the phenological garden in Poznan in the period from 2003 to
2005 were recognized as dominants. In Poznan Xestia c-nigrum was eudominant, and
within the three years of the research it reached the domination level of over 24 %.
Another class of dominants at the level of 16.5 % of all moths collected was established
by one species Agrotis segetum. The class of subdominants was represented by 11 spe-
cies, the class of recedents by two species at the domination level of approximately
2 %. The class of accompanying species was composed of 36 species. In Winna Gora,
two species dominated distinctly: Agrotis segetum —26.4 %, A. exclamationis — 15.3 %,
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with Xestia c-nigrum about 12 %, and Discestra trifolii L. 10.8 %. They were all
accompanied by: Hoplodrina ambigua Schiff., Mythimna pallens and Xestia triangulum
Hufn. The class of recedents and subrecedents was composed of approximately 30 spe-
cies that constituted about 14 % of all the imagines collected. In Wieclawice, alike in
Poznan, the domination of a few species of the Noctuidae community was at a similar
level, and so the class of eudominants included Xestia c-nigrum —21.7 %, and of domi-
nants: Mythimna pallens — 13.4 %. The class of subdominants was composed of 10 spe-
cies, all of which represented open areas. The classes of recedents and subrecedents
were represented in great numbers.

For determining the characteristics of the Noctuidae community, the Shannon-Weav-
er species diversity index was used. Based on the values obtained it can be shown that
the higher the index the larger the species diversity of the tested community (Table 1, 2).

Table 1

Resemblance of Noctuidae species of two biotic communities of the Wielkopolska
and Kujawy-Pomorania province in 2003-2005.

. No of species occurring Semblance of species
Location .
simultaneously [J %]
Poznan
Winna Gora 45 50.56
Poznan
Wieclawice 61 61.62
Winna Gora
Wieclawice 46 51.11
Table 2
The richness, diversity and evently of Noctuidae species of two biotic communities
of the Wielkopolska and Kujawy-Pomorania province in 2003—2005.
Place Number Number Diversity Richness Eaveness
of specimens of species [H’] [dS] []

Poznan 3553 79 4419 21.968 0.701
Winna Gora 1220 55 3.893 17.496 0.673
Wieclawice 9528 81 4477 20.106 0.706

The enclosed table shows that the highest values were recorded in the areas located
in Wieclawice and Poznan. The conclusion from the above is that the species diversity
of the given community depends on the natural environment and, according to literature
available, probably also on the habitat’s humidity.

A slightly different approach that complements the conclusions from the diversity in-
dex is presented on the basis of the Simpson’s richness index. The index is based on the
probability theory in which the species abundance is measured by the sum of probabili-
ties of occurrence of all species in the tested community. When the occurrence of spe-
cies is considered in view of this approach, the best richness is clearly visible in Poznan
and Wieclawice, while it is the worst in the area tested in Winna Gora (idle field).
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Conclusions

Monitoring of the Noctuidae community can be an element of a broader environ-
ment monitoring system the objective of which is to determine the direction of changes
occurring in the biocenoses tested. Despite its significant ecological valency, the Noc-
tuidae community reacts to all anthropogenic and biotic disturbances. From the data
available it is known that for the last 50 years significant changes have occurred in
the Noctuidae community in the area of Warsaw City Center. Particularly in the last
20 years a considerable impoverishment of the species composition was noted. For
these communities durable and constant in time was a group of 25-30 species com-
posed of all very populous and populous species and several less populous species.
A group of species having small populations that occur only occasionally in the Warsaw
City Center is the element that changes in time. The group’s content has decreased by
at least 70 %.

Vanishing of rare species seems to be caused primarily by unfavorable environmen-
tal changes occurring as a result of intense development of that area (desertification of
densely developed areas, decreased surface of urban green areas, changes in plant spe-
cies composition, great pollution and other similar factors).

Monitoring of the Noctuidae community can disclose changes in the biodiversity that
is expressed among others by the number species of organisms co-occurring in the giv-
en area. If detected at the right time, changes of various kinds in biocenoses can have
a significant influence on undertaking adequate economic steps aiming at maintaining
the ecosystem of either open areas or agrocenoses at a balanced level [4, 5, 7, §].

The three-year-long research and observations of the Noctuidae need to be treated as
a pilot study, and the results obtained as the starting point for further observations on
the influence of the structure of species in the Noctuidae communities on the increasing
environment degradation process.
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SOWKOWATE (Noctuidae) JAKO BIOINDYKATORY PROCESOW EKOLOGICZNYCH
ZACHODZACYCH W AGROCENOZACH POL UPRAWNYCH

Zaktad Metod Prognozowania i Rejestracji Agrofagow
Instytut Odnowy Roslin — Panstwowy Instytut Badawczy

Abstrakt: Celem pracy bylo porownanie struktury sowkowatych w §rodowisku pol uprawnych, czterech ba-
danych miejscowosci za pomoca wskaznikéw ekologicznych. Badania przeprowadzono w latach 2003—2005
na polach do§wiadczalnych obsianych pszenica ozima, burakami cukrowymi, kukurydza oraz rzepakiem ozi-
mym. Przedmiotem badan byly odlowione imagines motyli sowkowatych za pomoca putapek $wietlnych
zwanych potocznie samotéwkami. Okreslono sktad jakosciowy i ilosciowy odtowionych motyli, obliczajac
strukturg¢ dominacji gatunkéw wyrazong za pomoca tzw. abundancji relatywnej. Do analizy pordwnawczej
materiatu zastosowano indeks réoznorodno$ci Shannonna-Weavera (H’), dominacji Simsona (SI) oraz wskaz-
niki podobiefistwa Sorensona (J %). Wyniki badan wykazaly wigksze podobiefistwo sktadu gatunkowego
agrocenoz Poznania i Wigctawic. Najmniejsza rdznorodnoscia gatunkow, potwierdzona matg wartoscia in-
deksu ro6znorodnosci oraz duza warto$cia indeksu dominacji, charakteryzowala si¢ cenoza Winnej Gory, co
wskazuje w strukturze dominacji gatunkowej na kompensacj¢ tylko kilku gatunkéw sowkowatych, w tym
przypadku np. Agrotis segetum (Schiff et Den.), A. exclamationis (L.), Xestia c-nigrum (L.), Discestra tri-

folii (L.).

Stowa kluczowe: rolnice, bioindykatory, wskazniki ekologiczne, putapka $wietlna
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HEAVY METALS AND SULPHUR ACCUMULATION
IN THE Picea abies L. Karst. NEEDLES AND SOIL
OF THE FOREST PROMOTIONAL COMPLEX
“LASY BESKIDU SLASKIEGO”

AKUMULACJA METALI CIEZKICH I SIARKI
W SZPILKACH Picea abies L. Karst I GLEBIE NA TERENIE LESNEGO
KOMPLEKSU PROMOCYJNEGO , LASY BESKIDU SLASKIEGO”

Abstract: The investigation of zinc, cadmium, lead, copper and sulphur contents was carried out in the soil
and in the needles of Picea abies L. Karst. in the Forest Promotional Complex “Lasy Beskidu Slaskiego”.
Samples of soil (from the level 0—10 cm) and annual, biennial and triennial needles of spruce were collected
in autumn 2005 and 2006 from top parts of mountains: Rownica, Barania Gora and Czantoria. The highest
heavy metals concentration were determined in triennial needles of Picea abies collected from Czantoria
and Barania Gora. The lowest content of sulphur and investigated metals was found in soil samples and
heavy metals in plant material from the Réwnica. Cadmium content (1.2 pg/g) was higher than normal level
(0.2-0.8 pg/g) only triennial needles collected from Czantoria. The lead concentration (118—165 ng/g) in the
soil of all investigated areas was exceed, lead level considered as allowable. Relatively low microelement
concentrations in the soil and the needles of Picea abies L. Karst. indicated poor plant nutrition.

Keywords: heavy metals, sulphur, Picea abies L. Karst., Beskid Slaski

Introduction

Spruce (Picea abies L. Karst.) is one of the most endangered species of trees in Eu-
rope, with the highest percentage of damaged trees (30 %). There is a close relation
between the amount of trees damaged and the level of pollution in a given area. The
chemical composition of the assimilation apparatus of spruce does not only indicate
the contents of nutrients but also shows the degree of the environmental pollution [1].

! Departament of Ecology, Silesian University, ul. Bankowa 9, 40-007 Katowice, Poland, email: marta.kan-
dziora@yahoo.pl
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Thus, the most endangered spruce are those from Poland, the Czech Republic and Ger-
many, which is a result of high deposition of pollution in those countries [2].

Strong anthropopressure is characteristic of Forest Promotional Complex “Lasy
Beskidu Slaskiego”. It results from the vicinity of large industrial areas of the Upper
Silesia, Ostrava and Karvina District in the Czech Republic [2], as well as from the
pollution emitted by transport and agriculture. On the basis of the analysis of assimila-
tion apparatus, spruce trees from Beskid Slaski have been categorized into the 1st and
2nd classes of damage [2]. It is assumed that the high level of pollution until mid-90s
had a huge impact on the condition and vitality of the trees. The first symptoms of the
spruce forests dying out were observed in the 50s in Beskid Maty, in the 70s the prob-
lem was discovered in Beskid Slaski, and later also in Beskid Zywiecki [4]. In 2006 the
amount of dead wood and coarse woody debris was estimated at 118,000 m? in the for-
ests of Beskid Slqski, which was ten times more than in the previous years. In addition,
every year the number of sanitary cuts increases which is caused by the unfavourable
weather conditions and the increasing threat of the insect pests [5].

Dying out of the spruce forests cannot of course be attributed just to one disadvanta-
geous factor. The bad condition of the stands results from a variety of causes, accumu-
lated over a period of time, which overlap and strengthen the final effect — dying out
of a forest. Among diverse factors which have a negative influence on the stand, the
industrial pollution, mostly heavy metals and sulphur, is the most significant factor in
this process.

The research aimed at estimating heavy metals (Cd, Pb, Zn and Cu) as well as sulfur
accumulation in the upper levels of the forest soil and in the accumulation apparatus of
spruce in the stands of Forest Promotiona Complex “Lasy Beskidu Slaskiego” in rela-
tion to dying of the spruce forest.

Material and methods

The investigation was carried out in the soil and needles of Picea abies L. Karst. in
the Forest Promotional Complex “Lasy Beskidu Slaskiego”. Samples of soil (from the
level 0—10 cm) and annual, biennial and triennial needles of Picea abies were collected
in autumn 2005 and 2006 from top parts of mountains: Rownica, Barania Gora and
Czantoria). In order to determine the heavy metal concentration, spruce needles were
divided into three groups (one-, two- and three-year-old), dried at 105 °C to a constant
weight, ground to a powder, then mineralized and dissolved in 10 % HNO,. After filtra-
tion Cd, Pb, Zn and Cu content were determined using flame Atomic Absorption Spec-
trometry (AAS) [6]. Soil was air dried and extracted with 10 % HNO, and measure-
ments were made using the conventional Atomic Absorption Spectrometry (AAS) [6].
The sulphur (total sulphur) content in plants and soil was determined with colorimetric
method [6, 7]. The quality of analytical procedures was controlled by using the refer-
ence material (Certified Reference Material CTA—OTL~1 Oriental Tabacco Leavs). The
data were processed using software Statistica.
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Results and discussion

Results are shown in Table 1, 2.
Table 1

Content of cadmium, lead, zinc, cooper [ug/g] and sulphur [%] in the needles Picea abies L. Karst.
Values with the same letter are statistically the same for p<0,05

Location Sample cd Pb Zn Cu S
[ng/e] [ng/e] [ng/e] [ug/g] [%]
annual needles 0.27b 0.53a 25.2a 1.75a 0.052a
Barania Gora | biennial needles 0.325a 0.38a 25.045a 1.685a 0.045a
triennial needles 0.354a 1.2a 24.115a 1.29a 0.026a
annual needles 0.755a 0.535a 22.415a 1.285a 0.087b
Czantoria biennial needles 0.49b 1.155a 25.46b 2.298a 0.043a
triennial needles 1.175b 1.625b 54.225b 4.237a 0.065b
annual needles 0.54a 0.32a 15.67b 1.32a 0.063a
Rownica biennial needles 0.43c 1.0la 11.23a 1.14b 0.042a
triennial needles 0.76¢ 0.37¢c 9.435c¢ 1.7b 0.060b
Table 2

Content of cadmium, lead, zinc, cooper and sulphur [ug/g] and in the upper layer of the soil
Values with the same letter are statistically the same for p < 0,05

Location Cd Pb Zn Cu S
[ne/g] [nefe] [ne/e] [me/e] [ne/e]
Barania Gora 1.62a 165.6a 37.4a 9.4a 147.3a
Czantoria 1.24b 155.6b 26.9b 6.9b 100.1b
Rownica 0.96¢ 118.6b 11.5¢ 6.6b 81.0b

The concentration of cadmium, which is considered highly toxic, fluctuates in the
examined material from 0.27 pg/g dry mass in the needles of one-year-old spruce from
Barania Gora to 1.175 pg/g in the needles of three-year-old from Czantoria. Cadmium
concentration in the soil remains within the normal range, from 0.96 pg/g on Rownica
to 1.62 pg/g on Barania Gora. In the plant material from Czantoria and in the soil from
Barania Gora the content of cadmium was exceeded, 0.2—0.8 pg/g Cd in plants and to
1 pg/g Cd in the soil [8].

Lead is also considered a very toxic element and its content in the plants shows the
influence of anthropogenic factors. The concentration of lead in the analyzed material
falls between 0.32 pg/g in one-year-old needles from Rownica and 1.625 pg/g in three-
year-old needles from Czantoria, and in the soil between 118.6 pg/g on Rownica to
165.6 pg/g on Barania Gora. Hence, it can be concluded that in all investigated areas,
the normal range of lead (100 pg/g Pb) [8] has been exceeded.

Zinc is an element which is indispensable to a proper functioning of living organisms.
Its content may fluctuate in a wide range from 10 to100 pg/g [8]. The concentration of
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zinc in the examined samples of plant material was in the range from 9.435 pg/g (in
the three-year-old spruce needles from Rownica) to 54.225 pg/g (in the three-year--old
spruce needles from Czantoria) and in the soil from 11.5 pg/g on Rownica to 37.4 ng/g
on Barania Gora, which does not exceed the norms and even shows zinc deficiency.

The concentrations of copper in the analysed samples are within the normal ranges
from 1.14 pg/g in the two-year-old spruce needles from Czantoria and do not exceed
the norms (2-20 pg/g Cu) [8]. Similarly, the content of copper in the soil from 6.6 pg/g
on Rownica to 9.4 nug/g on Barania Gora are within the normal range of concentration
(1-140 pg/g Cu) [8].

Sulphur, similarly to zinc and copper, is absolutely crucial for the development of liv-
ing forms. Its higher concentration in the plants is often a result of air pollution caused
by sulphur dioxide. The content of sulphur fluctuated between 0.026 % in the three-
year-old needles form Barania Gora to 0.087 % in one-year-olds from Czantoria. Sul-
phur content in the soil falls between 81.0 % (Rownica) and 147.3 % (Barania Gora).

The research showed, that heavy metals concentration in spruce needles and
soil was similar to those of Zwolinski study (Cd 0.09-0.46 ng/g, Pb 1.9-2.5Xpg/g,
Zn 11.0-28.2 pg/g, Cu 2.0-2.8 pg/g, S 0.096-0.12 % in spruce needles and
Zn 20-56 pg/g, Cu 7-13Xpg/g, Cd 0,6—1 pg/g in soil) [3]. Only lead concentrations
(118.6-165.6Xpg/g) in soil were considerably higher than Zwolinski results. This study
differed from data for ‘Male Pieniny [1], only concentration of zinc (12.5-43.5 pg/g)
was similar but concentrations of cadmium (0.01-0.1 pg/g) and sulphur (mean 0.023 %)
were lower and the content of lead (1.0-2.0 ng/g) was higher than in this study. Similar
situation was reported in the research conducted in Podhale Region. The concentrations
of zinc (31.8-34.4 pg/g) and lead (1.6—1.7 pg/g) were lower and the content of cad-
mium (0.24-0.34 pg/g) was higher [1, 9]. The content of sulphur in Forest Promotional
Complex “Lasy Beskidu Slaskiego” was lower than previously reported by Barszcz
and Malek (annual needles 0.103-0.138 %, biennial needles 0.094-0.121 %) [10]. The
concentrations of zinc in annual, biennial and triennial needles were similar to Ger-
man research results (annual — 30.7 pg/g, biennial 27.6 ug/g, triennial 24.8 pg/g) [11].
The contents of cadmium and lead were higher than in Norway (0.011-0.173 ng/g Cd,
0.03—0.89 pg/g Pb), but lower than in Slovakia (1.19 pg/g Cd, 1.73 pg/g Pb) [11, 12].

The spruce forests in Beskid Slaski do not show an excessive accumulation of heavy
metals in the needles. The content of metals both in the soil and in the needles is within
the normal range. Only lead displays excessive concentration in the soil, which indi-
cates that the soil is polluted with this metal. It is also noticeable that those forests are
deficient in the basic nutrients, which has been noticed also in his studies by Zwolin-
ski [2].
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AKUMULACJA METALI CIEZKICH I SIARKI W SZPILKACH Picea abies L. Karst.
I GLEBIE NA TERENIE LESNEGO KOMPLEKSU PROMOCYJNEGO
»LASY BESKIDU SLASKIEGO”

Katedra Ekologii, Uniwersytet Slaski

Abstrakt: Prowadzono badania dotyczace zawartos$ci metali cigzkich (Zn, Pb, Cu, Cd) w glebie i szpilkach
Picea abies L. Karst. na terenie Lesnego Kompleksu Promocyjnego ,,Lasy Beskidu Slaskiego”. Probki gleby
(z goérnego poziomu) oraz szpilki jedno-, dwu- i trzyletnie $wierka pobierano ze szczytowych partii gor:
Rownicy, Baraniej Gory i Czantorii jesienia 2005 i 2006 r. Stwierdzono najwyzsze st¢zenia metali cigz-
kich w iglach trzyletnich zbieranych na Baraniej Gorze i Czantorii. Najnizsze koncentracje badanych metali
i siarki zanotowano w probkach gleby oraz w materiale ro§linnym z Rownicy. Zawartos¢ Cd (1.2 pg/g)
w trzyletnich igtach $wierka pobieranych na Czantorii byla wyzsza od okreslanych jako stgzenie normalne
(0.2-0.8 pg/g). Stwierdzono przekroczenie dopuszczalnego poziomu dla Pb w glebie wszystkich badanych
powierzchni (118-165 pg/g). Stosunkowo niskie stgzenia mikroelementow zaréwno w glebie, jak i iglach
Swierka wskazywac¢ moga na zty stan odzywienia roslin.

Stowa kluczowe: metale cigzkie, siarka, $wierk pospolity Picea abies L. Karst., Beskid Slaski
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INFLUENCE OF SELECTED SOIL SAPROPHYTIC FUNGI
ON THE POPULATION OF NEMATODES
Heterodera schachtii SCHMIDT

WPLYW WYBRANYCH GRZYBOW GLEBOWYCH
NA POPULACJE NICIENI Heterodera schachtii SCHMIDT

Abstract: Pot experiments were carried out in 2005-2006. In the first year of the experiment microorganisms
were introduced into soil. In the following year the innoculum was not repeated. The goal of the present
work was to determine the influence of saprophytic fungi of Aspergillus versicolor and Trichocladium aspe-
rum on the population of Heterodera schachtii in the second year of the research. The following parameters
were taken into account in the interpretation of the experiment: the concentration of H. schachtii cysts in
100 g of soil, the concentration of eggs and larvae in 1 g of soil and the fertility of females. The research
was carried out in accordance with the rules adopted in nematology. At the co-occurrence of H. schachtii
and saprophytic fungi of Aspergillus versicolor and Trichocladium asperum, in comparison with the test
combination (H. schachtii without microorganisms), a smaller number of cysts in 100 g of soil, considerably
higher fertility of females (the number of eggs and larvae in a cyst) and significantly higher concentration of
eggs and larvae in soil were noted.

Keywords: co-occurrence, Heterodera schachtii, Aspergillus versicolor, Trichocladium asperum

In ecological agriculture, works concerning possibilities to make use of soil micro-
organisms, and especially fungi accompanying parasitic nematodes in rhizosphere and
having nematodocidal properties, are very valuable. These organisms can constitute an
important element of natural reduction of the Heteroderidae population: highly special-
ised nematodes forming cysts [1-4].

The aim of the present work was to determine the influence of saprophytic fungi of
Aspergillus versicolor (Vuill.) Tiraboschi and Trichocladium asperum Harz on the pop-
ulation nematodes of Heterodera schachtii Schmidt in the second year of the research.

! The West Pomeranian University of Technology, Faculty of Enviromental Management and Agriculture,
Department of Agronomy, ul. J. Stowackiego 17, 71-434 Szczecin, phone: 91 425 03 72, email: gkaup@agro.
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Material and methods

The research (2005-2006) was carried out in pots (10 dm® each) on red beet. In the
first year of research the innoculum of microorganisms was added to the combination of
respectively: 10 cysts of H. schachtii/100 g of soil and 21-day old one-spore cultures of
A. versicolor or T. asperum on the AGZ soil (3 Petri dishes @ 10 cm) or a pure culture
medium of the same amount. Each combination was done in 3 repetitions. In the second
year of the research the final concentration of microorganisms from the previous year
constituted the initial value.

The following parameters were taken into account in the interpretation of the experi-
mental data the concentration of H. schachtii cysts in 100 g of soil, the concentration
of eggs and larvae in 1 g of soil and the fertility of females. Confidence semi-intervals
were calculated with the use of Newman-Koul test at the significance level of 0.05.

Results and discussion

In earlier research concerning the reduction of harmful phytopathogenic nematodes,
the innoculum of fungi was introduced each year [1-3]. The conducted experiment
aimed at testing the behaviour of the population of H. schachtii in the second year of
the research without renewing the innoculum of saprophytic fungi.

In the first year of the research at the presence of saprophytic fungi, a significantly
smaller number of H. schachtii cysts was noted, as well as a significantly lower number
of eggs and larvae in | g of soil in comparison with the test combination (a nematode
without a fungus) [4].

In the second year of the observation a lower number of cysts in 100 g of soil was
noted in the combinations of the co-occurrence of H. schachtii and the investigated
saprophytic fungi in comparison with the test combination (only H. schachtii). On the
other hand, in both combinations of the co-occurrence of the researched microorgan-
isms considerably higher fertility of females and significantly higher concentrations
of eggs and larvae in soil were determined in comparison with the test combination
(H. schachtii without microorganisms) (Fig. 1).

Although in the research on the co-occurrence of Heteroderidae and saprophytic fun-
gi hyphae were not observed inside cysts, high sensitivity of H. schachtii to the presence
in soil of A. versicolor or T. asperum was shown, which manifested itself by lowered
fertility and productivity of females. Similar results were obtained in the experiment
with Penicilium frequentans and Stachybotrys chartarum conducted on Globodera ros-
tochiensis [5]. Other laboratory research also confirmed a destructive influence of sub-
stance excretion by saprophytic fungi on developing larvae of soil nematodes [7, 8].

Population growth coefficients, in combinations with saprophytic fungi were consid-
erably lower in the first year of research. In the second year of the experiment growth
coefficients were twice higher in comparison with the combination with only H. sch-
achti (Fig. 2). The number of cysts was still lower when compared with the control
test. According to Brzeski [9] each species aims at attaining the level of population
saturation and in the course of growth of the initial population it decreases. Hence, it
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Fig. 2. Effect of Aspergillus versicolor (Vuill.) Tiraboschi and Trichocladium asperum Harz on the po-
pulation nematodes of Heterodera schachtii Schmidt

could be assumed that the population of H. schachtii in the test combination achieved
its maximum growth in the first year of the research (Fig. 2). Furthermore, the decreas-
ing number of eggs and larvae in the consecutive year of the observation corroborates
the thesis of the population saturation (Fig. 1).

Conclusions

At the co-occurrence of H. schachtii and saprophytic fungi of Aspergillus versicolor
and Trichocladium asperum, in comparison with the test combination (H. schachtii
without microorganisms) was shown:



Influence of Selected Soil Saprophytic Fungi on the Population of Nematodes... 801

1. a smaller number of cysts in 100 g of soil,
2. considerably higher fertility of females (the number of eggs and larvae in a cyst),
3. significantly higher concentration of eggs and larvae in soil were found.
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WPLYW WYBRANYCH GRZYBOW GLEBOWYCH
NA POPULACJE Heterodera schachtii SCHMIDT

Katedra Agronomii, Katedra Ochrony Roslin, Wydziat Ksztattowania Srodowiska i Rolnictwa
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

W latach 2005-2006 przeprowadzono badania wazonowe. W pierwszym roku do$wiadczenia wprowa-
dzono do podtoza badane mikroorganizmy, w roku kolejnym nie ponawiano inokulum. Celem pracy byto
okreslenie wptywu grzybow saprofitycznych Aspergillus versicolor oraz Trichocladium asperum na populacje
Heterodera schachtii w drugim roku badan. W interpretacji doswiadczenia uwzgledniono nastgpujace para-
metry: zaggszezenie cyst H. schachtii w glebie, zaggszczenie jaj i larw w 1 g gleby oraz plodno$¢ samic.
Przy wspotwystepowaniu H. schachtii z grzybami saprofitycznymi Aspergillus versicolor oraz Trichocladium
asperum w poréwnaniu do kombinacji kontrolnej (H. schachtii bez mikroorganizméw) znaleziono mniejsza
liczbg cyst w 100 g gleby, znacznie wigksza ptodnos¢ samic (liczba jaj i larw w cyscie) oraz wigksze zaggsz-
czenie jaj i larw w glebie.

Slowa kluczowe: wspotwystepowanie nicieni i grzyboéw saprofitycznych, Heterodera schachtii, Aspergillus
versicolor, Trichocladium asperum
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ACTIVITY OF CHOSEN ORGANIC ACIDS
ON THE GROWTH OF RYE SEEDLINGS TREATED
WITH CADMIUM OR LEAD IONS

DZIALANIE WYBRANYCH KWASOW ORGANICZNYCH NA WZROST
SIEWEK ZYTA TRAKTOWANYCH KADMEM LUB OLOWIEM

Abstract: The influence of cadmium and lead ions on the growth of seedlings of selected inbred lines was
studied after the application of three organic acids. The growth stunt of the researched seedling lines was
a result of the harmful effects of the aforementioned elements. The application of ascorbic and gibberellin
acids inhibited the stress caused by lead and cadmium ions, which was shown by the growth of shoots and
roots of seedlings. However, 2,4-D acid did not minimize the toxic influence of cadmium and lead. It can
be concluded that the application of ascorbic and gibberellin acids may lessen the negative effects of stress
caused by those heavy metals.

Keywords: lead, cadmium, organic acid, rye, Secale cereale L.

There are many factors which pollute the environment. Some are natural, others are
caused by humans (industry and agriculture) where eg heavy metals are released [1, 2].
Cadmium is especially harmful for plants which actively absorb this substance through
their roots and transport it to all organs. A 5 mg/kg content is enough for symptoms
of toxicity to appear. These are chlorophylic marks, the browning of leaves and red-
dening of nerves. The excess of this toxic substance leads to a change of DNA struc-
ture in plants, a reduction of membrane permeability and growth stunt [3]. Lead is also
absorbed through roots but is transported to shoots to a lesser extent. It is then stored
in cellular walls. The excess is manifested through withering, darkening of leaves and
smaller roots [4].

For this reason, the aim of the work was to check whether the selected organic acids
inhibit the toxic activity of those elements on the growth of seedlings of genetically dif-
ferentiated rye inbred lines.

! Botanical Garden —Center for Biological Diversity Conservation of the Polish Academy of Sciences, ul. Praw-
dziwka 2, 02-973 Warszawa, Poland, phone: 22 648 38 56, fax: 22 757 66 45, email: helenakubicka@wp.pl
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Materials and methods

5 of 11 inbred lines (CH./99, L310, L176, M353, L299, L230, M15, 154/6) of the
S, generation of winter rye (Secale cereale L.) assessed by Kubicka and Pyza [5] were
selected for the experiment. They differed on account of their sensitivity to lead and
cadmium. The germinated seedlings of the rye lines were treated with ascorbic and
dichlorophenoxyacetic acids at concentration of 10 M as well as gibberellin at con-
centration of 10™ M for 72 hours, and then placed on the Hoagland nutrient containing
lead ions at concentrations of 107 M and cadmium (107 M) for 48 hours. Next, 25
seedlings of each combination were placed on the Hoagland nutrient. Measurements of
root and shoot lengths as well as the number of roots were conducted on the 14 day-old
seedlings. Standard deviations were taken into account.

Results and discussion

In an earlier research [5] it was observed that cadmium at a concentration of 10™* M
caused a significant stunt of growth in rye inbred lines. However, a lower concentra-
tion of lead had a stimulating influence on the growth of shoots (above that of control)
therefore both concentrations of lead 10 M and cadmium 10™* M were applied.

Rye inbred lines subjected to the influence of lead at a concentration of 10> M were
characterized by a significant reduction of growth. Line M15 occurred to be most sen-
sitive with its shoot and root length decreased by 72 % and a 34 % reduction of root
number. L299 line proved most tolerant. Cadmium caused a 9 % reduction of shoots
and a 34 % reduction of the length of roots. In lines L230 the greatest reduction in the
growth of roots (48 %) was observed (Fig. 1-4).
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Fig. 1. The influence of lead on length of shoots of rye inbred lines [mm]
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Fig. 2. The influence of lead on length of roots of rye inbred lines [mm]

Heavy metals found in soil are at first absorbed by roots which are at greatest risk to
their toxic activity [6]. This is confirmed in the conducted experiments, in which the de-
formation, browning, reduction of root length and growth stunt of rye inbred line shoots
was observed.

The lines selected for the experiment were characterized by a differing sensitivity to
ions of those elements, and their reaction to the harmful activity of lead and cadmium
was dependent on the genotype. A similar tolerance to cadmium in wheat and barley
varieties caused by genetic variability was observed by Ozaruk et al [7] and Tiryakioglu
et al [3].

Stress factors influencing the growth and development of organisms may be limited
through the use of growth regulators [8] and antioxidants [3, 7]. Gibberellin and 2,4-D
acids are commonly used in vitro cultures to regenerate plants. Taking this into account,
3 organic acids were used in this experiment: ascorbic, gibberellin and 2,4-D. Their
influence on the reduction of stress to the activity of lead and cadmium ions was ob-
served.

The application of organic acids (ascorbic and gibberellin) before the placement of
inbred lines seedlings of rye on the lead nutrient reduced their toxic influence, which
was observed by the growth of shoots and roots growth in inbred lines (Fig. 1, 2). In all
lines a growth of seedlings was observed in combination with gibberellin. The greatest
growth of shoots in lines: L176 — fourfold and M 15 and M353 — threefold was founded.
In the case of roots the greatest growth was observed in line M353 (twofold) in rela-
tion to combination with lead. The substances used also increased the number of roots
in almost all lines with the exception of L299. 2,4-D had the weakest influence on lead
stress reduction. It had little effect on root growth, and even reduced their length and
number in lines L176 and L299.
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A similar to lead influence of organic acids on seedlings growth was observed in
cadmium combinations. Gibberellin acid also appeared most efficient because it caused
the greatest seedling growth, almost twofold in lines CH7/99 and L.230 in comparison
with control (Fig. 3). In line L230 the application of vitamin C resulted in the twofold
growth the length of roots in comparison with cadmium combination (Fig. 4). The posi-
tive influence of ascorbic acid on the reduction of stress was caused by the action of
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cadmium on barley varieties [7]. However, gibberellin caused root growth only in line
M353. Both substances had a negligible influence on the increase in roots in rye lines.
2,4-D acid almost did not reduce cadmium stress in the researched lines.

Gibberellin acid has an influence on many process accompanying plant develop-
ment — eg elongation of stems [9]. This was proven in the research in which gibberellin
caused a greater growth of shoots which were characterized by a brighter colour.

Lead and cadmium have induced the production of reactive forms of oxygen in
plants which leads to oxide stress and the increase in antioxidant enzyme activity [3, 7].

In this research it was shown that initial incubation of rye seedlings in a vitamin C
solution (antioxidant) before treatment with cadmium and lead ions — neutralized the
stress caused by these elements with the exception of L299 (root length). However, the
activity of gibberellin acid was more effective. Both substances can be applied to lessen
the toxic stress researched in plants which is caused by those heavy metals.
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DZIALANIE WYBRANYCH KWASOW ORGANICZNYCH NA WZROST SIEWEK ZYTA
TRAKTOWANYCH KADMEM LUB OLOWIEM

Ogréd Botaniczny — Centrum Zasobow Roznorodnosci Biologicznej PAN, Warszawa

Abstrakt: W przeprowadzonym do$wiadczeniu analizowano wptyw kadmu i otowiu na wzrost siewek wy-
branych linii wsobnych zyta ozimego po uprzednim zastosowaniu trzech kwasow organicznych. Szkodliwe
dziatanie tych pierwiastkow ujawnilo si¢ zahamowaniem wzrostu siewek badanych linii. Stosowane kwasy
— askorbinowy i giberelinowy spowodowaty zmniejszenie stresu wywotanego jonami kadmu i otowiu, co
uwidocznito si¢ zwigkszonym przyrostem czgsci nadziemnych i podziemnych siewek. Natomiast kwas 2,4-D
nie mial wptywu na niwelowanie szkodliwego dziatanie kadmu i otowiu. Wykazano, iz zastosowane kwasy
organiczne — askorbinowy i giberelinowy moga znalez¢ zastosowanie do zmniejszania negatywnych skutkow
stresOw wywotanych tymi metalami cigzkimi.

Stowa kluczowe: otéw, kadm, kwasy organiczne, zyto, Secale cereale L.
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Abstract: The subject of the present work was to study the possibilities of using glassy fertilisers both as
mineral slow-release fertilisers and as material showing fungistatic activity. Apart from P, K, Ca, Mg and Si,
the chemical composition of glassy fertilisers could contain a combination of microelements (0—10 % mas.).
Thanks to the fungistatic activity of copper, glassy fertilisers modified with 2, 5 and 10 % of copper addi-
tion could become the subject of the study. Fungistatic activity of copper introduced into glassy fertilisers
was studied with the aim of checking its effect on vegetative growth of the mycelium of Fusarium culmo-
rum. The experiments covered the behaviour of copper-modified glassy fertilisers in hydroponic and soil
cultivation. The results show very low fungistatic activity of glassy fertilisers.

Keywords: glassy fertilisers, copper, fungistatic activity

One of the main factors that pollute the environment, especially soils and waters, is
agriculture. With the use of mineral fertilisers and pesticides, unfavourable substances
are introduced into the environment. In order to reduce the influence of agriculture on
the environment, research aimed to search for new materials which perform fertilising
or protective functions has been carried out. In AGH — University of Science and Tech-
nology, Krakow, PL, a new type of mineral fertilisers, glassy fertilisers which can per-
form such a function, has been developed [1].

Glassy fertilisers are silicon-phosphorus-potassium fertilisers providing a plant with
basic macroelements, such as phosphorus, potassium, calcium and magnesium, as
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well as with microelements (Cu, Fe, Mn, Zn, B and Co ). Their chemical composi-
tion can be regulated in many ways depending on plants’ nutritive requirements, and
can be grouped as follows: SiO, > 27 % mas., P,0; 0-15 % mas., CaO 15-30 % mas.,
MgO 15-30 % mas., K,0 0-20 % mas. and microelements 0-10 % mas. The inter-
nal structure of glass is similar to the structure of silicon minerals, and has a form of
a net composed of silicon and oxygen atoms, where other components remain in free
spaces. Mineral glassy fertilisers are produced with the traditional method of melt-
ing (1300-1400 °C) the mixture of such materials as: apatite, phosphorite, serpentine
marble, potash (anhydrous potassium carbonate), and oxides incorporating appropriate
microelements. The glassy mass obtained is calcined and then crushed. Due to vitri-
fication and the appropriate chemical composition, glasses are difficult to dissolve in
water, whereas their dissolubility increases with the extent of disintegration [2, 3]. The
mechanism of releasing the components of glassy fertilisers resembles natural processes
of erosion based on a phenomenon described as incongruent dissolving. In the process,
the components of the dissolving solid substance get into the solution in proportions
different from those in which they occur [4]. In the soil environment, the crystallization
of secondary minerals, such as calcium and potassium silicates, takes place on the glass
surface. They gradually decompose, and the cations contained in them are released. The
cycle of these changes depends on the environmental conditions (pH, concentration of
nutritive components, temperature, soil biological activity) [1, 5—7]. As a result, mineral
glassy fertilisers show considerable flexibility of behaviour in the soil environment, de-
pending on the physico-chemical conditions and the resultant nutritive needs. The use-
fulness of the glasses as a fertilisers in the cultivation of garden plants was examined
during pot and field experiments [5, 8].

Inorganic copper compounds are characterised by high fungistatic activity [9]. Tak-
ing the above into account, glassy fertilisers with an increased amount of this compo-
nent were developed.

The aim of the research was to check the fungistatic activity of copper-modified
glassy fertilisers, as studies are being made into the possibility of their usage in cultiva-
tion mats, which in turn could be applied to hydroponics.

Material and methods

The examined glassy fertilisers were characterised by the unchanging content of
SiO,, P,0O; and K,O. The copper content amounted to: 2 % (object 1), 5 % (obj. 2)
and 10 % (obj. 3) of the mass of CuO. In relation to copper, the part of CaO and MgO
changed, though the proportion of the MgO/CaO content remained unchanged, and
equalled to 1 (Table 1). The glassy fertiliser fraction 0.1-0.3 mm in diameter was used
for the research.

The effect of copper released from glassy fertilisers on the growth of Fusarium cul-
morum (W. G. Sm) Sacc. fungus, on a culture medium and in the soil environment was
studied in laboratory conditions.

In the first stage of the research, 1 g of glassy fertiliser was shaken out from 100 cm?
of the 0.1 % solution of Superba Red (N : P,O, : K,O =7 : 9 : 25 + micro) for 3 hours
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on a rotatory shaking machine with the speed of 30 rotations per minute. The reaction of
the culture medium was brought to pH 6.5-6.6. The obtained solutions were agar solidi-
fied (2 g * 100 cm™), poured into a Petri scale pan, and instilled with an agar disc (5 mm
in diameter) overgrown with a Fusarium culmorum (W. G. Sm) Sacc mycelium [10].

Table 1
Chemical content of glassy fertilisers
Cu0 sio, | PO, | KO [ Mg CaO
Glassy fertilisers/objects
[*]

1 2.00 49.50 5.00 10.00 16.75 16.45
2 5.00 49.50 5.00 10.00 15.25 15.25
3 10.00 49.50 5.00 10.00 12.75 12.75

For the comparison of fungistatic activity of copper contained in the solution, the
experiment also comprised a combination (object 4) with copper fungicide Miedzian
50 P (50 % copper oxychloride), concentrated in the culture medium to 100 mg * dm™.
Scale pans filled with the culture medium with no copper content in it made the control
object. After five days of cultivation, the diameter of the fungus colony in two perpen-
dicular directions was measured. On the basis of the measurement, the percentage of
the colony’s growth inhibition was calculated by means of Abbott’s formula [10].

The experiment was conducted in five replications. The results were statistically
elaborated with the variance analysis method. The significance of differences among
combinations was assessed on the basis of the repeated Duncan test (p = 0.05).

At the same time, an experiment in which a test fungus was cultivated on aqueous
agar made of water (pH 6.5—6.6) where glasses with a certain copper content were
shaken out, was conducted. The pattern of the experiment was analogous to the one
described above.

The second stage of the research concerned the effect of a copper-modified glassy
fertiliser added to the substrate on the settling of Fusarium culmorum fungus on the
soil. To study that effect, the incubation of a soil mixture consisting of clay loam and
compost acquired from a biological compost supplier was conducted in a ratio of
2 : 1. The compost was introduced in order to increase the mixture’s biological activ-
ity. A glassy fertiliser containing 2, 5 and 10 % CuO in a dose of 4 g - dm™ was in-
serted to the prepared substrate. The control object was the substrate with no glassy
fertiliser content. The soil incubation was performed for 10 weeks in the temperature
of 22-24 °C at the optimum humidity (60 %). The substrate samples were sterilised
twice for 30 minutes in an autoclave (1.5 Pa, 110 °C), and next infected with a test fun-
gus cultivated for 4 weeks on a sand-maize culture medium (quartz sand + 3 % maize
meal). 10 g of inoculum was added to 100 g of the substrate, and in sterile conditions
the components were mixed and ground in a mortar. Such material was incubated in
room temperature for two weeks.

The assessment of the ground homing by the test fungus was carried out with War-
cup’s tabular-sandy method in Manka’s modification [11].
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Two parallel series of the experiment were conducted in 10 repetitions each. The
results were elaborated statistically with the variance analysis method, assessing the im-
portance of the differences among combinations on the basis of Duncan test (p = 0.05).

Results and discussion

In each of the experiment combinations with the hydroponic culture medium, the
Fusarium culmorum fungus created a delicate netlike aerial mycelium without the pig-
mentation typical of this species.

In the mediums containing copper, a slight but significant inhibition of the colonies’
growth was observed. The degree of inhibition depended on the copper content in the
glassy fertiliser (Table 2). The strongest inhibition of the fungus growth was identified
in mediums with 10 % CuO. The colonies’ diameter was smaller by 13.9 % than in the
control object. A slightly stronger inhibition of the fungus’ growth (18.8 %) was ob-
served in the mediums containing Miedzian 50 WP [a.i. copper oxychloride].

Table 2
Evaluation of the effect of copper released from glassy fertilisers on the growth
of Fusarium culmorum fungus

Combination Diameter of the colony [mm] Growth inhibition [%]
1 56.7 ¢” 4.9
2 552¢ 74
3 513b 13.9
Miedzian 50 WP 484 a 18.8
Control 59.6d —

* Means indicated by the same letter do not differ significantly at p = 0.5.

The introduction of glassy fertilisers with various content of CuO into the substrate
did not significantly affect the settling of the F. cu/morum fungus. The number of units
that formed the colonies on 1 g of the substrate in particular combinations is presented
in Table 3.

Table 3

Evaluation of the effect of copper released from glassy fertilisers on the settling
of Fusarium culmorum fungus on the substrate

Combination Series 1 Series 11
Control 2575 a 2615 a

1 2515a 2590 a

2 2485 a 2573 a

3 2494 a 2570 a

Inorganic copper compounds are known to be characterised by high activity and
a wide spectrum of fungicidal activity. Many years ago some of them (alkaline copper
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carbonate) were used to lace seeds, and together with the seed material were introdu-
ced into the soil. Due to their phytotoxical activity and poor effectiveness in protection
against pathogens causing seedling canker, their application into the soil was abando-
ned [9].

The research that had been performed showed low fungistatic activity both of the
copper introduced with the glassy fertiliser and the Miedzian 50 WP preparation in re-
lation to the F. culmorum fungus. In laboratory experiments on fungicides, the effec-
tiveness lower than 49 % is considered insufficient [10]. However, the results achieved
in an in vitro observation cannot be directly compared to natural conditions. The root
excretions have been noticed to exhibit the ability of modifying both the amount and
the pace of releasing mineral components from glassy fertilisers [3, 6]. Thus, suppos-
edly, the plants’ presence in such an arrangement could additionally influence mutual
interactions of the ions present, and increase the efficiency of the glasses used with the
addition of copper.

Conclusions

The achieved results show that using copper-modified glassy fertilisers will not af-
fect the phytosanitary state of substrates and soils. Nevertheless, it may improve plants’
provision with this microelement.
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BADANIA FUNGISTATYCZNEJ AKTYWNOSCI SZKIEE. NAWOZOWYCH
MODYFIKOWANYCH DODATKIEM MIEDZI

Katedra Uprawy Roli i Nawozenia Roslin Ogrodniczych, Uniwersytet Rolniczy
Katedra Ochrony Ro$lin, Uniwersytet Rolniczy
Katedra Ceramiki Specjalnej, Akademia Gorniczo-Hutnicza

Abstrakt: Przedmiotem prezentowanej pracy bylo zbadanie mozliwosci wykorzystania szkiet nawozowych
nie tylko jako nawozoéw mineralnych o wydluzonym dziataniu, lecz takze materiatow odznaczajacych sig
fungistatyczna aktywnoscia. Do sktadu chemicznego szkiel nawozowych mozna wprowadzi¢ oprocz P, K,
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Ca, Mg i Si, zestaw mikroelementéw w przedziale 0-10 % mas. Znajac fungistatyczna aktywno$¢ miedzi,
za przedmiot badan obrano szkta nawozowe, do ktérych sktadu wprowadzono 2, 5, 10 % mas. tego mikro-
elementu. Oddzialywanie miedzi sprawdzano, badajac jej wplyw na wzrost wegetatywny grzybni Fusarium
culmorum. Badania dotyczyly zachowan szkiel nawozowych modyfikowanych miedzia w uprawach hydropo-
nicznych i glebowych. Badane szkla nawozowe wykazuja bardzo stabe dziatanie fungistatyczne.

Stowa kluczowe: szkla nawozowe, miedz, fungistatyczna aktywno$¢
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Abstract: Population densities of bacteria from the genus Azotobacter strongly depend on soil reaction. The-
se bacteria are usually absent in acid soils (pH below 6). Our studies have shown that among the researched
soil physical and chemical characteristics, mechanical soil structure (particularly clay content) and soil reac-
tion have the greatest influence on numbers of the symbiotic bacteria in the soils. Symbionts of red clover
and alfalfa were usually more abundant in soil richer in clay and having pH about 7. On the contrary, such
soils are not conducive for lupine and serradella symbionts.

Keywords: Azotobacter, symbiotic bacteria, soil properties, agricultural practices

The process of biological nitrogen fixation (BNF) is carried out by various phys-
iological groups of bacteria. From an ecological point of view these bacteria can be
divided into: - free-living diazotrophic bacteria (4zotobacter, Clostridium), fixing at-
mospheric N in soil, or in associations with plant roots (4zospirillum), and — symbi-
otic bacteria (Bradyrhizobium, Rhizobium, Sinorhizobium), fixing N, in root nodules of
leguminous plants or some trees (Frankia) [1, 2]. On the global scale, BNF contributes
a major source of nitrogen to the biosphere. Total world biological N, fixation is esti-
mated to be as high as 17.2 - 107 tons per year. Particularly, symbiotic nitrogen fixation
is an important source of N to leguminous plants and soil. For example, a field alfalfa
crop may fix up to 460 kg N/ha, of which 60—70 % may be derived from the symbiosis
with specific rhizobia [1]. Amounts of N, fixed by free-living diazotrophic bacteria in
soil are much lower and range from 1 kg to 30 kg N/ha [1-3]. In this short review soil
and agrotechnical factors affecting populations of free-living Azotobacter spp. and root-
nodule bacteria in soils are discussed.

! Departament of Agricultural Microbiology, Institute of Soil Science and Plant Cultivation — State Re-
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Occurrence of Azotobacter in soils

Important ecological feature of bacteria from the genus Azotobacter is their sensitivi-
ty to soil reaction; in acid (pH < 6.0) soils these bacteria are generally absent or occur
in very low numbers [3-5]. Soil populations of Azotobacter spp. in neutral or alkaline
soils rarely exceed several thousands cells per gram of soil. With respect to Polish soils,
in 1923 Ziemigcka [3] published results of her pioneer studies on the occurrence of
Azotobacter spp. in soil samples collected in 1917 and 1918 from 28 locations in the
former Polish Kingdom. These studies showed that 50 % of the examined soils con-
tained Azotobacter spp.. Most of the soils studied by Ziemigcka were also characterized
for their chemical properties, such as soil reaction and contents of: humus, total N, P,O,
and CaO. Among these parameters, soil reaction was found to be the most important
environmental factor influencing the occurrence and numbers of Azotobacter spp. in
the soils studied. In 2000 Martyniuk & Martyniuk [5] examined population densities of
Azotobacter spp. in 31 soils from Poland and compared their results with those reported
by Ziemigcka [3], to see whether intensification of agricultural practices that took place
during the course of the past century has caused any changes in the colonization of
Polish soil by Azotobacter spp. In this study various populations of Azotobacter spp.
were detected in 16 out of 31 soils examined, thus the percentage of soils with Azo-
tobacter (51.6 %) was slightly higher than that (50 %) reported by Ziemigcka. This
comparison indicates that intensification of agricultural practices during the course of
the past century did not change significantly colonization of Polish soils by the bacteria
studied. Detailed discussion on changes in Polish agriculture taking place during the
course of the 20" century, and on the effects of these changes on soil quality, is beyond
the scope and volume of this paper. However, the use of mineral fertilizers and its effect
on soil chemical properties, particularly soil pH, deserves short consideration in relation
to Azotobacter. It has been well documented in long-term field experiments that mineral
N fertilizers may cause substantial acidification of soil, particularly when these ferti-
lizes are used in high doses without liming. Since Azofobacter is very sensitive to soil
acidity one could expect that intensification of the use of mineral N fertilizers might
cause acidification of agricultural lands resulting in a reduction of soil populations of
Azotobacter spp. Condensed description of the changes in Polish agriculture, including
the use of mineral fertilizers, in the 19™ and 20" centuries, is given by Krasowicz [6].
For example, application of mineral N increased in Poland (on average) from less than
5 kg N ha™ in the forties of the 20" century to about 70 kg N in the eighties of that cen-
tury. However, data presented by Lipinski [7] prove that acidification of Polish soils did
not increase between 1955 and 1999. On the contrary, slight improvement of this soil
property could be seen in that period. For example, the area of acidic soils (pH < 5.5)
decreased from 58 % in the decade 1955-1964 to 55 % in the period of 1994-1999, and
simultaneously, the area of soils having the pH > 6.5 increased from 17 % to 19 % in
the respective periods [7]. Thus, these data seem to correspond with a slightly higher
percentage of soils colonized by Azotobacter spp. found in the year 2000, as compared
with that presented by Ziemigcka [3].



Interactions Between Physico-Chemical Characteristics of Soils... 817

Populations of rhizobia in soils as influenced by environmental
factors and agrotechnical practices

Root-nodule bacteria, fixing atmospheric nitrogen in the symbiosis with leguminous
plants, are members of the following genera: Rhizobium, Bradyrhizobium, Sinorhizobium,
Mesorhizobium, Azorhizobium and Allorhizobium within the family Rhizobiaceae [8].
These bacteria, commonly known as rhizobia, survive in soil between symbiotic phases
as saprophytes and their populations depend on many physical and chemical proper-
ties of the soil environment and on the frequency of planting of legumes in a given
area or field [9—12]. Based on a long-term plot experiment Martyniuk et al [11] as-
sessed numbers of various species of rhizobia in two soils cropped to cereals and treat-
ed with different rates of mineral fertilisers (NPK), with or without liming. In the limed
soils relatively high populations of rhizobia nodulating red clover or pea were found,
though these legumes were not grown in this experiment for over 20 years, but in the
unlimed soils populations of the rhizobia were markedly lower. Contrary to pea and
clover rhizobia, almost no microsymbionts of alfalfa were detected in the studied soils,
both limed and unlimed, indicating that populations of alfalfa rhizobia in soil strongly
depend on cultivation of their host plant. Similar results were obtained by Nutman and
Hearne [9] for rhizobia occurring in soils of the UK. In France, Amarger [13] analysed
populations of various species of root-nodule bacteria in 60 different soils and related
numbers of these bacteria to soil pH. It was found in this study that populations of
alfalfa rhizobia were much smaller in soils with the pH below 6.0 than in neutral or
alkaline soils, but the reverse was true for lupine rhizobia. Similar studies were con-
ducted for 80 soil samples collected from different sites in Poland [2]. Rhizobia nodu-
lating lupine and serradella, (Bradyrhizobium sp.) were not detected in 19 out of 80
Polish soils analyzed and in the other 27 soils populations of these bacteria were low.
Moderate numbers of Bradyrhizobium sp. were found in 10 soils and 24 soils contained
high numbers of these rhizobia. Among the soils tested, only 4 soils originated from
fields in which lupine or serradella were grown in the year of sampling or in the pre-
vious growing season. These soils contained the highest numbers (1.7-2.8 - 10%) of
Bradyrhizobium sp., proving that cultivation of the host-plants had beneficial effect on
soil populations of these root-nodule bacteria. It should be added, however, that many
soils harbouring moderate or high populations of Bradyrhizobium sp. were not planted
to lupine or serradella for long period of time, in some cases even more than 30 years.
This fact indicate that bradyrhizobia have the capacity to survive in soil for many years
in the absence of their host-plants in crop rotation. The numbers of Bradyrhizobium sp.
were significantly (negatively) correlated with the contents of silt-clay fractions, with
the total N contents and with the pH (in water) of the examined soils, indicating that the
light-textured, acid soils are beneficial for the proliferation and survival of these root-
nodule bacteria. Rhizobia forming the symbiosis with roots of vetch, pea and faba-bean,
(Rhizobium leguminosarum bv. viciae) were found almost in all the examined soils and
most of these soils (70) contained high or moderate populations of R.l. viciae. Com-
mon occurrence of these bacteria in Polish soils could be explained, at least partially,
by relatively frequent cultivation of the host plants of R./. viciae by farmers, since in
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23 cases the studied soil originated from fields on which these crops (pea or faba-bean)
were included in the crop rotation. These soils contained generally high populations of
R.1. viciae, but also many soils not planted to peas or faba-bean were also rich in these
root nodule bacteria. The soils with no detectable or very low populations of R.l. vi-
ciae were very acid (pH = 3.7-4.2). Highly significant correlation coefficients between
populations of these rhizobia and pH of the soils indicate that soil reaction is an impor-
tant factor influencing the occurrence of R.l viciae in soils [2]. Symbionts of clover,
(R. leguminosarum bv. trifolii), similarly to R.l. viciae, were found in high or moderate
populations almost in all Polish soils examined. Only 4 soils contained no detectable
populations of R./. viciae and in 7 soils these populations were assessed as very low.
The majority of the researched soils were not planted to red clover for many years (with
the exception of 3 soils) indicating that rhizobia nodulating this crop can survive in
soils for a long period of time, even in the absence of the host plant. Highly significant
correlation coefficients with soil pH and with the contents of silt-clay fractions suggest
that medium or heavy soils heaving slightly acid or neutral pH are beneficial for these
rhizobia [2, 9, 12].

Rhizobia nodulating beans (R. leguminosarum bv. phaseoli), were examined in 76
soils and of this number in 15 soils these bacteria were not detected. In the other soils
tested populations of the bean rhizobia varied from very low (in 3 soils) to high in 25
soils. Field bean was grown only on 3 of the tested soils and the numbers of R.1. viciae
in these soils were high. Soil populations of the bean rhizobia showed significant cor-
relation with the contents of total N as well as with the contents of 0.02 mm soil me-
chanical fraction in the soils. Root nodule bacteria of alfalfa (Sinorhizobium meliloti),
was the only species of the rhizobia which was not detected in the majority of the stud-
ied soil. Soils with no, very low and low populations of the alfalfa rhizobia made up
almost 93 % of all the studied soils. Only 3 soils originated from fields with the stands
of alfalfa and all these soils contained high numbers of S. meliloti. These results clearly
indicate the presence and population levels of the alfalfa rhizobia in Polish soils are,
similarly to soils in other countries [2, 9, 12, 13] strongly dependent on the cultivation
of the host crop. Soil texture as represented by the contents of silt-clay fractions is also
an important factor influencing the survival of S. meliloti in soil.
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INTERAKCJE POMIEDZY FIZYCZNO-CHEMICZNYMI WEASCIWOSCIAMI GLEB
A POPULACJAMI BAKTERII WIAZACYCH AZOT ATMOSFERYCZNY

Zaktad Mokrobiologii Rolniczej, Instytut Uprawy, Nawozenia i Gleboznawstwa
— Panstwowy Instytut Badawczy, Pulawy

Abstrakt: Liczebno$¢ populacji bakterii z rodzaju Azotobacter w glebie uzalezniona jest przed wszystkim od
odczynu $rodowiska glebowego. Bakterie te na ogot nie wystgpuja w glebach o odczynie kwasnym (ponizej
pH 6,0). Przedstawione badania wykazaly, ze sposrod analizowanych wlasciwosci fizycznych i chemicznych
gleb, sktad granulometryczny, a zwlaszcza zawarto$¢ czgéci sptawianych, oraz odczyn gleb maja najwigkszy
wplyw na liczebnos$ci glebowych populacji bakterii symbiotycznych (brodawkowych). Symbionty koniczyny
i lucerny sa na ogot liczniejsze w glebach zwigzlejszych i odczynie obojgtnym lub zblizonym do obojgtnego,
natomiast takie gleby nie sprzyjaja symbiontom tubinu i seradeli.

Stowa kluczowe: Azotobacter, bakterie symbiotyczne, wlasciwosci gleby, zabiegi agrotechniczne
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Abstract: The aim of present paper was to establish the effect of some physical and chemical factors on the
number and species composition of myxobacteria. The following chemical and physical factors were studied:
pH, carbon and nitrogen content as well as terms of samples collection and depth of soil profile of selected
forest soils (muck, gley) of Puszcza Biala The number of myxobacteria was determined by plate method
using appropriate microbiological media. Isolated and purified strains were identified on the basis of their
macro- and micromorphology using stereoscopic, light and scanning electron microscope.

The results showed that the highest number of myxobacteria was found in upper horizons of the exami-
ned soils. Higher pH and higher content of carbon as well as moderate humidity of muck soil have significant
influence on higher number and species diversity of myxobacteria than in gley soil. It was found that two
species of the cellulolytic myxobacteria: Sorangium cellulosum and Polyangium compositum dominated in
whole profile of the investigated soils.

Keywords: myxobacteria, slime bacteria, soil microflora, forest soils, Puszcza Biala

Myxobacteria are microorganisms which have maintained, probably due to their unu-
sual and complex life cycle as well as fascinating appearance, an unremitting attrac-
tion for many microbiologists all over the world. They are aerobic, unicellular, Gram-
negative gliding bacteria with rod-shaped vegetative cells that mostly occur in many
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soil types. Myxobacteria frequently develop on decomposing plant material, the bark of
living and dead trees or dung of herbivorous animals such as rabbit, hare, goat, deer and
sheep [1-3].

They are unique among prokaryotes for their complicated multicellular behaviour.
They use intercellular communication to engage in cooperative morphogenesis from
which they produce unusual structures called fruiting bodies which contain myxospores
[4]. Under starvation conditions the cells aggregate within the swarm, pile up and form
fruiting bodies that allow the community to survive unfavourable environmental con-
ditions [5-7]. Inside the maturing fruiting body the rod-shaped vegetative cells are
converted into myxospores by shortening and fattening. Thick-walled myxospores are
asexual, dormant cells that are responsible for the survival under hostile conditions such
as desiccation, high and low temperature, high salt concentrations, anaerobic condi-
tions, ultrasound and UV irradiation. They can survive in the environment for 10-25
years [2, 4, 8]. Myxospores germination is induced by favourable environmental condi-
tions and in the laboratory by transfer to a suitable growth medium.

Myxobacteria also display other interesting features like social behaviour expressed
by collective food uptake and cooperative motility [2, 9]. Their cells move by glid-
ing over the surface of or within the substrate, so that colonies spread over the culture
plate [10]. Cell motility plays an important role in development and morphogenesis in
myxobacteria, especially in formation of fruiting bodies [11-13].

Myxobacteria are strictly aerobic organotrophs which prefer moderate temperature in
the range between 9-38 °C. Myxobacteria specialize in the biodegradation of biomac-
romolecules. These organisms are divided into two sharply separated metabolic groups.
Group | holds cellulose degraders. This group is capable of utilizing inorganic nitrogen
compounds while growing on cellulose and glucose. Group 2, by far the majority of
myxobacterial species, depend on an amino acid-containing medium such as peptone
for growth. They obtain the required oligopeptides by hydrolyzing proteins [5]. In na-
ture, these myxobacteria feed on other microorganisms like eubacteria or yeasts, that
therefore have been called micropredators [2, 14].

Myxobacteria have some potential for various applications. They play a substantial
role in natural environment in solubilizing large macromolecules, cell carcasses and
other biological detritus. Their predatory activity can be very useful to control cyano-
bacterial water blooms by destroying cells of cyanobacteria in aqueous environments.
Myxobacteria can also be used as pollution indicators which can inform us about envi-
ronmental problems. A good opportunity for application may lie in the field of myxo-
bacterial enzymes such as restriction endonucleases and special proteases which can be
very useful in biochemistry and medicine. The most promising opportunities for bio-
technological applications with myxobacteria is the production of secondary metabo-
lites, especially compounds with biological activity such as antibiotics and other inhibi-
tors like epothilon with antitumor activity. These substances are promising candidates
for the development of useful drugs [2, 4].

The aim of present paper was to establish the effect of some physical and chemical
factors on the number and species composition of myxobacteria. The following abiotic
factors were studied: pH, carbon and nitrogen content as well as terms of samples col-
lection and depth of soil profile of selected extremely acid, forest soils of Puszcza Biala.
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Materials and methods

The soil samples were taken from Puszcza Biala from June to September 2006. The
investigation was carried out on the muck and gley soils. The samples collected from
all genetic horizons of investigated soils were analysed. The number of myxobacteria
was determined by plate method by inoculation of appriopriate microbiological media
with clumps of soil and soil suspensions 10—1, 10-2, 10-3. Inoculated microbiological
media were incubated at 30 °C for 1-4 weeks and checked daily, beginning with the
second and third day, under a dissecting microscope for the appearance of myxobacte-
rial swarms and fruiting bodies. After an incubation period the colonies and fruiting
bodies zones were counted to determine the number of myxobacteria in examined soils.
Obtained results were expressed as CFU (colony forming units) in 1 g dry mass of soil.

For isolation and purification of bacterial strains the following media were used:
VY/2 containing autoclaved yeasts (Saccharomyces cerevisiae) as the nourishment and
B12 source [15, 16], water agar with mineral salts and filter paper as carbon source
and CY containing casitone (Difco) as rich source of nitrogen [4]. To inhibit fungal
growth 100 pg - cm™ cycloheximide or nystatine to media, sterile water used to mois-
ten clumps of soil and soil suspensions was added.

In order to obtain pure cultures isolated strains were purified by following methods [5]:

— direct purification from swarm or fruiting bodies to a suitable agar medium: preda-
tory myxobacteria-CY, VY/2, MD1, CAS, CT, water agar with streaks of E. coli [5, 16];
cellulolytic myxobacteria-water agar with filter paper and mineral salts, ST21CX,
CEL3, STAN-6 [5].

— heating of the suspension of the mature fruiting bodies at 58 °C for 10, 20 and
40 min.

— purification of the suspension of the mature fruiting bodies with mixture of anti-
biotics such as chloramphenicol, streptomycin, tetracycline, kanamycin, erythromycin,
gentamycin (20-30 mg - 50 cm™ of water).

Isolated and purified strains of myxobacteria were identified on the basis of morphol-
ogy of vegetative cells, myxospores, fruiting bodies and colonies using stereoscopic,
light and scanning electron microscope. Furthermore for the identification of pure and
enrichment cultures the determination keys of McCurdy and of Reichenbach and Dwor-
kin were applied [5, 17].

Statistical methods were used to determine the influence of some abiotic factors of
selected forest soils of Puszcza Biala (terms of samples collection, depth of soil profile
as well as pH, carbon and nitrogen content) on the occurrence of myxobacteria. There
were conducted one and two-factor analysis of variance as well as Tukey’s studentized
range test using SAS 9.1 software (SAS Institute INC., Cary, NC).

Results and discussion

Investigated soils from Puszcza Biala (muck and gley) have different chemical and
physical properties which affected on the number and species composition of the popu-
lation of myxobacteria (Table 1).
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The higher number and higher biodiversity of myxobacteria were found in muck soil
than in gley soil (Fig. 1, Table 2).

The results showed that myxobacteria mostly occurred in surface layers of soil-AM
horizon. In deeper horizons the number of myxobacteria rapidly decreased reaching the
lowest values in Dg horizon. These results are in good agreement with those of Krze-
mieniewska and Krzemieniewski [18], Gorny [19] and Reichenbach [3]. This fact was
probably caused by shortage of oxygen and organic matter in deeper horizons of investi-
gated soil which make unfavourable living conditions for this group of microorganisms.

Table 1
Characteristics of soil profiles of muck and gley.
Systematics Genetic | Depth pH % i
Profile of investigated soils | horizons | [cm] H20 KCl C N CN
Type: muck soil AM 5-10 5.1 4.6 36.50 2.09 17.46
21a | Order: post-bog soils Mt | 2030 | 52 49 1740 | 095 | 1831
Division: hydrogenics
soils Dg 50-60 6.3 5.8 1.10 0.07 15.71
. Ol 0-1 438 42 18.59 1.77 10.50
Type: gley soil
3 Order: bogged soils A 1-17 4.1 34 6.65 0.63 10.44
Division: semi-hydro- | Gor 17-50 6.4 5.2 0.09 0.01 6.92
genics soils
Gr 5065 6.7 5.6 0.02 - -
800
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Fig. 1. The occurrence of myxobacteria in muck soil

Qualitative analyses also comprised dynamics of the number of myxobacteria in
various seasons of the year. It was confirmed that the number of myxobacteria has in-
creased from June with the maximum in July (AM horizon) and August (Mt horizon).
The fall of the number of examined microorganisms was observed in September what
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Fig. 2. Results of Tukey’s test concerning the influence of abiotic factors on the number of myxobacteria
in muck soil (Tukey’s homogenous groups are represented by letters A through C. Bars in group A have
the highest number of myxobacteria whereas bars in groups B to C have successively lower number of
myxobacteria. Bars that have letters in common do not differ significantly from one another
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was connected with drop of the air temperature as well as higher intensity of atmos-
pheric falls.

Results of two-factor analysis of variance showed a significant influence of season
and depth of soil profile on the number of myxobacteria in muck soil. Furthermore one-
factor analysis of variance showed a significant influence of carbon and nitrogen con-
tent on the number of myxobacteria in examined soil.

Results of Tukey’s test showed a statistically significant differences of the averages
of the number of myxobacteria depending on season. There were identified three homo-
genous groups with the highest average of the number of myxobacteria in July and the
lowest average in June.

Taking into consideration the influence of depth of soil profile there were observed
a significant differences in each of three genetic horizons of muck soil. Tukey’s test
identified three homogenous groups with the highest average of the number of myxo-
bacteria in AM horizon and the lowest average in Dg horizon.

Results of Tukey’s test also showed a significant differences of the number of myxo-
bacteria depending on carbon and nitrogen content. Tukey’s test identified three homog-
enous groups with the highest average of the number of myxobacteria at the highest
carbon and nitrogen content in muck soil.

Table 2

Species composition and frequency of isolation of myxobacteria from muck soil

Species of myxobacteria Frequency of isolation [%]
Polyangium compositum 43.00
Sorangium cellulosum 34.67
Myxococcus fulvus 11.67
Angiococcus disciformis 6.33
Corallococcus coralloides 1.33
Polyangium septatum 1.00
Polyangium sorediatum 0.67
Cystobacter fuscus 0.67
Polyangium aureum 0.33
Polyangium luteum 0.33

The most often occurring myxobacteria were representatives of the Sorangineae sub-
order such as cellulolytic species Polyangium compositum and Sorangium cellulosum
isolated from whole genetic horizons of examined soil profile. There were also obse-
rved myxobacteria belonging to the Cystobacterineae suborder such as Myxococcus fu-
Ivus and Corallococcus coralloides, especially in surface layers of soil. As pointed out
by Krzemieniewska and Krzemieniewski [18, 20] and Dawid [2] in acid soils occur
characteristic flora of myxobacteria with the majority of representatives belonging to
Sorangium and Polyangium genuses as well as some species of Myxococcus genus,
especially Myxococcus fulvus.
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The second type of investigated soil-gley have dissimilar properties to muck soil.
This soil was formed on the area with high level of groundwater which cause high hu-
midity and anaerobic conditions creating negative influence on the occurrence of myxo-

bacteria (Fig. 3, Table 3).
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Fig. 3. The occurrence of myxobacteria in gley soil
Table 3

Species composition and frequency of isolation of myxobacteria from gley soil

Species of myxobacteria

Frequency of isolation [%)]

Sorangium cellulosum
Polyangium compositum
Myxococcus fulvus
Corallococcus coralloides
Angiococcus disciformis
Cystobacter minus
Polyangium septatum

Polyangium luteum

49.00
21.33
12.33
9.33
7.00
0.67
0.67
0.34

The results showed that distinct majority of myxobacteria occurred in A horizon.
There was observed the considerably lower number of myxobacteria in Ol horizon,
even though it is upper horizon. It is directly connected with fact that dead leaves are
not major and most convenient environment of living of these microorganisms, so that
this horizon is settled by selected species. Furthermore, similar to muck soil, the num-
ber of myxobacteria decreased in deeper horizons of soil profile because of high satu-
ration of soil with water causing anaerobic conditions as well as low content of organic
matter, which is in agreement with the previous observations of Krzemieniewska and
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Krzemieniewski [18, 20] and Reichenbach [3].

The number of myxobacteria in gley soil, similar to muck soil, increased from June
reaching maximum in August. With early autumn in September there was observed the
lower number of myxobacteria than in summer, what is probably connected with cool-
ing and intensification of atmospheric falls causing high humidity of soil.

Similar to muck soil results of two-factor analysis of variance showed a significant
influence of season and depth of soil profile on the number of myxobacteria in gley soil.
Furthermore one-factor analysis of variance showed a significant influence of carbon
and nitrogen content on the number of myxobacteria in examined soil.

Results of Tukey’s test showed a statistically significant differences of the averages
of the number of myxobacteria depending on season. There were identified two homog-
enous groups with the highest average of the number of myxobacteria in August and the
lowest average in June.

There were also observed a significant differences of the number of myxobacteria
depending of depth of soil profile. Tukey’s test identified three homogenous groups
with the highest average of the number of myxobacteria in A horizon and the lowest
average in Gr horizon.

Taking into consideration the influence of carbon and nitrogen content in examined
soils there were identified two homogenous groups. The influence of these factors on
the number of myxobacteria were not so significant as in muck soil.

The results showed that dominating myxobacteria were Sorangium cellulosum and
Polyangium compositum. There were also commonly found Myxococcus fulvus, Coral-
lococcus coralloides and Angiococcus disciformis mainly isolated from Ol and A hori-
zons. Obtained results confirm data published by Krzemieniewska and Krzemieniewski
[18, 20] and Dawid [2].

Summarizing muck soil is more favorable environment of living of myxobacteria
than gley soil. This fact is the result of higher reaction of upper horizons of muck soil,
higher content of carbon, insignificant higher content of nitrogen and moderate humid-
ity in comparison with gley soil.

Conclusions

1. Myxobacteria are strictly aerobic microorganisms occurring in surface layers of
examined soils.

2. The number and species composition of myxobacteria are strictly dependent on
type of soil, physicochemical properties of soil and atmospheric factors.

3. Dominating myxobacteria were representatives of cellulolytic species which play
important role in carbon cycle.
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WPLYW CZYNNIKOW ABIOTYCZNYCH NA WYSTEPOWANIE MYKSOBAKTERII
W WYBRANYCH GLEBACH LESNYCH PUSZCZY BIALEJ

Samodzielny Zaktad Biologii Mikroorganizméw, Wydzial Rolnictwa Biologii
Szkota Gtéwna Gospodarstwa Wiejskiego

Abstrakt: Celem pracy bylo okreslenie wptywu czynnikéw fizykochemicznych, tj. pH, zawartosci wegla
i azotu oraz terminu pobrania probek i glgbokosci profilu glebowego wybranych gleb lesnych Puszczy Bialej
(murszowa, gruntowo-glejowa) na liczebnos¢ oraz sktad gatunkowy myksobakterii. Liczebno$¢ myksobakte-
rii okreslono za pomoca metody ptytkowej. Wyizolowane i oczyszczone szczepy zidentyfikowano na podsta-
wie charakterystyki makro- i mikromorfologicznej z wykorzystaniem mikroskopii stereoskopowej, §wietlnej
i skaningowej mikroskopii elektronowe;j.

Wyniki analiz ilosciowych wykazaty, ze myksobakterie najliczniej zasiedlaja powierzchniowe poziomy
genetyczne badanych profilow glebowych. Wigksze pH, wigksza zawarto$¢ wegla oraz umiarkowana wil-
gotnos$¢ gleby murszowej wptywaja znaczaco na wigksza liczebno$¢ oraz wigksza réznorodnos¢ gatunkowa
myksobakterii w poréwnaniu z gleba gruntowo-glejowa. W badanych glebach dominowaty myksobakterie
celulolityczne z gatunku Sorangium cellulosum i Polyangium compositum.

Stowa kluczowe: myksobakterie, bakterie §luzowe, mikroflora gleby, Puszcza Biata
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PHYTOEXTRACTION OF ZINC, LEAD AND CADMIUM
WITH Silene vulgaris MOENCH (GARCKE)
IN THE POSTINDUSTRIAL AREA

FITOEKSTRAKCJA CYNKU, OLOWIU I KADMU
PRZEZ Silene vulgaris MOENCH (GARCKE) NA TERENACH
POPRZEMYSLOWYCH

Abstract: For the purpose of our study we have selected the perennial herb Silene vulgaris (Caryophyllaceae)
which is characteristic for many metal-enriched soils in Europe to measure the in sifu phytoextraction of
zine, lead and cadmium in the postindustrial area. Silene vulgaris belongs to the metalollophytes. The plant
material and the soil samples (from upper layer) were collected from the vicinity of the non-ferrous metal
smelter Szopienice at the distances of 50, 250, 450 m from zinc waste heap in Katowice and from the former
calamine site in Dabrowa Gornicza in September 2003-2005. The soil located near the smelter Szopienice
was the most polluted area and the site exhibited differences in the heavy metal concentration (metals extrac-
ted with 10 % HNO,) in the upper layer (66640—6455 mg/kg Zn, 119-39 mg/kg Cd, 1280-1011 mg/kg Pb).
The heavy metal bioavailability was low and connected with high pH values (6.7-7.8). Phytoextraction was
calculated from the biomass and its concentration of metal. It was at a maximum at the distance of 450 m
from the smelter (1119 g/ha Zn, 11 g/ha Pb and 6 g/ha Cd) for all the investigated metals. Only Zn amount
accumulated in the aboveground plant parts seems to be promising for phytoextraction.

Keywords: heavy metals phytoextraction, Silene vulgaris, metallophytes

Phytoextraction is the use of plants to remove toxic elements from contaminated en-
vironments [1]. Some plant species were reported to accumulate metals from the soil in
their aboveground biomass. The ideal plant to use in phytoextraction should have the
ability to accumulate the metals intended to be extracted, preferably in aboveground
parts, but above all it has to tolerate very high metal concentrations in soils [1-3]. The
efficacy of phytoextraction is related to the ability of hyperaccumulating plants to grow
and develop their root systems and to take up and accumulate the available metals in
the upper parts. The aerial parts would be dried and burnt to ashes. Unfortunately very
often the production of biomass by the hyperaccumulators is slow and the root sys-
tems, with the exception of Silene vulgaris, small [4]. Silene vulgaris Moench (Garcke)
(Caryophyllaceae) is a perennial herb, which is common in many metal-enriched soils
in Europe. It belongs to metallophytes, which are tolerant of high heavy metals concen-

! Depatment of Ecology, The University of Silesia, Bankowa 9, 40-007 Katowice, Poland, phone 32359 11 18,
email: olan@hoga.pl
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tration and have high heavy metal accumulation ability [4-9]. This plant is widespread
in the Upper Silesian Industrial Region on the old calamine heaps, in the smelter sur-
roundings or the metallurgical waste dumps [7—11]. Such sites are characterized by the
continuous and natural phytoextraction of metals, except for the fact that plants are not
harvested. The absence of agricultural management (eg fertilization) is characteristic of
these sites [1]. The aim of this work was to determine the in situ phytoextraction of
zinc, cadmium and lead with metallophyte — Silene vulgaris Moench (Garcke) grow-
ing in the postindustrial areas: in the nearest vicinity of non-ferrous plant, on the zinc
smelter spoil heap in Katowice and in the former calamine site in Dabrowa Gornicza.
These sites exhibited varied heavy metal contamination level.

Material and methods

The investigation was carried out in September in 2003—2005. The plants of Silene
vulgaris, Moench (Garcke) were collected in the nearest vicinity of nonferrous plant
Szopienice at the distances of 50, 250, 450 m, on the zinc smelter spoil heap in Kato-
wice-Welnowiec and from the former calamine site in Dabrowa Gornicza. In each place
the aerial plant parts from 20 individuals from an area of 40 m? of 2 m in dia-meter
were collected. In order to determine the heavy metal concentration, the plant material
(aerial parts) was washed in tap and in distilled water, dried at 105 °C to a constant
weight and ground to fine powder, then mineralized and dissolved in 10 % HNO,. Af-
ter filtration Zn, Pb and Cd contents were determined using flame Atomic Absorption
Spectrometry (AAS) [12]. The quality of the analytical procedure was controlled by
using the samples of the reference material in each series of analysis. (Certified Ref-
erence material CTA-OTL-1 Oriental Tobacco Leaves). The phytoextraction was cal-
culated from the biomass and its concentration of metal. The soil samples from the
0-10 cm layer were collected in the same investigated places. Heavy metal contents
were estimated according to the method of Bowman et al [13] and Ostrowska et al [11],
in the air dried soil samples, which were sieved. Heavy metals were extracted using
0.01 M CaCl, (bioavailable fraction) and 10 % HNO,. The analysis was conducted
using the atomic absorption spectrometry. Soil pH was measured in water (1:2.5
soil:water ratio) using a pH meter, and organic matter content [%] was estimated by the
Ostrowska’s methods [12]. All plants and soil samples were determined in six replica-
tions. The data was processed using the software Statistica to compute significant statis-
tical differences between samples (p < 0.05) according to Tukey’s multiple range test.

Results and discussion

The previous researches showed a high decrease in the soil enzymes activity at the
distance of 250 m from the smelter, where the highest heavy metals bioavailability was
found. The reduction of enzymatic soil microorganism activity can cause inhibition of
organic matter decomposition and the reduction of most biochemical processes in the
soil. This effect leads to soil degradation [14]. Tables 1 and 2 present heavy metals con-
tent in the soil upper layer in the investigated area. The highest heavy metals bioavail-
ability was noted in the soil collected in the distance of 250 m from the smelter. The
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chemical properties of the soils in the investigated areas are shown in Table 3. The low
heavy metals bioavailability can be connected with relatively high pH values, which
were within the range 6.7—7.8. The highest Cd (79 mg/kg dm) and Pb (109.7 mg/kg
dm) Zn (8316 mg/kg dm) accumulation was noted in aerial plant parts collected at the
distance of 250 m. The amount of Zn was almost 4.5 times higher than the content of
this metal in the plants in the other areas (Tab. 4). All of the investigated metals were
above or within the range (Cd) of toxic level similarly to previous study [7, 15, 16]. In
pot experiment in EDTA presence in acid soil Zn, Cd and Pb (in Szopienice plant) were
accumulated in higher amounts in the shoots. The higher translocation of Zn and Cd to
shoots of Silene vulgaris was observed [16]

Table 1
Mean heavy metal contents in soil (HNO, extracted) in the investigated areas
Values with the same letter are statistically the same for p < 0.05.
Investigated Mean heavy metal contents in the soil (HNO, extracted) [14]
arca cd SD Pb SD Zn SD
50 m 119.3a 55.1 1280.3a 558.6 66638.4a 19184.8
250 m 40.5b 9.8 1011.1a 245.1 8513.7b 625.8
450 m 38.9¢c 11.8 1157.2a 115.9 6454.6b 1554.1
Heap 101.9ab 56.7 1404.2b 388.8 45732.2¢ 3377.1
C 54.7c 43 1139.03a 135.1 24578.9d 1965.6
Table 2
Mean heavy metal contents in soil (CaCl, extracted) in the investigated areas
Values with the same letter are statistically the same for p < 0.05.
Investigated Mean heavy metal contents in soil (CaCl, extracted)
area Cd SD Pb SD Zn SD
50 m 12.2a 1.9 43.8a 20.9 296.1a 22
250 m 13.2a 1.1 92.3a 37.8 431.9b 43.8
450 m 9.6b 0.6 413a 18.6 321.9a 84.6
Heap 6.3c 1.9 35.8a 17.9 211a 44.6
C 2.3d 0.8 53a 10.6 35.5¢ 20.1
Table 3
Soil properties (organic matter contents [%] and pH values); average + SD
Values with the same letter are statistically the same for p < 0.05.
Mean organic mater contents [%] and pH values in soil
Investigated area II:IA;;; 2?;2; SD Mean pH value SD
50 m 44a 0.8 6.91a 0.02
250 m 2.7b 0.9 6.89a 0.14
450 m 4.6a 1.03 6.65a 0.11
Heap 8.1c 0.5 6.71a 0.19
C 9.7b 0.7 7.77b 0.11
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Table 4
Heavy metal bioaccumulation in Silene vulgaris aerial parts in the investigated area
Values with the same letter are statistically the same for p < 0.05.
Investigated Mean heavy metal content in aerial plant parts [mg/kg d.m.]

area Cd SD Pb SD Zn SD
50 m 87 3.8 261.7 3.9 7019 90.8
250 m 78.8 1.2 109.7 47 8316 111.3
450 m 30.6 1.9 59 8.5 5843 375
Heap 6.7 0.5 69.8 5.2 6733.6 118

C 13.4 0.5 34.6 1.9 1875.8 204.6

The plant populations differed at various distances from the emitor. The hi-
ghest biomass of Silene vulgaris aboveground parts was noted for the plants collec-
ted at the distance of 450 m from the smelter (194 kg d.m./ha Fig. 1). Lower bio-
mass of the investigated plants in the calamine site was caused most likely by
the competition between other plant species. Phytoextraction demands a reasona-
ble aboveground, thus harvestable biomass. Most metal-hyperaccumulators have
a low biomass production of less than 4 Mg per ha and per year [3]. Ernst pointed
out [4] that only a few plant species have evolved metal specific ecotypes at dif-
ferent metal enriched soils and among these plants is Silene vulgaris. Various me-
tals in polymetalic soils strongly affect the productivity of even the metal resistant
plants. Metallophyte — Silene vulgaris biomass is also too low (Fig. 1). The obtained
biomass results were lower than the biomass estimated for Thlaspi caerulescens

[kg d.m. ha™]
300

250 1

200 -

150 4

100 4
a a ]'

o [ T-

(e}

50 m 250 m 450 m heap C

Fig. 1. Silene vulgaris biomass on the investigated stands
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Fig. 2. Phytoextraction of Zn, Pb, Cd with Silene vulgaris

0.6-0.9 Mg/ha by Keller [18]. The plants collected at the distance of 450 m from the
emitor exhibited the highest Zn, Cd and Pb in situ phytoextraction (1119 g/ha Zn,
11 g/ha Pb and 6 g/ha Cd, Fig. 2). Van Nevel pointed out that phytoextraction efficien-
cy will decline under the increasing soil metal concentrations [19]. The quantity of Zn
extracted by plants was 3 times higher than in the plants collected at the distance 250 m,
where the highest heavy metals bioavailability and highest Zn accumulation in the plant
aboveground parts were found and almost 13 times higher than the Zn extracted by Si-
lene vulgaris on the calamine site. In Schwartz et al investigations [1] phytoextraction
values ranging from 1.5 to 10 kg Zn ha™' were recorded, involving the hyperaccumula-
tor A. halleri. The examined Silene vulgaris does not have the ability to phytoextract Cd
and Pb with high efficiency. Compared to Rumex crispus (high biomass plant) extracted
0.16 Cd kg ha™' and below 1.6 Pb kg ha™ and investigators pointed out that the plant
used for the field experiment did not prove to have ability to phytoextract Pb with high
efficiency [20]. Comparable amount of Zn extracted by Silene vulgaris indicated that
it could participate only in this metal phytoextraction. On the other hand especially in
extremely polluted sites the use of local vegetation may give an opportunity to create
a soil cover. Polluted site related species have already proven its ability to survive under
pollution stress. It is also recommended to use indigenous species for phytoextraction,
as they are considerably cheaper than exotic species and do not create adaptation prob-
lems [21-22].

Conclusions

The heavy metals phytoextraction with Silene vulgaris was at a maximum at the dis-
tance of 450 m from the smelter (1119 g/ha Zn, 11 g/ha Pb and 6 g/ha Cd) for all inves-
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tigated metals. Only Zn amount accumulated in the aboveground plant parts seems to
be promising for phytoextraction. Silene vulgaris vegetation may give an opportunity to
create a soil cover of the polluted site.
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FITOEKSTRAKCJA CYNKU, OLOWIU 1 KADMU PRZEZ Silene vulgaris MOENCH (GARCKE)
NA TERENACH POPRZEMYSLOWYCH

Katedra Ekologii, Uniwersytet Slaski

Abstrakt: Do badan wybrano roéliny zielne Silene vulgaris, ktore sa charakterystyczne dla gleb o zwigkszo-
nym stgzeniu metali cigzkich w Europie. Mierzono fitoekstrakcje cynku, otowiu i kadmu na terenach poprze-
mystowych. Roslina nalezy takze do metalofitow. Materiat roslinny i probki gleby pobierano we wrze$niu
2002-2005 w najblizszych sasiedztwie Huty Metali Niezelaznych ,,Szopienice”, na haldzie pocynkowej w Ka-
towicach i terenu po eksploatacji galmanu w Dabrowie Gorniczej. Zanotowano najwigksze zanieczyszczenie
gleby (metale ekstrahowano 2M HNO,) z najblizszego sasiedztwa HMN ,,Szopienice”, gdzie wykazano rowniez
roznice w zawartosci metali cigzkich w gérnym poziomie gleby (66640—14000 mg/kg Zn, 119-39 mg/kg Cd,
1280-1100 mg/kg Pb). Biodostgpnos$é metali cigzkich byta mata i zwiazana z do§¢ duzymi wartosciami pH
gleby (6,8-7,8). Fitoekstrakcje oznaczono na podstawie biomasy i koncentracji w niej metali cigzkich. Naj-
wigksza fitoekstrakcje zanotowano dla roslin w odlegtosci 450 m od emitora (1119 g/a Zn, 10 g/ha Pb
i 6 g/ha Cd) dla wszystkich badanych metali. Tylko ilo$¢ Zn akumulowana w nadziemnych czgsciach roslin
wydaje si¢ by¢ obiecujaca dla procesu fitoekstrakcji.

Stowa kluczowe: metale cigzkie, fitoekstrakcja, Silene vulgaris, metalofity
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GENERAL CHARACTERISTICS OF SELECTED SOIL
PROFILES UNDER THE Caltho-Alnetum ASSOCIATION
IN THE BABIOGORSKI NATIONAL PARK

OGOLNA CHARAKTERYSTYKA WYBRANYCH PROFILI GLEB
POD ZBIOROWISKIEM OLSZYNY GORSKIEJ (Caltho-Alnetum)
W BABIOGORSKIM PARKU NARODOWYM

Abstract: Caltho-Alnetum associations belong to priority biotopes listed in the annex to 1st Habitats Direc-
tive of the European Union. Most of these habitats in the area of present Babiogorski National Park were
reclaimed in the seventies. The present research compared the properties of soils and waters in the Caltho-
Alnetum habitats, which were drained in the seventies with the analogous properties of habitats which were
transformed by the anthropogenic factors only to a small degree. The studies revealed a significant effect of
reclamation works conducted in the seventies on such parameters as organic carbon and mineral contents,
degree of organic matter decomposition, degree of moorshing and groundwater level.

Keywords: Caltho-Alnetum, fens, organic soils, swamps

Hydrogenous habitats among which Caltho-Alnetum association may be counted ful-
fill important ecological functions, especially in the mountain areas. Thanks to condi-
tions in the natural Caltho-Alnetum association with respect to the floristic composition,
they belong to the richest plant associations of the Babiogorski National Park [1, 2].

A high groundwater level in the soils of these habitats, specific properties of waters
and soils create favourable habitat conditions for the development of numerous steno-
typic animal and plant species, among which many are rare and protected ones. Howev-
er, the state of dynamic balance which occurs in these habitats may be easily disturbed
by eg lowering of the groundwater level. Such a situation occurred on a majority of
Caltho-Alnetum patches in the area of the Babiogorski National Park, which prior to
their putting under protection as a national park, were reclaimed in the seventies in or-
der to increase timber production in these areas.

! Department of Soil Science and Soil Protection, University of Agriculture in Krakow, Al. A. Mickiewicza
21, 31-120 Krakow, Poland, phone: 12 662 43 70, email: rrnicia@cyf-kr.edu.pl

2 Babiogorski National Park, 34-223 Zawoja Barancowa, 1403, Poland, phone: 33 877 51 10



840 Pawet Nicia et al

According to the Decree of the Minister of the Natural Environment dated 16 May
2005 on the types of natural habitats, plant and animal species which require protection
in the frame of designed Nature 2000 areas, Caltho-Alnetum associations should be put
under protection and the degraded habitats should be renaturized.

Before the proper renaturization measures could be taken a detailed inventory must
be conducted in these habitats. It should comprise identification and comparison of the
chemical and physical properties of soils and waters, as well as species composition
of the vegetation covering Caltho-Alnetum which was not drained, with the analogous
properties of the habitats, which were reclaimed in the seventies.

The conducted research aimed at determining the influence of the land reclamation
conducted in Caltho-Alnetum associations in the area of the Babiogorski National Park
on the essential properties of these habitats.

Materials and methods

Seven habitats under the Caltho-Alnetum association were selected in the area of the
Babiogorski National Park. One soil pit, located in the central part was made on each
of the selected habitats. Soil samples were collected from individual genetic horizons
appointed for the soil profile studies. From among habitats selected for the analyses,
five were in the decession stage (profiles 2-5), whereas two (profiles 1-2) were in the
organic matter accumulation stage.

In the collected soil material, mineral content, organic carbon and nitrogen con-
centrations were assessed using methods suggested by Sapek and Sapek [3], pH with
the potentiometric method in H,0 and 1 mol - dm™ KCl solution. The groundwater
level was measured in the soils of biotopes chosen for the research. The degree of
peat decomposition was determined during the soil sampling on a ten degree von Post
scale [4].

Results and discussions

Due to its specific habitat conditions, the Caltho-Alnetum association occurs rare-
ly and usually covers small areas therefore it was considered a priority in the Nature
2000 network (Poradnik ochrony siedlisk i gatunkow Natura 2000. Bory i Lasy. Tom. 5
2004). The habitats selected for the analyses may be divided into two groups. The first
is constituted of habitats only slightly transformed by human activity (profiles 1 and 2)
(Table 1). The other group comprises the habitats where water-air relationships were
disturbed by the reclamation works conducted in the seventies (profiles 3—7) (Table 1).

The occurrence of the Caltho-Alnetum association is strictly connected with the pres-
ence of water in their soil profiles. On the basis of their hydrological feeding the ana-
lyzed habitats from the area of the Babiogorski National Park may be counted among
soligenic fens fed by the underground waters flowing out of the aquifer outlets. The
soils of the swampy Caltho-Alnetum association with natural water-air relationships
(profiles 1, 2) were characterized by a peat-forming process of organic matter accumu-



General Characteristics of Selected Soil Profiles Under the Caltho-Alnetum Association...

841

lation occurring in the surface horizons under conditions of high moisture. A character-
istic feature of these soils was a high groundwater level, fluctuating about 3—5 cm from
the soil surface. The rate of organic matter accumulation in habitats of this type is very
slow. A low rate of organic matter accumulation should be associated with high level of
organic matter decomposition caused by a considerable oxygenation of waters feeding
fens of this type. Nicia and Miechowka [5] found similar relationships between the oxy-
genation and a high degree of organic matter decomposition in the soils of low sedge
mountain fens.

Table 1
Selected properties of analyzed soils
Profile Fen name Sample Horizon ¢ -1 Decomposition pH
No. [g-kg] degree H,0 | KCI
Fens at accumulation stage
POtni 0-10 310.5 H, 6.4 6.0
1 Mokry Kozub Otni 10-19 183.8 Hg 52 4.8
D 19-45 40.5 - 5.4 43
POtni 0-15 281.7 H, 6.3 5.9
5 Pod Orawska Droga Otn? 15-30 128.6 Hy 6.0 5.6
Otni 3065 161.9 Hy 5.5 53
D <65 87.0 - 6.2 5.7
Fens at decession stage
Mtni 0-20 251.7 - 5.7 52
3 Olszynka Markowa 1 Aa 20733 103.6 Hy > >
Aa 35-55 101.4 — 5.8 5.0
D 55-80 33.6 - 6.0 5.1
Mtni 0-16 2335 - 4.6 39
Otni 16-36 181.9 Hy 5.9 52
4 Mokry Kozub 2 .
Otni 36-55 260.7 Hg 59 5.6
Otni 55-75 220.1 Hy 5.9 52
Mtni 0-7 160.6 - 44 3.7
5 Cyrhlanska droga Aa 7-18 114.0 - 5.0 4.1
D >18 45 - 5.7 43
Mtni 0-25 100.6 - 5.2 44
6 Olszynka Markowa 2 Aa 25-40 71.0 - 6.4 5.7
D <40 16.8 - 6.6 5.1
Aa 0-15 335 - 5.8 44
7 Rybna rampa Agg 15-45 23.0 - 5.7 4.6
ADgg >45 8.0 - 6.0 4.5

Most of the discussed Caltho-Alnetum associations from the area of the present Ba-
biogorski National Park were drained in the seventies in order to increase forest pro-
ductivity. The reclamation was realized by means of drainage ditches crossing the fen
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surface. A similar drainage system was used also on the second group of fens with
transformed water-air relationships (profiles 3—7), (Table 1). The depth of drainage
ditches in these habitats was diverse and ranged from 0.3 to 0.9 m depending on the
thickness of accumulated organic matter and the depth on which the mineral substra-
tum, from which the discussed soil developed, was found. Depending on the surface
of the drained fens and the physiographic conditions of the terrain on which they were
dug, the spacing between the drainage ditches was between several and several dozens
of meters. A dense and relatively deep network of the ditches draining water from the
fens led to a decline of their groundwater level from 0.2 to about 0.75 m. Because the
discussed habitats occur on slope locations, considerable velocity of water flow drained
by the drainage ditches did not allow for their overgrowing and silting. Even after seve-
ral dozen years these ditches drain considerable amounts of water, particularly during
heavy rain, contributing to further degradation of these habitats.

Lowering the groundwater level caused inhibition of organic matter accumulation to
the decession stage (profiles 3—7). The consequence of the groundwater level lower-
ing in these profile was a change of pedogenic process direction. The moorshing proc-
ess was in progress in the surface horizons of 3-7 profiles. The intensity of moorsh-
ing process in the soils of the analyzed habitats was diversified within each habitat and
depended on the depth of drainage ditches, distance from them, area layout and yield
of fen feeding springs. The highest intensity of the moorshing process was detected in
each of the drained habitats, in places situated closest to the deepest drainage ditches,
on the slopes with greatest inclination, fed with underground waters outflow of small
capacity. Lower contents of organic carbon were determined in the soils of the Caltho-
Alnetum associations which were involved in the moorshing process, in comparison
with the soil at the stage of organic matter accumulation. It may be explained by an
increased oxygenation of soil profiles caused by a lowering of the groundwater level,
which stimulated the process of organic matter mineralization.

Fen soils which were drained revealed lower pH values in their surface horizons in
comparison with fen soils in which the peat-forming process of organic matter accumu-
lation was occurring under conditions of high moisture (Table 1). Lower pH values in
the surface horizons of drained fens may be explained by a lowering of the groundwater
level containing Ca?* and Mg”" ions, which reduced the possibility of neutralizing acid
products of organic matter decomposition.

A change of essential chemical and physical properties of soils and waters of the
Caltho-Alnetum associations caused by lowering the groundwater level influenced
a change of habitat conditions leading to their degradation. A change of habitat condi-
tions may threaten the occurrence in these habitats of many stenotypic animal and plant
species, which are characterized by a very narrow tolerance range.

One of the measures for reducing degradation of Caltho-Alnetum is raising the
groundwater level in the previously drained soil patches under grey alder. As has been
demonstrated by the research conducted in the lowland areas, rising the groundwater
level may restore the natural direction of plant succession in these areas [6, 7]. This
process occurs slowly and should be monitored with respect to the most important
properties of soils and waters determining the relationship between the vegetation and
the habitat.
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Conclusions

1. Reclamation of Caltho-Alnetum associations conducted in the seventies caused
passing of these habitat soils from the accumulation stage to decession stage, at which
the moorshing process occurred.

2. Due to the location of the of reclaimed habitats on slopes, sometimes with several
degrees inclination, considerable water velocity drained by the drainage ditches pre-
vented their overgrowing and silting.

3. The intensity of the moorshing process which occurred in the drained habitat soils
depended on their distance from drainage ditches, their depth and capacity of under-
ground water outflow feeding the fens.

4. Raising the groundwater level in Caltho-Alnetum associations through filling the
drainage ditches might limit the degradation of these valuable habitats.

5. Elaborating methods of renaturization of Caltho-Alnetum associations requires
further, detailed habitat research comprising the properties of soils and waters and their
relationship between vegetation and the habitat.

References

[1] Parusel J.: Le$ne zbiorowiska roslinne i ich przestrzenne rozmieszczenie na obszarach projektowa-
nych do wiaczenia w skiad Babiogérskiego Parku Narodowego. Praca doktorska. Uniwersytet Slaski,
Wydziat Biologii i Ochrony Srodowiska, Katowice. Maszynopis, 2003, pp. 180.

[2] Parusel. J.B., Kasprowicz M. and Holeksa J.: Zbiorowiska lesne i zaroslowe Babiogérskiego Parku
Narodowego. [in:] Babiogorski Park Narodowy. Monografia przyrodnicza, Wyd. Drukarnia Towarzy-
stwa Stowakow w Polsce, Krakéw 2004, 429-477.

[3] Sapek A. and Sapek B.: Metody analizy chemicznej gleb organicznych. Wyd. IMUZ, Falenty 1997,
pp. 97.

[4] Ilnicki P.: Torfowiska i torf. Wyd. AR Poznan, Poznan 2002, pp. 408.

[5] Nicia P. and Miechowka A.: General characteristics of eutrophic fen soils. Polish J. Soil Sci., 2004,
XXXVII(1), 39—47.

[6] Czerepko J. and Haponiuk-Winiczenko K.: Zmiany roslinnosci na zmeliorowanym torfowisku Biele
w Puszczy Augustowskiej w latach 1979-2002. Les$ne Prac. Badaw., 2005, 1, 31-42.

[7] Czerepko J., Wrdbel M. and Boczon A.: Proba okreslenia reakcji olsu jesionowego na podniesienie
poziomu wody w cieku. Le$ne Prac. Badaw., 2006, 4, 7-16.

OGOLNA CHARAKTERYSTYKA WYBRANYCH PROFILI GLEB
POD ZBIOROWISKIEM OLSZYNY GORSKIEJ (Caltho-Alnetum)
W BABIOGORSKIM PARKU NARODOWYM

Uniwersytet Rolniczy im. Hugona Kottataja w Krakowie
Babiogorski Park Narodowy

Abstrakt: Siedliska bagiennej olszyny gorskiej naleza do siedlisk priorytetowych wymienionych w zataczni-
ku I Dyrektywy Siedliskowej Unii Europejskiej. Wigkszo$¢ tych siedlisk z obecnego terenu Babiogorskiego
Parku Narodowego zostata zmeliorowana w latach siedemdziesiatych. W ramach badan poréwnano podsta-
wowe wilasciwosci gleb i wod siedlisk bagiennej olszyny gorskiej, ktore w latach siedemdziesiatych zostaty
odwodnione, z analogicznymi wlasciwosciami siedlisk w matym stopniu przeksztalconych przez czynniki
antropogenne. Badania wykazaty duzy wplyw melioracji przeprowadzonych w latach siedemdziesiatych na
takie parametry gleb, jak zawarto$¢ wegla organicznego i popielnosé, stopien rozktadu materii organiczne;j,
stopien murszenia oraz poziom wod gruntowych.

Stowa kluczowe: olszyna bagienna, mtaki, gleby organiczne, mokradta
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Abstract: The objective of this study was to determine the effect of soil and weather conditions during three
vegetation seasons (2001, 2003 and 2004) on the yield of the narrow-leaved lavender herb as well as on the
content and composition of volatile oils in the flowers of this plant. Field experiments were conducted on
three 4-year old plantations of lavender in the 3™ year of cultivation. The site of this study was Krepa near
Golcza, located in Miechow Upland. The yields of both the fresh and dry matter of inflorescences and flo-
wers (spikes) of lavender were affected by: weather conditions during the vegetation seasons, size of plants,
number of flowering branches and number of flower rings in spikes. At the same time, the weather and soil
conditions had no effect on the total content of volatile oils in flowers of lavender. However, the relative
content of major terpenes ie linalool, linalyl acetate, geraniol and borneol in lavender oil was altered

Keywords: narrow-leaved lavender, vegetation season, yield of inflorescences, number of flowering bran-
ches, volatile oils, luvisol, loess

Narrow-leaved lavender is an evergreen perennial shrub growing originally at high
altitudes in the Mediterranean region (eg France, Italy, Spain, North Africa). Large-
scale commercial cultivation of lavender was first started in France, Italy and Spain in
the 17th century. It was later developed in Bulgaria, Croatia, Hungary and Poland in the
20th century [1].
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The environmental needs of lavender are relatively high. The plant grows well on
soils rich in nutrients and with pH ranging from neutral to alkaline. It resists dry pe-
riods thanks to a well developed root system. On the other hand it is sensitive to large
amplitude of day and night temperatures, especially in the beginning of vegetation in
spring [2—6].

This paper analyses the responses of lavender plants, grown in Miechow Upland, to
varying soil and weather conditions during three vegetation seasons (2001, 2003 and
2004). The first aim was to determine yield of lavender herb (inflorescences and flowers).
Second, to determine the content and composition of volatile oils in flowers of the
plants.

Material and methods

The site of this study was Krepa near Golcza (50°19'16.8"E 19°56'45.7"N, 360 m
a.s.l), located in Miechow Upland. The soil is classified as a Haplic Luvisol [7], derived
from loess and consists of 13 % sand, 75 % silt and 12 % clay. The humus horizon this
soil characterized by pH 6.5-6.5, C/N ratio — 8.1 and high-level water field capacity
(Table 1). Soil samples were taken twice a year in spring (before it was fertilized) and in
autumn (after harvest) from two horizons; A — 0—15 cm and B — 15-30 cm. The follow-
ing soil analyses were carried out: organic carbon content; total nitrogen by the Kjeldahl
method [8]; total porosity [9], water field capacity as a soil water potential —15.5 kPa;
pH in IM KCI (1/2.5 v/v); plant-available phosphorous P and K by the Egner—Riehm
method, and plant-available Mg by the Schachtschabel method [8]. The basic condi-
tions of the soil are shown in Table 1.

Soil field experiments were conducted on three 4-year old plantations of lavender in
the 3rd year of cultivation. The forecrop for each lavender plantation in the first year of
cultivation (1998, 2000 and 2001) was wheat grown on manure (30 Mg/ha).

At present there are no registered Polish cultivars of lavender. Therefore, lavender
grown on plantations in the Gotcza region was of local origin. Lavender seedlings were
produced from locally available seeds and planted in the three permanent sites. Con-
sequently, the lavender plants in the studied plantations were of different origin and
varied in shape and size.

Two experimental factors were studied: the vegetation season (years 2001, 2003 and
2004) and the size of lavender plants (S — small plants with the diameter of 45—64 cm;
M — medium plants with the diameter of 65—84 c¢m; L — large plants with the diameter of
85—115 cm). Each year, eighteen plants (6S, 6M and 6L) from each plantation were evalu-
ated to determine: (1) fresh matter of inflorescences (g/plant), (2) number of flowering
branches per plant, (3) number of flower rings in spikes, (4) number of flowers in a flower
ring, (5) dry matter of inflorescences (g/plant) and (6) dry matter of flowers (g/plant).
Lavender inflorescences were collected manually (with a sicle) on the following harvest
dates: 15 July 2001, 8 July 2003 and 3 July 2004. These biometrical data were sub-
jected to two-factorial analysis of variance.

Samples of dried lavender flowers were steam-distilled in a steam distillation Deryng
apparatus [10] to extract volatile oils, and their content was expressed in g/100 g of the
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dry material. The extract was further analyzed for individual volatile oils on a gas chro-
matograph (Pye Unicam) equipped with a capillary column (Supelco). This analytical
data were subjected to one-factorial analysis of variance.

Results and discussion

This soil represents typical Haplic Luvisol derived from loess at the Miechow Up-
land. Soils in this region are characterized by silty texture with a very good physical
condition to cultivate plants, especially physical conditions like bulk density and water
field capacity (Table 1). The studied soil had a very good water capacity like most of
the silty soils from loess. We observed the highest yield of lavender in 2001. Exactly in
this year precipitation was the highest throughout the whole experiment and the soil ab-
sorbed most of this rainfall and next could supply pants with water for the longer time
than in 2003 and 2004. Presumably it was the most important factor that influenced the
yield of lavender throughout the experiment.

Table 1
Selected properties of the soil
. . . Field
Ho- % of particle size of the Organic Bulk Total .
i Depth pH fine soil fraction [um] C densi orosit capacity
rizon in KCI s ty p y moisture
symbol Lol 3 R 3, 3
[em] 2000-63 | 63-2 <2 |[g-kg] | Mg-m™]| [m -m™] | [m" -m™]
A 0-30 6.52 13 75 12 17.1 1.44 0.44 0.35
El 3040 6.18 13 74 13 44 1.47 0.44 0.33
E2 40-65 6.19 13 76 11 2.3 1.36 0.49 0.36
E2/Bt | 65-104 | 6.18 12 79 9 2.6 1.43 0.45 0.37
Bt 104-135 | 4.67 11 63 16 1.3 1.52 0.41 0.37
C 135-160 | 4.32 8 76 16 1.4 1.72 0.34 0.33

The humus horizon of the analyzed soil was rich in organic carbon. That is one
of the reasons for a high content of plant available P, K and Mg. In most soils the up-
per horizon of 0—15 cm had a higher content of plant available P, K and Mg (Table 2).
A tendency towards an increased content of organic carbon was observed (Table 2).
These soils were characterized by very stable pH and small standard deviations thro-
ughout the whole experiment (Table 2). An insignificant decrease of plant available P, K
and Mg was observed in 2003 and 2004 comparing to 2001, especially in Mg (Table 2).
The changes of analyzed soil conditions were not significant, but small tendency incre-
asing and decreasing were observed. It means that soil conditions were similar in each
year of this experiment and a lavender had not influence of on soil conditions. It means
that weather condition together with correct fertilizer had the most important influence
on yield of the lavender.
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The results obtained in this study confirmed the effect of weather conditions
(Fig. 1, 2) in three vegetation seasons (2001, 2003 and 2004), on both the yield and the
quality of the lavender herb.
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Fig. 1. Amount of rainfall per decade in analyzed seasons
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Fig. 2. Average air temperature per decade in analyzed vegetation seasons



850

Elzbieta Pisulewska et al

Table 3

Inflorescence yield (fresh matter) of lavender [g/plant] depending on vegetation season and plant size

Plant si
Years ant size Means for years | LSD for years
S M L
2001 469 728 1090 762
2003 147 314 508 323
93.07
2004 132 399 727 419
Means for plant size 249 480 775
LSD for plant size 93.07
Table 4

Dry matter lavender inflorescence [g] yield depending on vegetation season and plant size

Plant size
Years Means for years | LSD for years

S M L
2001 127 219 281 209
2003 413 87.0 149 92.6

29.7
2004 32.7 108 219 119
Means for plant size 67.2 138 216
LSD for plant size 29.7
Table 5

Dry matter lavender flowers [g] yield depending on vegetation season and plant size

Years Plant size Means for years | LSD for years
S M L
2001 52.8 74.0 109.0 78.8
2003 17.0 355 58.8 37.1
2004 12.3 39.5 77.8 432 106
Means for plant size 274 49.7 82.1
LSD for plant size 10.6
Table 6

Number of inflorescences developed on lavender plants [piece] depending on vegetation season
and size of plants

Plant si
Years ant stze Means for LSD for years
S M L years
2001 632 1041 1444 1039
2003 196 416 642 418
136.7
2004 167 548 1007 574
Means for plant size 332 668 1031
LSD for plant size 136.7
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The highest yields of the fresh and dry matter of inflorescences (Table 3 and 4), dry
matter of flowers (Table 5), and also, the highest numbers of flowering branches (Table 6),
and flower rings in inflorescences (Table 7), were recorded in the first year of the study
ie 2001.

On the other hand, the lowest and the highest numbers of flowers in rings were re-
corded in 2001 and 2004, respectively (Table 8). The first vegetation season (April-Au-
gust 2001) was warm and its average monthly temperatures were close to long-term
temperatures for this site, although they were lower than those recorded during the sea-
sons of 2003 and 2004 (Fig. 1 and 2). In addition, intensive rainfall (> 60 mm) which
doubled the long-term average and were recorded in the 3rd decade of April could in-
crease the number of flowering branches and thus yields. In 2001 inflorescences were
harvested in mid July. The flowering phase was equilibrated and the yield of fresh mat-
ter of inflorescences was 5.8 Mg/ha.

Table 7

Number of flower rings developed on lavender inflorescences [piece] depending on vegetation season
and plant size

Years Plant size Means for years | LSD for years
S M L
2001 6.7 6.3 6.7 6.6
2003 5.2 5.7 6.3 5.7
2004 55 5.3 6.0 5.6 07
Means for plant size 5.8 5.8 6.3
LSD for plant size 0.7
Table 8

Number of lavender flowers developed in a flower ring [g] depending on vegetation season
and plant size

Plant size
Years Means for years | LSD for years
S M L
2001 8.20 9.00 7.80 8.30
2003 10.3 10.7 9.50 10.2 510
2004 11.3 10.7 11.8 11.3 '
Means for plant size 10.1 9.7 8.2
LSD for plant size 2.1

In contrast, different environmental conditions were noted in 2003. Plant vegeta-
tion was delayed and snowless winter resulted in frost damages of lavender plants. The
plants produced flowering branches from root crowns and not from tops, thus resulting
in lower number of the branches and lower yields of fresh and dry matter of inflore-
scences (Table 3, 4, and 6). Temperatures recorded in the first and the second decade of
April was below the long time average (2 °C). On the other hand, a significant increases
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of temperature was recorded in May (the first and the third decade), reaching 16.5 °C
and exceeding the long-time average by 23 %.

The amount of rainfall in April was 34.3 mm, amounting to 69 % of the long-time
average, whereas in May the rainfall was largely scattered. The first and the second
decade of June were warm, with the average temperature of 13 % higher than in May
and reaching 19.1 °C. In contrast, the amount of monthly rainfall was only 38 % of
the long-term average. In spite of warm and dry June, flowering branches of lavender
plants were of different length, flowering was extended in time, underdeveloped flower
rings dried early and finally all this affected yield of plants. The plants were harvest-
ed in the 1st decade of July yielding 2.04 Mg/ha of inflorescences. In the first decade
of May 2004, temperatures were stable and warm. However, in the next two decades
a 5 °C decrease in temperature was recorded. In June and July, air temperatures were
similar. In 2004 (June—August), total rainfall was 234 and 39 mm higher than in 2001
and 2003, respectively. The plants were harvested in the beginning of July and the yield
of inflorescences was 3.3 Mg/ha.

Available data on the yields of narrow-leaved lavender plants recorded in Poland are
scarce and imprecise. According to Ruminska [2], the yield of lavender flowers in the
second year of cultivation is low and amounts to 100 kg/ha. In next years it increases to
300-500 kg and 600-1000 kg of thredshed and unthreshed flowers, respectively. Also
Nowak [3] indicates that the yield of lavender flowers amounts to 1000-1200 kg/ha.
In our experiment the yield of dry threshed flowers varied from 615 kg/ha in 2003 to
1295 kg/ha in 2001, and was similar to the results reported earlier.

(%]
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Fig. 3. Content of terpens in lavender flowers in analyzed vegetation seasons

The weather conditions during vegetation seasons (2001, 2003 and 2004) had no ef-
fect on the total volatile oil content in lavender plants. However, relative proportions
of individual volatile oil were affected. The average content of volatile oils in lavender
flowers was 2.39 % and varied from 2.53 to 2.58 % in the third year of cultivation. Ac-
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cording to Ruminska [11], the volatile oil contents is affected by a number of factors, eg
a plant origin, a season, an extraction method and may vary from 0.7 to 3 %. Similarly,
the oils contents reported by Turowska and Stepien [1] and Cybulska et al [12] was
1.33-1.73 and at least 1.7 %, respectively. In contrast, Czikow and Laptiew [13] ob-
tained the range of 4-5 %. Therefore, it can be concluded that the volatile oils content
in lavender, in our experimental conditions, was on a fairly high level. The individual
volatile oils in lavender oil determined in our analyses were: linalool, linalyl acetate,
geraniol and borneol. Among three vegetation seasons, the highest levels of linalool
and linalyl acetate were recorded in 2001, as resulting from suitable weather conditions
(Fig. 3). In 2003, the contents of linalool and linalyl acetate were slightly lower than in
2001, and in 2004, the level of lianool remained the same as in 2003 but the level of
lianalyl acetale rose. The content of geraniol in lavender oil in the three analyzed vege-
tation seasons was the highest in 2003, and of borneol in 2004.

In Poland, lavender is mainly cultivated for its inflorescences (bunches) or flowers
(potpourri or lavender oil). In the case of lavender oil use in cosmetology, the high level
of lianalyl acetale is especially important [14, 15], because of its characteristic scent,
as well as lianool. In the conducted experiments, the content of both terpenes has been
high and similar to the top level in lavender oil [16].

Conclusions

1. The analyzed soil was characterized by very good conditions to cultivate narrow-
-leaved lavender. An insignificant decrease of plant available P, K and Mg was observed
in 2003 and 2004 as compared with 2001.

2. The effect of weather conditions during three vegetation seasons (2001, 2003 and
2004), was significant and influenced the amount of fresh and dry matter of inflores-
cences yield, flowers and the number of flowering branches and flower rings developed
on the narrow-leaved lavender plants. The highest yield was obtained in 2001, dur-
ing the vegetation season with high total rainfall (578 mm) and the optimum average
(April-May).

3. Two components of the harvest structure had a significant influence on the yield of
lavender inflorescences and flowers, namely, the number of flowering branches developed
on plants and the number of flower rings. In the analyzed years 2001, 2002 and 2004,
the plants developed 1039, 418 and 574 flowering branches on the plants, respectively,
and 6.6, 5.7 and 5.6 flower rings in spikes.

4. Among three vegetation seasons the weather conditions were different, which did
not influence the content of the oil significantly but the percentage of every terpen. The
highest contents of lianool and lianalyl acetale were recorded in the vegetation season
of the year 2001.
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WPLYW WARUNKOW ATMOSFERYCZNYCH NA PLON I JAKOSC
LAWENDY WASKOLISTNEJ (Lavandula angustifolia MILL)

Katedra Szczegotowej Uprawy Roslin, Uniwersytet Rolniczy im. Hugona Kottataja w Krakowie

Abstrakt: Badano wptyw warunkéw glebowych oraz przebiegu pogody w trzech sezonach wegetacyjnych
(2001, 2003 i 2004) na plony lawendy waskolistnej, a takze zawartos¢ i sktad olejkow eterycznych w kwia-
tach tego gatunku. Badania polowe prowadzono na trzech, czteroletnich plantacjach lawendy, w trzecim roku
uzytkowania ro$lin. Plantacje doswiadczalne potozone byly w miejscowosci Krepa, koto Gotczy na Wyzynie
Miechowskiej. Plony zarowno $wiezych, jak i suchych kwiatostanéw i kwiatow lawendy byly uzaleznione
od przebiegu pogody w badanych sezonach wegetacyjnych, wielkosci roslin, liczby wyksztatconych kwiato-
stanow oraz liczby nibyokotkow. Natomiast warunki pogodowe i glebowe nie miaty wptywu na zawarto$é
olejku w kwiatach lawendy waskolistnej. Jakkolwiek widoczna byta zalezno$¢ udziatu gtdwnych terpenow,
takich jak linalolu, octanu linalolu, geraniolu i borneolu w olejku lawendowym w poszczegdlnych latach
badan.

Slowa kluczowe: lawenda waskolistna, sezon wegetacyjny, olejki eteryczne, gleba ptowa, less
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CHEMICAL EVALUATION OF TWO TIMOTHY GRASS
(Phleum pratense L.) CULTIVARS AS AFFECTED
BY THE HARVESTING DATE
PART II. MICROELEMENT CONTENTS?

CHEMICZNA OCENA DWOCH ODMIAN TYMOTKI EAKOWEJ
(Phleum pratense L.) W ZALEZNOSCI OD TERMINU ZBIORU
CZ. 1I. ZAWARTOSC MIKROELEMENTOW

Abstract: The goal of the present study was an assessment of microelements content in timothy grass in de-
pendence on the time of the first swath collection. Two timothy grass cultivars were examined ie: Skala and
Skald. They were mown three times during the vegetation period. The sward of the first swath was collected
six times: the first time during the plant tillering and then at 7-day intervals. In collected green grass the
dry matter content was evaluated by drying at 105 °C. After mineralization of hay samples Cu, Fe, Mn, Ni
and Zn content was assessed by the ICP-AES method. The research was run in the years 2004-2006 on the
pseudopodzol soil formed from light, dusty clay located shallow on the medium clay of good wheat complex.

The time of sample collection significantly affected the microelement content in the examined plants.
Retardation of the first swath resulted in a lower level of copper, manganese and zinc. In the plants derived
with the second and third swath copper, iron, manganese and zinc level decreased depending on the time
of collection. Both cultivars were characterised with a slightly different chemical composition; higher iron,
manganese, and zinc level was stated for Skala, whereas the Skald cultivar contained higher amounts of cop-
per and nickel. It was found that average microelement content, with exception of nickel, in both cultivars
of timothy grass exceeded the values assumed as optimal.

Keywords: harvesting time, timothy grass (Phleum pratense), microelement content

Retardation of the harvesting date of grasses affects a significant reduction of their
feeding value [1]. Visible decrease of nutritional value is observed with plant ageing,
therefore the right time of mowing is very important, especially in the case of the first
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swath because during this period grasses create large numbers of generative shoots,
which after heading quickly get old and hard. Moreover, chemical composition is also
affected by the fertilization, soil type and weather conditions [2, 3].

Among trace elements an important role is played by such microelements as: Fe, Mn,
Zn and Cu, which are necessary for living organisms. On the other hand, these elements
are required in small amounts and exceeding of their optimal level can have a toxic ef-
fect on living organisms [4, 5].

The aim of the present study was to evaluate the changes of the microelement con-
tent in timothy grass during the vegetation period depending on the time of the first
swath collection.

Material and methods

The research was run in the years 2004-2006 in the Agricultural Experimental Sta-
tion in Pawtowice near Gliwice, at the altitude of 250 m. The experiment was located
on the pseudopodzol soil made from light, dusty clay located shallow on the medium
clay of good wheat complex, on the standing after spring wheat. Acidity expressed
as pH, -, amounted to 6.3 and the contents of assimilable forms of macroelements were
as follows: P,0,=8.1; K,0 = 11.8 and Mg = 10.2 mg - 100 g

During the vegetation period (April-September), rainfall amounted to 306.8 mm and
306.4 mm, respectively in 2005 and 2006, whereas average temperatures were: 14.9 °C
and 16.0 °C, respectively.

Two timothy grass cultivars were taken into account, ie: Skala and Skald, which
were mown three times during the vegetation period. The sward of the first swath was
harvested six times: the first time during the plant tillering and then at 7-day intervals.
The crops were collected, in dependence of the year, between 01.V—24.VI. The sec-
ond swath was collected every time 6 weeks after the previous one. The last swath
was collected at the same time for all variants. The grasses were sown on Septem-
ber 9, 2004 in four replicants, the area of each experimental field amounted to 10 m?.
In the same year fertilization was applied which comprised: 40 kg N, 100 kg P,O, and
165 kg K,O - ha™. In the years of full utilization nitrogen fertilizer was utilized in the
amount of 200 kg N (80 kg N - ha™' for the first swath, 60 kg N - ha™" for the second
and third swath), phosphorus — in a dose of 120 kg P,O; - ha™ (once in the spring) and
potassium — in a dose of 120 kg K,O - ha™ (in two equal parts: in the spring and after
the first regrowth).

The collected plant material was subjected to the analysis of forage chemical compo-
sition. The dry matter content was determined by drying at 105 °C. On the basis of the
dry matter content in timothy grass the yields of dry matter per 1 ha were calculated.
The plant samples underwent dry mineralization in muffle furnace at 450 °C [6]. Zn,
Cu, Ni, Fe and Mn contents were determined using ICP-AES method (atomic emission
spectrophotometry equipped with inductively coupled plasma torch).

Presentation of the results was limited to the average values from all investigated
years. Results of field experiments were subjected to statistical analysis of variance and
the significance of differences between average values was estimated on the basis of the
confidence interval according to Tukey at the significance level of a = 0.05.
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Results and discussion

Time of harvesting had an important influence on the level of microelements in exa-
mined plants. Retardation of the first swath harvesting affected reduction of the cop-
per, manganese and zinc concentration in plants (Table 1). After six weeks the copper
content decreased by 21.5 % in the Skala cultivar and by 26.5 % in the Skald culti-
var. A decline of manganese and zinc contents amounted to: 29.1 % — Skala, 32.3 %
— Skald, and 60.8 % — Skala, 49.2 % — Skald, respectively. The highest iron content was
achieved with the third harvesting time (heading stage of plants). During the following
harvesting dates gradual decrease in its content was observed. However, nickel content
in timothy grass was unaffected by the time of first swath harvesting. In the plants de-
rived with the second and third swath the copper, iron, manganese and zinc level was
slightly decreasing along with the following harvesting dates.

Table 1

Microelement content in two timothy grass cultivars as affected by the swath and harvesting date
[mg - kg™! d.m.] — mean values for 20052006

Swath Time of Cu Fe Mn Ni Zn
harvest A* B* A B A B A B A B
1 13.8 14.7 180.4 | 251.8 | 118.6 | 89.5 2.6 3.1 222.8 | 197.0
2 12.4 12.7 227.3 | 1552 | 102.9 | 80.8 32 3.1 195.6 | 115.1
| 3 12.2 12.5 4352 | 353.4 99.8 | 74.7 2.8 3.1 132.1 | 114.7
4 12.2 12.4 329.5 | 290.9 984 | 73.8 6.1 4.0 119.2 | 106.0
5 11.0 10.9 286.9 | 176.5 95.8 | 73.1 4.0 3.1 1149 | 100.2
6 10.8 10.8 190.2 | 172.1 84.1 | 60.6 24 3.1 87.3 | 100.0
Mean 12.0 12.3 2749 | 2333 99.9 | 754 3.5 3.2 1453 | 122.2
V [%] 8.9 11.6 8.9 8.9 11.2 | 12.7 394 11.5 36.0 30.5
LSD, s 1.73 106.32 23.49 1.43 60.96
1 14.9 15.8 595.8 | 355.5 | 131.5 | 115.7 3.0 3.9 252.8 | 200.3
2 12.9 14.0 | 424.6 | 338.8 | 122.2 98.9 3.5 3.0 | 227.0 | 134.2
I 3 12.8 13.2 318.1 | 314.8 | 116.6 94.5 3.1 33 195.2 | 130.0
4 12.5 11.2 267.0 | 313.3 | 106.5 87.0 4.6 2.8 164.5 | 118.0
5 11.1 10.6 213.2 | 255.1 92.1 76.3 1.4 4.0 1354 | 1174
6 10.9 10.2 209.4 | 250.6 89.8 74.0 3.1 45 102.3 97.3
Mean 12.5 12.5 2749 | 2333 | 109.8 91.1 3.1 3.6 179.5 | 132.9
V [%] 11.6 17.6 8.9 8.9 15.2 17.1 | 33.1 18.3 31.5 26.7
LSD, s 2.52 118.99 26.42 1.25 68.90
1 13.5 14.3 351.3 | 339.9 | 138.7 | 147.6 2.3 34 164.1 | 137.8
2 13.2 13.9 317.7 | 307.8 | 137.6 | 131.2 3.0 3.0 1324 | 1254
I 3 12.8 13.3 280.1 | 256.6 | 120.6 | 129.2 3.0 3.8 126.0 | 113.4
4 12.1 13.2 233.7 | 2463 | 1159 | 107.3 3.0 3.7 120.9 | 106.2
5 11.6 12.9 230.4 | 213.6 | 113.2 | 104.3 32 3.1 102.3 | 100.9
6 11.3 11.4 132.6 | 162.7 | 106.7 93.8 34 3.7 90.4 97.0
Mean 12.4 13.2 2749 | 2333 | 122.1 | 118.9 3.0 34 122.7 | 1134
V [%] 7.1 7.5 8.9 8.9 10.8 17.1 13.2 10.0 20.9 13.7
LSD, s 1.40 75.10 23.80 0.61 27.98

A — Skala cultivar; B — Skald cultivar; V [%] — coeffiecient of variation.
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The nickel content in II and III cutting was also unaffected by the time of harvest-
ing. According to established recommendations the amounts of microelements in forage
covering nutritional requirements of animals are: Zn — 50 mg; Cu — 10 mg; Fe — 50 mg
and Mn — 60 mg - kg™ d.m. [7-9]. Assessment of the microelement content in both tim-
othy grass cultivars revealed that the level of copper, iron, manganese and zinc was
higher than the optimal one listed above. The limiting nickel content assumed for the
plant evaluation as regards forage value amounts to Ni <50 mg - kg™' d.m. [10]. In our
study it was found that the content of the above-mentioned element in timothy grass
cultivars did not exceed the limiting value.

Reduction of copper, iron, manganese and zinc content due to retardation of the
first cutting can be explained with the dilution of components [11]. The obtained re-
sults revealed only slight differences in microelement content between both investigated
cultivars. Higher iron, mangenese and zinc levels were reached in plants of the Skala
cultivar, whereas plants of the Skald cultivar contained higher amounts of copper and
nickel.

Taking into consideration all harvesting dates one can find that the highest diversifi-
cation occurred in the nickel content in the first swath of the Skala cultivars and in the
zinc content in both cultivars in all analysed swaths. The opposite phenomenon (the
lowest degree of diversification) was observed for the copper concentration in the third
swath of both timothy grass cultivars and for the iron content in all swaths of both cul-
tivars.

Conclusions

1. Retardation of the first swath harvesting affected a reduction of the copper, man-
ganese and zinc level in plants.

2. In the plants derived with the second and third swath copper, iron, manganese and
zinc level decreased in dependence on the time of collection.

3. Only slight diversification was observed in chemical composition between both
cultivars. A higher iron, manganese and zinc content was found for the Skala cultivar,
whereas the Skald cultivar was richer in copper and nickel.

4. It was stated that microelement content, with the exception of nickel, in examined
timothy grass cultivars exceeded the optimal values.
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CHEMICZNA OCENA DWOCH ODMIAN TYMOTKI LAKOWEJ (Phleum pratense L.)
W ZALEZNOSCI OD TERMINU ZBIORU
CZ. 1I. ZAWARTOSC MIKROELEMENTOW

Katedra Lakarstwa, Uniwersytet Rolniczy w Krakowie
Katedra Gleboznawstwa i Ochrony Gleb, Uniwersytet Rolniczy w Krakowie

Abstrakt: Celem badan byla ocena zawartosci mikroelementéw w tymotce takowej w zaleznos$ci od terminu
zbioru I pokosu. W doswiadczeniu uwzglgdniono dwie odmiany tymotki takowej: Skala i Skald, ktore koszo-
no trzykrotnie w sezonie wegetacyjnym. W I pokosie run zbierano w sze$ciu terminach: pierwszy wykonano
w fazie krzewienia si¢ roslin, a nastgpne w odstgpach siedmiodniowych. W probkach zielonki oznaczono
zawarto$¢ suchej masy metoda suszarkowa w temperaturze 105 °C. Po mineralizacji probek siana oznaczono
zawarto$¢ Cu, Fe, Mn, Ni i Zn, metoda ICP-AES. Badania przeprowadzono w latach 20042006 na gle-
bie pseudobielicowej wytworzonej z gliny lekkiej pylastej, zalegajacej ptytko na glinie $redniej zaliczanej do
kompleksu pszennego dobrego.

Termin zbioru statystycznie istotnie wplywal na zawarto$¢ mikroelementow w ro$linach. Opdznienie
zbioru pierwszego pokosu powodowalo obnizenie si¢ w roslinach zawarto$ci miedzi, manganu i cynku. W ro-
$linach II i III pokosu koncentracja miedzi, zelaza, manganu i cynku zmniejszata si¢ w zaleznos$ci od terminu
zbioru. W sktadzie chemicznym stwierdzono niewielkie zré6znicowanie migdzy odmianami, wigksze zawarto-
Sci zelaza, manganu i cynku odnotowano u odmiany Skala, a miedzi i niklu u odmiany Skald. Stwierdzono,
ze zawarto$ci mikroelementow w badanych odmianach tymotki takowej przewyzszaly wartosci optymalne,
poza zawarto$cia niklu.

Stowa kluczowe: termin zbioru, tymotka takowa, zawarto$¢, mikroelementy
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INFLUENCE OF COPPER IONS ON PHYSIOLOGICAL
AND BIOCHEMICAL CHANGES IN PLANT MATERIAL
REGENERATED FROM EMBRYOS OBTAINED
IN ANDROGENIC CARROT CULTURE

WPLYW JONOW MIEDZI NA FIZJOLOGICZNE I BIOCHEMICZNE
ZMIANY W MATERIALE ROSLINNYM REGENEROWANYM
7. ZARODKOW ANDROGENNYCH MARCHWI

Abstract: Androgenic embryos of 3 different carrot genotypes were cultivated on the medium containing
different Cu®* concentrations: 0.1 uM (control), 1 uM, 10 pM and 100 pM. Carrot sensitivity to Cu** was
evaluated on the basis of growth inhibition, changes in peroxidation of membranes and proline content. The
cultivation on the medium supplemented with Cu?* resulted in dose-dependent inhibition of the growth and
organogenic ability of Narbonne carrot embryos, while in the genotype 1014 treated with 10 uM Cu?®* the
significant regeneration ability was observed. The same Cu®* concentration greatly increased the level of free
proline in the genotype 1014 which was accompanied by relatively low TBARS content. In the genotype
Feria 100 uM Cu** concentration triggered large increase in proline content associated with high regeneration
capacity of carrot embryos.

Keywords: copper ions, anther cultures, lipid peroxidation, proline

Copper (Cu?"), an essential microelement for growth and plant development in high-
er doses can become very toxic and disturb basic physiological processes [1]. Acting
as a cofactor in many enzymatic reactions in cells it causes the formation of harmful
reactive oxygen species (ROS) and induces oxidative damage of important macromol-
ecules such as DNA, proteins and lipids [2]. Although plants have evolved a variety of
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mechanisms for metal tolerance, species and cultivars vary widely in this respect, and
closely related genotypes can be valuable tools in studying the mechanisms of toxicity
or tolerance.

Carrot is one of the most important vegetables and therefore it has become an object
of intensive research aimed at obtaining new cultivars. Production of haploids in carrot
through another culture allows carrot breeders to release new lines more quickly and
screen for metal accumulation more efficiently. Carrot easily accumulates toxins that
is why it is important to use in vitro cultures in selecting and eliminating the cultivars
which accumulate excessive amounts of metals.

Differences in plant responses to Cu** seem to depend not only on its concentration
but also on the ability of plants to increase the antioxidative protection against nega-
tive consequences of heavy metal stress. One of the first symptoms of oxidative stress
in plant tissues is lipid peroxidation of cell membranes. Proline, which accumulates in
response to various kinds of abiotic stresses eg non-optimal temperatures, heavy metals,
wounding [3], contributes to osmotic adjustment in cells and it has been shown that this
amino acid can be an effective antioxidant [4]. Also phenolic compounds play an im-
portant role in protecting plants against biotic and abiotic stresses [5], and the enhance-
ment of their metabolism is one of the responses to heavy metal stress. The purpose of
the current work was to characterize the influence of Cu®" on the regeneration of andro-
genic embryos of 3 different carrot genotypes and on the extent of lipid peroxidation.

Material and methods

The roots of three carrot (Daucus carota L.) genotypes, 1014, Feria and Narbonne
were the donors of experimental material. The plants developed from the roots were
kept in a greenhouse at about 20 °C. The detailed description of another culture proce-
dure was previously given in [6]. The carrot cultures were kept in darkness at 27 °C and
after emerging of the embryos, they were transferred to continuous light at the same
temperature. When the embryos became green they were transferred onto the regenera-
tion medium B5 [7] supplemented with Cu*? in the form of CuSO, - 5H,O at concentra-
tions: 0.1 uM (control), 1 uM, 10 uM and 100 pM. The embryos were incubated under
light (30 umol m™ sec™, 20 °C, photoperiod 16/8) for 24 weeks.

TBARS contents in carrot rosettes were measured according to [8], proline was ex-
tracted and estimated according to [9], whereas phenolic acids were extracted as de-
scribed by [10] and analysed according to [11].

Results and discussion

Table 1 shows the effect of Cu®** on the numbers of regenerated carrot rosetes af-
ter 24 weeks. Cultivation on the regeneration medium supplemented with Cu®* resulted
in dose-dependent inhibition of the growth and organogenic ability of Narbonne carrot
embryos, while in the genotype 1014 treated with 10 uM Cu?®* the significant regenera-
tion ability was observed. The same Cu’* concentration greatly increased the level of
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free proline in the genotype 1014 which was accompanied by relatively low TBARS
content in comparison with the control (0.1 pM) (Fig. 1A). It is known that TBARS
levels can be a good marker of stress and plants which accumulate more TBARS are
more sensitive to stressor than those which accumulate less [12]. However, in the geno-
type Feria Cu®* at 100 pM triggered large increase in proline content (Fig. 1B) associ-
ated with high regeneration capacity of carrot embryos in comparison with the geno-
types 1014 and Narbonne (Table 1). It seems that accumulation of free proline may
be involved in a protective mechanisms against Cu®* stress during regeneration of an-
drogenetic embryos of carrot [13]. On the other hand, increased level of free phenolic
acids in the Narbonne genotype presented in Fig. 2 seems to be not sufficient for carrot
rosetes to protect them against damaging influence of Cu®*.

The results presented here show the significant differences in responses of 3 carrot
genotypes regenerated from another cultures to Cu®*. Narbonne seems to be the most
sensitive to harmful impact of Cu?*, while Feria appears tolerant even to extremely high
Cu’" concentration. We suggest the protective role especially of free proline against
Cu’* stress during regeneration of androgenetic embryos of carrot.

Table 1

Effect of Cu?* on the numbers of normally rooted and non-rooted carrot rosettes of genotypes 1014,
Feria and Narbonne after 24 weeks of cultivation on B5 medium [6]. Control (C) — 0.1 pM of Cu*.

- . Total No. of regenerated rosettes (with and without roots)
Cu“" concentration [uM] -
1014 Feria Narbonne
C 59a 126a* 87a*
Cu-1 88a 9.6a 2.1a
Cu-10 24.1b 10.6 a 1.0a
Cu-100 2.7b 84a 09a

Asterisks (*) indicate the results obtained from Cu’* — treated
from the corresponding control values at p < 0.05
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Fig. 1. Proline and TBARS contents in carrot rosetes of genotype 1014 (A) and Feria (B) after 24 weeks
of cultivation on medium BS.
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WPLYW JONOW MIEDZI NA FIZJOLOGICZNE I BIOCHEMICZNE ZMIANY
W MATERIALE ROSLINNYM REGENEROWANYM Z ZARODKOW ANDROGENNYCH
MARCHWI

Katedra Ekofizjologii i Rozwoju Roslin, Uniwersytet £.odzki
Pracownia Biotechnologii Zaktadu Genetyki, Hodowli i Biotechnologii, Instytut Warzywnictwa
w Skierniewicach
Instytut Botaniki Eksperymentalnej, Akademia Nauk, Praga, Republika Czeska

Abstrakt: Zarodki androgenne 3 réznych odmian marchwi hodowano na pozywce z dodatkiem Cu?*

w 4 stezeniach: 0,1 pM (kontr.), 1 uM, 10 uM, i 100 uM. Wrazliwos¢ marchwi na Cu®* oceniano na podsta-
wie zahamowania wzrostu, zmian w utlenianiu lipidéw bfonowych oraz zawartosci wolnej proliny. Hodowla
na pozywce wzbogaconej w Cu?* spowodowata stopniowe zahamowanie wzrostu oraz zdolnosci regeneracyj-
nych zarodkow marchwi odm. Narbonne, podczas gdy ilo$¢ prawidtowych rozet genotypu 1014 traktowanych
10 uM Cu?* byta najwicksza. Badany metal w tym samym stezeniu znaczaco zwigkszyt zawarto$¢ wolnej pro-
liny w rozetach genotypu 1014, co bylo skorelowane ze stosunkowo niskim poziomem TBARS. Natomiast,
w przypadku genotypu Feria, wzrost zawartosci proliny skojarzonej z duzymi zdolnosciami regeneracyjnymi
zarodkéw zaobserwowano w rozetach traktowanych Cu?* o stezeniu 100 uM.

Stowa kluczowe: jony miedzi, kultury pylnikowe, peroksydacja lipidow, prolina
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WIELOPIERSCIENIOWE WEGLOWODORY AROMATYCZNE
W KURZU MIESZKAN WARSZAWSKICH

Abstract: The content of polycyclic aromatic hydrocarbons (PAHs) in the dust from Warsaw apartments
were studied. Samples were collected from 48 flats, from a few places in each flat: living room (floor, she-
lves), bedroom (bed), kitchen, lavatory. At the same time a survey by questionnaire was carried out, in which
outside and internal factors were described. PAHs concentration in samples were determined by reversed-
phase high performance liquid chromatography (HPLC). The levels of PAHs concentration varied between 8
and 173 mg/kg. The content of PAHs in dust from most of Warsaw apartments was high (from 5 to 50 ppm),
and in more than ten was extremely high (> 50 ppm). It could be one of the sources of health hazards in
home environment. In the greater part of analyzed samples, very high levels of the following hydrocarbons
have been found: benzo[b]fluoranthene, fluoranthene, pyrene, fluorene and phenanthrene. Among microenvi-
ronments, selected for the study, the sum of PAHs in kitchen and cellars has been two-three times higher as
compared with that in other places. The results show a clear trend to an increased concentration of PAHs in
apartment of tobacco smokers.

Keywords: house dust, Warsaw, polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) are one of the most hazardous groups of
xenobiotics that are polluting natural environment as a result of human activity [1-3].
They are present in commonly used raw materials, such as coal tar, coal-tar pitch, mine-
ral oils, gas pitch, asphalts, soot, or cresol oil. Emission sources of these substances are
various processes, [4, 5], for example:

— combustion of solid, liquid or gaseous fuels in cars, power stations, steelworks, and
stoves;

— manufacturing of coke, aluminum, coal tar processing and other industrial proc-
esses;

! Department of Antarctic Biology Polish Academy of Sciences, ul. Ustrzycka 10/12, 02-141 Warszawa,
Poland, phone: 22 846 33 83, fax 22 846 19 12, email: professor@dab.waw.pl

2 Center for Ecological Research Polish Academy of Sciences, ul. M. Konopnickiej 1, Dziekanéw Le$ny,
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— food processing (barbecue or frying over open fire);

— smoking of cigarettes, cigars, or pipe tobacco;

— wearing of tires and abrasion of asphalt surfaces;

— naturally occurring processes such as forest or steppe fires or emission of volcanic
gases and dust.

PAHs, formed in the aforementioned processes are emitted to the atmosphere, where
they settle on the surface of aerosol particles. Hence, they could be transferred over long
distances form their source. Depending on weather conditions, the pollutant could trav-
el several thousands kilometers. They settle on roof surfaces, leaves, rocks, etc. from
where they are washed down with rains and pollute soil and groundwaters. They can
settle also in apartments as constituents of common dust where they become a direct
hazard to the inhabitants [6]. The amount of PAHs in home dust depends on many fac-
tors such as the level of particulate contamination of surrounding air, as well as activity
of inhabitants, methods of preparing food, presence of tobacco-smokers, frequency of
ventilation, etc.

Numerous toxicological and epidemiologic studies indicate a strong correlation be-
tween exposure to those compounds and the increased risk of developing cancer [7].
Metabolites of those compounds (quinones, diols, phenols and epoxy derivatives) could
add to DNA and RNA molecules, thus generating neoplastic transformations and ge-
netic alterations. The compounds show systemic toxicity, causing damages of adrenal
glands, the lymphatic, circulatory and respiratory systems [8, 9].

Considering the above information, it becomes obvious that monitoring of human
environment for the level of PAHs in home dust is the essential part of environmen-
tal studies. Levels of PAHs are usually determined according to guidelines of US En-
vironmental Protection Agency (US EPA) [10, 11] that recommends assaying 16 most
representative PAHs: naphthalene (Nap), acenanaphthylene (Acy), acenaphtene (Ace),
fluorene (Fle), phenanthrene (Ph), anthracene (An), fluorantene (Fla), pyrene (Py),
benzo[a]anthracene (BaA), chryzene (Chr), benzo[b]fluorantene (BbF), benzo[k]
fluorantene (BkF), benzo[a]pyrene (BaP), dibenzo[a,h]anthracene (DahA), benzo[g,h,i]
perylene (BghiP), and indeno[1,2,3-c,d]pyren (Ind) in environmental samples. World
Health Organization (WHO) and International Agency for Research on Cancer (IARC)
have considered the compounds, in particular benzo[a]pyrene as extremely hazardous
due to their extreme carcinogenicity and mutagenicity.

The purpose of this study was to determine according to EPA guidelines the content
of PAHs in samples of home dust drawn from Warsaw apartments.

Materials and methods

Methods of sample collection

Samples of house dust were collected to cellulose bags from 48 flats (45 of them
were situated within the town, 3 outside of the town) using Kéarcher vacuum cleaner,
in autumn 2003 and spring 2004. Samples were taken from a few places in the house:
the living room (floor, shelves ), bedroom (beds), kitchen, lavatory. At the same time a
survey by questionnaire was carried out, in which some parameters referring to house
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such as the traffic density, age of the building, surrounding greenery, and to homeowner
behaviour as smoking, frequency of housework and air filtration, presence of animals
etc. were rated on a gradual scale.

Analytical methods

The aforementioned aromatic hydrocarbons have been assayed by reversed-phase
high performance liquid chromatography (HPLC).

The samples were kept at 4 °C in glass containers protected against light. Before
the analysis, the samples were sifted to obtain a fraction of particle size < 150 pm. The
samples were then extracted by sonication [12] in dichloromethane that has proved to
be the most effective among three solvents that had been tried in the study: petroleum
ether, hexane and dichloromethane. The extracts were filtered through Nylon filters
25 mm of pore size 0.45 um, and then evaporated in vacuo under nitrogen. The dry
extracts were dissolved in acetonitrile and again filtered through PTFE syringe filters
4 mm of pore size 0.2 pm directly before the analysis.

Concentrations of PAHs have been determined using a Dionex liquid chromato-
graph provided with a UV/VIS diode array detector at the wavelength A = 254 nm.
The chromatographic system was controlled by Dionex’s Chromeleon computer soft-
ware. A highly selective chromatographic column Bakebound PAH 16-PLUS was used
to separate PAHs. The water and acetonitrile in a gradient system has been used to
elute PAHs from the column. Test conditions have been set up using EPA-610 refer-
ence standard that contains all 16 PAHs listed above and the certified reference mate-
rial ERM-CCO013, having similar matrix composition that has been used in quantitative
analysis as the external standard. The studies on assaying PAHs in samples of home
dust [13] have been used to optimize test conditions.

Results and discussion

The levels of PAHs found in samples of home dust vary between 8 and 173 mg/kg
(Fig.1). According to the standard SBM-2003 [14], the content of PAHs in home dust
(Table 1) found in our study is high (in 77 % of the samples very high, in 23 % of
samples — extremely high) and it could be one of the sources of health hazards in home
environment. The highest level of PAHs has been found in an outpatient clinic just af-
ter completed refurbishing. Literature references inform about similar, very high PAHs
levels in home dust (up to 500 mg/kg) in Columbus, Ohio at the time of repairing an as-
phalt road 500 m from the sampling site [15, 16], or in New York City (200-300 mg/kg)
after collapse of World Trade Centre [17].

Table 1
Ranges of PAHs concentration in house dust according to the standard SBM-2003 [14]
Normal High Very high Extremely high
PAHs co_nlcentratlon in house dust <05 0.5-5 5-50 >50
(mg -kg™)
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Fig. 1. Concentration of PAHs (the sum of the sixteen PAHs) in house dust from Warsaw

In majority of analyzed samples, extremely high levels of the following hydrocar-
bons have been found: benzo[b]fluoranthene (BbF), fluoranthene (Fla), pyrene (Py),
fluorene (Fle) and phenanthrene (Ph) (Table 2). They constituted about 80 % of the

Table 2
Descriptive statistics referring to PAHs concentration in house dust from Warsaw
PAH N Sum Mean SD Median Max Min
Nap 48 62.11 1.29 1.77 0.73 7.96 0.06
Acy 48 54.41 1.73 4.68 0.47 31.91 0.01
Ace 48 20.05 0.42 0.40 0.35 2.28 0.01
Fle 48 101.53 2.12 1.29 2.19 5.81 0.05
Ph 48 292.51 6.09 4.27 4.82 18.66 0.80
An 48 39.38 0.82 0.56 0.71 2.12 0.11
Fla 48 324.46 6.76 11.90 2.46 71.75 0.16
Py 48 184.23 3.84 6.98 2.17 38.99 0.13
BaA 48 68.37 1.42 1.94 0.54 8.05 0.02
Chr 48 13.39 0.28 0.36 0.16 1.64 0.00
BbF 48 420.45 8.76 10.27 5.28 49.07 1.51
BKF 48 36.46 0.76 1.74 0.17 10.65 0.01
BaP 48 33.67 0.70 1.78 0.18 11.29 0.01
DahA 48 24.73 0.52 1.00 0.14 4.86 0.01
BghiP 48 20.37 0.42 0.90 0.16 5.66 0.01
Ind 48 18.51 0.39 0.64 0.18 3.98 0.03
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16 assayed PAHs (Fig. 2). The results confirm data obtained by other authors, and pre-
sented by Maertens [6], where it has been stated that the presence of these hydrocar-
bons could be a result of burning variety of fuels. A relatively high content of BbF in an
urban agglomeration is not surprising as the main sources of this hydrocarbon as well
as of Fla and Py are exhaust gases from gasoline and Diesel engines. According to Mu-
kerjee [18], Ph, Fla, and Py hydrocarbons are being emitted from barbecuing and frying
processes while Ph and Py are associated with the tobacco burning process. Pyrene and
fluoranthene have been suggested as potential source markers for incineration, wood
burning and oil combustion [19], with the ratio of fluoranthene to pyrene providing in-
formation about a PAH source. If the fluoranthene/pyrene ratio is greater than 1, the
PAHs are considered to have been generated by pyrolytic processes, whereas if the ratio
is less than 1, they are considered to be petrogenic in origin [20]. In our study, in 62 %
of tested samples the ratio is greater than 1, which proves that the hydrocarbons come
predominantly from combustion processes.

Fle

Ph

Fig. 2. Proportions [in %] of five PAHs (BbF, Fla, Ph, Py, Fle) in house dust from Warsaw

Among microenvironments, selected for the study, the sum of PAHs in kitchen and
cellars has been from two- to three-fold higher as compared with that in other places
(beds, shelves, bathrooms, and floors) (Fig. 3). The differences, assessed by the Mann-
Whitney test were statistically significant at the level p < 0.05. The high content of
PAHs in kitchens confirms the suggestion of Mukerjee [18] that gas cooking is signifi-
cantly increasing the level of PAHs. On the other hand, the high level of PAHs in cel-
lars is most likely associated with a long lasting sedimentation of dust due to infrequent
cleaning.
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Fig. 3. Median values of PAHs concentration (the sum of the sixteen PAHs) in dust from different
mikroenvironments

The high level of PAHs in dust samples is presumably related to numerous factors
that have impact on concentration of these substances. In our studies, we have analyzed
data from questionnaires concerning tobacco smoking, frequency of cooking, mobility
of inhabitants and ventilation and their impact on the content of PAHs in dust samples.
The results show a clear trend to an increased concentration of PAHs in apartment of
tobacco smokers (Fig.4). A similar trend has also been found by Lewis [21] and Muker-
jee [18].

A comparison of variability coefficients for the hydrocarbons that constitute about
80 % of all analyzed PAHs (BaP, Fla, BbF, BaA, Ph and Py) have proven that inter-
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Fig. 4. Comparision of concentration of four PAHs (Ph, BaP, Chr and Fla) in house dust from nonsmo-
kers (1) and smokers (2) apartments
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apartment variability of the levels of these hydrocarbons is larger than that observed for
various microenvironments within the same apartment. However, high PAHs variability
coefficients observed within the apartments (although slightly lower than those inter-
apartment ones), show an impact of environmental factors within an apartment on the
level of PAHs. This observation confirms the above discussed trends associated with
tobacco smoking or gas cooking. Inflow of hydrocarbons into the apartments along with
the air aerosols that contain the compounds originating in industrial burning processes,
asphalt abrasion and exhaust gases from combustion engines is the key issue. In this
aspect, the impact of weather conditions that favor formation of smog and accumulation
of pollutants, or strong winds that would counteract these conditions and disperse the
pollutants accumulated in the air acrosol around wide area. The authors of all studies on
PAHs emphasize that small impact of tobacco smoking, location, frequency of ventila-
tion and other factors suggests that the content of PAHs in dust depends much on the
sum of all environmental factors.

No significant differences have been found in the content of PAHs in samples drawn
in Warsaw and in those drawn in Dziekanow Lesny near Warsaw and in Famulki
Kroélewskie, a village approximately 50 km from Warsaw, in the middle of Kampinos
Forest (Puszcza Kampinoska), away from any industry, where one could expect a lower
pollution level. The most probable explanation of this observation is that the sample has
been drawn in a forester’s lodge, where large amount of wood is burned, in particular
pinewood. Pinewood contains large amounts of resin that emits large amounts of PAHs
upon combustion.

One should emphasize that in the natural environment aromatic hydrocarbons could
undergo decomposition caused by such factors as sunlight, oxygen, ozone, increased
temperature. The impact of these factors in home environment is smaller, and on the
other hand, home environment favors accumulation of the hydrocarbons and their ab-
sorption by deposited dust. It is confirmed by high levels of PAHs found in cellars.
Considering the above facts, and because more and more time is being spent indoor
these days, one should avoid accumulation of dust in his/her nearest environment. It is
particularly important for little children that by putting their hands and dusty objects in
their mouth can swallow from 50 to 100 mg PAHs per day [6]. This route of entry for
dust and the noxious substances accumulated on it could be a reason of increased inci-
dence of diseases (allergies and similar diseases) in preschool children.
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WIELOPIERSCIENIOWE WEGLOWODORY AROMATYCZNE W KURZU MIESZKAN
WARSZAWSKICH

Zaktad Biologii Antarktyki PAN, Warszawa
Ceentrum Badan Ekologicznych PAN, Dziekanéw Lesny

Abstrakt: Badano poziom zanieczyszczenia wielopierScieniowymi weglowodorami aromatycznymi
(WWA[PAHs]) kurzu z mieszkan warszawskich. Probki pobrano z 48 mieszkan, z kilku miejsc w kazdym
mieszkaniu: pokdj dzienny (podioga, potki), sypialnia (t6zko), kuchnia, fazienka. Rownoczesnie przeprowa-
dzano ankietg, w ktorej w kilku stopniowej skali oceniano rézne czynniki zewngtrzne i wewngtrzne. Stgzenie
WWA w probkach oznaczono metoda chromatografii cieczowej (HPLC). Uzyskane zakresy st¢zen dla sumy
szesnastu WWA, wahaja si¢ od 8 do 173 mg/kg. Wartosci stgzen sumy WWA w wigkszosci probek byty
duze, w granicach od 5 do 50 ppm, co moze stanowi¢ duze zagrozenie dla zdrowia. W kilkunastu probkach
stezenia WWA osiagaly wartosci bardzo duze. W wigkszo$ci probek stwierdzono wyjatkowo duze stgzenia
takich weglowodoréw, jak: benzo[b]fluoranten, fluoranten, piren, fluoren i fenantren. W wytypowanych do
badan mikro-Srodowiskach stwierdzono dwu-trzykrotnie wigksze stgzenie sumy szesnastu WWA w kuch-
niach i piwnicach niz w pozostatych miejscach. Poréwnanie zawartosci weglowodoréow w kurzu ze zwalo-
ryzowanymi danymi z ankiety wskazuje na wyrazng tendencje¢ wigkszego stgzenia WWA w mieszkaniach
0sob palacych.

Stowa kluczowe: kurz domowy, Warszawa, weglowodory aromatyczne
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INFLUENCE OF REACTIVE PHOSPHORUS (RP)
CONCENTRATIONS ON OCCURRENCE
OF HETEROTROPHIC BACTERIA CAPABLE OF MATTER
TRANSFORMATION, INCLUDING PHOSPHORUS
IN WATER ENVIRONMENT

WPLYW STEZEN REAKTYWNYCH FORM FOSFORU
NA WYSTEPOWANIE W SRODOWISKU WODNYM BAKTERII
HETEROTROFICZNYCH ZDOLNYCH DO PRZEMIAN MATERII
ZAWIERAJACEJ FOSFOR

Abstract: This survey has been aimed at estimation of the Vistula water number of heterotrophic bacteria,
capable of decomposition of various phosphorus compounds, both organic and inorganic ones, as well as de-
termination of bacteria participation in biogeochemical phosphorus cycle. The studies were conducted from
spring 2000 to spring 2001. The water for analyses was sampled from three current sites of the Wtoctawek
Reservoir along former bed of the Vistula River. In this studies has been estimated number of heterotrophic
bacteria, capable to release mineral phosphorus from organic and inorganic matter. The result of the con-
ducted study demonstrated that the key role in recovery of biologically available phosphorus amounts is the
one of bacteriological phosphatases.

Keywords: phosphorus in water, release of mineral phosphorus from matter, heterotrophic bacteria

Phosphorus is one of the most important elements for both autotrophic and hetero-
trophic organisms. Phosphoric acid radicals are comprised in ADP and ATP, as well as
oxidoreductases NADP, which take part in transfer of energy and phosphoric acid radi-
cals into intermediate products of photosynthesis or respiration. This element is con-
tained in nucleic acids (RNA and DNA).

Environmental shortage of phosphate limits the ecosystem productivity while its ex-
cess in water environment leads to eutrophication [1, 2]. Environmental phosphorus can
be divided into two major groups of compounds: organic and mineral. Organic phospho-
rus compounds emerging in water origin mainly from floral and animal deritus, micro-

! Department of Environmental Microbiology and Biotechnology; Nicolaus Copernicus University, ul. J. Ga-
garina 9, 87-100 Torun, Poland, email: walczak@umk.pl
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biological synthesis products, and possibly sewage [3]. These substances influenced by
microorganisms undergo active dephosphorylation with phosphates abstraction. Enzy-
matic phosphatase play special role in this process [4]. Heterotrophic bacteria and other
microorganisms produce alkaline and acidic phosphatases as well as 5’-nucleotidase, ie
enzymes which release mineral phosphorus from such compounds as nucleotides, phos-
phosaccharides and phospholipids, contributing to decomposition of organic phospho-
rus forms [5]. Released phosphate is partially reassimilated by microorganisms, which
cause degradation within processes of biochemical decompositions. Plants absorb large
part of it. However, in water environments some amount of released phosphate is like-
ly to bind cations of calcium, magnesium, aluminium or iron and produce sparingly
soluble phosphates, which sink as deep as to bottom sediments [3]. Microorganisms
biochemical activity triggers transformations of inorganic phosphates. This is brought
about by acids produced by microorganisms [6]. In case of heterotrophic microorgan-
isms, phosphate transformation is triggered by the impact of produced organic acids or
complex-creative factors. Autotrophs are also capable of transforming insoluble phos-
phates through production of sulphuric and nitric acids.

This survey has been aimed at estimation of the Vistula water number of hetero-
trophic bacteria, capable of decomposition of various phosphorus compounds, both or-
ganic and inorganic ones, as well as determination of bacteria participation in biogeo-
chemical phosphorus cycle.

Material and methods

Samples were taken from spring 2000 to spring 2001. The water for the purpose of
physicochemical and microbiological analyses was sampled from three current sites of
the Wloctawek Reservoir along former bed of the Vistula River.

Site I “Plock” — situated by the road bridge in Ptock (632 km of the river reaches). It
is typical river site with average flow velocity of ca 0.1 m - s™".

Site II “Dobiegniewo” — in the vicinity of Dobrzyn nad Wisla (660 km of the river
reaches). It is a middle section of the reservoir with a vast overflow area. This site has
not a typical river nature. The average water flow velocity amounts to ca 0.1 m - s,

Site III “Wioctawek dam” — the samples were taken around 300—400 m before the
dam (675 km of the river reaches) from the surface layer as well as the bottom water
(site IV) at a depth of ca 11 m, ie 0.5 m above the bottom sediment. The average water
flow velocity amounts to ca 0.1-0.4 m - s\,

The water for the purpose of analyses was received by means of Patalas’ sampler and
poured into sterile glass containers. Collected water samples were carried to the labora-
tory in sealed container at the temperature of ca + 7 °C.

The number of heterotrophic bacteria (CFU) the analysed samples contained was
estimated according to grated screening method with application of yeast extract me-
dium. 0.1 cm® accordingly dissolved water was delivered to the medium surface and
spread with a sterile glass device. The incubation lasted 7 days at 20 °C. The emerged
colonies were counted and received numbers were converted into number of hetero-

trophic bacteria in investigated water considering the material dissolution degree.
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Isolation of bacterial strains. Representative strains collection was detached from
the cultures that were a base of heterotrophic bacteria number estimation. Each site was
represented by ca 20 strains, which were transported into the yeast extract medium bev-
els. After microbiological material has been generated the bevels were stored at 4 °C
yeast for the purpose of further research. Bacterial strains were transferred into fresh
yeast extract media every two months.

Concentrations of reactive phosphorus (RP) were estimated according to Her-
manowicz [7]

Production of alkaline phosphatase by bacterial strains was analysed by culturing
them on the medium containing:

KNO, - 0.5 g; MgSO, - 7TH,0 — 0.4 g; CaCl, - 2H,0 — 0.2 g; NaCl - 0.1 g; Fe Cl,—
0.01 g; casein hydrolysate — 4.0 g; H,0 (d) — 1000 cm’; pH — 7.0-7.2.

The medium was distributed among 5 cm? test tubes and sterilized at 117 °C for 20
min. Afterwards the medium was populated with investigated strains and incubated at
26 °C for 24 hours. Next step involved addition of 1 ¢cm® sterile colourless substrate so-
lution p-nitrophenyl phosphate (Sigma) in 1 mg - cm™ concentration, prepared in Tris-
HCI buffer (pH 9.0). After further 24 hours of incubation in darkness, the colour of the
culture was observed. Yellow colour would have proved a hydrolysis of the substrate
into a coloured product as a result of exogenous phosphatases.

Capability of DNA hydrolyse by surveyed strains was tested with application of
the medium DNase TEST AGAR (DIFCO). The sterile medium on pans was inoculated
with the surveyed strains applying an inoculation loop. The incubation took place at
20 °C for 2472 hours. 1 M HCI was used for reading off the results. A positive result
was deemed emerging of brighter zone around the colony — an evidence for DNA de-
composition.

Capability of lecithin decomposition was conducted using test medium [7]

The sterile medium on the Petri dishes was inoculated with the surveyed strains us-
ing inoculation loop. The results were read after 2 and 4 days of incubation at 26 °C.
A positive result was indicated by cloudiness zones around the colony.

Capability of mineral phosphorus compounds decomposition by bacterial stra-
ins was surveyed by culture them on the medium with a content of Ca,(PO4), according
to Rodina [8]. The sterile medium on the Petri dishes was inoculated with the surveyed
strains using an inoculation loop. The incubation was conducted at 20 °C for 7 days.
Starting from 2 days of incubation, the results were read every 2 days. Emerging of
brighter zones around the colony indicated a positive result.

Results and discussion

Phosphorus plays a key part in water ecosystems functioning. It is the most impor-
tant element determining water environment fertility. Therefore the research on the
phosphorus biogeochemical cycle are rated among the most essential activities concern-
ing element circulation.

Bacteria constitute a key and dominant factor of mineral compounds and organ-
ic matter circulation processes in any environment. Water microorganisms metabolic
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processes activity and rate determine circulation of series of elements, both in specific
ecosystems and on a global scale [9-12]. Heterotrophic bacteria are particularly signifi-
cant, since they are a vital component of trophy network of natural water environments.
These microorganisms are responsible for processes of degradation, mineralization, and
disposal of organic matter. Heterotrophic bacteria enable energy flow as well as biogene
circulation in water ecosystems [13].

Conducted studies confirmed that the heterotrophic bacteria number in the investigat-
ed length of the Lower Vistula within the whole research period ranged from 3.5 - 10°
to 145.5 - 10 (Table 1). Such substantial differences of bacteria numbers in the inves-
tigated water are results of specific nature of the Vistula. Since the Vistula is the big-
gest Polish river, it collects waters from a vast area. Furthermore, the water levels in
the river as well as the amounts of suspended solids significantly vary depending on
the season and precipitation volumes. The organic suspension is a nutritional source of
supply for the heterotrophic bacteria, while according to Donderski [14] it is the most
vital factor affecting bacteria growth in water bodies. Large numbers of bacteria in sur-
veyed water were observed in the spring 2001. Seasonal increase is connected with wa-
ter body refill with a fresh nutritional substance carried with waters from spring melt.

Table 1
Numbers of heterotrophic bacteria in investigated samples of water (cells - 10° - cm™)
Date of sampling Site 1 Site 11 Site 111 Site IV
May 2000 21.50 130.00 3.50 45.00
August 2000 49.50 10.50 6.00 7.50
November 2000 78.00 55.00 13.00 42.00
March 2001 108.50 145.50 71.50 32.50
Average 64.38 85.25 23.50 31.75

Apart from estimation of heterotrophic bacteria number, which constituted a ba-
ckground for further investigations, this study included estimation of number of bacte-
ria capable of decomposition of various compounds containing phosphorus.

Many investigations confirmed that heterotrophic bacteria and other microorganisms
secrete series of hydrolytic enzymes that able decompose organic matter. At least three
primary groups of phosphohydrolytic enzymes commonly produced by water organ-
isms take part in the processes of organic phosphorus derivatives decomposition and
disposal. These inculde phosphoesterases, that are alkaline and acidic phosphatases, nu-
cleotidases (mainly 5’-nucleotidase), and nucleases (endo- and exonucleases): RNAse
and DNAse that decompose nucleic acids RNA and DNA [4]. Most of them are exoen-
zymes. Only some of them are likely to occur in the environment in forms of free en-
zymes or enzymes adsorbed on seston or on mineral particles [15].

A has been demonstrated by former research, on average: 52.42 % (site I); 32.90 %
(site 1I); 45.88 % (site III); 26.66 % (site IV) of bacterial strains produced exogenous
phosphatases (Table 2).



Influence of Reactive Phosphorus (Rp) Concentrations on Occurrence of Heterotrophic Bacteria... 879

Table 2
Occurrence of bacteria capable of various phosphorus forms transformations (in %)
. Product?on Lecithin Mineral
Date of sapling of alkaline DNA hydrolyse decomposition phosphot.'L}s
phosphatase decomposition
Site I
May 2000 68.00 28.00 0.00 4.00
August 2000 56.67 26.67 10.00 3.33
November 2000 20.00 44.00 8.00 12.00
March 2001 65.00 55.00 5.00 0.00
Average 52.42 38.42 5.75 4.83
Site 11
May 2000 57.14 46.67 16.67 3.33
August 2000 13.33 9.52 9.52 0.00
November 2000 11.11 44.44 0.00 0.00
March 2001 50.00 25.00 0.00 0.00
Average 32.90 31.41 6.55 0.83
Site III
May 2000 87.50 75.00 12.50 0.00
August 2000 25.00 0.00 0.00 0.00
November 2000 435 30.43 8.70 17.39
March 2001 66.67 20.00 5.00 0.00
Average 45.88 31.36 6.55 435
Site IV
May 2000 22.22 11.11 11.11 0.00
August 2000 25.00 15.00 0.00 0.00
November 2000 29.41 47.06 0.00 0.00
March 2001 30.00 15.00 0.00 0.00
Average 26.66 22.04 2.78 0.00

Production of phosphatases by bacteria is affected by RP concentration in water. RP
concentration levels are presented in Table 2. Siuda [15] proved that alkaline phospha-
tases content varies depending on phosphorus availability in the environment. A rapid
increase of alkaline phosphatases activity was observed in the cells of algae and bac-
teria, which were deprived of phosphorus sources, on more than one occasion. In con-
ditions of excessive phosphorus amounts there were minimum levels of these enzymes.
In the presented study we noted, that in March when the concentrations of RP were
very low (Table 3), the percentages of bacteria capable of production of alkaline phos-
phatase were high. In May, the concentrations of RP were also very high, but in late
spring, phosphorus is frequently released microbiologically from the sediments into the
water depths [2].
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Table 3
The concentrations of RP in investigated samples of water [mg - cm™]
Date of sampling Site 1 Site 11 Site 111 Site IV
May 2000 0.085 0.810 0.085 0.092
August 2000 0.044 0.112 0.061 0.092
November 2000 0.059 0.056 0.058 0.086
March 2001 0.029 0.036 0.032 0.032

This study included also decomposition of: DNA, lecithin, and mineral phosphorus
compounds. According to Rodina [8] many microorganisms that have an enzyme pho-
sphatases conduct hydrolysis of organic compounds with content of phosphorus. It is
assumed that there are 15-20 enzymes of that group, which vary with respect to chemi-
cal nature of hydrolysed substrates. Phosphatases affect nucleic acid and lecithin beside
other enzymes, eventually causing an abstraction of phosphates by series of transition
compounds.

The data concerning DNA decomposition analysis confirms that mean contents of
those bacteria in waters (sites I-IV) amounted to: 38.42; 31.41; 31.36; and 22.04%, re-
spectively (Table 2).

In the study pertaining to the lake Jeziorak Matly, Donderski et al [16] obtained re-
sults, which proved that 27 % of total isolated bacteria were capable of DNA hydroly-
sis. Present study results concerning contents of bacteria capable of DNA decomposi-
tion are very similar.

The data concerning lecithin confirm that this compound was decomposed to a much
lower degree by bacteria inhabiting investigated waters. Mean percentages of bacteria
capable of lecithin mineralization on sites I-IV waters amounted to 5.75; 6.55; 6.55,
and 2.78 %, respectively (Table 2). In the studies, lecithin decomposing bacteria con-
ducted in the same Vistula length Piasecka [17] received following results: November
2000 as much as 77.14 % strains decomposed lecithin; March 2001 — 65.22 %; May
2001 — 66.67 %; July 2001 — 40 %. The differences between results of both studies
pertaining to lecithin decomposition abilities can corroborated by justified with vari-
ous results concerning phosphatases production, which in Piasecka’s study amounted
to 100 %, whereas in present study were 39.6 %. Results obtained by Wu Gen Fu and
Zhoe Xue-Ping [6] proved that only small number of bacterial strains was capable of
lecithin decomposition. They made up as little as ca 13 in 1 cm®.

Analysis of occurrence of bacterial strains capable of mineral phosphorus compounds
decomposition suggests that there were few of such strains. In water on individual sites
they constituted a minor percentage from 0 to 4.83 % (Table 2). Hence, the role those
bacteria play in the Vistula water enrichment with mineral phosphorus forms does not
seem significant. Bacterial strains capable of RP release are abundantly represented in
bottom sediments — their numbers can reach level of 5 - 10* cells/cm™ [6]. Mentioned
authors claim that those strains numbers in water is insignificant — ca. 100 cells/cm™.

Summing, for capability of transforming various phosphorus forms, both organic and
inorganic ones, heterotrophic bacteria are immensely important elements of trophy net-
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work within water ecosystems. This study confirms results of Hermandez et al [4] that
the key role in recovery of biologically available phosphorus amounts is the one played
by bacteriological phosphatases.
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WPLYW STEZEN REAKTYWNYCH FORM FOSFORU NA WYSTEPOWANIE
W SRODOWISKU WODNYM BAKTERII HETEROTROFICZNYCH
ZDOLNYCH DO PRZEMIAN MATERII ZAWIERAJACEJ FOSFOR

Zaktad Mikrobiologii Srodowiskowej i Biotechnologii
Uniwersytet Mikotaja Kopernika

Abstrakt: Celem pracy bylo oznaczenie liczebnosci bakterii heterotroficznych w wodzie Wisty, zdolnych do
rozktadu réznych zwiazkéw fosforu zaréwno organicznych, jak i nieorganicznych oraz okreslenie udziatu
bakterii w cyklu biogeochemicznym fosforu. Badania prowadzono od wiosny 2000 r. do wiosny 2001 r.
Probki wody do badan pobierano z trzech stanowisk nurtowych Zbiornika Wioctawskiego wzdhuz dawnego
koryta rzeki Wisty. W badaniach oznaczano liczebno$¢ bakterii heterotroficznych zdolnych do uwalniania
mineralnego fosforu z materii organicznej i nieorganicznej. Wyniki przeprowadzonych badan wskazuja, ze
najwazniejsza rol¢ w odbudowie dostepnej biologicznie puli mineralnego fosforu odgrywaja bakteryjne fo-
sfatazy.

Stowa kluczowe: fosfor w wodzie, uwalnianie z materii mineralnego fosforu, bakterie heterotroficzne
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15" ICHMET

15" International Conference on Heavy Metals
in the Environment
September 19-23, 2010
Gdansk, Poland

Organized by
Chemical Faculty, Gdansk University of Technology (GUT)
together with
Committee on Analytical Chemistry of the Polish Academy of Sciences (PAS)

15th ICHMET- is a continuation of a series of highly successful conferences that
have been held in major cities of the world since 1975. These conferences typically
draw 500-1000 participants from countries in many parts of the world. Well over 5000
scientists have taken part in this series of conferences including most leaders in the field.
Apart from the city’s natural beauty, Gdansk is logical choice for the 15th Conference
to highlight the outstanding work that is being done on heavy metals in central Europe.
The venue for the meeting will be the Gdansk University of Technology (GUT) which
features many tourist attractions.

The Conference will include a number of invited lectures treating frontier topics
prepared by specialist with international reputation, oral presentation and poster
sessions. ICHMET welcomes contributions on all aspects of any heavy metal in the
environment. All presentation will be connected with such topics as:

— Risk assessment and risk management pertaining to toxic metals in the environment

— Susceptibility and protection of children from toxic metals in their environment

— Measurement and exposure assessment

— Biomarkers of exposure and effects of heavy metals

— Gene-environment-metal interactions

— Trend tracking/analysis of heavy metal data — spatial and temporal

— Risk communication pertaining to heavy metals

— Life cycle analysis for metalliferous consumer products

— Soil quality criteria

— Remediation technologies

— Control strategies for heavy metal emissions and deposition

— Metal mixtures — mechanistic and epidemiological studies

— Nutrient-metal interactions

— Advancements in analytical tools (procedures and measurement devices)
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— Toxicology of heavy metals, from cellular and genomic to ecosystem levels
— Heavy metals in foods
— Impact of global change on heavy metal cycle

For further information on the conference, please contact:

Professor Jacek Namie$nik (Conference Chairman)
Gdansk University of Technology,

Chemical Faculty, Department of Analytical Chemistry
G. Narutowicza 11/12, 80-233 Gdansk, (Poland),
email: chemanal@pg.gda.pl

homepage: http://www.pg.gda.pl/chem/ichmet/



INVITATION FOR ECOPOLE 09 CONFERENCE

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part in the 18th annual Central European
Conference ECOpole 09, which will be held in 14-17 X 2009 (Thursday—Saturday) on
Wilhelms Hill at Uroczysko in Piechowice, PL.

The Conference Programme includes oral presentations and posters and will be
divided into four sections - SI, SII, SIII and SIV:

— SI — Chemical Pollution of Natural Environment and its Monitoring;
— SII — Environment Friendly Production and Use of Energy;

— SIII — Forum of Young Scientists and Environmental Education;

— SIV — Impact of Environment Pollution on Food and Human Health.

On the first day the debates of sections SI and SII will take place. The second day
will be started with an ecological excursion. Afterwards the plenary Session with
lectures on environmental education as well as grants within the EU Programmes
and presentation of EU Centres of Excellence will be held. Then the Forum of Young
Scientists — the presentations (lectures and posters) of young scientists work will take
place.

The main topic of the third day is the influence of environment quality on the human
health.

During the Conference an exhibition of publications concerned with conference
topics will be also organised.

The Conference language is English.

Contributions to the Conference will be published as:

— Abstracts on the CD-ROM (0.5 page of A4 paper sheet format);
— Extended Abstracts (4—6 pages) in the semi-annual Proceedings of ECOpole;
— Full papers will be published in successive issues of the Ecological Chemistry
and Engineering/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.)
Additional information one could find on the Conference website:
ecopole.uni.opole.pl

The deadline for sending the Abstracts is 31.08.2009 and for the Extended Abstracts:

01.10.2009. The actualised list (and the Abstracts) of the Conference contributions ac-

cepted for presentation by the Scientific Board, one will find (starting from 15.07.2009)
on the Conference website.
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The papers must be prepared according to the Guide for Authors on Submission of
Manuscripts to the Journal.

The Conference fee is 300 € (covering hotel, meals and transportation during the
Conference). It could be reduced (to 170 €) for young people actively participating in the
Forum of Young Scientists. But the colleague has to deliver earlier the Extended Abstract
(46 pages) of his/her contribution (deadline is on 15.08.2009), and a recommenda-
tion of his/her Professor.

Fees transferred after 15.09.2009 are 10% higher.

At the Reception Desk each participant will obtain a CD-ROM with abstracts of the
Conference contributions as well as Conference Programme (the Programme will be
also published on the Conference website).

Further information is available from:
Dr hab. Maria Wactawek, prof. UO
University of Opole,

email: Maria. Waclawek@uni.opole.pl
and mrajfur@o2.pl

tel. +48/77/ 401 60 42

fax/tel. +48/77/ 455 91 49
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ZAPRASZAMY

DO UDZIALU W SRODKOWOEUROPEJSKIEJ KONFERENCJI
ECOpole ’09
w dniach 14-17 X 2009

SUBSTANCJE CHEMICZNE
W SRODOWISKU PRZYRODNICZYM

Bedzie to osiemnasta z rzedu konferencja poswigcona badaniom podstawowym oraz
dziataniom praktycznym dotyczaca réznych aspektow ochrony $rodowiska przyrodni-
czego. Odbedzie si¢ ona w osrodku ,,Uroczysko” na Wzgdrzu Wilhelma w Piechowicach.
Doroczne konferencje ECOpole maja charakter migdzynarodowy i za takie sa uznane
przez Ministerstwo Nauki 1 Szkolnictwa Wyzszego. Obrady konferencji ECOpole *09
beda zgrupowane w czterech Sekcjach SI-SIV:

— SI — Chemiczne substancje w Srodowisku przyrodniczym oraz ich monitoring,

— SII — Odnawialne Zrodla energii i jej oszczedne pozyskiwanie oraz uzytkowanie,

— SHI — Forum Mlodych (FM) i Edukacja prosrodowiskowa,

— SIV — Wplyw zanieczyszczen Srodowiska oraz zywnoSci na zdrowie ludzi.

Materiaty konferencyjne bgda opublikowane w postaci:

— abstraktow (0,5 strony formatu A4) na CD-ROM-ie;

— rozszerzonych streszczen o objgtosci 46 stron w potroczniku Proceedings of
ECOpole;

— artykutéw: w abstraktowanych czasopismach: miesigczniku lub kwartalniku Ecolo-
gical Chemistry and Engineering/Chemia i InZynieria Ekologiczna (Ecol. Chem. Eng.)
oraz niektorych w potroczniku Chemia — Dydaktyka — Ekologia — Metrologia.

Termin nadsylania angielskiego i polskiego streszczenia o objetosci 0,5-1,0 stro-
ny (wersja cyfrowa + wydruk) planowanych wystapien uplywa w dniu 31 sierpnia
2009 r. Lista prac zakwalifikowanych przez Rad¢ Naukowa Konfe-rencji do prezentacji
bedzie sukcesywnie publikowana od 15 lipca 2009 r. na stronie webowej konferencji:

ecopole.uni.opole.pl

Aby praca (dotyczy to takze streszczenia, ktore powinno mie¢ tytut w jezyku polskim
i angielskim, stowa kluczowe w obydwu jgzykach) przedstawiona w czasie konferencji
mogta by¢ opublikowana, jej tekst winien by¢ przygotowany zgodnie z wymaganiami
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stawianymi artykutom drukowanym w czasopi$§mie Ecological Chemistry and Engine-
ering, ktore jest dostgpne w wielu bibliotekach naukowych w Polsce i zagranica. Sa one
takie same dla prac drukowanych w poétroczniku Chemia — Dydaktyka — Ekologia — Me-
trologia. Zalecenia te sa rowniez umieszczone na stronie webowej konferencji.

Koszt uczestnictwa w catej konferencji wynosi 1000 zt i pokrywa optatg za udziat,
koszt noclegéw i wyzywienia oraz rocznej prenumeraty Ecol. Chem. Eng. (razem bli-
sko 2000 ss.) tacznie z materiatami Konferencji. Jest mozliwo$¢ udziatu tylko w jednym
wybranym przez siebie dniu, wowczas optata wyniesie 650 zt i bedzie upowazniata do
uzyskania wszystkich materiatlow konferencyjnych, jednego noclegu i trzech positkow
($niadanie, obiad, kolacja), natomiast osoby zainteresowane udziatem w dwoch dniach,
tj. w pierwszym i drugim lub drugim i trzecim winny wnie$¢ oplate w wysokosci
800 zt. Optata dla magistrantow i doktorantow oraz mtodych doktoréw bioracych ak-
tywny udzial w Forum Mtodych moze by¢ zmniejszona do 600 zl, przy zachowaniu
takich samych $wiadczen. Osoby te winny dodatkowo dostarczy¢ rozszerzone stresz-
czenia (4-6 stron) swoich wystapien (do 15.08.2009 r.); jest takze wymagana opinia
opiekuna naukowego. Sprawy te beda rozpatrywane indywidualnie przez Rade Nauko-
wa oraz Komitet Organizacyjny Konferencji. Czlonkowie Towarzystwa Chemii i Inzy-
nierii Ekologicznej i Polskiego Towarzystwa Chemicznego (z optaconymi na biezaco
sktadkami) maja prawo do obnizonej oplaty konferencyjnej o 25 zi. Oplaty wnoszone
po dniu 15 wrzes$nia 2009 r. sa wigksze o 10% od kwot podanych powyzej. Wszystkie
wplaty winne by¢ dokonane na konto w Banku Slaskim:

BSK O/Opole Nr 65 1050 1504 1000 0005 0044 3825

i mie¢ dopisek ECOpole *09 oraz nazwisko uczestnika konferencji.

Po konferencji zostana wydane 4—6 stronicowe rozszerzone streszczenia wystapien
w potroczniku Proceedings of ECOpole. Artykuly te winny by¢ przestane do 1 paz-
dziernika 2008 r. Wszystkie nadsytane prace podlegaja zwyklej procedurze recenzyj-
nej. Wszystkie streszczenia oraz program Konferencji zostang wydane na CD-ROM-ie,
ktéry otrzyma kazdy z uczestnikdéw podczas rejestracji. Program bedzie takze umiesz-
czony na stronie webowej konferencji.

Za Komitet Organizacyjny

dr hab. inz. Maria Wactawek, prof. UO

Wszelkie uwagi i zapytania mozna kierowac na adres:
Maria. Waclawek@uni.opole.pl

lub mrajfur@o2.pl

tel. 77 401 60 42

tel. 77 455 91 49

fax 77 401 60 51
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. 1992 Monitoring 92 Opole

. 1993 Monitoring 93 Turawa

. 1994 Monitoring ’94 Pokrzywna

. 1995 EKO-Opole ’95 Turawa

. 1996 EKO-Opole *96 Kedzierzyn-Kozle
. 1997 EKO-Opole *97 Duszniki Zdroj

. 1998 SEK ECOpole *98 Kedzierzyn-Kozle
. 1999 SEK ECOpole 99 Duszniki Zdréj

. 2000 SEK ECOpole 2000 Duszniki Zdroj
. 2001 SEK ECOpole *01 Duszniki Zdréj

. 2002 SEK ECOpole *02 Duszniki Zdréj

. 2003 SEK ECOpole *03 Duszniki Zdréj

. 2004 SEK ECOpole *04 Duszniki Zdréj

. 2005 SEK ECOpole *05 Duszniki Zdréj

. 2006 SEK ECOpole *06 Duszniki Zdréj

. 2007 SEK ECOpole *07 Duszniki Zdréj

. 2008 SEK ECOpole ‘08 Piechowice
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ZGLASZAM UCZESTNICTWO W KONFERENCII ECOpole 09
(prosimy o wypelnienie zgloszenia drukowanymi literami)

Nazwisko i imig . .

Tytut (stopien) naukowy/stanowisko .

Miejsce pracy .
Adres .

Tel./Fax . .

Dane instytucji (nazwa, adres, NIP), dla ktorej ma by¢ wystawiona faktura:

. email

RODZAJ PRZEWIDYWANEGO WYSTAPIENIA

TAK

NIE

Referat

Poster

Glos w dyskusji

TYTUL WYSTAPIENIA

ZAMAWIAM NOCLEG

14/15 X

15/16 X

16/17 X

TAK NIE

TAK

NIE

TAK

NIE

ZAMAWIAM POSILKI

Data

Sniadanie

Obiad

Kolacja

14X

15X

16 X

17X




GUIDE FOR AUTHORS
ON SUBMISSION OF MANUSCRIPTS

A digital version of the Manuscript addressed —

Professor Witold Wactawek
Editorial Office of monthly Ecological Chemistry and Engineering A
(Ecol. Chem. Eng.)
Uniwersytet Opolski
Oleska 48, 45-951 Opole, Poland
Tel. +48 77 452 71 34, fax +48 77 455 91 49,
email — waclawek@uni.opole.pl

should be sent by email or mail to the Editorial Office Secretariat — mrajfur@o2.pl

The Editor assumes, that an Author submitting a paper for publication has been
authorised to do that. It is understood the paper submitted to be original and unpublished
work, and is not being considered for publication by another journal. After printing, the
copyright of the paper is transferred to Towarzystwo Chemii i Inzynierii Ekologicznej
(Society for Ecological Chemistry and Engineering). In preparation of the manuscript
please follow the general outline of recent papers published in the most recent issues of
Ecol. Chem. Eng., a sample copy can be sent, if requested.

Papers submitted are supposed to be written in English language and should include
a summary and keywords, if possible also in Polish language. If not then the Polish
summary and keywords will be provided by the Editorial Office. All authors are
requested to inform of their current addresses, phone and fax numbers and their email
addresses.

It is urged to follow the units recommended by the Systéme Internationale d’Unites
(SI). Graph axis labels and table captions must include the quantity units. The use of
the following commonly applied expressions is recommended: mass — m/kg, time —
t/s or t/min, current intensity — I/A; thermodynamic temperature — T/K, Celsius scale
temperature — t/°C or 6/°C (if both time and Celsius scale units need to be used, the
symbol 6/°C for temperature is to be taken) etc.

Symbols recommended by the International Union of Pure and Applied Chemistry
(Pure and Appl. Chem. 1979, 51, 1-41) are to be followed.

Graphics (drawings, plots) should also be supplied in the form of digital vector —
type files, eg Corel-Draw, Grapher for Windows or at least in a bitmap format (TIF,
PCX, BMP). In the case of any query please feel free to contact with the Editorial
Office.
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Footnotes, tables and graphs should be prepared as separate files.

References cited chronologically should follow the examples given below:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40(3), 2080—2085.

[2] Nowak S.: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation —
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur
Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, pp. 389-391.

Journal titles should preferably follow the Chem. Abst. Service recommended abbre-
viations.

Receipt of a paper submitted for publication will be acknowledged by email. If no
acknowledgement has been received, please check it with the Editorial Office by email,
fax, letter or phone.



ZALECENIA DOTYCZACE PRZYGOTOWANIA
MANUSKRYPTOW

Praca przeznaczona do druku w miesi¢czniku Ecological Chemistry and Engineering A/
Chemia i Inzynieria Ekologiczna A powinna by¢ przestana na adres Redakc;ji:

Profesor Witold Waclawek
Redakcja Ecological Chemistry and Engineering
Uniwersytet Opolski
ul. Oleska 48, 45-951 Opole
Tel. 77 401 60 42, fax 77 455 91 49
email: waclawek@uni.opole.pl

w postaci cyfrowej w formacie Microsoft Word (ver. 7.0 dla Windows) emailem
(mrajfur@o2.pl) lub na dyskietce.

Redakcja przyjmuje, ze przesylajac artykul do druku autor w ten sposoéb o$wiadcza,
ze jest upowazniony do tego oraz zapewnia, ze artykul ten jest oryginalny i nie byt
wczesniej drukowany gdzie indziej i nie jest wystany do druku gdzie indziej oraz, ze po
jego wydrukowaniu copyright do tego artykutu uzyskuje Towarzystwo Chemii i Inzy-
nierii Ekologiczne;.

W przygotowaniu manuskryptu nalezy przede wszystkim wzorowaé si¢ na postaci
najnowszych artykutéw opublikowanych w Ecological Chemistry and Engineering, na
przyktad zamieszczanych na stronie webowej Towarzystwa: http://tchie.uni.opole.pl/
tchie/index.php?option=content&pcontent=1&task=view&id=49&Itemid=76

Prace przesytane do publikacji winny by¢ napisane w jgzyku angielskim oraz zaopa-
trzone w streszczenia oraz stowa kluczowe w jezyku angielskim oraz polskim.

Zalecamy, azeby artykut zawierat adresy i emaile oraz numery telefonow i faksow
wszystkich autoréw danej pracy, szczegodlnie gtéwnego autora, ktorego nazwisko wy-
roézniamy gwiazdka.

Usilnie prosimy o stosowanie uktadu jednostek SI. Zwracamy uwagg, ze osie wykre-
sow oraz gtowki tabel powinny bezwzglednie zawiera¢ jednostki stosownej wielkosci.
Polecamy symbolike zalecana przez PTChem (Symbole i terminologia wielkos$ci i jed-
nostek stosowanych w chemii fizycznej, Ossolineum, Wroctaw 1989; Pure Appl. Chem.
1979, 51, 1-41). Materiat graficzny (rysunki, wykresy), obok wersji na papierze, powi-
nien réwniez by¢ dostarczony w postaci cyfrowych plikow wektorowych, np. za pomo-
cq programu: CorelDraw wersja 3.0-8.0, Grafer dla Windows lub przynajmniej bitowe
(TIF, PCX, BMP). W przypadku trudnos$ci z wypehieniem tego warunku Redakcja za-
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pewnia odptatne wykonanie materiatu graficznego na podstawie dostarczonego szkicu.
Blizsze informacje mozna uzyskac¢ telefonicznie 77 401 60 42.

Przypisy i tabele podobnie jak rysunki zapisujemy jako osobne pliki.

Literature prosimy zamieszcza¢ wg ponizszych przyktadow:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40, 2080-2085.

[2] Nowak S.: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation —
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur
Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389-391.

Tytuly czasopism nalezy skraca¢ zgodnie z zasadami przyjetymi przez amerykanska
Chemical Abstracts Service. Autor moze, jezeli uwaza to za wskazane, podawac tez
tytul cytowanych artykutdow z czasopism, ktory bedzie skladany kursywa oraz numer
zeszytu danego woluminu (w nawiasie, po numerze woluminu).

Redakcja potwierdza emailem otrzymanie artykulu do druku. W przypadku braku
potwierdzenia prosimy o interwencj¢: emailem, faksem, listem lub telefonicznie.
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