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Joanna DEUZNIEWSKA' and Maria NADOLNIK

OCCURRENCE AND HARMFULNESS
OF FUNGAL DISEASES ON ROSE BUSHES
CULTIVATED IN THE AREA OF KRAKOW
PART 1. POWDERY MILDEW (Sphaerotheca pannosa)

WYSTEPOWANIE 1 SZKODLIWOSC CHOROB GRZYBOWYCH
NA KRZEWACH ROZ UPRAWIANYCH NA TERENIE KRAKOWA
CZ. 1. PORAZENIE PRZEZ MACZNIAKA PRAWDZIWEGO
(Sphaerotheca pannosa)

Abstract: The aim of the present paper objective was determination of the occurrence of powdery mildew on
rose beds situated in convent gardens and a park in Krakow. The studies were conducted in 2002-2004. The
obtained results demonstrated that powdery mildew is a serious disease on multiflower rose beds. The
pathogen attacks the plants every year and in subsequent years the highest infection indices may reach
between 37.9 and 100 %. The disease proved the gravest hazard in Carmelite Sisters’ convent garden and in
St. Bernard’s monastery garden, except the year 2002. Rose from the Cistercians’ monastery garden were the
least affected.

Keywords: roses, Sphaerotheca pannosa, atmospheric conditions, urban green

Due to their decorative qualities and resistance to some harmful compounds, roses
are bushes most useful for plantings, particularly in urban areas. Rose beds are an
element of city landscape and an essential element of the urban green. The bushes grow
and blossom even in places with high traffic density. However, only healthy and
properly tended plants have decorative values [1].

Powdery mildew caused by Sphaerotheca pannosa (Wallr. ex Fr) Lev. var. rosae
Wor. is one of the most dangerous and commonly occurring diseases in roses [2, 3].
Disease symptoms are visible mainly on the youngest shoots and leaves. Usually at the
beginning of June white powdery coating appears on diseased organs, graying on shoots
and pedicles. Leaves stop their development, crease, yellow or acquire pinkish colour
and their edges curl down. The shoot ends become thickened and twisted. The fungus

! Department of Agricultural Environment Protection, Agricultural University in Krakow, al. A. Mic-
kiewicza 21, 31-120 Krakéw, Poland, email: rrdluzni@cyf-kr.edu.pl
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may also infect the flowers and disease symptoms are visible on sepal calyx and petals.
Considerable intensification of disease symptoms may lead to inhibition of flowering.
Diseased plants grow poorly, their photosynthesis and transpiration are disturbed. Very
strong infection may lead to premature defoliation and inhibition of plant development.
Blossoms and whole bushes lose their decorative value. Intensification of the disease
symptoms depends among others on the atmospheric conditions [3—6].

The objective of the work was determination of the occurrence of powdery mildew
on rose beds situated in convent gardens in Krakow.

Material and methods

The research was carried out in Krakow in 2002-2004 on rose beds situated in four
convent gardens: 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
located in the eastern part of the city in a sparsely build-up area. The plant husbandry in
individual analysed places comprised agrotechnical measures, ie digging over the rose
beds and NPK fertilization of flowers. No chemicals were used for pest or disease
control during the vegetation season. Shoots were cut in autumn and the bushes were
covered with earth to protect them against frost during the wintertime.

In the subsequent years observations were conducted from May until October. On
each date 20 multiflower rose bushes were analyzed in three replication. Assessed was
powdery mildew infection in shoots, leaves, flower buds and blossoms on a four degree
scale [1]. The infection index was computed from the obtained data [7].

The results were verified statistically using analysis of variance for two-factor
experiments (factor A — observation date, factor B — research point). The significance
was verified using the Duncan test at significance level p = 0.05.

Meteorological data was obtained from State Meteorological Service Bulletins
[8—10]. The hydrothermic coefficient was also computed and on its basis humidity was
determined [11].

The data on air pollution were provided by the Department of Environment
Monitoring and Automatic Air Analyses Laboratory in Krakow and presented in the
paper by Dluzniewska and Nadolnik [12].

Results

The weather conditions during the research period were presented in Fig. 1 and
Table 1. The lowest average temperature for the May to August period was registered in
2004. Considerable differences were noted also in the precipitation amount in the
subsequent years of the research. In 2002 the greatest amount of precipitation was
observed in July, when also excessive humidity was noted (Table 1). Too high
a precipitation amount was also registered in October of the same year. However,
average relative air humidity was the lowest in this season. The year 2003 was
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Fig. 1. Precipitation totals [mm] and average air temperatures [°C] in Krakow during the period of reserch
[8-10]

characterized by the most unfavourable distribution of precipitation. Excessive humidity
occurred in May and July. On the other hand, in April, June, August and September
there was too little humidity and the number of sunshine hours was the highest in this
season. In the third year of the research the relationships between the precipitation
amount and the temperature were positive and the humidity amount was optimal during
the whole vegetation season, except April and September. The greatest number of rainy
days were noted in the same year.

In 2002 powdery mildew appeared by the end of May on rose bushes in the
Carmelite Sisters’ garden and in Polish Aviators’ Park (Table 2).

Table 2
Dynamics of rose infection by Sphaerotheca pannosa in 2002

Date Infection index [%] in respective observation points

of observation Carmelite Felicjan St. Bernard’s Cistercian Polish
2002 Sisters Sisters monastery monastery Aviators’ Park
31.05 20.0 b+ 0.0a 0.0a 0.0a 8.7 ad
14.06 253 d-m 0.0a 0.0a 3.3 ab 13.7 a-f
30.06 32.0 g-o 3.3 ab 0.0a 4.3 ab 16.7 a-h
15.07 35.7i-p 11.7 a-e 10.7 a-d 4.3 ab 23.0c-l
30.07 41.3 m-p 17.3 a-h 10.7 a-d 6.3 a-c 29.0 e-n
14.08 48.0 0-q 24.7 d-m 15.0 a-g 12.0 a-e 32.7 gp
28.08 61.0 g-r 30.3 f-o 18.7 b-i 19.3 b+j 41.01-p
12.09 71.0r 40.0 k-p 22.7 c-k 24.0 c-m 45.7 n-k
27.09 76.7r 453 n-q 25.0 d-m 34.7 f-o 46.7 n-q
11.10 100.0 s 50.3 pq 333 n-p 37.3jp 46.7 n-q
26.10 100.0' s 67.7t 50.0 p-q 433 n-p 50.0 p-q
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Latest of all the pathogen attacked the plants in St. Bernard’s monastery garden. The
disease symptoms were spotted there in mid-July. On all invetsigated sites the disease
was exacerbating significantly on the subsequent dates of observation and reached the
highest level by the end of October. Roses in the Carmelite Sisters’ garden were
significantly the most diseased and there the infection index reached 100 %. On the
other hand the notably lowest infection was observed in the gardens of St. Bernard’s
and Cistercian monastery.

In 2003 the disease appeared on rose bushes very late (Table 3). Only in
mid-September were the diseased plants spotted in the gardens of the Carmelite and
Felician Sisters’ convets and in St. Bernard’s monastery garden. The rose infection
index was significantly lower than in 2002 and did not exceed 38 %. The disease most
significantly affected the plants in St. Bernard’s monastery garden, whereas the smallest
disease symptoms were observed on roses growing in Cistercians’ monastery garden.

Table 3
Dynamics of rose infection by Sphaerotheca pannosa in 2003
Date Infection index [%] in respective observation points
of observation Carmelite Felicjan St. Bernard’s Cistercian Polish
2003 Sisters Sisters monastery monastery Aviators’ Park
15.09 17.5d 258 f 354h 0.0a 0.0a
30.09 21.6e 304 g 3791 72b 10.0c

In 2004 vegetation period small numbers of bushes invaded by powdery mildew
were noticed in mid-June (Table 4). In the next months the infection index was
increasing slightly. Only in the middle of September did the pathogen invad more
strongly the plants in the convent gardens of Carmelite and Felician Sisters’ convents.
In all convent gardens the most serious infection was registered on bushes in the middle
of October. Roses from the Cistercian monastery garden and Polish Aviators Park
revealed significantly the worst healthiness.

Table 4
Dynamics of rose infection by Sphaerotheca pannosa in 2004
Date Infection index [%] in respective observation points
of observation Carmelite Felicjan St. Bernard’s Cistercian Polish
2004 Sisters Sisters monastery monastery Aviators’ Park
11.06 1.6 a-c 0.0a 33a-c 0.0a 0.0a
27.06 0.9 ab 0.0a 9.2a-d 1.6 a-c 1.6 a-c
14.07 0.0a 1.5 a-c 10.1 a-d 0.0a 0.9 ab
4.08 0.0a 59a-c 13.3 b-d 0.0a 0.9 ab
28.08 1.5 a-c 4.6 a-c 14.5 b-d 0.0a 1.2ab
18.09 20.9 de 5.9 a-c 19.2 de 0.0a 59a-c
1.10 28.8 ef 10.2 a-d 36.8f 1.2 ab 1.2 ab
15.10 37.5¢F 142 cd 583¢g 1.6 a-c 0.9 ab
28.10 29.2 ef 10.9 a-d 500g 0.0a 0.0a
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Discussion

The reserch conducted demonstrated that powdery mildew is a serious disease of
multiflower rose bed field plantations. The pathogen attacks plants every year and the
highest infection indices in subsequent years may reach even between 37.9 and 100 %.
The disease posed the gravest hazard in convent gardens of the Carmelite Sisters and
except the year 2002 also in St. Bernard’s monastery garden. Roses which were the
least infected by this fungus were growing in the Cistercians monastery garden.

Depending on the weather course the first symptoms of powdery mildew in field
conditions appear usually in mid-May and intensify during the vegetation season [3, 4].
In field cultivation the greatest intensification of the disease symptoms is observed in
two periods: by the end of May and at the beginning of June at intensive bush growth,
and in the second decade of August. In the second period roses, from which the blooms
were not cut, start new shoots [13]. Particularly high level of bush infection by the end
of summer and at the beginning of autumn is due to the susceptibility of young shoots
and leaves to infection. Developing leaves up till the fifth day very easily give in to
infection. 5-day-old and older leaves are less susceptible. It is considered that this fact is
connected with the thickness of the cuticules of cell walls which is increasing with leaf
age [14]. Moreover, young leaves of sensitive species contain (-alanine, necessary for
fungi spore germination [3].

Also the weather conditions, dew at night and sunny weather during the day, favour
the infection. A factor favouring S. pannosa development are great fluctuations of
temperature. In field cultivation the conditions particularly favourable for the fungus
development are at night, when the temperature is 15 °C and air humidity reaches
90-99 %. Fungus growth is favoured on strongly insolated walls of buildings with the
southern aspect, where differences between day and night temperatures are very big [4].
The urban climate is characterized by a raised temperature and lowered humidity.
A decrease in humidity results from a lack of a retention surface, drainage of the ground
by excavations and channels. Excessive transpiration and evaporation are caused by the
high temperature of heating buildings, and surfaces of pavements, streets or squares
[15].

Powdery mildew mycelium develops best in quite dry air at high temperatures and in
strong light [4]. Rose powdery mildew spreads during the vegetation season by means
of conidial spores. The spore formation is enhanced by a decrease in air humidity and
increase in temperature. At very high air humidity the temperature of 21 °C is optimal
for spore germination and between 18 and 25°C for mycelium growth. Spores germinate
best at air humidity 97-99 %, whereas water on the leaf surface inhibits this process [3,
16, 17].

A great diversification among rose varieties considering their resistance to powdery
mildew has also been pointed out [2, 5]. About 30 % of varieties with red and pink
flowers were resistant to the disease whereas the others were medium resistant or highly
susceptible. On the other hand among varieties with white or yellow blossoms between
60 and 75 % were prone or very prone to the disease. The variety susceptibility was
connected with the size of the stomatal apparatus and the thickness of skin [18].



Occurrence and Harmfulness of Fungal Diseases on Rose Bushes... 1239

Pollutants from the atmosphere may also affect plant infection by pathogens [19].
Krakow belongs to the group of European cities with the worst air quality [20]. SO,
concentrations were similar in all measuring points over the entire period of observa-
tions, whereas the suspended particulate matter, NO and NO, concentrations were
higher in the Cistercians’ monastery garden and in Polish Aviators’ Park. The
admissible level of airborne matter was exceeded only for the suspended particulate
matter [12].

In the paper by Nadolnik [1] it was observed that the occurrence of rose powdery
mildew was the most intensified on a lawn situated in a place with less heavy traffic. It
shows that fungi causing powdery mildew may completely vanish at high con-
centrations of individual components of pollution [21].

The occurrence and development of fungi and symptoms of plant infection by
parasitic fungi may increase or be inhibited under the influence of SO, fumigation. The
species which benefit from SO, fumigation comprise Sphaerotheca fuliginea causing
powdery mildew in cucumbers. This fungus revealed a greater capability of infecting
the host plant and conidia spore germination at cucumber exposure to the activity of 143
ug SO, m™. Higher concentrations of SO, inhibited the fungus growth [19, 22].

Air pollution may also modify the plant-pathogen-endophyte relationship. Hyalo-
dendron album endophyte present on lilac leaves act antagonistically on Microspharea
alni. It was observed that the endophyte is most probably more sensitive to O3 and SO,
than the pathogen [19, 23].

The analysed dynamics of powdery mildew development makes possible the
application of protection measures in rose gardens, which will reveal long-term activity
and low toxicity. Cultivation measures which have just been completed make it possible
to maintain the plants in good condition, which improves the flowers’ decorative
qualities.
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WYSTEPOWANIE I SZKODLIWOSC CHOROB GRZYBOWYCH NA KRZEWACH ROZ
UPRAWIANYCH NA TERENIE KRAKOWA
CZ. 1. PORAZENIE PRZEZ MACZNIAKA PRAWDZIWEGO (Sphaerotheca pannosa)

Katedra Ochrony Srodowiska Rolniczego
Uniwersytet Rolniczy im. Hugona Kotfataja w Krakowie

Abstrakt: Celem pracy bylo okreslenie wystgpowania maczniaka prawdziwego na skwerach rézanych
polozonych w ogrodach przyklasztornych i parku Krakowa. Badania prowadzono w latach 2002-2004.
Uzyskane wyniki potwierdzily, ze maczniak prawdziwy jest grozna choroba w uprawie polowej wielo-
kwiatowych r6z rabatowych. Patogen atakuje rosliny corocznie, a najwyzsze indeksy porazenia w kolejnych
latach moga sigga¢ wartosci 37,9-100 %. Choroba najwigksze zagrozenie wywotywata w ogrodach
karmelitanek i z wyjatkiem roku 2002 u bernardynéw. Natomiast najmniej porazane przez grzyba byly roze
z ogrodu cystersow.

Stowa kluczowe: réze, Sphaerotheca pannosa, warunki atmosferyczne, zielen miejska
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CONTENT OF HEAVY METALS
IN SOIL TOP LAYERS FROM DISTRICT PLAYGROUNDS
OF SOUTHERN AREAS OF KRAKOW

METALE CIEZKIE
W WIERZCHNIEJ WARSTWIE GLEB OSIEDLOWYCH
PLACOW ZABAW POLUDNIOWYCH REJONOW KRAKOWA

Abstract: Excessive amounts of heavy metals can occur in the natural environment especially in urban areas.
In big cities district playgrounds are very often the only places for rest and recreation. Children playing on
playgrounds can be exposed to the negative impact of the chemical soil contamination. The object of the work
was the evaluation of the level of pollution with heavy metals: Cd, Pb, Cu, Zn, Cr and Ni in top soil layers of
playgrounds situated in southern Krakow districts and the estimation of the potential risk resulting from the
excessive amounts of these elements. The analyzed playground soils were characterized in the straight
majority of cases by natural contents of cadmium, nickel, chromium, lead and copper. The only heavy metal
whose content was in general higher than natural was zinc.

Keywords: urban soils, playgrounds, heavy metals, Krakow

In big cities district playgrounds are very often the only places for rest and recreation.
They play an important role as they influence the physical and emotional development
of children [1]. Excessive accumulation of harmful substances in the environment
results in the progress of diseases associated with civilization, thus in bad conditions for
physical and mental development [2]. The studies carried out in urban [3-7] and
industrial areas or located in the vicinity of roads [8] show that soils of these terrains are
often characterized by an elevated level of heavy metals. The metals belong to the group
of mineral pollutants of the environment the most dangerous for people, animals and
plants. Therefore children, regular customers of playgrounds, can be particularly
exposed to the negative impact of the chemical soil transformation. Up to now studies
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21, 31-120 Krakow, phone: +48 12 662 43 70, email: rrgasior@cyf-kr.edu.pl

% Department of Agrotechnology and Agrocultural Ecology, University of Agriculture in Krakow, al.
A. Mickiewicza 21, 31-120 Krakéw, email: ziemia24@poczta.fm



1242 Michat Gasiorek and Bernadetta Labuz

concerning heavy metal contents in playground soils have been carried out, among
others, in Uppsala [9] and Madrid [10].

The present study aimed at the evaluation of the contamination with Cd, Pb, Cu, Zn,
Cr and Ni of the top layers of soils in district playgrounds situated in southern parts of
Krakow and the estimation of the potential risk, resulting from the excessive amounts of
these elements, for children staying there.

Material and methods

Soil material for laboratory analyses was sampled from 9 playgrounds located in
southern parts of Krakow (Fig. 1). From the selected playgrounds, depending on their
area one or two soil samples were taken, in each case from the layer 0—1 cm (surface
layer) and 0-20 cm (deeper layer). Such proceedings aimed at the determination of the
impact of the depth from which the sample was taken on the content of heavy metals. It
was guided also by the fact that children staying on playgrounds have a direct contact
with the surface soil layer. The deeper soil layer was treated as a kind of a background
for the surface layer.

KRAKOW

Fig. 1. Location of playgrounds in southern parts of Krakow: 1a, 1b — Debniki; between Praska St. and
Pietrasinskiego St., 2 — Debniki; between Slomiana St. and Szwedzka St., 3a, 3b — Debniki; between
Slomiana and Szwedzka St., 4a, 4b — Prokocim; J. Kurczaba St., 5 — Prokocim; P. Sciegiennego St.,
6 — Prokocim; P. Sciegiennego St., 7 — Prokocim; Klodzka St., 8 — Osiedle na Kozlowce;
Spoldzielcow St., 9 — Plaszow; Krzywda St.

In the sampled soil material, after its drying and sieving through a plastic sieve with
1 mm mesh, the following analyses were performed: pH in 1 mol - dm™ KCI [11], soil
texture [12], organic carbon [13] and a level of total forms of: cadmium, lead, copper,
zinc and chromium by the AAS method and nickel by the atomic emission spectrometry
with inductively coupled plasma (ICP-AES), after previous digestion in the mixture of
nitric(V) and chloric(VII) concentrated acids [14].

The results were subjected to statistical analysis. Simple correlation coefficients (r)
between contents of heavy metals and selected soil properties were calculated.
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A significance of correlation coefficients was estimated with the use of the t-Student’s
test. A significance of differences between mean contents of studied heavy metals in the
layer 0—1 cm and 0-20 cm was evaluated by Tukey’s test for the reasonable significant
difference (RIR) at the significance level 0.05. The calculations were made using the
STATISTICA program version 8.

Results and discussion

Heavy metal bounding in soil results mainly from its clay content, humus and soil
reaction [15, 16]. The studied soils had sand texture in 3/4 cases, both in samples taken
from the layer 0—1 cm and from the layer 0-20 cm. The remaining soils were light
loams. Usually in soils from the deeper layer there were more fractions with & < 0.002
mm (Table 1).

Table 1

Soil reaction and contents of fraction & < 0.002 mm, organic carbon and heavy metals

Point| Layer Fraction Con Cd ‘ Pb ‘ Cu ‘ Zn ‘ Cr ‘ Ni
No. | [cm] PHxa | 2<0.002 mm [g- k;ﬁl] ke
[%] mg - kg

la 0-1 6.6 0 354 0.06 45.7 232 171.3 17.9 9.1
0-20 7.0 1 338 0.40 60.8 39.0 245.2 20.3 124

0-1 6.5 1 18.1 0.00 10.9 6.0 71.5 10.1 2.9

1b 0-20 6.9 2 10.3 0.00 25.9 12.0 113.9 15.5 5.8
0-1 7.2 3 14.3 0.25 24.5 12.3 124.8 19.7 8.6

2 0-20 7.3 5 10.9 0.14 26.8 11.5 111.4 14.2 9.8
0-1 7.2 8 17.3 0.10 36.8 18.3 129.2 323 16.3

3 0-20 7.0 8 19.4 0.19 38.5 20.5 135.6 27.3 14.6
0-1 6.8 5 333 0.13 41.6 19.3 156.4 319 15.3

b 0-20 7.1 6 223 0.11 60.4 26.8 181.2 28.4 17.1
da 0-1 7.2 4 8.7 0.00 9.7 5.2 56.8 16.7 6.0
0-20 6.9 4 5.4 0.00 10.2 6.5 55.9 14.2 7.1

0-1 5.7 4 6.9 0.00 12.4 52 70.8 14.3 5.0

4 0-20 6.7 2 5.9 0.07 17.4 5.2 69.6 13.3 5.8
0-1 6.4 1 10.2 0.00 9.6 4.0 71.3 7.7 3.0

> 0-20 6.5 3 4.8 0.01 12.0 5.8 75.6 8.8 5.6
0-1 7.1 3 5.9 0.00 16.6 42 101.3 9.7 3.9

6 0-20 7.1 3 8.0 0.00 10.6 5.9 80.0 11.5 5.5
0-1 7.4 4 29.3 0.01 36.2 22.8 126.8 31.1 9.4

7 0-20 6.8 5 19.6 0.05 43.6 25.7 132.7 28.8 10.0
s 0-1 6.6 10 7.3 0.00 13.2 7.2 98.5 21.1 9.2
0-20 7.3 9 5.4 0.00 15.2 7.8 94.7 20.1 9.7

0-1 6.8 1 9.7 0.00 5.8 2.4 335 10.1 2.6

? 0-20 7.5 3 44 0.00 6.3 33 32.8 12.7 4.8
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The majority of the studied soils, regardless of the depth from which they were taken,
was characterized by a neutral reaction, even though there occurred also alkaline or
slightly acid soils, and even acid in one case (a playground in Prokocim, point 4b, layer
0—1 cm). In the studied soils the organic carbon content ranged in large limits from 4.4
to 35.4 g - kg ', and the depth from which the soil was sampled influenced its content
and in consequence the content of humus. The highest levels of organic carbon were
determined usually in the surface layer (0—1 cm). The exceptions were constituted by
soils from research points 3a and 6, where in the layer 0-20 cm a slightly higher level of
organic carbon was ascertained. Playground soils located in the western part of the
studied area (Fig. 1) were characterized by a distinctly higher organic carbon content
than those in the eastern part, except for the soil taken from the playground in Prokocim
in Klodzka Street (point 7).

Anthropopressure and natural processes going on in the nature did not contribute,
apart from a few exceptions, to the pollution of the analyzed soils with cadmium, lead,
copper, chromium and nickel. Their content is presented in Table 1. On the basis of the
division serving for the evaluation of the level of the soil pollution with heavy metals,
proposed by IUNG [17], it can be ascertained that in almost all playground soils
regardless of the sampling depth a natural content of Cd, Pb, Cu and Ni occurred. The
chromium content in the studied soils is comparable with that determined in unpolluted
soils with this element [16]. Also, according to the Directive of the Environment
Ministry regarding soil quality standards and ground quality standards, issued on 9
September 2002 [18], amounts of heavy metals determined and named in this paper did
not exceed the acceptable values of the concentration of these elements. It was only the
soil taken from point la (playground between Praska Street and Pietrasinskiego Street)
which was characterized by small enrichment in heavy metals. In a deeper layer of this
soil elevated Cd and Ni contents were determined when in both layers elevated Pb
contents with elevated Cu content in the surface layer and slight pollution with this
element in the layer 0-20 cm were noticed. Among other soils, only in point 7 (in
Prokocim) in the layer 0-20 cm, elevated content of copper occurred [17].

In the case of Zn whose content ranged from 32.8 to 245.2 (105.9 on average)
mg - kg’1 (Table 1), the largest contribution among the studied soils had those with its
elevated content. Soils sampled from both layers in points 4a, 8 and 9 as well as from
the layer 0-20 cm in point 4b revealed a natural content of zinc [17]. The highest
content of Zn (as it was in the case of Pb and Cu) occurred in both soil layers from the
playground in Debniki in point la. According to IUNG criteria [17] it was, comparably
to the soil in point 1b from the layer 0-20 cm and in point 6 from the layer 0—1 cm,
slightly polluted with this element (II degree of pollution). However due to the
Directive of the Environment Ministry from 9 September 2002 [18] in none of the
studied soils was the acceptable level of zinc concentration exceeded.

Among analyzed soil properties, organic carbon content had the strongest impact on
heavy metal bounding in studied soils, which confirms the calculated correlation
coefficients (Table 2). In playground soils in Uppsala [9] the most important soil
property influencing the amount of heavy metals was clay content, which in the case of
Cr and Ni was also noticed in the present study (Table 2).
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Table 2
Simple correlation coefficients (r) determining relations between total contents
of Cd, Pb, Cu, Zn, Cr, Ni and selected physicochemical properties of studied soils
Soil Heavy metals
properties cd Pb Cu Cr Zn Ni
pHxkal 0.219 0.181 0.194 0.293 0.131 0.300
Core. 0.553%* 0.830%** 0.851%** 0.622%* 0.813%%* 0.590%*
Fraction & <0.002 | -0.011 0.109 0.080 0.575%* 0.085 0.583**

# p < 0.01, *** p < 0.001.

Soils sampled from the deeper layer were usually characterized by a higher content
of heavy metals than those taken from the surface layer, even though statistical analysis
performed using the reasonable significant difference (RIR) of Tukey did not reveal any
significant differences among the mean contents of studied heavy metals in layers

0-1 cm and 0-20 cm (Table 3).

Differences between mean contents of heavy metals in layers 0—1 i 0-20 cm
in studied playground soils from southern parts of Krakow

Table 3

Heavy metals Layer 0—1 cm Layer 0-20 cm
Pb 21.92° 27.31°
Cd 0.045° 0.081°
Cu 10.84" 14.17*
Zn 101.02° 110.72°
Ni 7.60° 9.02°
Cr 18.55° 17.93°

Differences between means marked in superscripts by the same letter are statistically insignificant.

Alloway and Ayres [15] as well as Kabata-Pendias and Pendias [16] attributed the
increase of the heavy metal content in soils mainly to the industrial activity and
motorization. However, it seems that in the case of playground soils of southern parts of
Krakow they have a minimal significance. Heavy metal contents determined in the
studied soils are generally much lower than in soils in Krakow with a different way of
use: allotments [3], convent gardens [6], or a city park [7]. The only heavy metal that
occurred in higher amounts was zinc. Metal devices, especially covered by an
anticorrosive layer could be one of the reasons for its considerable accumulation in the
analyzed soils. As a result of corrosion and stripping zinc together with other heavy
metals can find its way to soils. Nevertheless its content is lower than maximal found in
city soils in Krakow which, as Pasieczna reports [19], can amount to 612.0 mg - kg ' in
the layer 0-20 cm. In the studied soils the determined contents of heavy metals are,
except for zinc, at the similar level to those determined in the surface layer of
playground soils in Madrid [10].
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Small enrichment in heavy metals which occurred in some studied soils could have
different sources that are difficult to establish. Regarding heavy metal contents,
playground soils in southern parts of Krakow should not pose any serious danger to
children playing on them but other risks must not be forgotten, among others those
related with the technical condition of outdoor game devices.

Conclusions

1. The straight majority of playground soils in southern parts of Krakow was not
polluted with cadmium, nickel, lead, copper and chromium.

2. Zinc was the only heavy metal whose content was generally higher than natural.
The majority of soils revealed its elevated content.

3. The studied soils should not pose any danger regarding their contamination with
heavy metals for children playing on playgrounds.
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METALE CIEZKIE W WIERZCHNIEJ WARSTWIE GLEB OSIEDLOWYCH
PLACOW ZABAW POLUDNIOWYCH REJONOW KRAKOWA

! Katedra Gleboznawstwa i Ochrony Gleb
? Katedra Agrotechniki i Ekologii Rolniczej
Uniwersytet Rolniczy im. Hugona Kottataja w Krakowie

Abstrakt: Nadmierne ilosci metali cigzkich moga wystgpowaé¢ w $rodowisku przyrodniczym zwtaszcza
w obszarach miejskich. W wielkich miastach, bardzo czgsto jedynym miejscem wypoczynku i rekreacji sa
osiedlowe place zabaw. Dzieci bawiace si¢ na tych placach moga by¢ narazone na negatywne oddziatywania
chemicznego skazenia gleb. Celem pracy byta ocena stopnia zanieczyszczenia metalami cigzkimi: Cd, Pb, Cu,
Zn, Cr i Ni wierzchnich warstw gleb placéw zabaw potozonych w potudniowych dzielnicach Krakowa oraz
oszacowanie ewentualnego zagrozenia wynikajacego z nadmiernej zawartosci tych pierwiastkow. Analizo-
wane gleby placow zabaw charakteryzowaly si¢, w zdecydowanej wigkszosci przypadkow, naturalng
zawartoscig kadmu, niklu, chromu, otowiu i miedzi. Jedynym metalem cigzkim, ktérego zawartos¢ byla na
ogot wigksza od naturalnej, byt cynk.

Stowa kluczowe: gleby miejskie, place zabaw, metale cigzkie, Krakow
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INFLUENCE OF CEMENT DUST
ON SELECTED PROPERTIES OF SOILS
AND THE MORPHOLOGY
OF PINE (Pinus sylvestris L.) NEEDLES FROM THE FOREST
STANDS IN THE SURROUNDINGS OF “LAFARGE”
— CEMENT PLANT IN BIELAWY

WPLYW PYLOW CEMENTOWYCH
NA WYBRANE WEASCIWOSCI GLEB
ORAZ BUDOWE MORFOLOGICZNA IGIEL SOSNY POSPOLITEJ
(Pinus sylvestris L.) Z FITOCENOZ OTACZAJACYCH
ZAKLADY CEMENTOWO-WAPIENNICZE ,,LAFARGE” W BIELAWACH

Abstract: In the present research the impact of cement dust emitted by cement plant Lafarge S.A. — in
Bielawy on soil and forest stands were investigated. Selected physicochemical properties of soils and the
morphology of Scots pine needles were studied. The soils in the vicinity of the cement plant have elevated pH
and contained CaCOj in the surface horizons due to alkaline dust accumulation. Shoots and needles of Scots
pine were covered with thin layer of cemented dust. Pine needles from trees near the dust emitter were shorter
and more narrow than needles from the trees beond the dust impact. Thus, pine trees in the vicinity of cement
dust emitter have lower assimilation surfaces that might cause the lowering of photosynthesis process.

Keywords: cement dust, soil, Scots pine (Pinus sylvestris L.)

Numerous studies describe the damage done by acidic air pollution to forest areas in
industrial regions [1-4]. The impact of alkaline air pollution on forests stands is much
less recognized.
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The cement production process is accompanied with the emissions of considerably
amount of dust. Thus, cement industry is a source of environmental pollution with
alkaline dusts. Cement dusts influence the ecosystems including soil and plants, cause
the imbalances in soil nutrients and reduce biodiversity. In some varieties of Portland
cement (and in cement dust) traces of toxic metals such as chromium and lead are
common. Elevated metal contents might also effect the plant cover and soil in the area
being under the cement dust impact [5].

In the last decades, cement production has been rising in Poland and the problem is
increasing. The objective of the study was to assess the impact of emitted cement dusts
on selected soil properties and the condition of pine forest stands, particularly the
morphology of pine needles, in the vicinity of cement plant Lafarge S.A. in Bielawy.

Materials and methods

The study area is situated at the central part of Poland, the relief is flat and the age of
Scots pine stand is 20 years.

For the study soil samples and pine needles from pine forest stands nearly Lafarge
Cement Plant in Biclawy have been sampled. Scots pine needles are used for
monitoring environmental pollution [6, 7]. Soil from two soil profiles: typical podzolic
soil (profile P1) located on the edge of pine forest and arable lessive soil (Profile P2)
located near the forest in the direct vicinity of cement plant, were investigated. Soil
samples from each soil horizon was analysed. The texture of the soils was determined
using Boyoucose—Cassagrand¢ method with Proszynski modification and soil pH was
measured in H,O and 1 M KCl on pH-meter. Content of organic carbon was determined
according to Tiurin method, basic exchangeable cations and cation exchange capacity —
acc. to Kappen’s method and calcium carbonate concentration — using Scheibler’s
method.

Plant material: pine needles of different age was sampled from Pinus sylvestris L.

Morphological features of plant material (after the segregation of needles in the
laboratory on 3 group: one year old, two years and three years old) were characterized
on the base of biometric data such as length and width of the needles. The surface area
of needles was calculated assuming that each individual needle is cylinder shaped.
Biometric data were collected and interpreted using computer programme DIGISHAPE
(Cortex Nova 2005).

All analysis were made in triplicate, arithmetic mean values are presented in the

paper.

Results and discussion

The results of the study on soil and plant material are presented in Table 1, 2 and 3,
respectively. The most prominent effect of dust emissions in the investigated area is the
elevated soil pH, which was in the range 5.99-7.26, with the highest values at the
surface horizons: 7.22 and 7.26. Alkaline effect is not only restricted to the surface soil.
Deeper samples showed elevated pH values, too — Table 2.
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Table 1

Soil texture

The percentage of the particle fractions & [mm]
Horizon Depth
[em] 2-0.1 ‘ 0.1-0.05 0.05-0.02 | 0.02-0.005 | 0.005-0.002 ‘ <0.002
Site P1
Ap 0-35 78 11 3 2 1 5
Ees 35-50 80 8 3 2 1 6
Bhfe 50-120 90 6 3 1 — —
C <120 78 6 2 2 1 11
Site P2
Ap 0-38 73 11 6 3 1 6
Eet 38-93 89 4 1 1 — 5
Bt 93-120 72 9 2 3 2 12
C <120 53 15 7 7 2 16

Normal pH in soils of the region classified as podzolic soils or luvisols is 4.5-5.0.
High soil pH values indicate evident anthropogenic influence of cement dust emission
rich in CaCO; Previous study [8] showed that parent material as well as soil from the
upper horizons does not contain calcium carbonate. Cement dust contains high level of
calcium carbonate and calcium oxide; other oxides like potassium silica and aluminium
are also present.

Calcium oxide is very reactive and with water forms calcium hydroxide — alkaline
compound responsible for the damage of the plant tissue. Calcium is described as the
element tracer of the pollution due to the cement industry [9]. The pH of the cement
dust is about 12.0. The average monthly emission of dust from the Lafarge plant is
13.2 g/m?.

Naturally acid soils sorrounding the cement plant in Bielawy are rich in base
exchangeable cations. The ratio of alkaline cations to the total cation exchange capacity
ranged from 83 % to 99 % with the maximum at the surface horizons — Table 2.

Excess of base cations in naturally acid soils are considered to originate from the
cement dust. The impact of cement dust accumulation was higher in site P2 located
closer to the emmiter — Table 2. Similar observation have been made in area polluted by
cement emissions in Niepolomnice [10]. In studied soils near Bielawy the consequence
of alkalization might be significant due to sandy texture of the soils — Table 1. In soils
enriched in alkaline cement dust the effect similar to overliming was reported [11, 12].
It is well documented that soil pH raising leads to decrease of microelements phyto-
availability. Kreutzer [13] reported boron deficiency and damage of the mycorrhizae in
pine forest.

Elevated pH observed in soils in the vicinity of Lafarge plant might lower the amount
of other needed nutrients even considered to be tolerant to low soil nutrients like Scots
pine [14].
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Table 2
Physico-chemical properties of soils

Horizon | D€Ph pH Hh 1 CaCO; C—orgl. S 1 T 1 \
[em] | H,0| kel |[mmol(+) -kg']| [%] |[g-ke']|[mmol(+) kg']|[mmol(+)-kg']| [%]

Site P1
Ap 0-35 |7.26| 6.44 3.40 <1 6.6 49.4 49.7 99
Ees 35-50 |6.21| 6.39 2.20 <1 — 11.5 13.7 83
Bhfe 50-120 1 6.23 | 6.49 3.00 <1 — 74.5 77.9 95
C <120 |6.21]6.29 4.10 <1 — 67.5 71.6 94

Site P2
Ap 0-38 |7.22| 6.40 1.90 5.9 45 113.6 117.0 97
Eet 38-93 |6.02| 6.51 1.50 5.0 — 25.5 27.0 94
Bt 93-120|5.99| 5.89 2.60 <1 — 78.0 80.6 96
C <120 |6.12]5.90 6.70 <1 — 108.0 114.7 94

Like soil, pine trees are affected by cement dust. Hard incrustation of cement was
observed on entired exposed surface of pine trees including bark, branches and needles.
The main visible pollution generated by the cement industry on the vegetation
corresponds to the dusts. Visual estimation showed that shoots and leaves (needles) of
trees from the vicinity of cement plant are covered by a white thin layer of cement.
Adhesive properties of alkaline dust favour formation a sort of incrustation on the leaf
surface. Detailed study showed that. Young needles were longer and have larger surface
area (Table 3, Fig 1). Thus, the negative effects of emission were more pronounced in
older 2-3 years old needles. Site P2 was located closer to the source of dust emission
compared with the site P2, and the reduction of length and width of pine needles from
site P2 was larger than from P1, less affected site — Table 3. Other authors [15] reported
very low amounts of available manganese and available phosphorus in soils affected by
cement dust.The plant reactions differ in their rates of development and weaking the
plant communities. Pine forest vegetation in the studied area is adapted to very acid soil,
soil alkalization must negatively impact the whole ecosystem.

Table 3
Morphology of the pine needles
Age of the needles Surface area [mm®] Width [mm] Length [mm]

Site P1

I* 256.13 1.43 82.18

1I 250.32 1.45 80.10

11 208.96 1.48 74.04
Site P2

I 169.39 1.20 63.35

11 171.59 1.58 51.98

11 158.17 1.34 59.13

* 1, 11, 11, one year, two years and three years old, respectively.
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Site P1 Site P2

O
W)W

1 year old

3 years old

Fig. 1. Pine needles from investigated area

Brandt and Rhoades [16] report significant reduction in lateral growth of deciduous
species: Acer rubrum and Quercus rubra in the cement dust-affected area as compared
with control site. Foliar chlorosis, leaf scorch and general decline in growth and vigor
was also observed.

The coniferous ecosystems are particularly sensitive to air contamination. Other
authors observed a decrease in moss species and changes in the life cycle of mosses
near the cement plant [17].

The cement crust on the needle surface limited also light conditions. Under the dust
cover light shortage was detected and as a consequence disorders in physiological
processes connected with assimilation was found. Increasing chlorosis and necrosis of
needles and decreasing needle sizes was also reported. Changes were also observed in
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the reproductive phase of Scots pine. The average number of cones on a single tree
decreased [9].

Negative effects of cement dust were also reported on crop plants. Significant
reduction of shoot length and total leaf area was observed in Celosia argentea (spinach)
due to cement pollution [18].

Forest in the vicinity of cement plant Lafarge S.A. in Bielawy acts as pollutant sink,
suffering from the effects of pollution but also eliminating these effects.

The long-term effect of soil alkalization on forests and the impact of cement layer on
physiological processes of vegetation is still not well recognized. Because pine forest is
adapted to very acid soil, soil alkalization must negatively impact these areas. In order
to forecast and estimate the dynamics of changes it is necessary to continue the study in
a longer period time regarding eventually modification in cement technology produc-
tion, and the installation of dust collecting facilities.

Conclusions

1. Soils under the impact of cement dust contain calcium carbonate of anthropogenic
origin and elevated pH compared with the soils beyond the cement plant emission.

2. Exchangeable cations dominate over the acid cations in studied soils and the
degree of base saturation of colloidal complex is above 94 %, in spite of other features
like eluviation horizons typical for podzolic soil (Profile 1) and lessive soil (Profile 2).

3. Pine needles from the forest stands in the vicinity of cement plant are covered with
cement dust.

4. The analysis of morphology of needles show that their length and width are lower
than needles sampled from the tree beyond the cement dust impact. The negative effect
of cement dust was more pronounced in older needles (3 years old).

5. It is important to plant tolerant tree and shrub species in the forest ecosystem
around the cement plant.
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WPLYW PYLOW CEMENTOWYCH NA WYBRANE WELASCIWOSCI GLEB
ORAZ BUDOWE MORFOLOGICZNA IGIEL SOSNY POSPOLITEJ (Pinus sylvestris L.)
Z FITOCENOZ OTACZAJACYCH ZAKLADY CEMENTOWO-WAPIENNICZE
»LAFARGE” W BIELAWACH

! Katedra Gleboznawstwa i Ochrony Gleb
? Katedra Botaniki i Ekologii
Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: Celem podjetych badan byta ocena wplywu pylow cementowo-wapienniczych na wybrane
wlasciwosci gleb oraz na stan ulistnienia drzewostanéw sosnowych w otoczeniu Zaktadéw Cementowo-
-Wapienniczych ,,Lafarge” w Bielawach. Badania przeprowadzono na prébkach pochodzacych z dwdéch
profili gleb uprawnych: gleba bielicowa witasciwa (P1) zlokalizowana na skraju lasu sosnowego oraz gleba
plowa typowa (P2) — oddalona o 200 m od lasu mieszanego, lezaca w poblizu emitora. Materiat roslinny
stanowity igly sosny Pinus sylvestris L., zebrane z drzew rosnacych w sasiedztwie pol uprawnych, z ktérych
pochodzity probki glebowe. W probkach glebowych oznaczono uziarnienie, odczyn, C-organiczny, kationowa
pojemnos¢ sorpcyjna oraz zawarto$¢ CaCO; Oceng materiatu roslinnego (po segregacji wg wieku igiet)
przeprowadzono na podstawie danych biometrycznych uzyskanych za pomoca programu komputerowy
Digishape (Cortex Nova 2005). Analizowane gleby charakteryzuja si¢ uziarnieniem odpowiadajacym
piaskom stabogliniastym (P1) i piaskom gliniastym (P2). Badane gleby maja odczyn lekko kwasny (pHkc
5,6-6,5). Poziomy powierzchniowe charakteryzuja si¢ wyraznie wigkszymi warto$ciami pH, co wynika ze
wzbogacenia tych pozioméw w CaCOs;. Zawartos¢ prochnicy w poziomach Ap byla typowa dla gleb
badanego regionu i wynosita 1,14 g - kg™ (P1)1 0,78 g - kg' (P2). Z analizy biometrycznej igiet sosnowych
wynika, ze ich powierzchnia oraz dlugos¢ maleja z biegiem lat, natomiast szerokos¢ rosnie. Materiat roslinny
pochodzacy z drzew rosnacych blizej emitora charakteryzuje si¢ znacznie mniejsza powierzchnia asy-
milacyjna. Igly sosnowe byly w tym przypadku krétsze i wezsze.

Slowa kluczowe: pyt cementowy, gleba, sosna pospolita (Pinus sylvestris L.)
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ASSESSMENT OF OAT VARIETIES SENSITIVITY
TO THE IMPACT OF ALUMINIUM

OCENA WRAZLIWOSCI ODMIAN OWSA (Avena sativa L.)
NA DZIALANIE GLINU

Abstract: In this work, the influence of aluminium on the germination and growth of 9 oat varieties was
researched The experiment was carried out in hydroponic cultures and four concentrations of aluminium were
applied. The selected varieties of oat reacted to aluminium in various ways. Aluminium at concentrations of
100 and 200 puM reduced the growth of roots to the highest degree, however, its influence on the growth of
shoots was negligible. A 75 uM concentration of aluminium had no effect on the growth of seedlings of
chosen oat varieties in comparison with control. Amongst the assessed varieties of oat the following varieties
were most tolerant to the toxic influence of aluminium: Flemingsprofi and Bohun at the lowest concentration
(75 uM) as well as Borowiak and Akt at higher concentrations (100 and 200 uM). The obtained results will be
used for cultivation selection in given areas.

Keywords: aluminium, oat, varieties, tolerant

In soil solutions aluminium ions may appear in various forms which depend on the
pH balance and content of the soil. The most toxic element for plants is mobile
aluminium AI**, whose harmful pH increases proportionally to the acidity of soil. 52 %
of acidic soil in Poland is below pH = 5.5 [1, 2]. According to Furukawa et al [3]
30-40 % of the world’s arable soil is acidic. On this soil a reduction of crop production
has been observed.

The roots of plants are at highest risk of exposure to aluminium toxic stress. This
harmful element interferes with the growth of roots which is caused by the reduced
number of cell division in root meristems. If aluminium stress is maintained over
a longer period of time, this may lead to a complete stunt of root growth, and next to the
death of the plants.

! Botanical Garden — Center for Biological Diversity Conservation of the Polish Academy of Science, ul.
Prawdziwka 2, 02-973 Warszawa, Poland, phone: +48 22 648 38 56, fax: +48 22 757 66 45, email:
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Aluminium also interferes with the mineral distribution in plants which is character-
ized by magnesium, potassium and phosphor deficiency [4]. Moreover, the toxic
concentration of aluminium influences the process of respiration, DNA synthesis and
proteolithic enzyme activity of cell membranes [5].

The aim of this work was to assess the influence of aluminium on the germination
and growth of seedlings of oat varieties as well as the selection of tolerant varieties to
the negative activity of this element.

Materials and methods

9 varieties of oat (7 Polish — Akt, Polar, Kasztan, Borowiak, Bohun, Deresz, Jawor
and 2 German — Flaemingstern, Flemingsprofi) were used. At the first stage of the
experiment, germination energy of the oat varieties was defined. 100 seeds of each
variety were placed on Petri dishes (two repetitions) and left for 72 h in 4 aluminium
combinations: control (0), 75, 100 and 200 puM. In the second part Aniola’s [6]
hydroponic nutrition growth test modified by Gallego i Benito [7] was applied. The
germinated young seedlings (20 for each variety in three repetitions) were placed on the
medium using the same concentrations for aluminium.

Germination energy of oat varieties after aluminium treatment was defined. The
degree of the growth stunt for roots and shoots as well their number after 14 days of
observation was also defined. Standard deviations were taken into account.

Results and discussion

In this paper, it was shown that aluminium lessens germination of seeds
proportionally to its concentration levels. The highest germination energy was observed
in Polish varieties Borowiak and Akt, ranging from 100 to 93 % (from the lowest to the
highest aluminium concentration, accordingly) in comparison with control. However,
the German Flaemingstern variety was most sensitive to the activity of aluminium at the
germination phase in which its germination energy ranged from 88 % to 36 % in
relation with control (Fig. 1).

A different response of the chosen oat varieties to the activity of aluminium was
observed at the seedling development stage which was characterized by a differentiated
growth of roots and shoots. The toxic influence of aluminium was first observed in the
growth stunt of roots and for this reason it was basic criterion for tolerance assessment.
Aluminium caused the shortening, browning and brittleness of roots. The greatest
growth of root length in control was observed in Kasztan, Bohun and Flemingsprofi
varieties. In the case of the last variety aluminium stimulated the growth of roots at
concentration of 75 uM. Morever, the Jawor variety had a lower growth of roots in all
combinations (Fig. 2).

The roots were directly exposed to the harmful influence of aluminium and for this
reason their growth was significantly reduced in comparison with the growth of shoots.
Aluminium concentration of 200 uM in the experiment lasting 14 days proved to be the
threshold at which the first symptoms of plant death was already observed.
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Similarly as in the case roots, aluminium at concentration of 75 um stimulated the
growth of shoots in some varieties: Flemingsprofi, Bohun and Jawor. The greatest
growth of shoots in all combinations was observed in the Flemingsprofi variety. This
variety also created the highest number of roots — on average — 6, but in others around 4.
The length of shoots in the remaining varieties lessened proportionally to the growth of
aluminium concentration (Fig. 3).

On the basis of the obtained results, oat varieties tolerant to the activity of aluminium
ions were identified: Flemingsprofi and Bohun — at lowest concentration (75 uM) as
Borowiak and Akt — at higher concentrations (100 and 200 uM).

The researched oat varieties variously reacted to aluminum stress depending on the
phase of plant development. The Flaemingstern and Flemingsprofi varieties proved the
most sensitive to the toxic activity of aluminium ions at the germination stage, yet its
harmfulness at the seedling phase of those varieties was significantly lower. The
existence of similar differences among species and inbred lines of rye with regard to
salinity stress sensitivity depending on the plant development stage has been reported
by Noble [8] and Kubicka and Dec [9], eg the Secale montanum rye species was
characterized by high sensitivity at the germination phase.

According to Aniol [10] and Zawada et al [11], some species and varieties of crops
react differently to aluminium stress. It was demonstrated in the presented paper —
seedlings of oat varieties differed in their root and shoot length after aluminium
treatment.

A negative aluminium effect on the development phase was observed in the
experiment, however it was less extensive for shoots.

The selected genotypes of oat tolerant to the harmful action of aluminium may be
used in the breeding of varieties which are better adapted to acidic soils in Poland,
However sensitive varieties can be used in genetic experiments to define the inheritance
of this trait.

Reference

[1] Filipek T. and Badora A.: Zesz. Nauk. AR w Krakowie 1999, 64, 81-88.

[2] Sapek B.: Monografia. Obieg pierwiastkéw w przyrodzie, t. 2, Wyd. 10S, Warszawa 2003, 62-70

[3] Furukawa J., Yamaji N., Wang H., Mitani N., Murata Y., Sato K., Katsuhara M., Takeda K. and Ma J.F.:
Plant Cell Physiol. 2007, 48(8), 1081-1091.

[4] Filipek T.: Agrotechnika: Poradnik Rolnika 2006, 8, 6-9.

[5] Mizerski R.: Monografia. Obieg pierwiastkéw w przyrodzie, t. 3, Wyd. 10S, Warszawa 2005, 494-499.

[6] Aniot A.: Biul. Inst. Hodow. Aklimat. Rosl. 1981, 143, 15-19.

[7] Gallego F.J. and Benito C.: Theor. Appl. Gent. 1997, 95, 393-399.

(8]

8] Noble C.J.: Germination and growth of Secale montanum Guss in presence os sodium chloride. Austr. J.
Agric. 1985, 36, 385-395.

[9] Kubicka H. and Dec D.: Proceedings of the EUCARIA Rye Meeting July 4-7, 2001, Radzikéw, Poland
2001, 395.

[10] Aniot A.: Materialy 2-go Krajowego Sympozjum. 12—14 wrzesnia 1995, IHAR Radzikow 1995.
[11] Zawada M., Kubicka H. and Komar A.: Biul. Inst. Hodow. Aklimat. Rosl. 2003, 226/227(2), 325-331.



Assessment of Oat Varieties Sensitivity to the Impact of Aluminium 1261

OCENA WRAZLIWOSCI ODMIAN OWSA (Avena sativa L.)
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Abstrakt: W pracy badano wplyw glinu na kietkowanie i wzrost siewek 9 odmian owsa, w kulturach
hydroponicznych, stosujac cztery stezenia tego metalu. Wybrane odmiany owsa zréznicowanie reagowaty na
jego dziatanie. W najwyzszym stopniu glin wptywat na zahamowanie przyrostu dtugosci korzeni w st¢zeniach
100 1 200 puM, za$ nieznacznie na wzrost cz¢sci nadziemnych. Glin w stezeniu 75 pM prawie nie wptywat na
wzrost siewek badanych odmian owsa, a nawet stymulowat wzrost siewek u odmiany Flemingsprofi. Sposrod
ocenianych odmian owsa najbardziej tolerancyjne na toksyczne dziatanie glinu byly odmiany: Flemingsprofi
— W najnizszym stezeniu (75 pM) oraz Borowiak i Bohun — w wyzszych (100 i 200 pM). Uzyskane wyniki
zostang wykorzystane przy doborze odpowiednich odmian do uprawy na danym terenie.

Stowa Kkluczowe: glin, owies, odmiany, tolerancja
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Abstract: In the study the content of K, Ca, Mg and Na in the leaves of Acer platanoides L., growing in the
agglomeration of Gdynia and Gdansk, was shown and the mean ion equivalent ratios between these elements
were determined. The obtained results showed large differentiation in the amount of the elements in the leaves
of maple growing on particular sites in the urban environment. Correlation relationships between the
concentration of heavy metals in the leaves of maple show a significant influence, particularly in the case of
of Cd and Pb, on the content of determined elements in the assimilation apparatus. The results of the studies
on the trees also showed changes in mutual ion ratios of the elements in the leaves.

Keywords: elements, Acer platanoides L.

Functioning of an urban agglomeration makes the conditions of trees vegetation in
this area get worse and worse. An excessive concentration of heavy metals and
impurities in urban environment leads, among other things, to disturbances in the
element uptake by plants [1-3] and also in the ion balance [4-7]. As a result, there are
considerable changes in the content of macro- and microelements in the assimilation
apparatus [8, 9] causing mainly deficiency in elements indispensable for appropriate
course of physiological processes. [10—15]. Maple (Acer platanoides L.), a character-
istic feature of which is a wide ecological niche, belongs to the group of plants
commonly used in urban agglomerations.

The studies aimed to determine the bioaccumulation of selected macroelements (K,
Na, Ca and Mg) in the assimilation apparatus of maple (4Acer platanoides L.) growing in
the urban agglomeration of Gdansk and Gdynia and the average ion equivalent ratios
between these elements. The obtained results will make it possible to determine if the
studied physiological parameters can be used as the indicator reflecting the influence of
the urban environment on the growth of maple.
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Material and methods

The studies were carried out in the area of urban agglomeration of Gdansk and
Gdynia in 2004. In each town seven research sites were set up in the centre of the city
along the streets of high traffic volume, two in the housing estate, two in the park and
the control point at a distance of about 25 km from the city. On each research site four
representative trees of an approximate diameter at breast height (d.b.h.) of about 20 cm
were selected. From each tree two one-year shoots were selected.

Material for the analysis consisted of fully formed leaves of the first and the second
pair of a year’s gain of Acer platanoides L. Leaves for chemical determination were
collected in September at the height of about 2 metres from the southern side of the tree.
After the leaves had been washed, dried and then subjected to wet mineralization, the
content of K, Na, Ca and Mg in the leaves was determined using the atomic absorption
spectrophotometry (AAS). Their mutual ion ratios were also calculated. The obtained
results were worked out statistically, by calculating the correlation coefficient between
the amount of macro- and microelements in the tree leaves. The analysis of variance
was carried out and the significance of factors, was assessed by Tukey test at
a significance level of o = 0.05.

Results and discussion

The obtained results showed large diversity in the content of the determined elements
in the leaves of maple growing both in the agglomeration of Gdansk and in that of
Gdynia.

The statistical analysis showed a significant effect of the site location on the content
of macroelements in the tree leaves. Lowered amounts of potassium were obtained in
the leaves of maple trees growing along the streets, both in Gdansk and Gdynia. The
leaves of trees from these research sites contained within 70 % less of potassium than
the leaves from the control trees and about 60 % less of this element than the leaves of
park trees (Tables 1, 2). The uptake of potassium from the soil by the leaves of trees
growing in Szczecin is also insufficient [15]. The negative significant correlation
relationships for this macroelement were observed between the concentration of Pb, Cd,
Ni and Zn in the tree leaves from Gdynia and the amount of Pb, Cd, Ni, Zn, Cu and Fe
in the tree leaves from Gdansk (Table 3). A slight increase in the content of magnesium
was observed in the leaves of trees growing in Gdansk as compared with the control
maple trees (Tables 1, 2). There were also correlation relationships between the amount
of this macroelement in the leaves and the concentration of Pb, Cd and Zn in the leaves
of trees growing in Gdynia and Cd and Mn in the leaves of maple trees from Gdansk
(Table 3).

The amount of Cd was 46 times, Ni — 12 times, Pb and Zn — 4 times, Fe and Cu it
was 3 times higher in the leaves of maple trees growing in the centre of Gdansk than in
those from the control site [16]. Whereas the amounts of Cd and Pb recorded in the
leaves of trees growing in Gdynia on the sites along the streets with heavy traffic exceed
the upper range presented for these metals by Kabata-Pendias and Pendias [7] and
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Markert [17]. The concentration of heavy metals in the tree leaves was increased on the
sites located along the streets but their values did not exceed the upper limits for these
metals [18].

The course of variability of Ca and Na in the leaves of trees from Gdansk was
differentiated. It was shown that the content of calcium in the leaves of investigated
trees from the centre of Gdansk was lower by 7.7 g - kg’ of dry matter than that in the
control leaves (Table 1).

Table 1

The average content of elements [g - kg d.m.] in the leaves of maple in the area of Gdansk

Elements [g - kg ' d.m.]
Stand
K Na Ca Mg
ul. Kartuska Cit . 7.3 0.18 21.8 6.4
i ntr
ul. Jabloniowa v eente 9.4 0.32 19.4 5.5
ul. Bieganskiego . 14.5 0.29 273 3.8
Housing estates
ul. Dragana 13.0 0.35 20.3 4.2
Park MOSIiR Park 22.3 0.24 25.7 4.1
ar]
Park Orunski 24.1 0.22 26.9 3.7
Control stand 29.8 0.15 28.3 52
LSDg s 2.24 0.17 2.61 2.04

In Gdynia an approximate amount of calcium was observed in the leaves of the
control, park and housing estate trees (average about 23 g - kg”' d.m.). The content of
Ca in the leaves of maple trees was lower than the content determined (35 g - kg™' d.m.)
by Insley et al in the leaves of lime tree [19]. However, a slight increase in this macro-
element content was recorded in the tree leaves from the centre of the city (Table 2).

Table 2

The average content of elements [g - kg”' d.m.] in the leaves of maple in the area of Gdynia

Elements [g - kg ' d.m.]
Stand

K Na Ca Mg

ul. Morska . 9.7 0.49 259 5.8
. . City centre
ul. Kwiatkowskiego 11.3 0.23 24.4 6.1
ul. Swarzewska . 12.9 0.53 26.3 5.3
Housing estates
ul. Bosmanska 14.3 0.41 19.7 4.9
Park Rady Europy Park 25.5 0.34 22.3 43
ar]

Park na Kamiennej Gorze 23.1 0.40 24.0 39
Control stand 33.8 0.51 23.9 4.7
LSDg,0s 1.00 0.10 1.51 0.29

On the basis of the correlation coefficient a negative significant correlation
relationship was observed between the concentration of Pb, Ni, Zn, Cu and Fe and the
content of this element in the leaves of trees from Gdansk. The content of Ca in the
leaves of trees from Gdansk is in significantly correlated with the concentration of
heavy metals (Table 3).
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The leaves of the trees growing in the housing estate were marked by a higher
amount of sodium in comparison with the leaves of the remaining research sites. An
average content of this element in these leaves amounted to 0.32 g - kg_1 d.m. in Gdansk
and on average 0.47 g - kg_1 d.m. in Gdynia (Tables 1, 2). The level of sodium content
(ranging from 0.34 to 0.63 g - kg ' d.m.) was similar in the leaves of small-leaved lime
growing in the centre of Szczecin [15]. The value of correlation coefficient showed a
negative insignificant relationship between the concentration of heavy metals and the
content of this element in the leaves of studied trees from the agglomeration of Gdansk
and Gdynia (Table 3).

Correlation relationships between the content of macro- and microelements in the
leaves of maple show a significant effect of trace metals, particularly those unused in
the plant metabolism (Cd, Pb), on the chemical composition of the assimilation
apparatus. These relationships are probably connected with phenomena of synergism
and antagonism, the processes of which are slightly different in polluted soils than in
typical arable soils. The phenomenon of interaction plays a significant role because it
causes disturbances of chemical balance in plants. In the studied leaves of trees, changes
in mutual ion ratios of the defined elements were observed. In the trees growing in the
city centre these relations were considerably narrowed as compared with the control
trees (Tables 4, 5). The changes in mutual relations may cause the acceleration of some
processes and simultaneously the delay the other [7].

Table 4
Mean ion equivalent proportions in the leaves of maple growing in Gdansk
Stand ITon proportions
K: (Ca+Mg) K:Ca K: Mg K:Na Ca: Mg
ul. Kartuska 0.12 0.17 0.36 23.75 2.06
ul. Jabloniowa 0.17 0.25 0.52 17.14 2.11
ul. Bieganskiego 0.17 0.27 0.49 21.76 1.80
ul. Dragana 0.25 0.32 0.94 22.01 291
Park MOSIiR 0.35 0.44 1.68 57.00 3.79
Park Orunski 0.37 0.46 2.00 68.89 435
Control stand 0.41 0.54 1.77 108.57 3.30
Table 5
Mean ion equivalent proportions in the leaves of maple growing in Gdynia
Stand ITon proportions
K: (Ca+Mg) K:Ca K: Mg K:Na Ca: Mg
ul. Morska 0.14 0.19 0.52 9.26 2.69
ul. Kwiatkowskiego 0.17 0.24 0.57 29.01 2.39
ul. Swarzewska 0.19 0.25 0.75 14.35 3.00
ul. Bosmanska 0.27 0.38 0.30 20.55 2.39
Park Rady Europy 0.45 0.58 1.91 43.33 3.29
Park na Kamiennej Gorze 0.39 0.49 1.84 34.71 3.75
Control stand 0.55 0.73 2.23 39.54 3.05




1268 Katarzyna Malinowska

Conclusions

1. A significant impact of the site location on the amount of K, Na, Ca and Mg was
observed in the leaves of maple.

2. Ton ratios were remarkably narrowed in the trees from the city centre as compared
with the control trees.

3. A significant correlation relationship was shown between the concentration of
cadmium and lead and the content of potassium and magnesium in the leaves of the
trees investigated.
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ZAWARTOSC WYBRANYCH PIERWIASTKOW MINERALNYCH W LISCIACH DRZEW
ROSNACYCH W AGLOMERACJI MIEJSKIEJ

Zaktad Fizjologii Roslin
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: W pracy przedstawiono zawartos¢ K, Ca, Mg i Na w liSciach Acer platanoides L., rosnacego
w aglomeracji miejskiej Gdyni i Gdanska oraz okre$lono srednie rownowaznikowe proporcje jonowe migdzy
tymi pierwiastkami. Uzyskane wyniki wykazaty duze zréznicowanie w zawartosci oznaczanych pierwiastkow
w lisciach klonu rosnacego na poszczegélnych stanowiskach w srodowisku miejskim. Zaleznosci korelacyjne
migdzy koncentracja metali cigzkich w liSciach klonu wskazuja na znaczacy wplyw szczegdlnie Cd i Pb na
zawarto$¢ oznaczanych pierwiastkéw w aparacie asymilacyjnym. U badanych drzew uzyskane wyniki
wykazaly rowniez zmiany we wzajemnych proporcjach jonowych pierwiastkow w lisciach.

Stowa kluczowe: pierwiastki, Acer platanoides L.
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INFLUENCE OF BLACK LOCUST
(Robinia pseudoacacia L.) MIDFIELD SHELTERBELTS
ON THE CONTENT OF BIOAVAILABLE FORMS OF PHOSPHORUS
AND POTASSIUM IN ARABLE SOIL DEVELOPED FROM LOESS

WPLYW ZADRZEWIEN SRODPOLNYCH ROBINII AKACJOWEJ
(Robinia pseudoacacia L) NA ZAWARTOSC PRZYSWAJALNYCH FORM
FOSFORU I POTASU W GLEBIE UPRAWNEJ WYTWORZONEJ Z LESSU

Abstract: The aim of the paper was evaluation of influence of the black locust trees afforestation on loess soil
available forms content of phosphorus and potassium. Samples were collected from arable land located in the
area of the Proszowice Plateau. Investigated field was divided to 12 (2 m wide) zones in growing distance
from black locust. It was found significant influence of afforestation of trees on available potassium content.
Its content was the highest in zones located in neighborhood of afforestation. Phosphorus content showed not
so strong correlation with the distance from trees, but it was found visible higher concentration of this element
in zones distanced to 12 m from robinia.

Keywords: available elements, black locust, loess soil

Midfield shelterbelts are an element of agricultural landscape created by man. They
can be remains of forest vegetation, a result of spontaneous colonization by arborescent
vegetation and bushes or an effect of plantings [1].

Shelterbelts are treated as a forest substitute, which ought to be commonly used in
the areas where, due to good quality of soils, afforestation should be discouraged.
Planting shelterbelts is treated as an equivalent to afforestation factor of protection and
use of the environmental space.

In our climatic zone shelterbelts are an element of landscape weakening the effect of
destabilizing factors [2]. Midfield shelterbelts, in agricultural landscape composed of
false acacia or other species, under specific conditions of relief may function as barrier
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ecosystems, which owing to their high sorption capacity resulting from the presence of
litter and nutrient uptake by growing trees, are a buffer for biogenic elements [3].

There is no detailed data on the influence of midfield shelterbelts on soil
environment, particularly the ploughlands adjoining the shelterbelts. An interesting
object of investigations are midfield shelterbelts composed of black locust (Robinia
pseudoacacia L.), the plant from the papilionaceous family, whose presence causes an
increase in nitrogen content in soil [4, 5]. The influence of robinia on the contents of
other elements in arable soils has not been investigated so far. Therefore, the presented
work aimed at determining the effect of black locust on the content of bioavailable
forms of potassium and phosphorus in arable soil formed from loess adjoining the
robinia shelterbelts and establishing the range of its influence.

Material and methods

A microplot situated in Krolewice village on the Proszowice Plateau was selected for
the research. The microplot was delineated in an arable field in the vicinity of midfield
shelterbelts composed of false acacia plantings. The trees forming the shelterbelt are
between 20 and 30 year old, the stripe of the shelterbelt is narrow, about 2—3 m in width,
the trees are about 8—10 m high with crown width about 6-8 m. The selected arable field
is flat, which excludes a potential effect of surface wash and runoffs on soil properties.

An area of 20 m x 24 m was marked out on the microplot and further divided into
rectangular surfaces of 2 m x 4m. In this way 12 zones were identified (in five
replications) at increasing distance from the black locust. Collective soil samples were
taken from the depth of 0-20 cm using Egner’s stick. The samples were collected in the
early-spring season, before fertilization was applied to the fields.

In 60 collective samples collected in this way the content of bioavailable potassium
and phosphorus forms were assessed using the Egner-Riehm method.

Spatial maps of bioavailable component content in the soil were created using Surfer
8.0 programme. Statistical analysis of results was conducted using Tukey test (at the
significance level 0.05) in Statistica 6.0 programme.

The soil cover of the microplot consists of typical brown soil formed from loess,
which is a dominant type of soil on the Proszowice Plateau. Brown soils, like soils
lessivés, are considered an optimal site for black locust [4].

Results

The highest concentrations of bioavailable phosphorus were assessed in the samples
collected in zones located between 22 m and 24 m from the robinia shelterbelts (Fig. 1).
Elevated content of the element in some samples collected from the zones situated at
between 2 and 12 m from the shelterbelts is visible on the presented spatial map of
bioavailable phosphorus content (Fig. 2). Mean content of bioavailable phosphorus in
these zones ranges from 52.6 to 57.3 mg - kg™'. The lowest phosphorus concentration
was assessed in the zone immediately adjoining the shelterbelts (42.3 mg - kg '). The
highest phosphorus content in the zones at 20-22 and 22-24 m is most probably
connected not with the shelterbelt effect but with some soil variability.
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Fig. 1. Available phosphorus and potassium content in particular zones

Statistical analysis revealed significant differences in phosphorus content between
the zones in which the content of the analyzed element was the lowest (zones 0-2,

12-14 and 18-20 m) and the highest (zones 20-22 and 22-24 m) (Table 1)

. The

significance level of differences between the other zones was higher than 0.05, which

denotes a lack of statistical dependence.

Table 1

Significance level of differences between average phosphorus content in soils of particular zones
distanced from black locust trees (differences are statistically significant if significant level < 0.05)

Z[zl]e 02 | 24 | 46 | 68 | 810 [10-12|12-14 | 14-16 | 16-18 | 18-20 | 20-22 | 22-24
0-2 092 | 0.69 | 1.00 | 0.81 | 026 | 003 | 026 | .01 | .01 | 021 | 0.12
24 | 092 1.00 | 1.00 | 1.00 | 0.99 | 0.62 | 0.99 | 0.05 | 0.01 | 098 | 092
46 | 069 | 1.00 0.94 | 1.00 | 1.00 | 0.88 | 1.00 | 0.15 | 0.05 | 1.00 | 0.99
6-8 | 1.00 | 1.00 | 0.94 0.98 | 0.58 | 0.11 | 059 | .01 | .01 | 051 | 033
§-10| 0.81 | 1.00 | 1.00 | 098 1.00 | 0.79 | 1.00 | 0.09 | 0.03 | 1.00 | 098
10-12| 026 | 099 | 1.00 | 0.58 | 1.00 1.00 | 1.00 | 0.50 | 0.22 | 1.00 | 1.00
12-14| 0.03 | 0.62 | 088 | 0.11 | 0.79 | 1.00 1.00 | 097 | 0.80 | 1.00 | 1.00
14-16 | 026 | 099 | 1.00 | 059 | 1.00 | 1.00 | 1.00 049 | 022 | 1.00 | 1.00
16-18 | .01 | 0.05 | 0.15 | .01 | 0.09 | 0.50 | 0.97 | 0.49 100 | 057 | 0.75
1820 | .01 | 001 | 0.05 | .01 | 0.03 | 022 | 0.80 | 022 | 1.00 027 | 0.44
2022 | 021 | 098 | 1.00 | 0.51 | 1.00 | 1.00 | 1.00 | 1.00 | 0.57 | 027 1.00
2224 0.2 | 092 | 099 | 033 | 098 | 1.00 | 1.00 | 1.00 | 0.75 | 044 | 1.00
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Zone [m]

Fig. 2. Spatial distribution of available phosphorus (above) and potassium (below) content [mg - kg™'] in
dependence to black locust trees distance

The content of bioavailable potassium was adversely proportional to the distance
from the robinia shelterbelts. The highest mean content of this element (168.1 mg - kg ™)
was assessed in the samples collected from the 0-2 m zone, ie the one situated in the
immediate vicinity of the shelterbelts (Fig. 2). Elevated content of this element was
noted in the samples from the zones distanced 12 m from the trees. Mean content of the
element declines with the distance from the shelterbelts. The lowest concentration was
registered in the 18-20 and 22-24 m zones.

Table 2

Significance level of differences between average potassium content in soils of particular zones
distanced from black locust trees (differences are statistically significant if significant level < 0.05)

Z[f;‘]e 02 | 24 | 46 | 68 | 810 [10-12|12-14 | 14-16 | 16-18 | 18-20 | 20-22 | 22-24
0-2 0.14 | 0.18 | 0.10 | 024 | 0.57 | 1.00 | 0.65 | 0.96 | 1.00 | 0.03 | 0.01
24 | 014 1.00 | 1.00 | 1.00 | 1.00 | 035 | 1.00 | 0.90 | 0.17 | 1.00 | 0.99
4-6 | 018 | 100 1.00 | 1.00 | 1.00 | 042 | 1.00 | 094 | 022 | 1.00 | 0.98
6-8 | 0.10 | 1.00 | 1.00 1.00 | 1.00 | 027 | 099 | 0.83 | 0.12 | 1.00 | 1.00
8-10 | 024 | 1.00 | 1.00 | 1.00 1.00 | 052 | 1.00 | 097 | 029 | 1.00 | 0.9
10-12| 0.57 | 1.00 | 1.00 | 1.00 | 1.00 0.86 | 1.00 | 1.00 | 0.64 | 0.96 | 0.74
12-14 | 1.00 | 035 | 042 | 027 | 0.52 | 0.86 091 | 1.00 | 1.00 | 0.11 | 0.03
14-16 | 0.65 | 1.00 | 1.00 | 0.99 | 1.00 | 1.00 | 091 100 | 0.72 | 093 | 0.66
16-18 | 0.96 | 0.90 | 0.94 | 0.83 | 0.97 | 1.00 | 1.00 | 1.00 0.98 | 0.57 | 0.25
1820 | 1.00 | 0.17 | 0.22 | 0.12 | 029 | 0.64 | 1.00 | 0.72 | 098 0.04 | 0.01
2022 0.03 | 1.00 | 1.00 | 1.00 | 1.00 | 0.96 | 0.1 | 0.93 | 0.57 | 0.04 1.00
2224 0.01 | 099 | 0.98 | 1.00 | 0.96 | 0.74 | 0.03 | 0.66 | 025 | 0.01 | 1.00




Influence of Black Locust (Robinia pseudoacacia L.) Midfield Shelterbelts... 1273

The map of spatial distribution of abundance in bioavailable potassium reveals an
increased content of the studied element in the zones close to the robinia trees.

On the basis of conducted Tukey test statistically significant differences were
revealed between mean content of bioavailable potassium in the zones situated at the
distance of 0—10 m from the shelterbelts and in the zones 16-20 m far from the trees,
where this element concentrations were the lowest (Table 2).

Discussion

Research on the effect of black locust on soil focuses mainly on forest habitats. The
investigations on robinia role in shaping the properties of forest soils demonstrated
a positive effect of this plant on improvement of hydrophysical conditions in light soils,
which is connected with increasing their concentrations of organic matter [6]. The
Authors obtained similar results concerning robinia effect on increasing organic carbon
and total nitrogen content in loess arable soil [7]. Especially elevated level of N content
is visible in soil samples taken from the zones situated 12 m from the black locust.
Increasing nitrogen content in soil is connected with symbiosis of these trees with
nodule bacteria (Rhizobium, Bacillus radicola) fixing nitrogen from the atmosphere
[4, 8].

According to von Holle et al [9] the presence of black locust trees on forest sites also
leads to an increase in phosphorus and potassium content in the topsoil.

Presented investigations corroborate this thesis also for arable soils adjoining the
robinia shelterbelts. Soil samples collected from the zones localized close to robinia
were characterized by an elevated content of bioavailable phosphorus in comparison
with more distanced zones. The content of bioavailable phosphorus and potassium was
markedly increased in the zones located between 2 and 12 m from the robinia. The
range of robinia trees influence on arable soil properties is connected with the tree
height, which in turn affects the distance to which leaves, pods and branches, which are
the source of raised element content in soil, are carried [10].

Higher concentrations of bioavailable components in the soils adjoining the shelter-
belts should be taken into consideration when planning fertilization regime on such
fields. Diversification of fertilization on the fields with considerable variability with
respect to their chemical composition complies with the rules of so called precision
agriculture [11].

Conclusions

1. Statistically significant effect of black locust shelterbelts on the content of
bioavailable potassium was found; its highest content was assessed in the zones situated
in the immediate vicinity of the robinia trees. Elevated content of this element was
determined in the samples collected in the zones located 12 m from the trees.

2. No such obvious dependence was determined for bioavailable phosphorus,
however this element content was markedly elevated in some soil samples collected
from the zones situated between 2 m and 12 m from the shelterbelts.
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3. Higher contents of bioavailable components in arable soils adjoining the plantings
should be considered at the application of fertilization.

Acknowledgement

The work has been financed by Ministry of Sciences and Higher Education in the frame of research project
No. N N3104352 33.

References

[1] Zadrzewienia $rodpolne. La Haie.: Tlumaczenie z j. francuskiego, Fundacja Greek Park, Warszawa
1994, 131 p.

[2] Zajaczkowski K.: [in:] Znaczenie zadrzewien w krajobrazie rolniczym oraz aktualne problemy ich
rozwoju w przyrodniczo-gospodarczych warunkach Polski. Wydz. Ochr. Srodow., Urzad Wojewédzki,
Plock 1997, 111-117.

[3] Pokojska U.: Rocz. Glebozn. 1988, 39(1), 51-61.

[4] Pacyniak C.: Rozprawa habilitacyjna. Wyd. AR, Poznan 1981, 85 p.

[5] Danso S.K.A., Zapata F. and Awonaike K.O.: Soil Biol. Biochem. 1995, 27(4-5), 415-419.

[6] Zhang D., Zhai M., Jia L. and Lin P.: Ying Yong Sheng Tai Xue Bao (J. Appl. Ecol.) 2002, 13(8),

971-974.

[7] Mazurek R.: [in:] Biotechnology 2006, Plant biotechnology, Scientific Pedagogical Publishing,
University of South Bohemia, Ceské Budg&ovice 2006, 670-672.

[8] McCray Batzli J., Grave W.R. and van Berkum P.: Appl. Environ. Microbiol. 1992, 58(7), 2137-2143.

[9] von Holle B., Joseph K.A., Larga E.F. and Lohnes R.G.: Biodivers. Conserv. 2006, 15, 2197-2215.

[10] Dziadowiec H.: Humic Subst. Environ. 1997, 1(97), 93-98.

[11] Usowicz B., Hajnos M., Sokotowska Z., Jozefaciuk G., Bowanko G., Kossowski J. and Usowicz J.:

Rocz. Glebozn. 2004, 55(1), 237-247.

5
6

WPLYW ZADRZEWIEN SRODPOLNYCH ROBINII AKACJOWEJ (Robinia pseudoacacia 1.)
NA ZAWARTOSC PRZYSWAJALNYCH FORM FOSFORU I POTASU
W GLEBIE UPRAWNEJ WYTWORZONEJ Z LESSU

Katedra Gleboznawstwa i Ochrony Gleb
Uniwersytet Rolniczy im. Hugona Kottataja w Krakowie

Abstrakt: Celem pracy byto okreslenie wptywu zadrzewien robinii akacjowej na zawarto$¢ przyswajalnych
form potasu i fosforu w uprawnej glebie lessowej. Na podstawie oznaczen laboratoryjnych i analizy
statystycznej wynikéw stwierdzono statystycznie istotny wptyw zadrzewien robinii na zawarto$¢ przy-
swajalnego potasu; jego najwigkszg zawarto$¢ oznaczono w strefach potozonych w bezposrednim sasiedztwie
drzew robinii. Podwyzszona zawarto$¢ tego sktadnika wystepuje w probkach pobranych ze stref oddalonych
do 12 m od drzew. W przypadku przyswajalnego fosforu nie stwierdzono tak wyraznej zaleznosci, jednak
zawartos¢ tego sktadnika byta wyraznie zwigkszona w probkach glebowych pobranych ze stref odlegtych od
2 do 12 m od zadrzewien.

Stowa kluczowe: skiadniki przyswajalne, robinia akacjowa, gleba lessowa
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EFFECT OF NUTRITION WITH MAGNESIUM
IN VARIOUS MOISTURE CONDITIONS OF SOIL
ON THE DYNAMICS OF ELONGATION GROWTH

OF MEDICAL SAGE (Salvia officinalis L.)

WPLYW DOGLEBOWEGO ZYWIENIA MAGNEZEM
W ZROZNICOWANYCH WARUNKACH WILGOTNOSCIOWYCH GLEBY
NA DYNAMIKE WZROSTU ELONGACYJNEGO
SZALWII LEKARSKIEJ (Salvia officinalis L.)

Abstract: The aim of the studies was to determine the effect of nutrition of the soil with magnesium in
differentiated soil moisture conditions on the dynamics of the elongation growth of medical sage. The first
factor of the two year pot experiment was the level of the nutrition with magnesium (0; 0.30; 0.90 g of Mg per
pot), the other factor was the level of soil moisture (30 and 60 % of full water volume). Large usefulness of
the logistic function for the description of the elongation growth of Salvia officinalis L. was statistically
confirmed.

Keywords: medical sage, magnesium, soil moisture, elongation growth, logistic function

Medical sage belongs to herb plants of relatively large significance. The measure of
intensity of plants physiological processes is, among other things, their elongation
growth. The most natural measure of plants growth are the changes in their height. The
elongation growth is most often presented graphically in a form of curves which are
plots of some mathematical functions. To describe the growth of medical sage,
a continuous sigmoidal logistic function, common in biometry, was used [1]. A basic
factor affecting growth of plants is balanced mineral nutrition. It is estimated that about
60 % of arable land in Poland is characterised by a small amount of available
magnesium and therefore mineral nutrition of plants with this element becomes more
and more significant [2-5].

! Department of Plants Physiology, West Pomeranian University of Technology in Szczecin, ul. J. Sto-
wackiego 17, 71-434 Szczecin, Poland, phone: 91 449 63 85, email: malgorzata.mikiciuk@zut.edu.pl

2 Department of Agronomy, West Pomeranian University of Technology in Szczecin, ul. J. Stowackiego
17, 71-434 Szczecin, Poland, phone: 91 449 22 92, email: andrzej.gregorczyk@zut.edu.pl
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The aim of the study was to determine the effect of in-soil nutrition with magnesium
in various moisture conditions on the dynamics of elongation growth of medical sage.
Usefulness of the logistic function for the description of this plant was also assessed.

Material and methods

A two year pot experiment (Mitcherlich pots) were carried out in the vegetation hall
(greenhouse) of University of Agriculture in Szczecin. A method of complete
randomization in the two factor system was used in ten replications, where: the 1st
factor — the level of nutrition with magnesium (Mg0, Mgl, Mg2), the 2nd factor — the
level of soil moisture content (30 % and 60 % of full water volume).

The medium for plants consisted of the soil material taken from the arable humus
level of a post-cultivated soil of 6th quality class and its mechanical composition was
light loamy silty sand.

The same doses of indispensable macro- and microelements, except magnesium,
were used. The doses of magnesium in a form of MgSO, - 7H,O were differentiated in
the following way: Mg0 — 0 g Mg per pot, Mgl — 0.30 g Mg per pot, Mg2 — 0.90 g Mg
per pot. Doses of the remaining mineral elements per pot were: N — 1.0 g in a form of
NH4NO;, K — 1.66 g in a form of K,SO4 and KC1 (1:1), P — 0.44 g in a form of
NaH,PO,, Ca — 0.36 g in a form of CaCOj, a solution of microelements according to
Hoagland — 5 ecm®, a solution of 1 % FeCl; — 5 cm’. In the course of filling the pots,
current moisture and full water volume were annually determined. During the whole
period of plants vegetation, the soil moisture was maintained at the level of 30 or 60 %
of full water volume, depending on the combination of the experiment, using
a gravimetric method [6].

In order to determine the dynamics of elongation growth in both vegetation seasons,
the height of six (from each combination of the experiment) randomly selected plants
(always the same) was measured every seven days since the moment the thinning of
plants in the pots was made.

To describe the growth process, a logistic function was used:

h max

h=_ - max
1+b-exp(—kt)

where: h — height of plants,
hnx — maximum height of plants,
t — vegetation time,
b, k — coefficients.

Coefficients of the logistic model were estimated using a method of the smallest
squares after linearization of a function by means of logarithmic transformation [7, 8]:

In [(hye/h) — 1] = In b — kt
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Additionally, other parameters of the logistic function were calculated, ie initial
value hy, coordinates of the inflexion point (t;, h;) and characteristic of this point
maximum growth rate (dh/dt),,,..

These calculations were made on the basis of the following formulae
hy = hya/(1 + b): t; = (In b)k; h; = 0.5h,,,,; (dh/dt) . = 0.25 kh,,.

Using an analytical form of the logistic function, curves showing the elongation
growth of plants h = h(t) were plotted for each combination of the experiment during the
Ist and the 2nd year of the studies (Fig. 1). In order to compare the degree of the fitting
of theoretical curves to the experimental data, values of determination coefficient R’
were calculated.
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Fig. 1. Growth curves of medical sage plants from combinations of the experiment

Results and the discussion

Parameters of the logistic function for individual combinations of the experiment are
shown in Table 3. The determination coefficient R ranges from 0.931 to 0.994. The
data in Table 3 show that the logistic function describes sufficiently enough the actual
course of the elongation growth of medical sage. This is reflected in the values of
determination coefficients R, very close to one. Similar results of the studies were also
obtained by Gregorczyk [9]. He confirmed usefulness of the logistic function for
mathematical modelling of the elongation growth of herb plants.

During the first year of the studies, intensive growth of plants lasted from the 8th to
the 20th day of vegetation (counting from the thinning of the plants in the pots)
depending on the combination of the experiment; at this time the curve of absolute
growth is at the point of inflexion. The earliest, ie on the 8th day of vegetation,
maximum growth rate was observed in medical sage in the combination of Mgl 30 % of
full water volume, whereas the latest (ie on the 20th day of vegetation), in plants in the
combination of Mg2 60 % of full water volume. During the second year of the studies
the growth curve of sage plants reached the point of inflexion later than in the first year.
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Table 1

Kinetics of the elongation growth of medical sage plants from individual combinations
of the experiment (the averages of the measurements of 6 plants) 1st year of the experiment

Day Height of plants [cm]
Measurement .
of vegetation® Mg0 30 % | Mgl 30 % | Mg2 30 % | Mg0 60 % | Mgl 60 % | Mg2 60 %
1 1 4.0 6.0 5.0 6.0 6.0 6.0
2 8 7.0 9.0 7.0 8.0 7.0 7.0
3 15 8.0 10.0 9.0 10.5 9.0 9.0
4 22 9.0 12.0 10.0 13.0 10.0 10.5
5 29 10.0 12.5 11.0 14.0 12.0 12.0
6 36 11.0 13.0 12.0 15.0 12.5 13.5
7 43 11.5 13.5 12.5 16.0 13.0 14.5
8 50 13.0 14.0 13.0 16.5 15.0 16.0
9 57 135 15.0 13.5 18.0 16.0 17.5
10 64 15.0 17.0 16.0 20.0 18.5 20.0

* From the day of thinning the plants in pots.

Table 2

Kinetics of the elongation growth of medical sage plants from individual combinations
of the experiment (the averages of the measurements of 6 plants) 2nd year of the experiment

Day Height of plants [cm]
Measurement .
of vegetation* Mg0 30 % | Mgl 30 % | Mg2 30 % | Mg0 60 % | Mgl 60 % | Mg2 60 %
1 1 2.0 2.0 2.5 2.0 2.0 2.0
2 8 4.0 3.0 4.0 3.5 4.0 4.0
3 15 6.0 4.0 6.0 5.0 5.5 6.0
4 22 8.5 6.5 9.0 8.0 8.5 10.0
5 29 10.0 8.0 10.0 10.0 11.0 11.5
6 36 12.0 10.0 12.0 11.5 14.0 14.0
7 43 14.0 13.0 14.0 14.0 16.0 16.0
8 50 16.0 14.0 16.0 15.0 18.0 18.0
9 57 17.0 16.0 17.0 16.5 20.0 19.0
10 64 18.0 17.0 18.0 18.5 21.0 21.0

* From the day of thinning the plants in pots.

The earliest, ie on the 24th day of vegetation, appearance of the maximum growth
rate was observed in sage plants in the combination of Mg2 30 % of full water volume,
whereas the latest appearance of that rate occurred on the 28th day in sage in the
combination of Mgl 30 % of full water volume and in Mg0 60 % of full water volume.
The maximum value of the growth rate of sage plants during the first year of the studies
ranged from 0.17 cm - day ' (combination of Mgl 30 % of full water volume and
Mg2 30 % of full water volume) to 0.25 cm - day ' (combination of Mg0 60 % of full
water volume) — Table 3. During the second year almost two times larger maximum
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daily increases were recorded in plants in all combinations of the experiment. The
largest daily maximum growth ((dh/dt),,,,.= 0.45 cm - day_l) was characteristic of the
plants in the combination of Mgl 60 % of full water volume, whereas the smallest
(034 cm - day_l) was recorded in plants in the combination of Mgl 30 % of full water
volume and in Mg0 60 % of full water volume) — Table 3. From the 8th to the 20th day
of vegetation during the first year of the studies and from the 24th to the 28th day
during the second year (the end of the intensive growth stage) the growth rate of sage
decreased gently. In both years of studies S. officinalis L. reached a similar maximum
height, ranging from 15 cm (combination of Mg0 30 % full water volume — 1st year of
studies) to 21cm (combination of Mgl 60 % of full water volume — 2nd year of studies)
(Table 3). The observed final height of sage corresponds to the data found in literature
[10, 11]. It should be mentioned that sage plants growing on a soil with moisture of
60 % of full water volume reached a larger maximum height in both years of studies
than those growing on a soil with moisture of 30 % of full water volume. The difference
in a mean height of plants in successive years amounted to 3.5 and 2.5 cm, respectively.
Analyzing the elongation growth of sage in both years of studies, no significant
differences were observed in its dynamics in plants to which various doses of
magnesium were applied. On the whole, it can be said that the course of the elongation
growth of S. officinalis L. was typical, ie sigmoidal. From the curves of the growth three
characteristic stages can be distinguished: initial slow growth, the stage of maximum
growth and final slow growth.

Conclusions

1. The elongation growth of medical sage was typical ie sigmoidal, independently of
the experimental combination studied.

2. No significant differences were observed in the dynamics of the elongation growth
in sage fed with differentiated doses of magnesium.

3. Large usefulness of the logistic function for the description of the growth of the
researched plants was confirmed.
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WPLYW DOGLEBOWEGO ZYWIENIA MAGNEZEM
W ZROZNICOWANYCH WARUNKACH WILGOTNOSCIOWYCH GLEBY
NA DYNAMIKE WZROSTU ELONGACYJNEGO SZALWII LEKARSKIEJ (Salvia officinalis L.)

' Zaktad Fizjologii Roslin
* Zaktad Agronomii
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: Celem pracy bylo okreslenie wpltywu doglebowego zywienia magnezem, w zréznicowanych
warunkach wilgotnosciowych gleby na dynamike wzrostu elongacyjnego szatwii lekarskiej. Pierwszym
czynnikiem doswiadczalnym byt poziom zywienia magnezem (0; 0,30 i 0,90 g na wazon), drugim — poziom
uwilgotnienia gleby (30 i 60 % pelnej pojemnosci wodnej). Statystycznie potwierdzono duza przydatnos$é
funkcji logistycznej do opisu wzrostu elongacyjnego badanej rosliny. Wzrost Salvia officinalis L., w obu
latach badan, niezaleznie od kombinacji do§wiadczenia miat typowy, sigmoidalny przebieg. Nie stwierdzono
réznic w dynamice wzrostu elongacyjnego szatwii zywionej zréznicowanymi dawkami magnezu.

Slowa Kkluczowe: szalwia lekarska, magnez, wilgotnos¢ gleby, wzrost elongacyjny, funkcja logistyczna
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PHYSIOLOGICAL RESPONSE OF STRAWBERRY
(Fragaria ananassa Duch.) TO FOLIAR APPLICATION
OF POTASSIUM AND SILICON FERTILIZER

REAKCJA FIZJOLOGICZNA TRUSKAWKI (Fragaria ananassa Duch.)
NA DOLISTNE NAWOZENIE POTASOWO-KRZEMOWE

Abstract: The aim of the performed studies was to assess the physiological reaction of two cultivars of straw-
berry to foliar application of potassium-silicon fertilizer. In 2005-2006 at the Experimental station of Orchard
Department, University of Agriculture in Szczecin in Rajkowo (a locality near Szczecin), a two-factor vegeta-
tion experiment in the system of random blocks was carried out in three replications. The experimental factor
was foliar application of potassium Alkaline with silicon (variant I — with fertilization, variant II — control,
spraying with distilled water). Strawberry Senga—Sengana c.v. was chosen as biological material for the stud-
ies. The following gas exchange parameters of the investigated variety were determined: assimilation rate of
CO,, transpiration rate, index of water use efficiency in the photosynthesis.

Keywords: Fragaria ananassa Duch., potassium alkaline with silicon, assimilation, transpiration

Poland belongs to the leading strawberry growers. Along with growing popularity of
the cultivation of these plants, the demand for their quality also increases. The quantity
and quality of the yield are, to a large extent, determined by an appropriate supply of
nutritive components and water to the plants. Foliar nutrition, being supplementation of
traditional fertilization, is more and more often applied to strawberry growing. This way
of supplying these elements to a plant may then result in obtaining stable yields of high
quality [1].

The applied potassium Alkalin with silicon is a source of potassium and silicon, it is
characterized by an alkaline reaction that has a favourable influence on limiting mainly
fungous diseases. Productivity of plants is mainly dependent on their photosynthetic ac-
tivity. The intensity of physiological processes in plants is mainly determined by genetic
properties, but it can be modified by such factors as temperature and light intensity,

! Department of Horticulture, West Pomeranian University of Technology in Szczecin, ul. J. Stowackiego
17, 71-434 Szczecin, Poland, email: grzegorz.mikiciuk@zut.edu.pl

? Chair of Plant Physiology, West Pomeranian University of Technology in Szczecin, ul. J. Stowackiego
17, 71-424 Szczecin, Poland, email: malgorzata.mikiciuk@zut.edu.pl
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availability of mineral components and the supply of water [2—5]. Potassium is an indis-
pensable element directly affecting water management of plants. It affects the size and
firmness of strawberry fruit. Whereas silicon, despite the fact that it does not belong to
the group of indispensable elements, according to some authors, has a favourable effect
on plant health, stable ion balance, biomass production and transpiration rate limitation.
In plants this element is found in the cells of epidermis, sclerenchyma, mesophyll and
xyleme, mainly in the cell walls [6, 7]. It is believed that the potassium silicon Alkalin
increases the synthesis of salicylic acid, a growth substance released as a result of the
effect of stress factors.

The objective of the studies was the assessment of physiological activity of straw-
berry variety Sanga—Sengana under the influence of foliar application of potassium
alkaline with silicon.

Material and methods

In 2005-2006, at the Experimental station of Orchard Department, University of Ag-
riculture in Szczecin in Rajkowo (a locality near Szczecin), a two-factor vegetation ex-
periment in the system of random blocks was carried out in three replications. 20 plants
were included in one replication. The first experimental factor was foliar application of
potassium Alkaline with silicon (variant I — with fertilization, variant II — control, spray-
ing with distilled water); the second factor (II) was the date of measurement of the
physiological features examined. Strawberry Senga—Sengana c.v. was chosen as bio-
logical material for the studies. The experiment was carried out on strawberries planted
in 2005 on beds covered with a polyethylene white sheet at a spacing of 0.2 m X 1 m, on
the grey-brown podsolic soil of talus origin. For the irrigation of the plantation a drip
T-line mounted under the polyethylene sheet was used. Irrigation needs were deter-
mined by means of a soil contact tensiometer. Potassium Alkaline with silicon (43 g of
N-NH,, 360 g K,O and 15 g of SiO, - dm™?), was used in the form of foliar spraying
with a solution of 1 % concentration, at two dates: at the beginning of April (first
decade of May) and directly after flowering of plants (first decade of June).

The studies included the measurements of assimilation rate of CO, in the leaves (A)
and transpiration rate (E). The measurements were taken at three dates: in the third
decade of May (1st date), 3rd decade of June (2nd date) and 3rd decade of July (3rd
date). Parameters of gas exchange were measured using a portable IRGA analyzer, an
LCA-4 model (ADC Bioscentific LTD. Hoddeson, Great Britain), equipped with
a PLC-4 leaf chamber, at constant lighting by a halogene lamp (Xenophot HLX,
OSRAM) — 1000 pmol - m™ - s™' PAR on the leaf surface. On the basis of the obtained
results of assimilation and transpiration rates, the photosynthetic efficiency of water use
(ow) was calculated and it was assessed by the A:E ratio.

For the comparison of the experimental objects, a two-factor ANOVA was used. In
order to determine the differences between means and for the interaction, semi-intervals
of Tukey confidence at a level of o = 0.05, were calculated. For the sake of homogene-
ity of variance of error, a synthesis of the results of two years’ studies was carried out
[8]. Coefficients of linear correlation between assimilation and transpiration rates were
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also computed. When the coefficient of linear correlation between variables was signifi-
cant at the level of a = 0.05, the relationship was presented in the diagrams.

Results and the discussion

Leaves of strawberry fertilized with potassium Alkaline and the control leaves were
characterised by approximate rate of CO, assimilation. Whereas a significant effect of
the date of measurement on the rate of this physiological process was shown, for the
highest rate of assimilation (1.91 pmol - m - s') was observed at the first date of the
measurement (2.08 pmol - m?- s_l) (Table 1). Some authors report that plants which
take larger amounts of silicon are characterised by a smaller coefficient of transpiration.
According to Brogowski [9] rice fertilized with this component shows lower transpira-
tion by 12 to 15 %, wheat by about 10 %. The applied fertilization with potassium Alka-
lin and silicon did not modify significantly the intensity of the transpiration process in
the strawberry variety studied, whereas a significant decrease in the intensity of this
process was observed at successive dates of the measurement, both in the plants fertil-
ized and in the control variant. The rate of transpiration at the third date (3rd decade of
July) was by 23 % lower than at the first date (3rd decade of May) (Table 1).

Table 1
Intensity of CO, assimilation (umol - m? - s'), transpiration (mmol - m? - s™')
and water use photosyntetic efficiency (mmol - m™? - s') Fragaria ananassa Duch.
Time
Mean II
I I 11

Assimilation (A)
Control 1.745 ab* 0.758 ab 0.500 a 1.001 a
Fertilization 2.083 b 0.683 a 0.553 a 1.107 a
Mean | 1.914b 0.7208 a 0.527 a

Transpiration (E)
Control 0.515 be 0.403 abc 0.197 ab 0.372a
Fertilization 0.678 ¢ 0.338 abc 0.085a 0.367a
Mean | 0.597 ¢ 0.370 b 0.141 a

Water use photosyntetic efficiency (o)

Control 292a 1.88a 5.67 ab 349a
Fertilization 236a 345a 9.52b 511a
Mean [ 2.64a 2.66 a 7.59b

* Averages denoted with the same letters do not differ significantly at the level of significance o = 0.05.

An important indicator of plant productivity is the photosynthesis of water use ef-
ficiency (®w) [10-12]. The results presented in the table show that despite the fact that
no statistically significant differences were observed in the strawberry variety studied,
larger efficiency of gas exchange (5.11) was characteristic of the plants fertilized with
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potassium Alkalin. Photosynthetic efficiency of water use shown at the third date of
measurement, was twice as large in comparison with the remaining two. A high value of
this parameter at the third date resulted first of all from a low rate of transpiration.

On the basis of the results of the gas exchange parameters, an analysis of straight-line
correlation between assimilation (A) and transpiration (E) was performed — Table 2,
Fig. 1.

Table 2

Equations of linear regression and values of coefficients of correlation between the parameters of the
parameters of the gaseous exchange of Fragaria ananassa Duch.

Chz}rya)cter Chz};zi)cter Time Regression equation Correlation coefficients (r)
Control

I y=-1.103 +5.530 - x 0.96**

A E II y=-0.019+1.928 - x 0.84*
11 — 0.73

Fertilization

1 y=-0.726 + 4.142 - x 0.99%**

A E II — 0.34
111 y=0.434+1398 - x 0.96**

The analysis of correlation coefficients showed a significant positive relationship
between assimilation and transpiration in strawberry at the first date of measurement,
both in the plants fertilized with Alkalin and in the control variant. The correlation co-
efficient (r) was in these cases very high, close to the unity, and it amounted to 0.99 and
0.96, respectively. In the fertilized plants, a significant positive correlation between
discussed parameters of gas exchange was also recorded at the third date of measure-
ments (coefficient r — 0.96), while in the control variant such relationship was observed
at the second date. In the other cases coefficients were insignificant.

Conclusions

1. The applied fertilization with potassium Alkalin and silicone did not modify in
a significant way the processes of CO, assimilation and transpiration rates in the straw-
berry variety studied.

2. The highest rates of assimilation and transpiration in strawberry were recorded at
the first date of measurement (3rd decade of May).

3. The highest photosynthetic efficiency of water use was characteristic of the in-
vestigated strawberry variety at the third date of measurement (3rd decade of July).

4. In the plants fertilized with potassium Alkalin and silicon, a significant positive
correlation was observed between assimilation and transpiration at the third date of
measurement.
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REAKCJA FIZJOLOGICZNA TRUSKAWKI (Fragaria ananassa Duch.)
NA DOLISTNE NAWOZENIE POTASOWO-KRZEMOWE

! Katedra Ogrodnictwa
% Zaktad Fizjologii Roslin
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: Celem przeprowadzonych badan byla ocena reakcji fizjologicznej dwoch odmian truskawki na
dolistne zywienie nawozem potasowo-krzemowym. W latach 2005-2006 w Stacji Doswiadczalnej Katedry
Sadownictwa Akademii Rolniczej w Szczecinie w miejscowosci Rajkowo koto Szczecina, przeprowadzono
dwuczynnikowe doswiadczenie wegetacyjne, w uktadzie blokéw losowanych, w trzech powtdrzeniach. Czyn-
nik doswiadczalny stanowito nawozenie dolistne alkalinem potasowym z krzemem (wariant I — z na-
wozeniem, wariant II — kontrola, oprysk woda destylowana). Biologiczny materiat badan stanowila odmiana
truskawki: Senga—Sengana. Oznaczono parametry wymiany gazowej badanej odmiany truskawki: inten-
sywnos¢ asymilacji CO,, natgzenie transpiracji, wskaznik efektywnosci wykorzystania wody w fotosyntezie.

Stowa Kkluczowe: Fragaria ananassa Duch., alkalin potasowy z krzemem, asymilacja, transpiracja
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EFFECT OF THE DIVERSE CONCENTRATION
OF SODIUM CHLORIDE IN THE MEDIUM
ON THE CONTENT OF ASSIMILATION PIGMENTS
AND THE BIOMETRIC FEATURES OF BASKET WILLOW
(Salix viminalis L.) CULTIVATED IN HYDROPONICS

WPLYW ZROZNICOWANEGO STEZENIA CHLORKU SODU
W POZYWCE NA ZAWARTOSC BARWNIKOW ASYMILACYJNYCH
I CECHY BIOMETRYCZNE WIERZBY WICIOWEJ (Salix viminalis L.)
UPRAWIANEJ W HYDROPONICE

Abstract: In 2006 a hydroponic vegetation experiment was carried out under controlled conditions in the
laboratory of the Department of Plant Physiology University of Agriculture in Szczecin. The experiment was
conducted using a complete randomization method in a two-factor system in three replications Three series of
experiments were performed during the period from April to June. The first experimental factor was a concen-
tration of NaCl in the medium (0.068, 0.136 and 0.170 mol NaCl - dm, control test — complete Hoagland’s
medium), whereas the other factor was a willow clone. The following biometric features were determined: the
length of a shoot, the number of leaves on the shoot, fresh and dry matter of shoots. The content of assimila-
tion dyes in the leaves of willow was also determined, 48 and 168 hours after the salinization of the media.

Keywords: Salix viminalis, clones ‘Bjor’, ‘Jorr’ and ‘Tora’, salinity stress, assimilation pigments, fresh
matter, dry matter

Basket willow (Salix viminalis) is used in the protection of environment and in the
management of wasteland. Its biomass becomes a very important and economically ef-
fective aspect of agricultural production [1]. Its characteristic feature is a low ash con-
tent (1-3 %), the ash formed during combustion can be used as a mineral fertilizer
[2-4]. The phenomenon of a too strong concentration of salt in a medium resulting in
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17, 71-424 Szczecin, Poland, email: malgorzata.mikiciuk@zut.edu.pl
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a salt stress is caused, first of all, by anthropogenic factors, eg by application an exces-
sive amount of salt to fertilizers or by using these substances to clear the roads of ice in
winter [5, 6]. Particularly toxic to trees are chlorine and isoosmotic solutions of NaCl
[7]. Considering the fact that there is not much information on the effect of salt stress on
various genotypes of Salix viminalis in available literature, particularly in regards of a
juvenile vegetative stage, studies were started in order to assess the physiological
reaction of three clones of basket willow (‘Bjor’, ‘Jorr’ and ‘Tora’) to an increased con-
centration of NaCl in hydroponics.

Material and methods

Biological material for the studies consisted of three clones of basket willow (Salix
viminalis): ‘Bjor’, ‘Jorr’ and ‘Tora’, the cuttings of which were from the plantation of
the Department of Plant Physiology University of Agriculture in Szczecin.

The hydroponic vegetation experiment was carried out under controlled conditions in
the laboratory of the Department of Plant Physiology, University of Agriculture in
Szczecin in 2006. A method of complete randomization in the two factor system was
used in three replications. The first experimental factor was the concentration of NaCl
in a medium (0.068, 0.136 and 0.170 mol NaCl - dm’3, the control test — complete
Hoagland’s medium), the second was a clone of willow. Three independent series of the
experiment were carried out in April, May and June and three replications in each se-
ries. Willow cuttings were placed in 1 dm’ glass containers (2 pieces in a container)
filled with complete Hoagland’s medium. After about 14 days when the cuttings had
rooted and the shoots had reached the length of several centimeters, the concentration of
NaCl in the media was differentiated according to the experimental combination.

During the juvenile period of willow, ie 168 hours (7 days) from the differentiation
of the concentration of NaCl in the media, the following biometric features of the stud-
ied clones (the average of the three replications of each experimental combination) were
determined: the length of each shoot, the number of leaves on a single shoot, the com-
plete yield of fresh and dry matter of shoots in each plant.

The content of assimilation pigments in the leaves of willow were determined after
48 hours (2 days) and 168 hours (7 days) from the differentiation of the concentration of
NaCl in the media, using Lichtenthaler and Wellburn’s method [8]. Material for the
studies was taken from three representative plants of each experimental combination.

The obtained results of the studies were verified by means of a two-factor analysis of
variance in the system of complete randomization. In order to determine the differences
between the averages and for the interaction, Tukey’s half-intervals at confidence of o0 =
0.05 were calculated. Due to the uniformity of variance of error, a synthesis of the re-
sults of three experimental series was performed.

The results and their analysis

The length of individual shoots of Salix viminalis growing in the media of differenti-
ated concentration of NaCl did not differ significantly. The largest difference of the
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length of a single shoot was observed between the combination of 0.170 mol
NaCl - dm™ (19.0 cm) and the control combination (26.4 cm). No significant differ-
ences were observed in the length of shoots of the compared clones of willow, either.
A slightly larger length of the clone shoots than that of the remaining clones was ob-
served in clone ‘Jorr’ (25.2 cm) — Table 1.

Table 1
The mean length of a single shoot of Salix viminalis [pieces]
Concentration of NaCl Clone
-3 Mean |
[mol - dm™] ‘Bjor’ “Jorr’ “Tora’

Control 25.2 30.0 24.2 26.4
0.068 17.0 28.0 26.7 23.9
0.136 22.5 23.8 20.0 22.1
0.170 23.2 18.8 15.0 19.0
Mean II 21.9 25.2 21.4

concentration of NaCl (I) — ns
LSDys for: clone (II) — ns

interaction I x Il and IT x I —ns

ns — non-significant.

A significant effect of NaCl concentration in the medium on the average number of
leaves on individual shoots of basket willow was recorded, for the largest number of
leaves on a shoot was characteristic of the plants growing under the controlled condi-
tions (24 pieces) and in the medium of the smallest concentration of NaCl (21 pieces).
Whereas the smallest number of leaves (18 and 16 pieces) was characteristic of the
plants grown hydroponically in the medium of the following concentration: 0.136 and
0.170 mol NaCl - dm™® (Table 2). Similar results of the studies were obtained by Stark
[6]. She observed that the strongest inhibition of the growth of leaves occurred in the
plants that were in saline stress.

Table 2
The mean number of leaves on a shoot Salix viminalis [pieces]
Concentration of NaCl Clone
3 Mean |
[mol - dm 7] ‘Bjor’ “Jorr’ ‘Tora’

Control 21 25 25 24
0.068 15 25 24 21
0.136 18 21 15 18
0.170 19 15 14 16
Mean II 18 21 19

concentration of NaCl (I) — 5.2
LSDys for: clone (II) — ns

interaction I x Il and IT x T —ns

ns — non-significant.
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Significantly the largest yield of fresh and dry matter of shoots was obtained by wil-
lows growing under controlled conditions, whereas the smallest by those growing in the
medium of 0.170 mol NaCl - dm concentration (Figs. 1, 2). Significantly a smaller
amount of fresh and dry matter of shoots than in the remaining clones, was observed in
clone ‘Bjor’. Comparing all the experimental variants, it can be concluded that the
largest yield of fresh matter of shoots was obtained in all the clones of willow under
the controlled conditions and in clones ‘Jorr’ and ‘Tora’ growing in the medium of
0.068 mol NaCl - dm™ concentration, whereas the smallest yield was observed in all
the clones at the highest concentration of NaCl in hydroponic media (Fig. 1).
Significantly the largest content of dry matter of willow shoots was recorded under

LSDg o5 for concentration of NaCl (1) — 1.027, clones (II) — 0.805,
interaction | x Il —1.610 and Il x | — 1.779

5
4 I
o % ‘Bjor’
g 37
g OJorr’
% 2 A & ‘Tora’
c
11 V// }
. _ _
Control 0.068 0.136
Concentration of NaCl [mol - dm3]
Fig. 1. The total yield of fresh matter of shoots Salix viminalis [g - plant ']
LSDy 5 for concentration of NaCl (I) — ns, clones (I1) — 0.206,
interaction | x [l - 1.610 and Il x | - 1.779
1.0
0.8 1 @
—_ A H ’
B 064 ¥ Bjor
2 OJorr’
®©
S‘ 04 B Tora’
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0.2 /
0.0 Z
Control 0.068 0.136 0.170

Concentration of NaCl [mol - dm~3]

Fig. 2. The total yield of dry matter of shoots Salix viminalis [g - plant™']
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controlled conditions (0.51 g), whereas the smallest, at the highest dose of NaCl
(0.32 g). Significance of the influence of experimental factors on the yield of dry matter
of willow shoots was also determined, for the largest dry matter was characteristic of
clones ‘Tora’ and ‘Jorr’ under conrolled conditions and at the lowest concentration of
NaCl and clone ‘Jorr’ at 0.136 mol NaCl - dm™ concentration (Fig. 2).

It was observed that an increase in the concentration of NaCl in the medium resulted
in a decrease in the yield of both fresh and dry matter of Salix viminalis. Similar results
were obtained by Gregorczyk et al [1].

Under the conditions of excessive salinity of the medium, the photosynthetic appara-
tus of a plant is damaged. Then the efficiency of both phases of photosynthesis
decreases [9]. According to many authors, the reaction to salt stress is also a decrease in
the content of assimilation pigments — chlorophyll and carotenoids — in plant leaves [5,
10, 11]. At the first time of the determination (48 hours from the salinization of
hydroponic media) no significant influence of experimental factors on the content of
all the studied assimilation dyes in the leaves of Salix viminalis was observed. Whereas
at the second time of the determination, the highest concentration of chlorophyll (a, b
and complete), was characteristic of the leaves of willow growing in the highest concen-
tration of NaCl. A stimulating effect of this concentration of salt on the production of
chlorophyll in willow leaves was observed in clone ‘Jorr’ in particular. Also at this
time, clone ‘Jorr was characterized by the largest amount of both chlorophyll and
carotenoids, as compared with all the clones. 168 hours after the salinization of
hydroponic media, a significant effect of NaCl concentration on the concentration of
carotenoids in willow leaves, was also observed, for the largest amount of these dyes
was recorded in plants growing in the medium of 0.170 mol NaCl - dm™® concentration
(Table 3).

Table 3
Content of chlorophyll a, b, a + b and carotenoids in leaves
of Salix viminalis [mg - g fm.]
I time 11 time
Clone Concentration of NaCl [mol - dm’3] Concentration of NaCl [mol - dm’s]
Mean II Mean II
Control ‘ 0.068 ‘ 0.136 ‘ 0.17 Control ‘ 0.068 ‘ 0.136 ‘ 0.17
Chlorophyll a
‘Bjor’ 1.156 | 0.757 1.323 0.975 1.053 1.655 1.406 1.563 0.966 1.398
‘Jorr’ 1.184 1.108 | 0.899 1.246 1.109 1.523 1.362 1.657 | 3.436 1.995
‘Tora’ 1.498 1.332 1.484 1.223 1.384 1.705 1.613 1.581 1.599 1.625
Mean [ 1.280 1.066 1.235 1.148 1.628 1.460 1.600 2.000
concentration of NaCl (I) — ns concentration of NaCl (I) — 0.408
If‘OSrPO'OS clone (II) — ns clone (1) — 0.323
interaction I x IT and II x I —ns interaction I x ITi II x I —0.646 and 0.707
Chlorophyll b
‘Bjor’ 0.510 | 0.302 | 0.569 | 0.439 | 0455 0.631 0.551 0.669 | 0.401 0.563
‘Jorr’ 0.524 | 0.498 | 0.382 | 0.616 | 0.505 0.607 | 0.546 | 0.727 1.745 | 0.906
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Table 3 contd.

I time II time
Clone | Concentration of NaCl [mol - dm ] Concentration of NaCl [mol - dm ]
Mean I1 Mean II
Control | 0.068 | 0.136 0.17 Control | 0.068 | 0.136 0.17
‘Tora’ 0.707 | 0.599 | 0.708 | 0.591 0.651 0.704 | 0.652 | 0.663 0.738 | 0.689
Meanl | 0.508 | 0.466 | 0.553 0.549 0.648 | 0.583 0.686 | 0.961
concentration of NaCl (I) — ns concentration of NaCl (I) — 0.198
;Sf““ clone (II) — ns clone (1) - 0.156
interaction I x I and I x I —ns interaction I x I and IT x I —0.313 and 0.343
Chlorophyll a + b
‘Bjor’ 1.666 1.059 1.892 1.414 1.508 | 2.286 1.957 | 2.232 1.368 1.961
‘Jorr’ 1.707 1.610 1.280 1.863 1.615 2.130 1.908 | 2.385 5.181 2.901
‘Tora’ 2.206 1.930 | 2.192 | 2.008 | 2.084 | 2.410 | 2.265 | 2.243 2336 | 2314
Mean I 1.860 1.533 1.788 1.762 2.275 2.043 2.287 | 2.961
concentration of NaCl (I) — ns concentration of NaCl (I) — 0.605
;Sf"-“ clone (II) — ns clone (II) — 0.478
interaction I x Il and I x I —ns interaction I x IT and IT x I —0.956 and 1.047
Carotenoids
‘Bjor’ 0.478 | 0.497 | 0.509 | 0.440 | 0.481 0.642 | 0.570 | 0.674 | 0.461 0.587
‘Jorr’ 0.471 0.455 0.376 | 0.551 0.463 0.611 0.541 0.731 1.557 | 0.860
‘Tora’ 0.619 | 0.528 | 0.620 | 0.614 | 0.595 0.674 | 0.632 | 0.670 | 0.750 | 0.682
Mean 1 | 0.523 0.493 0.502 | 0.535 0.642 | 0.581 0.691 0.923
concentration of NaCl (I) — ns concentration of NaCl (I) — 0.170
Ifaosr?o.os clone (II) —ns clone (1) — 0.134
interaction [ x Il and I x I — ns interaction I x IT and IT x I — 0.269 and 0.295

ns — non-significant.

Similar results of the studies concerning the impact of salt concentration on the con-
tent of assimilation pigments in leaves of various genotypes of basket willow were ob-
tained by Wrobel and Gregorczyk [5]. According to these authors, clone ‘Jorr’ in differ-
entiated concentrations of NaCl of the medium was distinguished by the largest amount
of photosynthetic dyes.

Conclusions

1. Increasing concentration of NaCl in hydroponic media resulted in the reduction of
the mean number of leaves on a shoot of basket willow.

2. Willows growing under the conditions of the highest salinity gave the lowest yield
of fresh matter of shoots.

3. The applied concentration of NaCl did not cause any increases in either chloro-
phyll or carotenoids in willow leaves. Particularly high concentration of assimilation
pigments was characteristic of clone ‘Jorr’.
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WPLYW ZROZNICOWANEGO STEZENIA CHLORKU SODU
W POZYWCE NA ZAWARTOSC BARWNIKOW ASYMILACYJNYCH
1 CECHY BIOMETRYCZNE WIERZBY WICIOWEJ (Salix viminalis L.)
UPRAWIANEJ W HYDROPONICE

! Zaktad Fizjologii Roslin
2 Katedra Ogrodnictwa
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: Hydroponiczne doswiadczenie wegetacyjne przeprowadzone zostalo w 2006 roku, w kon-
trolowanych warunkach, w laboratorium Katedry Fizjologii Roslin Akademii Rolniczej w Szczecinie.
Doswiadczenie zatozono metoda kompletnej randomizacji w uktadzie dwuczynnikowym, w trzech powtor-
zeniach. Wykonano trzy serie do$wiadczen w miesigcach kwiecien — czerwiec. Pierwszy czynnik do-
$wiadczalny stanowito stezenie NaCl w pozywce (0,068; 0,136 1 0,170 mol NaCl - dm™, kontrola — pozywka
petna Hoaglanda), drugi natomiast klon wierzby. Okreslono nastgpujace cechy biometryczne roslin: dtugo$é
pedu, liczba lisci na pedzie, swieza i sucha masa pedéw. Oznaczono réwniez zawartos¢ barwnikow asymila-
cyjnych w liSciach wierzby, 48 oraz 168 godzin po zasoleniu pozywek.

Stowa Kkluczowe: Salix viminalis, klony ‘Bjor’, ‘Jorr’, ‘Tora’, stres solny, barwniki asymilacyjne, swieza
masa, sucha masa
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EFFECT OF FERTILIZATION WITH MICROELEMENTS
ON THE MACROELEMENT CONTENT
IN TIMOTHY GRASS (Phleum pratense L.)

WPLYW NAWOZENIA MIKROELEMENTAMI
NA ZAWARTOSC MAKROELEMENTOW
W TYMOTCE LAKOWEJ (Phleum pratense L.)

Abstract: A one-factor field experiment established by means of random block sampling, in four replicants,
was located on the degraded chernozem with loess subsoil. The kind of fertilization with microelements was
an assessed factor. Foliar fertilizers were applied in the form of single microelements (copper, zinc,
manganese) and the multicomponent formulation Plonvit P containing elements in the form of chelates. It was
found that applied fertilization had the most spectacular effect on the magnesium content in timothy grass. As
a result of foliar fertilization with the multicomponent formulation, copper and manganese, significant
increase of the average content of this element was observed (by 52 %, 79 %, 85 %, respectively). Moreover,
it was determined that foliar fertilization with the examined microelements caused elevation of the calcium
and potassium level by 31 % and 22 % (respectively) when compared with the control object. Fertilization
with copper had a negative effect on the phosphorus content, whereas application of manganese negatively
influenced the level of sodium. Fertilization with the multicomponent fertilizer, copper and manganese
narrowed proportions between the sum of univalent and divalent cations in timothy grass.

Keywords: timothy grass, fertilization with microelements, chemical composition

Fertilization is considered as one of the most important factors influencing the
content of mineral components in timothy grass [I1]. Not only fertilization with
macroelements is of great importance but also application of microelements [2—4].
These components are responsible for regulation of enzymatic processes proceeding in
plants as well as affect the content of macroelements [5]. The quality of plant yield is
influenced not only by the mineral component content but also by the proportions
between them [6].

! Department of Grassland, Agricultural University of Krakow, al. A. Mickiewicza 21, 31-120 Krakow,
Poland, phone: 012 662 43 61, fax: 012 633 62 45, email: rrradkow@cyf-kr.edu.pl
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The aim of the three-year study was an estimation of foliar fertilization with
microelements in the form of a chelated multicomponent preparation or single
microelement on the macroelement content and their proportions in timothy grass.

Material and methods

The 3-year field experiment was run in the Plant Cultivation Station in Skrzeszowice
near Krakow, in the years 2004-2006. The experiment was set up by the method of
random blocks as one-factor, in four replicants, on the degraded chernozem. The
content of assimilable forms of phosphorus, potassium, zinc, manganese and copper
was characterised with average level.

In the research the following forms of microelements were applied as foliar
fertilizers:

— Zinc chelate 14 % Zn (chelator EDTA + DTPA) in a dose of 100 g Zn - ha™! for
each swath.

— Manganese chelate 14 % Mn (chelator EDTA + DTPA) in a dose of 100 g
Mn - ha™' for each swath.

— Copper chelate 12 % Cu (chelator EDTA + DTPA) in a dose of 60 g Cu - ha™! for
each swath.

— Plonvit P in a dose of 2 dm® - ha .

Plonvit P is a multicomponent, concentrated microelement fertilizer containing
elements in the chelated form. Doses of single microelements and the dose of Plonvit P
were adjusted in such proportions as to achieve the same content of selected
microcomponents in the single fertilizers or in the multicomponent preparation. The
fertilizer dose of 2 dm® recommended by the producer, contains: 100 g Zn, 100 g Mn
and 60 g Cu. The solutions for spraying were prepared by dissolution of respective
doses of microelements chelates in such an amount of water as to achieve the working
fluid volume of 300 dm® - ha'. Tap water of medium hardness was used for this
purpose. Spraying of plants was done annually as follows: I spraying — in spring, after
the beginning of the vegetation period, then after the harvesting during the first stage of
the sward regrowth, but not later than 3 weeks before the following mowing. In each
year of the experiment the following basic mineral fertilization was performed: under
the I swath 80 kg N - ha™', for Il and III 60 kg N - ha™' (for each swath) as ammonium
saltpetre, phosphorus once in the spring in the amount of 120 kg P,Os - ha™' as triple
superphosphate and potassium for the first and third regrowth 60 kg K,0 - ha™' (each
swath) as 57 % potassium salt.

In the experiment timothy grass of the Skald cultivar was cultivated on the fields of
the 10 m* area. The harvested plant material was each time subjected to the analysis of
the forage chemical composition. The dry matter content was determined by the drying
method at 105 °C. The phosphorus and magnesium content was analysed by the
colorimetric vanadium-molybdenic method, whereas the content of potassium, sodium
and calcium using the flame photometry method [7].

On the basis of the results obtained proportions between the sum of univalent and
divalent cations (K + Na):(Mg + Ca) in timothy grass were determined.
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Presentation of the results was limited to the average values from all investigated
years. All results were subjected to the analysis of variance considering the Tukey test
at a significance level of o = 0.05.

Results and discussion

This work revealed the important influence of applied fertilization on the content of
microelements in timothy grass (Table 1). As a result of foliar spraying with mangenese
and multicomponent fertilizer significant increase of the phosphorus content in timothy
grass was found. Fertilization with the multicomponent preparation, copper, zinc and
manganese contributed to a significant increase of the potassium content. The
differences of its level in comparison with the control object amounted to 16, 21, 38 and
14 %, respectively.

Table 1
Weighted mean of macroelements and ionic proportions in timothy grass as affected
by the fertilization with microelements (means for three years of the study)
Fertilized objects
Examined parameter ; Mean | LSDgs
Control Multlc({rr.lponent Cu Zn Mn
fertilizer

P content [g - kg™ d.m.] 2.40 2.66 2.13 2.39 2.56 2.43 0.252
K content [g - kg ' d.m.] 21.71 25.27 26.37 30.02 24.65 25.61 3.771
Ca content [g - kg ' d.m.] 1.92 3.34 1.92 2.79 2.03 2.40 0.869
Mg content [g - kg ' d.m.] 1.70 2.58 3.04 1.83 3.15 2.46 0.780
Na content [g - kg™ d.m.] 0.175 0.204 0.181 0.328 0.167 0.21 0.085
(K+Na) : (CatMg) 2.38 1.73 1.97 2.69 1.77 2.06 0.520

In our study we found that foliar application of the multicomponent fertilizer as well
as zinc and manganese resulted in significant growth of the calcium content in timothy
grass (74, 45 and 6 %, respectively) when compared with the control object.

As a result of fertilization with the multicomponent preparation, copper, zinc and
manganese a significant elevation of the magnesium level was achieved, whose
concentration increased respectively by 52, 79, 8 and 85 % in comparison with its
content in timothy grass harvested from the control, non-fertilized object. Magnesium is
an important grass component, its presence in a plant affects the metabolism and energy
transformation. Magnesium takes place in about 300 enzymatic reactions but also
constitutes the active center of a chlorophyll molecule [6]. Copper plays an important
role in chlorophyll synthesis and stabilization. Manganese acts in the process of
photosynthesis, in absorption and assimilation of several nutrients as well as in
regulation of plant hormones [8, 9].

In the present work a visible impact of foliar application of the multicomponent
fertilizer and zinc preparation on the higher sodium level in timothy grass was observed.
The difference in relation to the control object amounted to 17 and 87 %, respectively.
The physiological role of sodium in plants is not well known, however according to
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physiologists this element, like zinc, acts in transformational processes of nitrogen
compounds in plants.

The quality of harvested plant crops is defined not only on the basis of optimal levels
of particular elements but, when estimating the feeding value, relations between them
are also of great importance [10, 11].

On the basis of the results obtained it was concluded that fertilization with the
multicomponent fertilizer, copper and manganese narrowed proportions between the
sum of univalent and divalent cations (K + Na):(Mg + Ca) (Table 1). It is worth
emphasizing that the lower value of the mentioned above ratio occurred in the timothy
grass sprayed with the solution of multicomponent preparation and with manganese
solution.

Conclusions

1. Foliar fertilization with microelements positively influenced the potassium,
calcium, magnesium and sodium content in timothy grass.

2. Significant increase of potassium and sodium content in timothy grass was
achieved after foliar application of zinc, whereas the calcium content was positively
affected by the treatment with Plonvit P and zinc and magnesium after sprying plants
with copper and manganese preparations.

3. Timothy grass spraying with microelements in the form of the multicomponent
preparation — Plonvit P contributed to the significant increase of the calcium and
magnesium content.

4. Copper and zinc fertilization led to the reduction of the phosphorus content in the
examined plant material.

5. Fertilization with the multicomponent fertilizer, copper and manganese narrowed
proportions between the sum of univalent and divalent cations in timothy grass.
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WPLYW NAWOZENIA MIKROELEMENTAMI NA ZAWARTOSC MAKROELEMENTOW
W TYMOTCE LAKOWEJ (Phleum pratense L.)

Katedra Lakarstwa
Uniwersytet Rolniczy im. Hugona Kottataja w Krakowie

Abstrakt: Jednoczynnikowe doswiadczenie polowe zatozono metoda losowanych blokéow, w czterech
powtorzeniach, na czarnoziemie zdegradowanym o podtozu lessowym. Czynnikiem doswiadczenia byt rodzaj
nawozenia mikroelementowego. Stosowano dolistnie pojedyncze mikroelementy miedzi, cynku i manganu
oraz wielosktadnikowy nawodz Plonvit P, zawierajacy pierwiastki w formie schelatowanej. Wykazano, ze
zastosowane nawozenie najwigkszy wptyw wywierato na zawarto$¢ magnezu w tymotce takowej. W wyniku
dolistnego stosowania wielosktadnikowego nawozu, miedzi i manganu stwierdzono znaczny wzrost $redniej
zawarto$ci tego pierwiastka — w poréwnaniu z obiektem nienawozonym — odpowiednio o 52 %, 79 % i 85 %.
Stwierdzono, ze nalistne stosowanie badanych mikroelementéw spowodowato srednio wzrost zawartosci
wapnia i potasu odpowiednio 0 31 % i 22 % w poréwnaniu z obicktem kontrolnym. Wykazano, ze nawozenie
miedzig spowodowato spadek zawartosci fosforu, a nawozenie manganem zmniejszenie zawartosci sodu
w stosunku do kontroli. Nawozenie wielosktadnikowym nawozem, miedzia i manganem zawezito stosunek
sumy kationdw jednowartosciowych do sumy kationdw dwuwarto$ciowych w tymotce takowe;j.

Stowa kluczowe: tymotka takowa, nawozenie mikroelementami, sktad chemiczny
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QUALITY AND NUTRITIONAL VALUE
OF SILAGES MADE FROM GRASSES
DERIVED FROM THE FARMS LOCATED
IN THE REGION OF KRAKOW-CZESTOCHOWA JURA
PART II. CONTENT OF MACROELEMENTS

JAKOSC I WARTOSC POKARMOWA KISZONEK
SPORZADZONYCH Z TRAW POCHODZACYCH Z GOSPODARSTW
POLOZONYCH NA TERENIE JURY KRAKOWSKO-CZESTOCHOWSKIEJ
CZ. 11. ZAWARTOSC MAKROELEMENTOW

Abstract: This paper presents an estimation of the mineral composition of silages derived from farms
specialized in milk production from the region of Krakow-Czestochowa Jura. The samples of silages, four
from each farm, were collected for the chemical analysis before grazing. The phosphorus and magnesium
content was estimated by the colorimetric, vanadium-molybdenic method, whereas the potassium, sodium and
calcium content using flame photometry.

Silages from all investigated farms did not reach the optimal P, Ca and Na content, which indicates too
low a level of phosphorous fertilization as well as limited liming of grasslands located in the investigated
farms. On the other hand, an excessive amount of potassium results from fertilization with liquid manure,
leading to the accumulation of this element, which is calcium and magnesium antagonist.

Proportions between mineral component content in the examined silages were diversified. Only 42 % of
samples had Ca:Mg weight ratio and K: (Ca + Mg) ionic ratio at the optimal level and 33 % of silage trials
were characterised with the optimal K:Mg ratio. The other proportions, especially K:Ca and K:Na, were
unfavourably too high.

Keywords: silages, macroelement content, antagonism of elements

Among all chemical components of silages derived from grasslands not only organic
compounds but also macroelements play an important role in animal feeding [1, 2].
80-85 % of the total phosphorus content of animal organisms occurres in blood and

! Department of Grassland, Agricultural University of Krakow, al. A. Mickiewicza 21, 31-120 Krakow,
Poland, phone: 012 662 43 61, fax 012 633 62 45, email: rrradkow@cyf-kr.edu.pl

2 National Research Institute of Animal Production Balice, ul. Krakowska 1, 32-083 Balice, Poland,
phone: 666 08 11 49, email: iradkowska@izoo.krakow.pl
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bones. Deficiency of this element has a negative effect on the appetite, animal growth,
process of ossification, intensity of metabolism and animal reproduction. Potassium can
lower the level of magnesium and calcium, what can lead to grass tetany occurrence in
animals. Calcium in animal organisms can be found in bones, which contain about 98 %
of its whole content. Magnesium deficiency induces response from the nervous system,
convulsions and tetany. On the other hand, sodium deficiency affects perturbations of
water balance, blood pressure drop, excessive licking behavior, hematuria, muscle
tremors and fertility disturbances [3, 4].

The aim of the present paper was an estimation of the mineral composition of silages
from farms specialized in milk production in the region of Krakow-Czestochowa Jura,
situated in the southern part of Poland.

Material and methods

The research was conducted under production conditions in 12 farms specialized in
milk production in the region of Krakow-Czestochowa Jura.

The examined silages were derived mostly from the first swath of grass flora, less
frequently from the second and third swath. The material was harvested in two stages,
first the green fodder was mown at the turn of stages of heading and flowering of
grasses (silages from the first swath) with a rotational mower and then the fodder was
shortly dried by single teding. The material was raked 30 minutes before collection.
Harvesting was done with a constant chamber baler and the bales formed were
transported to the storage place, where they were wrapped using the wrapping machine.
Average time from the bale forming to the protection with plastic wrapping never
exceeded 4 hours.

Before feeding samples of silages were collected (4 from each farm) for chemical
analysis, which comprise: the phosphorus and magnesium content estimated by the
colorimetric, vanadium-molybdenic method as well as the potassium, sodium and
calcium content using the flame photometry method.

Presentation of the results was limited to the average values from all investigated
years. The results obtained were subjected to the analysis of variance and significance
of differences was estimated by the Duncan test at the significance level of oo = 0.05.

Results and discussion

The content of mineral components in the examined silages was diversified. The
weighted mean macroelement content fluctuated in the range of: 1.39-2.68 g P;
24.84-68.38 g K; 3.03-6.26 g Ca, 1.42-3.16 g Mg; 0.35-0.88 g Na - kg ' d.m. (Table
1). However, forage of high quality should contain at least 3.0 g P; 17-20 g K; 7.0 g Ca;
2.0 gMgil.5-2.5gNa-kg ' dm.[1, 5]. In the conducted study the potassium content
in silages from all farms reached desired values, whereas the magnesium content was at
the satisfactory level in 58 % of all samples. On the other hand, phosphorus, calcium
and sodium amounts were below the optimal level.
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Quantitative weight or ionic ratios between elements are crucial to the estimation of
forage quality [6]. The Ca:Mg weight ratio, which should amount to 2-3:1, was on an
apprioprate level only in the case of 42 % of samples. About 33 % of silage samples had
optimal K:Mg weight proportions (close to 6-8:1) as opposed to other trials, which
were characterised by its unproper range. The 2:1 K:Ca weight ratio is assumed as
optimal, in our research it was always very high. The K:(Ca + Mg) ionic proportions in
good forage derived from grasslands should range between 1.6-2.2:1 [7]. It was stated
that 42 % of samples fulfilled these requirements. The K:Na weight ratio in high quality
fodder should amount to 5-7:1 [7]. In the examined forage its range was too wide, from
4 to 11 times higher than the optimal value. Serious sodium deficiency in silages was
the major reason of poor forage quality.

The fact of a low content of mineral components in analysed silages can be due to
unproper fertilization of the grassslands in examined farms. Low phosphorus and
calcium fertilization was determined, which indicates application of liquid manure,
which is an excessive product in such farms. Under high treatment with this fertilizer
higher yield is achieved but on the other hand the effect of component dilution ocurres.
This phenomenon is accompanied by the changes in nutrient availability due to strong
acidification of soil and is manifested by the lower level of basic cations, especially Ca
and Mg in plants [S]. As a result most of the investigated silages were characterised
with unfavourable weight and ionic proportions.

Complementation of macroelement deficiency, especially P, Ca and Na, with mineral
formulas in the diet of ruminents is highly recommended in examined farms [8].

Conclusions

1. Silages from all of the investigated farms did not reach the optimal P, Ca, Na
content, which indicates too low a level of phosphorous fertilization as well as limited
liming of the grasslands located in the investigated farms.

2. An excessive level of potassium indicates that grasslands were fertilized with
liquid manure. As a result there occurred accumulation of this element which is calcium
and magnesium antagonist.

3. The Ca:Mg weight ratio and the K:(Ca + Mg) ionic ratio in 42 % of samples as
well as the K:Mg weight proportion in 33 % of samples reached the optimal level. Other
proportions between elements were characterised by unfavourable values.
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JAKOSC I WARTOSC POKARMOWA KISZONEK
SPORZADZONYCH Z TRAW POCHODZACYCH Z GOSPODARSTW
POLOZONYCH NA TERENIE JURY KRAKOWSKO-CZESTOCHOWSKIEJ
CZ. Il. ZAWARTOSC MAKROELEMENTOW

! Katedra Lakarstwa
Uniwersytet Rolniczy im. Hugona Kolataja w Krakowie
% Instytut Zootechniki — Panstwowy Instytut Badawczy w Balicach

Abstrakt: Praca prezentuje ocen¢ skladu mineralnego kiszonek z gospodarstw specjalizujacych si¢ w pro-
dukcji mleka z terenu Jury Krakowsko-Czgstochowskiej. Przed skarmianiem z kiszonek pobrano prébki (po
4 z kazdego gospodarstwa) do analizy chemicznej. Zawartos¢ fosforu i magnezu oznaczono kolorymetrycznie
metoda wanadowo-molibdenowa, potasu, sodu i wapnia metoda fotometrii ptomieniowe;.

Kiszonki ze wszystkich gospodarstw nie mialy optymalnej zawartosci P, Ca, Na, wskazuje to na zbyt
niskie nawozenie fosforem i ograniczenie wapnowania uzytkow zielonych w badanych gospodarstwach.
Z kolei zbyt wysoka zawarto$¢ potasu wskazuje na nawozenie uzytkow zielonych gnojowica. W wyniku tego
nawozenia nast¢puje kumulacja potasu, ktory jest antagonista wapnia i magnezu.

Warto$¢ stosunkow ilosciowych migdzy pierwiastkami w kiszonkach byta zréznicowana. Jedynie stosunek
masowy Ca:Mg i jonowy K:(Ca + Mg) w 42 % probek oraz stosunek masowy K:Mg w 33 % probek kiszonek
mial warto$¢ optymalng. Pozostale stosunki, szczegdlnie K:Ca i K:Na odznaczaly si¢ niekorzystnymi
wartosciami — zbyt wysokimi.

Stowa kluczowe: kiszonki, zawartos¢ makroelementow, antagonizm pierwiastkow
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IMPACT OF THE WAY OF LAND
USE ON DEHYDROGENASE ACTIVITY IN THE SOILS
OF THE SILESIAN FOOTHILLS

WPLYW SPOSOBU UZYTKOWANIA
NA AKTYWNOSC DEHYDROGENAZ GLEB POGORZA SLASKIEGO

Abstract: The objective of the research was to check the relations between dehydrogenase activity and the
way of land use. Soil material collected from 6 soil profiles located in the area of the Silesian Foothills was
used in the research work. The results showed higher dehydrogenase activity in the surface horizons of
grassland soils (12.40-17.34 cm® - kg ' - 247") than in the analogous horizons of arable soils (4.58-7.06
em’ - kg' - 247"). It was observed that in all profiles dehydrogenase activity was higher in surface horizons
than in the deeper ones. Dehydrogenase activity depended mainly on the way of land use and the soil
concentrations of organic carbon and total nitrogen.

Keywords: Silesian Foothills, soil biological activity, dehydrogenases, land use

Enzymatic activity is one of the indirect forms of soil biological activity assessment.
The source of enzymes in soil are microorganisms, plant roots and soil fauna, but the
main role in creating enzymatic activity is ascribed to microorganisms [1]. Dehydro-
genases occurring in live cells are a group of oxyreductases responsible for the catalysis
of organic compound oxidation reaction, which makes them a good indicator of the
intensity of respiration metabolism in soil microorganisms [2]. Dehydrogenase activity
depends on moisture, temperature and soil reaction but also on its concentrations of
organic carbon, micro- and macroelements [3]. Moreover it is also affected by the heavy
metal content in soil [4].

The research was conducted to determine the impact of the way of land use on soil
enzymatic activity through comparing dehydrogenase activity in individual horizons of
soil profiles used as arable lands and meadows, as well as testing the dependency
between their activity and essential chemical soil properties.

' Department of Soil Science and Soil Protection, Agricultural University in Krakow, al. A. Mickiewicza
21, 31-120 Krakéw, Poland, email: rrmiecho@cyf-kr.edu.pl
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Materials and methods

The work used soil material collected from 6 soil profiles formed from weathering
material of the Silesian unit of the Carpathian Flysch, localized in the Silesian Foothills.
Soil pits were arranged in pairs (P1R-P1Z, P2R-P2Z, P3R-P3Z) on the neighbouring
arable lands and grasslands so as to eliminate the influence of soil forming factors, other
than land use. The soil samples were subjected to standard soil analyses to determine
their texture (using the areometric-sieve method acc. to PN-R-04032), pH in H,O and
KCI (using electrometric method), total exchangeable bases (TEB) through determining
individual cations after their extraction from the soil with CH;COONH, (where Ca®",
K" and Na" were assessed using flame photometry and Mg>" using AAS method),
hydrolytic acidity (by Kappen method), organic carbon content (by means of modified
oxydimetric Tiurin’s method), total nitrogen (using Kjeldahl method) and dehydro-
genase activity (using Caside et al method) [5].

Spearman rank coefficients between dehydrogenase activity and analyzed soil
properties were computed as part of the statistical elaboration of results.

Results and discussion

The analyzed soils belong to brown soils — Haplic Cambisols (Eutric) and to
pseudogley soils — Haplic Stagnosols [6, 8]. The soils were characterized by a texture of
silt loam and sandy silt (PN-R-04032) and their pH varied from very acid to slightly
acid (Table 1). The soils differed in their cation exchange capacity (CEC) in the top
horizons of P1R and P2R used as arable lands (and limed), which was visibly higher
than in the analogous parts of P1Z and P2Z soil profiles managed as meadows (without
liming) (Table 1). In P3R and P3Z profiles the base saturation ratio (V) was
approximate and reached about 60 % in the surface horizons.

Dehydrogenase activity in the top Alh horizons of sodded soils (12.40-17.43 cm’
H, - kg'' - 247") was between twice and thrice higher than in deeper A2h humus
horizons of these soils (4.61-5.93 em’ H, - kg ' - 247" and in the arable Ap layer of the
arable lands (4.58-7.06 cm® H, - kg’1 . 24’1). The sod horizon of the limed soil (P3Z)
revealed the highest value of enzymatic activity. These results confirm an important role
of roots in developing enzymatic activity, among others mentioned by Pancholy
and Rice [7]. The rhizosphere is characterized by a numerous population of micro-
organisms accompanied by heightened activity of fauna feeding on microorganisms and
roots.

In the subsurface horizons of the analyzed soils dehydrogenase activity was much
lower (0.05-1.51 cm® H, - kg - 247" and did not reveal diversification in individual
soil pairs. The only exception was the 55-69 cm horizon of the P3Z profile which
revealed higher enzymatic activity (Fig. 1) and content of C,, and Ny, (Table 1). It
might have been caused by numerous fauna — turbulences occurring there. The obtained
results were in accordance with those obtained by Doran [after 7], which demonstrated
that activity of dehydrogenases, water content, organic substance, organic C and total N
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were higher in the topsoil horizons of soils fallowed for long periods of time than in
cultivated soils. In lower situated horizons these regularities were not observed.

Table 1
Selected chemical properties of studied soils
Profil Depth Horizon o 3 DHA,[ 0 Hh ‘ > ‘ e = ‘ Cos | N
lem] H,0 | kel |[em Ha kg 2400 loke ! soil] [%]
0-22 Ap 62 | 5.0 4.58 53.7 1954 | 149.11 | 64.0 | 1.75 | 0.22
22-35 Ah 63 | 51 5.21 50.8 | 98.9 | 149.64 | 66.1 | 1.77 | 0.19
PR1 | 35-45 | BbrlC | 63 | 49 1.30 41.8 | 71.7 | 113.51 | 63.2 | 0.67 | 0.08
45-61 | Bbr2C | 6.1 | 4.7 0.49 35.8 | 71.1 | 106.93 | 66.5 | 0.50 | 0.09
50-75 | IIBbrC | 5.8 4.5 0.30 343 | 50.1 84.4 59.3 | 0.25 | 0.04
0-10 | Alh 55 | 44 12.40 74.6 | 62.2 | 136.82 | 45.5 | 2.16 | 0.22
10-22 | A2h 6.0 | 47 5.93 50.8 | 72.3 | 123.08 | 58.8 | 1.43 | 0.17
P1Z | 22-40 | Blbr | 6.1 | 4.6 1.26 448 | 69.3 | 114.03 | 60.7 | 0.62 | 0.07
40-57 | B2br | 5.9 | 44 0.72 448 | 56.1 | 100.89 | 55.6 | 0.56 | 0.09
57-87 | IIBbrC | 5.9 | 4.7 0.09 358 | 47.1 | 829 | 56.8 | 0.31 | 0.08
0-25 Ap 57 | 43 7.06 56.7 | 78.6 | 135.30 | 58.1 | 1.68 | 0.17
IR 2544 | A/Gg | 49 | 4.0 0.15 38.8 | 67.0 | 105.85 | 63.3 | 0.34 | 0.06
44-62 | Glg 47 | 3.8 0.11 582 | 614 | 119.58 | 51.3 | 0.19 | 0.05
62-87 | G2g 58 | 45 0.30 77.6 | 44.9 | 122.48 | 36.6 | 0.16 | 0.04
0-8 Alh 55 | 43 14.05 88.1 | 43.4 | 131.43 | 33.0 | 2.40 | 0.21
825 | A2h 53 | 39 4.61 65.7 | 53.6 | 119.29 | 45.0 | 1.69 | 0.17
P2Z | 25-58 | Glg 51 | 37 0.18 56.7 | 66.5 | 123.23 | 54.0 | 0.16 | 0.02
58-84 | G2g 52 | 3.6 0.34 71.6 | 50.3 | 121.91 | 41.2 | 0.10 | 0.03
84-125| G3g 51 | 37 0.05 65.7 | 60.7 | 126.39 | 48.0 | 0.12 | 0.02
0-20 Ap 56 | 42 5.95 58.2 | 89.0 | 147.24 | 60.5 | 1.69 | 0.2
20-41 | Glg 53 | 40 0.82 388 | 51.1 | 89.9 | 56.8 | 0.38 | 0.06
R 41-62 | G2g 50 | 3.7 0.05 53.7 | 68.3 | 122.00 | 56.0 | 0.21 | 0.03
62-80 | Clg 49 | 35 0.09 71.6 | 69.0 | 140.65 | 49.1 | 0.22 | 0.05
0-8 Alh 56 | 42 17.34 65.7 | 98.6 | 164.27 | 60.0 | 2.44 | 0.29
832 | A2h 56 | 4.1 5.74 71.6 | 74.7 | 146.34 | 51.1 | 1.84 | 0.20
P3Z | 32-55 | A2h/Gg| 5.7 | 42 0.52 62.7 | 74.3 | 136.99 | 54.2 | 0.68 | 0.10
55-69 Gg 52 | 3.8 1.51 59.7 | 65.8 | 125.45 | 52.4 | 0.84 | 0.11
69-95 | Clg 52 | 38 0.13 59.7 | 63.7 | 123.39 | 51.6 | 0.22 | 0.04

DHA — dehydrogenase activity, H, — hydrolitic acidity, S — total exchangeable bases, CEC — cations exchange
capacity, BS — base saturation.
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Fig. 1. Comparison of dehydrogenase activity in selected pairs

The computed Spearman rank coefficients confirmed a high and statistically
significant dependency between dehydrogenase and organic carbon activity (r = 0.8783)
and total nitrogen (r = 0.8675).

Conclusions

1. Dehydrogenase activity in soils depended on the way of land use — it was much
higher in the surface horizons of sodded soils than in the analogous horizons of arable
lands.

2. Surface horizons of the analyzed soils were characterized by much higher
dehydrogenase activity than the subsurface horizons.

3. Dehydrogenase activity to a great degree depended on organic carbon and total
nitrogen content in soil.
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WPLYW SPOSOBU UZYTKOWANIA NA AKTYWNOSC DEHYDROGENAZ
GLEB POGORZA SLASKIEGO

Katedra Gleboznawstwa i Ochrony Gleb
Uniwersytet Rolniczy im. Hugona Koffataja w Krakowie

Abstrakt: W przeprowadzonych badaniach sprawdzono zalezno$ci pomigdzy aktywnos$cig dehydrogenaz
a sposobem uzytkowania gleb. W pracy wykorzystano materiat glebowy z 6 profili glebowych, zlokali-
zowanych na terenie Pogorza Slaskiego. Aktywno$¢ dehydrogenaz w powierzchniowych poziomach gleb
zadarnionych byta wigksza (12,40-17,34 cm’H, - kg™ - 247") niz w analogicznych poziomach gleb gruntow
ornych (4,58-7,06 cm®H, - kg' - 247"). We wszystkich profilach stwierdzono wigksza aktywnosé
dehydrogenaz w powierzchniowych poziomach w pordwnaniu do poziomdéw nizej lezacych. W badanych
glebach aktywno$¢ dehydrogenaz zalezata glownie od sposobu uzytkowania oraz od zawartosci wegla
organicznego i azotu ogdlnego.

Slowa kluczowe: Pogorze Slaskie, aktywnosé biologiczna gleb, dehydrogenazy, sposéb uzytkowania
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WATER AND IONIC BALANCE
IN THE LEAVES OF BASKET WILLOW (Salix viminalis L.)
CULTIVATED IN HYDROPONICS
WITH DIFFERENT SALINITY LEVELS

BILANS WODNY ORAZ JONOWY
W LISCIACH WIERZBY WICIOWEJ (Salix viminalis L.)
UPRAWIANEJ W KULTURACH WODNYCH
O ROZNYM STOPNIU ZASOLENIA

Abstract: In the study, a significant effect of different NaCl concentration in Hoagland’s medium was
showed on the water and ionic balance in the leaves of three clones of Salix viminalis L., ie ‘Bjor’, ‘Jorr’ and
“Tora’. The measurements of water indicators (RWC and WSD) as well as the content of monovalent (K" and
Na®) and bivalent (Ca*" and Mg”") cations in the leaves of basket willow clones allow to conclude that under
high salinity of hydroponics with sodium chloride the ‘Bjor’ clone was characterised by more favourable wa-
ter and ionic balance when compared with the ‘Jorr’ and ‘Tora’ clones, as well as by effective mechanism of
decreasing the uptake of sodium ions in leaves under the highest salt concentration in the medium. The results
indicate that the ‘Bjor’ clone is best adapted to survival under salt stress conditions.

Keywords: hydroponics, salinity, Salix viminalis L., water balance, ionic balance

The basket willow (Salix viminalis L.), know also as the energy willow, is
characterised not only by a quick and large increase in biomass but also by a broad
tolerance to unfavourable environmental conditions. Considering its specific genetic
and physiological properties, this plant can be used both for energy production purposes
and reclamation of anthropogenically degraded land [1-3]. At present, one of the main
stressors for plants is substratum salinity induced by excessive fertilisation or NaCl use
for glazed ice control. The most frequently used compound, and at the same time the
most toxic one, is sodium chloride. The excess of sodium and chlorine ions in nutritive
environment induces a decrease in water chemical potential in the soil solution,

! Department of Plant Physiology, Western Pomeranian University of Technology in Szczecin, ul. J. Sto-
wackiego 17, 71434 Szczecin, Poland, email: jacek.wrobel@zut.edu.pl
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reducing the same its availability for plants. Furthermore, it disturbs ion economy and
normal plant feeding, bringing about in addition the oxidative stress [4—6].

Due to little information in the available literature on the effect of salt stress on new
forms of energy willow, studies were taken with the aim to determine the volume of
changes in the water and ionic balance in three clones of Salix viminalis under the
influence of different NaCl doses added to hydroponics.

Material and methods

The biological study material was three clones of basket willow (Salix viminalis L.):
‘Bjor’, ‘Jorr’ and ‘Tora’, coming from a plantation of the Department of Plant Physio-
logy of the Agricultural University in Szczecin. In 20062007, a hydroponics experiment
was carried out in the Vegetation Room of the Agricultural University in Szczecin
under controlled conditions. The experiment was set up as a two-factor one in random-
ised complete block design in three series (ie in May, June and July) and in three repli-
cations. The first experimental factor was different NaCl concentration in Hoagland’s
medium, ie 0.068, 0.136 and 0.170 mol NaCl - dm’3, and the control, which was a complete
Hoagland’s medium, whereas three clones of Salix viminalis were the second one.

The willow cuttings were placed at first in appropriately prepared hydroponics, with
a capacity of 2 dm> each (2 cuttings per each container), filled with complete
Hoagland’s medium. Next, after about 14 days, when the cuttings rooted themselves
and developed shoots, about 20 cm long, the mediums were replaced, differentiating in
them the NaCl concentration, in conformity with to the experiment variants adopted.

After 72 hours from exposing the hydroponics to salinity, the water balance was
determined in the leaves of examined willow clones basing on the relative water content
(RWC) and water saturation deficit (WSD) indicators according to Bandurska [7].
Then, after 168 hours from exposing the medium to salinity, the content of selected
macroelements, ie sodium, potassium, calcium and magnesium, was assayed in the
collected and subsequently wet-mineralised leaves. The determination was made with
atomic absorption spectrophotometry method (AAS).

Results referring to the content of mineral elements were processed statistically using
two-factor analysis of variance. In order to determine the significance of differences
between means for interactions, Tukey’s confidence semi-intervals were calculated at
the significance level o = 0.05 (LSDy o5). In case of RWC, homogenous groups were
determined, basing on the results given in grams. Considering the homogeneity of error
variance, the synthesis of results from two years and three experiment series was
performed.

Results and discussion

The salinity of medium with sodium chloride had a significant effect on the water
balance of leaf tissues in two basket willow clones, out of three examined ones, which
was measured by relative water content (RWC) and water saturation deficit (WSD)
indicators (Table 1). The largest amount of water was a characteristic of the leaves of
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‘Tora’ and ‘Jorr’ clones under control conditions (93.6 and 89.8 %, respectively) and in
the lowest NaCl concentration (88.2 and 89.4 %, respectively. On the other hand, at the
highest salinity of hydroponics, ie 0.170 mol NaCl - dm™, the same clones showed a
significantly higher water loss, up to 20 %, when compared with the ‘Bjor’ clone. In
case of that particular clone, irrespective of NaCl concentration in the medium, the
water balance in leaves was at a similar level, ie about 82-85 % RWC and 15-18 %
WSD. This may be evidence of larger resistance of the ‘Bjor’ clone to relatively high
salinity of medium with sodium chloride when compared with the ‘Jorr’ and ‘Tora’
clones, which responded under the same conditions with a rapid decrease in leaf tissue
hydration.

Table 1
Relative water content (RWC) [%] and water saturation deficit (WSD) indicators
in the leaf tissues of Salix viminalis L.
RWC [%] WSD [%]
Clone Concentration of NaCl in culture [mol - dm ] Concentration of NaCl in culture [mol - dm™]
0.0 0.0
(Control) 0.068 0.136 0.170 (Control) 0.068 0.136 0.170
‘Bjor’ 82.4b 85.1b 84.0b 82.0b 17.6b 14.9b 16.0b 18.0b
‘Jorr’ 89.8a 89.4a 80.3b 61.7¢c 10.2a 10.9a 19.7b 38.3¢
‘Tora’ 93.6a 88.2ab 84.9b 62.6¢ 6.4a 11.8ab 15.1b 37.4c

a, b, ¢ — The values denoted by the same letter do not differ significantly at the level o = 0.05.

The plant hydration is affected by many different factors, including the supply of
mineral components to plants and how these compounds are managed. This is because
the disturbance of ionic balance in medium, brought about by overabundance of CI™ and
Na' ions, induces a disturbance in the ionic balance in plants. According to Marosz [5],
Starck et al [8] and Greszta et al [9] the salinity of natural environment with sodium
chloride brings about changes in the cell metabolism since the absorbed sodium ions in-
crease the hydrophilic ability of plasma colloids, which induces the binding of larger
quantity of water. The potassium ions have a similar effect. This is explained by high
hydration of leaf tissues observed in the examined willow clones at lower NaCl concen-
trations in the medium (Table 1).

In the carried out study, a significant increase in the content of Na" ions in the leaves
of basket willow was found together with the increase of NaCl concentration in the me-
dium, but only to 0.136 mol NaCl - dm™ (Fig. 1). At the highest salinity, the content of
sodium in the ‘Jorr’ and ‘Tora’ clones was maintained at the same level. On the other
hand, the content of that element in the ‘Bjor’ clone decreased significantly. This attests
to setting off a defensive mechanism by this willow clone, protecting it from absorption
of excessive and harmful for cells quantity of Na' ions. The constant and invariable
level of hydration in the ‘Bjor’ clone can be explained by this. On the other hand, a de-
crease in the hydration of the ‘Tora’ and ‘Jorr’ clones can be explained by intoxication
by excessive accumulation of sodium ions which probably induced destruction of cell
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Fig. 1. Content of sodium [g - kg ' d.m.] in leaves of Salix viminalis L. in relation to concentration NaCl in
culture

structures and photosynthetic apparatus, which in turn could significantly affect a reduc-
tion in water intake.

The increased content of sodium and a small decrease in potassium content in the
leaves of Quercus robur under NaCl salinity was found by Sehmer et al [10]; in addi-
tion, they observed a lower accumulation of some bivalent cations, in particular of Ca®"

The conducted experiment showed that, the salinity did not have any significant ef-
fect on the accumulation of potassium in the leaves of the ‘Bjor’ and ‘Jorr’ clones
(Fig. 2). Only in the ‘Tora’ clone, a significant increase in the potassium content was
found at the concentration of 0.136 mol NaCl - dm™ in the medium (by about 40 %). On
the other hand, no significant effect of medium salinity was found on the content of bi-
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Fig. 2. Content of potassium [g - kg ' d.m.] in leaves of Salix viminalis L. in relation to concentration NaCl
in culture
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Fig. 4. Content of magnesium [g - kg'' d.m.] in leaves of Salix viminalis L. in relation to concentration NaCl
in culture

valent cations, ie calcium and magnesium (Figs. 3 and 4). Wrobel and Gregorczyk [11]
showed in their study a significant correlation between calcium and magnesium accu-
mulation in the leaves of the same basket willow clones and soil salinity. However, they
applied two times higher doses of NaCl and carried out their experiment under different
conditions.

Thus, it appears that the equal level of potassium in the leaf tissues of the ‘Bjor’
clone, with the limited uptake of excessive quantity of sodium, was decisive for the op-
timum hydration of leaf tissues at the high concentration of salt in the medium. Addi-
tionally, in the leaves of the ‘Bjor’ clone, out of three clones examined, were observed
the most favourable equivalent ion proportions between K:Ca + Mg (0.4 to 0.6), K:Ca
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(0.6 t0 0.9) and K:Mg (1.3 to 2.1), which were characterised by the smallest fluctuations
in the proportion of monovalent to bivalent cations in respective salt concentrations
(Table 2). This is exactly them which decide about the optimum hydration of cell
plasma and of whole plants.

Table 2
Mean equivalent ion proportions in the leaves of three clones of Salix viminalis L.
) Concentration of NaCl in culture [mol - dm ]
Clone | ons 00
prop (Control) 0.068 0.136 0.170
K:(Ca + Mg) 0.4 0.6 0.5 0.6
K:Ca 0.6 0.9 0.8 0.9
‘Bjor’ K:Mg 1.3 1.9 1.8 2.1
K:Na 2.4 2.1 0.9 1,5
Ca:Mg 22 2.1 2.3 24
K:(Ca+Mg) 0.7 0.6 0.4 0.7
K:Ca 1.1 0.9 0.6 1.0
‘Jorr’ K:Mg 2.4 0.5 1.3 22
K:Na 10.0 0.5 0.6 1.2
Ca:Mg 2.2 2.3 2.3 23
K:(Ca + Mg) 0.6 0.8 1.0 0.5
K:Ca 0.9 1.1 1.3 0.8
‘Tora’ K:Mg 1.9 2.4 3.7 1.7
K:Na 9.0 2.0 2.4 1.1
Ca:Mg 2.2 22 2.7 2.3
Conclusions

1. Under high NaCl salinity conditions in the medium, the ‘Bjor’ clone was charac-
terised by more favourable water and ionic balance when compared with the ‘Jorr’ and
“Tora’ clones.

2. From among three basket willow clones examined, only the ‘Bjor’ clone showed
an effective mechanism of decreasing the accumulation of sodium ions in the leaves un-
der the highest salinity of hydroponics.

3. High values of RWC indicator and low values of WSD indicator at the highest
concentration of sodium chloride in hydroponics as well as suitable ion proportions, ir-
respective of the degree of medium salinity, found in the ‘Bjor’ clone show that it is
best adapted to survival under salt stress conditions when compared with the ‘Jorr’ and
“Tora’ clones.
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BILANS WODNY ORAZ JONOWY W LISCIACH WIERZBY WICIOWEJ (Salix viminalis L.)
UPRAWIANEJ W KULTURACH WODNYCH O ROZNYM STOPNIU ZASOLENIA

Zaktad Fizjologii Roslin
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: W badaniach wykazano wazny wptyw zréznicowanego st¢zenia NaCl w pozywce Hoaglanda na
bilans wodny i jonowy w lisciach trzech klondw Salix viminalis L.: ‘Bjor’, ‘Jorr’ i ‘Tora’. Pomiary
wskaznikéw wodnych RWC i WSD oraz zawartosci kationow jednowartosciowych (K' i Na") oraz dwuwar-
tosciowych (Ca®" i Mg®") w lisciach klondw wierzby wiciowej pozwalaja wnioskowaé, ze w warunkach
duzego zasolenia hydroponiki chlorkiem sodu klon ‘Bjor’ w poréownaniu z klonami ‘Jorr’ i ‘Tora’
charakteryzowat si¢ korzystniejszym bilansem wodnym oraz jonowym, a takze skutecznym mechanizmem
zmniejszania pobierania jonow sodu w lisciach w warunkach najwigkszego stezenia soli w podtozu. Wyniki
badan wskazuja, ze klon ‘Bjor’ jest najlepiej przystosowany do przetrwania w warunkach stresu solnego.

Stowa kluczowe: hydroponika, zasolenie, Salix viminalis L., bilans wodny, bilans jonowy
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RESPONSE OF MICROORGANISMS
TO SOIL CONTAMINATION WITH CADMIUM,
NICKEL AND LEAD

REAKCJA DROBNOUSTROJOW NA ZANIECZYSZCZENIE GLEBY
KADMEM, MIEDZIA, CYNKIEM I OLOWIEM

Abstract: In pot experiment the effect of loamy sand contaminated with cadmium, copper, zinc and lead on
number of oligotrophic bacteria, actinomycetes and fungi was studied. Heavy metals were applied to soil as
a single pollution and in mix each other. Two level of heavy metals pollution were examined: Ist level
(mg - kg ' of soil): Cd — 4, Cu— 150, Pb — 100 and Zn — 300; 2nd level (mg - kg ' of soil): Cd — 12, Cu — 450,
Pb — 300 and Zn — 900. It was found that oligotrophic bacteria were the most sensitive on contamination of
soil with cadmium, copper, zinc and lead, slightly less — actinomycetes and the least susceptible were fungi.
The negative effect of heavy metals on microorganisms was not the sum of single heavy metals action.

Keywords: heavy metals, bacteria, fungi, actinomycetes

In most cases, heavy metals have negative influence on microorganisms. They reduce
microbial biomass, counts, structure and activity [1-4]. They cause disorders in
enzymatic activities by forming complexes with substrates or blocking reactive
functional groups of enzymes [3]. They also impair the resistance of microorganisms to
other stresses [1, 5]. Heavy metals disturb proper functioning of ecosystems by
producing adverse effect on the course of many processes, such as those involved in
transformations of carbon and nitrogen compounds [6, 7]. The actual effect of heavy
metals on microbiological properties of soil depends on the degree of soil con-
tamination, properties of chemical compounds which occur in the soil and on any other
types of pollution present in the environment.

Unlike model studies, which often focus on the effect of individual heavy metals on
the microbiological activity of soil, this experiment dealt with the influence of mixtures
on microorganisms. Thus, our objective has been to analyze the effect of cadmium,
copper, zinc and lead on oligotrophic bacteria, actinomycetes and fungi. The effect
produced by individual heavy metals was compared with that exerted by their mixtures.

! Department of Microbiology, University of Warmia and Mazury in Olsztyn, pl. £édzki 3, 10-727
Olsztyn, Poland, email: jan.kucharski@uwm.edu.pl
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Material and methods

The experiments (in four replications) were conducted in polyethylene pots placed in
a greenhouse. The test soil was loamy sand soil with pH in 1 mol KCI - dm > - 5.60;
hydrolytic acidity (Hh) — 1.31 cmol(H") - kg soil; Co — 5.00 g - kg''; total
exchangeable bases (S) — 5.71 cmol(+) - kg_l; exchangeable capacity of the sorptive
complex (T) — 7.02 cmol(+) - kg_l; base cation saturation ratio (V) — 81.34 %. Prior to
the trials, soil samples (3 kg each) were mixed with mineral fertilizers and heavy
metals. All the treatments received identical macro- and microelement fertilization
consisting of N —100 [CO(NH,),], P — 44 [KH,PO,]; K — 83 [KH,PO, + KCI], Mg — 20
[MgSO, - TH,0], Zn — 5 [ZnCl,], Cu — 5 [CuSOy - 5H,0], Mn — 5 [MnCl, - 4H,0],
Mo - 5 [Na,MoO, - 2H,0], B — 0.33 [H3BO;] expressed as pure element in mg per kg
soil. The soil samples prepared as described above were contaminated with cadmium
(CdcCl, - 21/2H20), copper (CuSOy - 5H,0), lead (PbCl,) and zinc (ZnCl,). Two levels
of contamination were applied. The first one corresponded to the maximum permissible
concentrations of heavy metals contained in the Decree of the Minister for Environment
of 9™ September 2002 [8] and comprised, [mg - kg_l], 4 Cd, 150 Cu, 100 Pb and
300 Zn. The other level was 3-fold higher than that and equalled, [mg - kg_1 soil],
12 Cd, 450 Cu, 300 Pb and 900 Zn. In addition to this, cadmium polluted objects
received other heavy metals (Cu, Pb and Zn). The following objects contaminated with
heavy metals were compared: Cd, Cu, Pb, Zn, CdCu, CdPb, CdZn, CdCuPb, CdCuZn,
CdPbZn and CdCuPbZn. The effect of the heavy metals was verified according to the
control (non-polluted) objects. The trials were conducted in two series: soil cropped
with oats cv. Borowik (12 plants per pot) and uncropped soil.

Having been mixed with the fertilizers and heavy metals, the soil was brought to
a moisture content of 60 % water capillary capacity and maintained at this level for two
weeks. On day 14 samples for microbiological analyses were collected and oats was
sown in the cropped soil series. The pots in the other series were maintained unsown for
61 days. In this period constant moisture (60 % of capillary water capacity) of soil was
maintained. After that time, oats plants (in the inflorescence stage) were harvested, the
yields were measured and the soil samples obtained from both series were assayed for
counts of microorganisms. Thus, counts of microorganisms were assayed twice, on day
14 and day 61 of the experiment. The microbiological assays consisted of determina-
tions of counts of oligotrophic bacteria on Onta and Hattori medium [9], actinomycetes
— on Kuster and William medium supplemented with nystatin and actidione [10] and
fungi — on Martin medium [11].

The results underwent statistical elaboration using Duncan’s multiple range test and
two-factor analysis of variance. All statistical calculations were performed with an aid
of Statistica software [12].

Results and discussion

Counts of oligotrophic bacteria in soil sown with oats were 1.34-fold higher than in
uncropped soil (Table 1). Independent of the soil use, heavy metals depressed rather
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substantially the populations of oligotrophic bacteria. Higher rates of pollution produced
particularly strong negative effects although these were not proportional to the increase
in the pollution degree.

Oligotrophic bacteria proved to be very sensitive to copper. Their population
decreased by 36 % in the soil polluted with the higher rate of copper and by 30 % when
the lower dose of the contaminant was applied. A similar effect was produced by
cadmium, which depressed populations of oligotrophic bacteria by 34 % and 20 %,
respectively. Lead and zinc had a weaker influence on this group of microorganisms.

Soil contamination with cadmium in conjunction with copper, lead or zinc tended to
be more toxic than the treatments involving single elements. However, less notable
effects occurred after adding more pollutants, such as mixtures of three heavy metals.
Larger modifications in the populations of oligotrophic bacteria were observed under
the total contamination with all the four test elements, cadmium, copper, lead and zinc,
especially in uncropped soil. The aggregated effect of these four heavy metals caused a
46 % decrease in the count of oligotrophic bacteria. This can be compared with a 36 %
decline as a result of the contamination with three metals, 34 % — with two metals and
26 % — with a single metal.

Table 1
Number of oligotrophic bacteria [cfu 10° - kg d.m. of soil]
Contamination level
Ist 2nd
Object
Manner of soil management

unsown sown unsown sown
Control 1377 183+5 137+£9 183+6
Cd 115+£9 140£6 90+9 122+7
Cu 106 £7 1155 90 +4 115+£5
Pb 112+6 135+5 115£8 124+7
Zn 104+9 133+7 119+£9 138+6
CdCu 101+6 121+£6 97+6 104+6
CdPb 88+ 6 122+ 6 96 £ 10 114+9
CdZn 9+9 111+6 99+ 10 113+7
CdCuPb 88+ 6 93+6 104+7 119+7
CdCuZn 95+9 117£6 97£6 106 £ 6
CdPbZn 104+6 119+6 85+9 1016
CdCuPbZn 86+6 104£6 65+5 94+6
Average 103 +2 124 £2 99 +1 119+2
LSD a-29,b-12;c—-12;a-b-4.0;a-c—4.0;b-c-16;a-b-c-5.7

LSD for: a — kind of contamination; b — contamination level; ¢ — manner of soil management: 1st contamina-
tion level [mg - kg ™' d.m. of soil]: Cd — 4; Cu — 150; Pb — 100; Zn — 300; 2nd contamination level [mg - kg
d.m. of soil]: Cd — 12; Cu — 450; Pb — 300; Zn — 900.
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Counts of actinomycetes (Table 2) was 2.15-fold higher in cropped than uncropped
soil, which meant that the differences between the two types of soil use were much
larger here than in the case of oligotrophic bacteria. On the other hand, toxic effect of
particular heavy metals on actinomycetes was much weaker than that produced on
oligotrophic bacteria. Actually, zinc was the only metal which depressed the count of
actinomycetes (by 17-23 % in uncropped soil and 9 % in soil under oats), but this result
was observed only when the lower rate of this metal had been introduced to soil. In the
soil polluted with the triple doses of the metals relative their permissible levels,
cadmium produced a negative effect on actinomycetes although its influence was much
weaker than that of zinc. In the treatment consisting of unropped soil and the lower
cadmium rate, the metal did not inhibit the growth of actinomycetes. Moreover, in the
soil sown with oats, the same rate of cadmium stimulated the multiplication of these
microorganisms. Cadmium added to soil together with copper had a significant negative
effect on actinomycetes. The aggregated toxic effect produced by these two elements
was much stronger when the lower doses of the metals were added to soil.

Table 2
Number of actinomycetes [cfu 10° - kg d.m. of soil]
Contamination level*
Ist 2nd
Object
Manner of soil management
unsown sown unsown sown

Control 48+ 1 103+7 48+1 103+7
Cd 48+3 160 £ 14 46£3 93+8
Cu 63+4 108 £8 44+4 119+11
Pb 47+4 15512 59+3 101 £5
Zn 40£2 94+7 37£4 103£5
CdCu 35+2 89+4 46+t 4 101+£9
CdPb 364 91£6 58£5 95+9
CdZn 51+4 88+5 36+3 62+4
CdCuPb 49£5 68 £6 55+£3 94 +7
CdCuZn 48+3 105+6 37+2 80+3
CdPbZn 49£3 94+ 6 40£3 858
CdCuPbZn 46 +3 126 + 10 26+2 76 +4
Average 47+1 107 +2 44 +1 93+1
LSD* a-38b-15c-15a-b-53;a-¢c-53;b-c-2.17;a-b-¢c-7.5

* Explantions are under Table 1.

Cadmium applied in conjunction with lead produced similar effects, except in
uncropped soil with the triple doses of the contaminants. The strongest toxic effects on
actinomycetes produced by a combination of these two elements occurred in uncropped
soil treated with the stronger doses of cadmium and lead. Actinomycetes were the most
sensitive to the joint effect produced by cadmium and zinc. When introduced at the
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triple doses, these two heavy metals depressed the population of actinomycetes by 40 %
in soil under oats. When lead was added to an analogous object, it significantly reduced
the negative effect of soil contamination on actinomycetes, even though the total
amount of contaminates had increased. Lead nearly completely alleviated the negative
impact of soil contamination in combination with cadmium and copper, but this effect
was observed only in uncropped soil at either of the levels of pollution. In turn, zinc
applied together with cadmium and copper — at the lower dose — completely neutralised
the toxic effect of copper and cadmium. In contrast, when applied at the higher dose it
significantly rose the toxicity of a cadmium and copper mixture. The total con-
tamination with all the four heavy metals, although the highest in terms of the quantity
and quality of the pollution, did not cause any larger modifications in the population of
actinomycetes that those generated by a mixture of cadmium and zinc.

Table 3
Number of fungi [cfu 10° - kg'' d.m. of soil]
Contamination level*
Ist 2nd
Object
Manner of soil management

unsown sown unsown sown
Control 30+2 31+3 30+2 313
Cd 34+2 39+2 32+2 37+3
Cu 42+£3 35+1 33+2 44+£3
Pb 33+£2 31+2 34+3 39+4
Zn 30+2 49+3 36+2 41+2
CdCu 25+2 32+1 20+2 25+2
CdPb 33£2 28+2 30+2 22+2
CdZn 31+2 48+3 31+2 30+3
CdCuPb 37+£3 35+£3 34+£3 35+£3
CdCuZn 25+2 34+4 28+1 302
CdPbZn 29£2 372 35+£3 37+£3
CdCuPbZn 34+2 37+3 28+3 36+3
Average 321 36x1 31+1 34 1
LSD* a—-19;b-08;¢c-08;a-b-2.7;a-¢c—2.7;b-c—ns;a-b-c—-3.8

* Explantions are under Table 1.

In contrast to oligotrophic bacteria and actinomycetes, counts of fungi were
independent from the type of soil use and proved to be comparable in uncropped soil
and soil under oats (Table 3). Fungi clearly differed from actinomycetes and, even more
so, from oligotrophic bacteria, in their response to soil contamination with heavy
metals. Each of the tested heavy metals, when applied individually, made fungal
populations to grow. The highest increase in fungi was caused by zinc (on average,
a 28 % increase), followed by copper (26 %), cadmium (16 %) and lead (12 %). In the
soil under oats treated with the higher doses of the metals, a significant drop in the
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count of fungi was noticed under the influence of a combination of cadmium and
copper, cadmium and lead or cadmium and zinc. The number of fungi fell most
substantially when cadmium was added together with lead; the smallest decline in
fungal counts occurred under the joint effect of cadmium and zinc. The addition of lead
to an object treated with cadmium and copper not only alleviated the negative influence
of the two latter metals but contributed to a significant increment in the population of
fungi. The count of fungi was also depressed when soil had received a mixture of
cadmium, copper and zinc but an addition of a fourth element, lead, significantly
reduced the adverse effect of the three former elements.

The present investigations have demonstrated that the mechanism of heavy metals
affecting soil microorganisms is far from being completely recognised. Differences in
the response to soil pollution observed between oligotrophic bacteria, actinomycetes
and fungi could be attributed to some specific characteristics of these three groups of
microogranisms, which in turn originate from the specific structure of their cells. The
most sensitive cells die under the effect of heavy metals while other cells can adjust
themselves to new conditions through certain physiological or genetic modifications.
Some other cells, also tolerant to the presence of heavy metals, can be removed from
microbial populations as a result of competition between microorganisms which can
survive pollution with heavy metals [1]. Therefore, the growth of fungal populations
observed under the effect of the four tested metals, when applied singly, cannot be
considered as a positive outcome as long as we lack detailed knowledge of the structure
of fungal cells. Some research [2] suggests that soil pollution with heavy metals can
cause such large modifications in the species that the whole metabolism of soil can be
disrupted [6].

The results on the response of microorganisms to heavy metals contained in this
paper are further confirmed by several other reports [3, 4, 13, 14]. All these findings
prove that the exact effect produced by heavy metal contamination of soil is conditioned
not only by the amounts of heavy metals in soil environment but also by the presence of
other metals, which can diminish toxicity of single metals [15-17].

Conclusions

1. Oligotrophic bacteria were most sensitive to soil pollution with heavy metals
(cadmium, copper, lead and zinc). Acinomycetes were slightly less sensitive to such
conditions and fungi proved to be the least sensitive microogranisms.

2. The adverse effect of heavy metals on microogrniams is not additive in character,
ic it is not a total of the effects produced by single metals.

3. Lead, applied as PbCl,, proved to mask most efficiently the effect produced by the
other three heavy metals tested.
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REAKCJA DROBNOUSTROJOW NA ZANIECZYSZCZENIE GLEBY
KADMEM, MIEDZIA, CYNKIEM I OLOWIEM

Katedra Mikrobiologii
Uniwersytet Warminsko-Mazurski w Olsztynie

Abstrakt: W doswiadczeniu wazonowym badano wplyw zanieczyszczenia piasku gliniastego kadmem,
miedzia, cynkiem i olowiem oraz ich mieszaninami w réznych proporcjach na liczebnos¢ bakterii
oligotroficznych, promieniowcéw i grzybow. Zastosowano 2 poziomy zanieczyszczenia, ktore wynosily
[mg - kg gleby]: I poziom: Cd — 4; Cu — 150; Pb — 100; Zn — 300; II poziom: Cd — 12; Cu — 450; Pb — 300;
Zn — 900. W wyniku badan stwierdzono, ze bakterie oligotroficzne byly najbardziej wrazliwe na
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zanieczyszczenie gleby metalami cigzkimi (kadmem, miedzia, otowiem i cynkiem), nieco mniej — promie-
niowce, a najmniej — grzyby. Negatywne oddziatywanie metali cigzkich na drobnoustroje nie miato
charakteru addytywnego, tzn. nie bylo suma skutkéw dziatania pojedynczych metali.

Slowa kluczowe: metale cig¢zkie, bakterie, grzyby, promieniowce
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SEARCH FOR AN EFFICIENT COMPOUND
WITH ANTIFUNGAL PROPERTIES
INHIBITING Fusarium GENUS FUNGI

POSZUKIWANIE SKUTECZNEGO ZWIAZKU
O WLASCIWOSCIACH PRZECIWGRZYBICZYCH
HAMUJACEGO ROZWOJ GRZYBOW Z RODZAJU Fusarium
NA ROZNYCH GENOTYPACH ZBOZ

Abstract: A food quality finds considerable consumer’s interests. Presence of contaminants in food is one of
the principle criteria of foodstuff health safety assessment. Toxins of moulds, namely of Fusarium genus
called mycotoxins, that are characterized by acute toxic action, are one of the most dangerous biological-
-origin substances found in food. Farm products may be contaminated with these metabolites beginning from
the crop development in a field (mainly cereals), through their harvest, to storage and transport of final
products. In order to reduce the food contamination due to mycotoxins, it is necessary to apply properly
selected plant protection means. Own study upon achieving the active substances allowed for selecting
compounds with promising biological action, that would become potential fungicides controlling moulds.

Keywords: mycotoxins, Fusarium species, antifungal activity, minimal inhibitory concentration — MIC

Fusarium genus fungi are the most isolated pathogens of worldwide crops [1, 2].
They are the reason of enormous economic loss resulting from their high pathogenecity
and toxin-formation abilities, thus they are counted to the most dangerous filamentous
fungi.

Fusarium infects crops of the basic economical importance for human [3], they occur
on all cultivated winter and spring cereal species and can infect plants at their seedling,
sprouting, and flowering stages [4-6]. Head blight is the most dangerous and
economically significant cereal disease caused by Fusarium spp. [7]. It affects the lower
ear weight and grain number per ear, plant growth inhibition, lower starch content
in grains, and considerable worse baking quality of a flour achieved from infected
grains [8].

! Departament of Chemistry, Faculty of Food Science and Biotechnology, University of Life Science, ul.
Akademicka 15, 20-950 Lublin, Poland phone: +48 81 445 68 46, email: julka-portal@wp.pl
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Under Polish climatic conditions, head blight is most frequently caused by a complex
of diverse species such as Fusarium culmorum, Fusarium avanaceum, and Fusarium
graminearum [9]. Quite large percentage of another pathogen has been lately observed
— Fusarium poae that infects oats and other cereals panicles in Lublin region and
eastern Poland [10, 11]. In addition, weather conditions (high air moisture and high
temperatures, namely during flowering), as well as improper grain storage and transport
conditions, favor mould development [12]. Deoxynivalenol (DON) is the most
dangerous mycotoxin produced by Fusarium genus fungi. It is accumulated in infected
plant cells and that way it penetrates the human’s and animal’s nutrition chain [13, 14].
Mycotoxins are low-molecular substances, against which an organism fails to produce
any antibodies. They are lipophilic and hence they are prone to be deposited in fat cell
fractions at plants and animals [15]. Prolonged exposure to mycotoxin action may result
in endocrinological, neurological, and tumor diseases.

The problem of raw materials and foodstuff contamination with Fusarium genus
fungi and their toxic metabolites cannot be eliminated applying traditional agrotechnical
operations. An appropriate using properly selected fungicides, both in a view of fighting
against diseases, existing weather conditions, and the rate applied are needed. However,
quite great resistance of fungi against nowadays used antifungal means is a serious
problem at controlling head blight. Due to fast mutation of strains towards some fungal
species, up-to-date applied plant protection means became ineffective, while others
retained their action, although at much increased doses. Furthermore, in the case of
some mould strains, the active substance should be applied only once.

Therefore, studies upon achieving modern fungicides with systemic action that
would have bilateral features, are extremely important at present. The own study
conducted up-to-date included synthesis of diverse 2,4-dihydroxythiobenzamide
derivatives in a view of their high activity towards phytopathogenic and yeast-like
fungi, as well as dermatophytes [16—18]. Achieved results are promising and allow for
searching for agents efficient to a narrow selected group of fungi — those of Fusarium
genus.

Materials and methods

The study involved 13 different thiocarbonyl derivatives (Fig. 1) that were produced
by means of organic synthesis at Chemistry Department, University of Life Sciences in
Lublin, in accordance with the patented reaction mechanism [19]. Applying high-
-performance liquid chromatography (HPLC), the purity of achieved compounds could
be confirmed.

In order to evaluate the biological activity of newly synthesized derivatives,
Fusarium genus fungal species were tested; they were selected due to their presence in
cereals and cereal-origin products.

Material for study comprised moulds. The material for inoculation was transferred
onto Sabouraud substrate. Inoculum was made up of suspension containing 10° cfu per
1 cm? (milliliter). Aliquots of 20 mm’ (ul) suspension were transferred onto Petri dishes
with studied mediums containing corresponded concentrations of tested compounds.
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Fig. 1. Chemical structures of substituted 2,4-dihydroxythioamides

The control was made up of above inoculum on studied mediums that lack tested
compounds or with 1 % DMSO. The incubation was performed at 27 °C, and minimal
inhibitory concentration (MIC) reading was made after 5 days. Tests were conducted at
Department of Pharmaceutical Microbiology, University of Medicine in Lublin.

Subsequent part of biological examinations was performed at Sub-department of
Pesticide Applying and Formulation, Institute of Organic Industry in Warsaw (GLP
certificate, Statement of GLP Compliance No. G013). Following standard fungicides
were applied: carbendazyme (commercial name — Sarfun 500 S.C.) and precymidone
(commercial name — Sumilex 500 S.C.). Assays were made in accordance with
laboratory method for antifungal activity assessment (procedure SPR/FA,/11) by
estimating the influence of particular concentrations of tested compound present in a
medium on growth of fungal colony that causes crop diseases.

Solution or suspension of tested compound was added to sterile and cooled PDA
medium (3.9 g of DDA medium (Difco) + 0.2 g of agar in 100 em® of distilled water) to
achieve needed concentration in substrate. Tested compounds were dissolved in acetone
and water mixture (1.5:1), while fungicides were dissolved in water.

Inoculum with mycelium of tested strains was put into solidified medium on 5 cm
diameter Petri dishes. Dishes were incubated at 21 °C for 5 days. Then, the diameter of
fungal colonies was measured. Based on Abbot’s formula, it served for calculating the
inhibition efficiency of tested compound or standard at particular concentration, the
inhibition of mycelium linear growth was measured.

Following criteria of action efficiency were used:

Efficiency Ranking of fungicidal control
of linear growth [%] score action
Above 80 % 3 good
50-80 % 2 moderate
20-50 % 1 poor
20 % and less 0 no action

The assessment was made at 200 mg/dm3 and 20 mg/dm3 concentrations. The
experiment was carried out in two replications for each combination.
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Results and discusion

Evaluating the inhibition action of tested derivatives was expressed by means of
determining the lowest inhibitive concentration MIC, ie the lowest concentration of
subsequent dilutions of biologically active substance at which no microorganism growth
can be observed. The MIC values are considered as a measure of compound
effectiveness. MIC values were achieved for all tested preparations and for two
reference substances towards Fusarium genus fungi (Table 1).

Fusarium culmorum appeared to be the most resistant — mean MIC value for applied
derivatives amounted to 150 mg/dm’, while Fusarium moniliforme was the least
resistant — mean MIC was —56.73 mg/dm?>. Action of itraconasole and fluconasole also
confirmed results achieved for tested compounds (F. culmorum — average MIC — 200
mg/dm®, F. moniliforme — average MIC — 56.25 mg/dm?).

The result analysis revealed that majority of tested compounds showed quite good
biological activity, and their action was comparable with that of standard preparations.
Derivatives No. 7, 8, and 9 were characterized by moderate activity — MIC values for
them were within range of 125-200 mg/dm3. Results for compounds No. 3, 4, 12, and
13 were much more promising — mean activities were 3-5-fold higher than for
itraconasole and fluconasole. Particularly high action was recorded for N,N-[5-(1,2,3,4-
-thiatriasol)-phenyl]-2,4-dihydroxythiobenzamide (compound No. 13) with mean MIC —
35.78 mg/dm’. It manifested 8-fold higher activity in relation to the most resistant .
culmorum than reference preparations and other compounds used in tests. Similar high
action was observed towards other Fusarium genus fungi species.

Activity and functioning of tested compounds
towards phytopathogenic fungi

During the laboratory tests (Table 2) at 200 mg/dm3 concentration, all studied
compounds revealed significant fungistatic activity (inhibition level remained at the
level about 61-100 %). Compounds No. 3, 4, 5, 6, 10, 12 and 13 showed extremely
strong inhibition action by complete inhibition of all three pathogens. Other derivatives
also acted towards all three Fusarium genus fungi species although with 61-80 %
efficiency. When compounds were applied at lower concentration (20 mg/dm3), for
majority of them, the inhibition activity decreased, or even complete lack of biological
action was observed in some cases. However, derivatives No. 4, 6, 10, 12 and 13
showed quite good inhibition activity — depending on the pathogen type, their action
was within 41-100 % range. On a base of earlier own studies [17, 20] and along with
analysis of here achieved results, it can be confirmed that chemical structure of a
molecule determines the biological action of these compounds. At the most active
derivatives No. 6, 10 and 13, presence of heterocyclic substituents (pyrole, dithiasole,
and tiatriasole) apparently affected the elevated activity. Presence of sulfur and nitrogen
atoms having free electron pairs favors the compound’s conformation during penetrat-
ing the barrier of biological membrane, thus has positive effects of derivative’s
biological action.
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Table 2

Antifungal efficiency of 13 compounds and 2 standard fungicides against Fusarium genus fungi

Fusarium culmorum Fusarium graminearum Fusarium poae
Compound

200 mg/dm’® | 20 mg/dm’ | 200 mg/dm’® | 20 mg/dm’ | 200 mg/dm® | 20 mg/dm’

1 3 1 3 1 3 0

2 3 1 3 1 3 1

3 4 2 4 1 4 1

4 4 3 4 4 4 2

5 4 2 4 3 4 3

6 4 3 4 4 4 3

7 3 2 3 2 3 1

8 3 1 3 2 3 1

9 3 0 3 1 3 0

10 4 2 4 4 4 4

11 3 1 3 3 3 2

12 4 3 4 4 4 2

13 4 2 4 4 4 4

Carbendazyme 4 4 4 4 4 4

Precymidone — — 4 4 4 4

Efficiency of linear growth in %:
[0] — 0-20 %; [1] — 2140 %; [2] — 41-60 %; [3] — 61-80 %; [4] — 81-100 %.

Among tested fungi, Fusarium culmorum was the most resistant, while Fusarium
graminearum the least resistant; for the latter, values of mycelium growth inhibition
were the highest, both at 200 mg/dm’ and 20 mg/dm’ concentrations of tested
compounds.

Having taken into account the results from studies involving standards being
biologically active substances (procymidone and karbendazyme), achieved derivatives
may be interesting research objects. It refers in particular to compounds, the inhibition
action of which is at the same level as that of applied standard fungicides. They can be
considered as new leading systems and use them in further in vitro tests towards other
types of pathogens as well as at in vivo studies.

Conclusions

Conducting more detailed and wider in vifro and in vivo experiments seems to be
purposeful, because it would allow for more accurate learning the antifungal action
scope of high-activity compounds.

Modifying the molecule structure, mainly by introducing the heterocyclic substituents
containing nitrogen and sulfur atoms might be also efficient, which seems to have
positive influence of increased biological activity of synthesized derivatives.
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Performed experiments and tests give the hope for isolating the compound that would
be highly effective in controlling the moulds responsible for introducing mycotoxins
into the food and cereal products.
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POSZUKIWANIE SKUTECZNEGO ZWIAZKU
O WLEASCIWOSCIACH PRZECIWGRZYBICZYCH HAMUJACEGO ROZWOJ GRZYBOW
Z RODZAJU Fusarium NA ROZNYCH GENOTYPACH ZBOZ

Katedra Chemii, Wydzial Nauk o Zywnosci i Biotechnologii
Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Jako$¢ zywno$ci wzbudza szczegolne zainteresowanie konsumentow. Obecnos$¢ zanieczyszczen
w zywnosci jest jednym z podstawowych kryteriéw oceny bezpieczenstwa produktow zywnosciowych. Do
niebezpiecznych substancji pochodzenia biologicznego coraz czgsciej spotykanych w zywnosci naleza
toksyny grzybow plesniowych, szczegodlnie z rodzaju Fusarium zwane mikotoksynami, charakteryzujace si¢
ostrym dziataniem toksycznym. Produkty rolne moga ulec zanieczyszczeniu tymi metabolitami poczawszy od
rozwoju roslin na polu (gtéwnie zboza), poprzez zbior, po przechowywanie i transport gotowych produktow.
W celu ograniczenia skazenia zywnos$ci mikotoksynami konieczne jest stosowanie odpowiednio dobranych
$rodkéw ochrony roslin. Badania wilasne nad otrzymywaniem substancji aktywnych pozwolity wybraé
zwigzki o obiecujagcym dziataniu biologicznym, ktore moga sta¢ si¢ potencjalnymi fungicydami, zwal-
czajacymi grzyby plesniowe.

Stowa kluczowe: mikotoksyny, grzyby z rodzaju Fusarium, aktywno$¢ przeciwgrzybicza, MIC, 2,4-di-
hydroxytiobenzamidy
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INVESTIGATIONS ON FUNGICIDAL PROPERTIES
OF 1,3,4-THIADIAZOLE DERIVATIVES

BADANIA WEASCIWOSCI
GRZYBOBOJCZYCH POCHODNYCH 1,3,4-TIADIAZOLI

Abstract: The results of the research concerning the effect of 1,3,4-thiadiazole derivatives on fungicidal
Candida albicans are discussed. In all the conducted tests the reference strain of Candida albicans ATCC
10231 was used. To obtain the desired results, the following standard and synthesized thiadiazole derivatives
were tested: 2-acetylamino-1,3,4-thiadiazolo-5-sulfonamide; 2-acetylamino-5-chloro-1,3,4-thiadiazole; 2-amino-
-1,3,4-thiadiazole; 2-acetylamino-1,3,4-thiadiazole; 2-acetylamino-1,3,4-thiadiazolo-5-sulfonic acid and bis(2-
-acetylamino-1,3,4-thiadiazolo)-5,5’-disulfonamide. In all the examined compounds the increase in the
Candida albicans inhibition zone proportional to the increase of the compound concentration was observed.
The only exception is 2-acetylamino-1,3,4-thiadiazole demonstrating the opposite tendency. While carrying
out the research, it was found that 2-amino-1,3,4-thiadiazole proved to be the most effective of all the
compounds within the tested group. It was also found that the higher the concentration of the compound, the
higher the growth control zone (y) of Candida albicans. This phenomenon can be described by means of the
equation: y = 0.9167x° — 7.4286x> + 10.655x + 23.1 (where: x — concentration of 2-amino-1,3,4-thiadiazole).

Keywords: Candida albicans, antifungicidal activity, 1,3,4-thiadiazole derivatives, MIC

It is known that 1,3,4-thiadiazole derivatives have biological activity with their
antifungal action [1, 2]. Also, metal complexes with 1,3,4-thiadiazole derivatives as
ligands showed in vitro antifungal activity against Candida spp [3]. The published
literature discusses the fact that such substance as B-amino 21 acid (BAY 10-
-8888/PLD-118) demonstrates a high antifungal activity against Candida albicans [4].
Additionally, the strains of the bacteria Candida albicans are susceptible to such
triazoles as: fluconazole 2-(2,4-difluorophenyl)-1,3-bis(1H-1,2,4-triazole-1-ilo)-propane-
-2-ol [5]. Frequent infections, occurring as a result of Candida albicans’s opportunistic
pathogen (attacking weakened organism), are widely treated by antifungal preparation —
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fluconazole, which is an ergosterol biosynthesis inhibitor, the basic sterole compound
existing in the fungi cell membrane [6-8].

It is known that the protection against Candida albicans was observed in the
glucan-treated groups of patients. These observations suggest that the biological
response modifiers (BMRs) such as glucan may be effectively applied in case of the
patients in risk of the post-operative infection [9-11].

The characteristic features of a Candida albicans bacterial colony are as follows:
cream-yellow colour, slightly convex above agar, not growing into the substrate,
smooth, glossy surface, which becomes plicate while aging; usually smooth edges, (the
fuzzy one exist only for a few bacterial strains); it releases characteristic yeast odor. The
maximum growth temperature is 4346 °C; the growth is stimulated by biotin and some
of the bacterial strains are stimulated by thiamine; cells form bacterial culture tolerate
the osmotic pressure of 8-12 % of sodium chloride solution [12].

Pathogenesis. The species is regarded as the most frequent etiological agent of
generalized human and organ candidiasis. Candida albicans invasions may concern all
the tissues, organs and human body systems in various stages of their development. The
perfect stage is not known [12].

Yeast and fungi are also solid components of the soil microflora. Microflora complex
is governed by the natural ecosystem; fungus population is dynamic which is a result of
the sanitary condition connected with the fertilization of the soil polluted with sewage.
Liquid animal excrements used as an organic fertilizer highly pollute cultivable soil
with yeast fungi and mould. However, the fungi settled only in connection with 15
species from Cryptococcaceae family (including Candida albicans and others).

Fertilizations by the use of the following: the fermented liquid manure in a form of
agricultural waste, sewage from food production and urban wastewater are potentially
dangerous for animals and human beings [13].

The amount of the microorganisms in sewage is assessed on the basis of the bacteria
detection regarded as the sanitary indicators. In western European countries, Salmonella
is such an indicator; in Poland — Escherichia coli, the presence of which makes it
possible to determine the Coli titre. In the USA, the fungus Candida albicans was
accepted a relevant indicator for water and sewage assessment [14—16].

The aim of this study was to test the standard and synthesized derivatives of
1,3,4-thiadiazoles against the Candida albicans mycelium growth inhibition.

Experimental part

The following synthesized and standard compounds (Pharmaceutical Plants Pol-
pharma, Starogard Gdanski, Poland) were used in the biological research for the test
fungicidal properties: 2-acetylamino-1,3,4-thiadiazole-5-sulfonamide (AcATYS); 2-amino-
-1,3,4-thiadiazole (AT); 2-acetylamino-1,3,4-thiadiazole (AcAT); 2-acetylamino-5-chloro-
-1,3,4-thiadiazole (AcATCI); 2-acetylamino-1,3,4-thiadiazolo-5-sulfonic acid (AcATSO;H)
and bis(2-acetylamino-1,3,4-thiadiazole)-5,5’-disulfonamide (bAcATDS). Reagents of
analytically pure class produced by Sigma-Aldrich and POCh Gliwice (Poland) were
used for the compounds preparation.
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Chemical syntheses of 2-acetylamino-1,3,4-thiadiazole-5-sulfonamide (AcATS), of
2-amino-1,3,4-thiadiazole (AT), and of bis(2-acetylamino-1,3,4-thiadiazole)-5,5’-di-
sulfonamide (BAcATDS) were discussed in the other article concerning the chemical
characteristics of >C NMR of above mentioned compounds [17].

Preparing 2-acetylamino-1,3,4-thiadiazole (AcAT)

2-acetylamino-1,3,4-thiadiazole (AcAT) was obtained with the method applied by
Kanaoka [18], according to which 1-ethoxymethylenothiosemicarbazide was obtained
from the reaction products such as thiosemicarbazide and ethyl orthoformate. 2-acetyl-
amino-1,3,4-thiadiazole (AcAT) was obtained as a result of the ring formation of
1-ethoxymethylenothiosemicarbazide with acetic anhydride. 9.0 g (0.10 mole) of
thiosemicarbazide and 16.4 cm® (0.10 mole) of ethyl orthoformate (d = 0.8910 g/cm?)
were introduced to the reactor of volume 350.0 cm’, equipped with a mechanic mixer
and a reflux condenser. Next, the mixture was heated in a water bath for 2 hours. After
this period of time, 250.0 cm® (4.70 mole) of acetonitrile (d = 0.7830 g/em®) was
introduced to the mixture and the whole mixture was heated to boiling. The mixture was
dried thermally. After cooling, the product was dried until the dry mass was attained,
the total yield was 3.48 g (24 %) of ethyl orthoformate thiosemicarbazide. 14.0 cm’
(0.15 mole) of acetic anhydride (d = 1.0840 g/cm®) was added to 3.0 g (0.02 mole) of
ethyl orthoformate thiosemicarbazide. Then, the mixture was being heated at the
temperature of 90 °C for one hour. The obtained precipitate was filtered, recrystallized
from hot water and dried until dry mass was obtained, (yield 90 %) of white crystals of
2-acetylamino-1,3,4-thiadiazole with melting point at the temperature of 265-267 °C
(literature temperature of 268-269 °C [19-21]).

Preparing 2-acetylamino-5-chloro-1,3,4-thiadiazole (AcATCI)

First of all 2.59 mole (80.0 cm3) of 36 % hydrochloric acid (d = 1.1830 g/cm3) and
0.33 mole (10.0 cm®) of 30 % hydrogen peroxide (d =1.1110 g/cm3) were introduced to
the 350.0 cm® volume reactor, equipped with a mechanic stirrer and a thermometer.
Reagents were introduced in batches so that the temperature of the mixture should not
exceed 10 °C. Next, 0.05 mole (8.04 g) of 2-acetylamino-5-mercapto-1,3,4-thiadiazole
and 1.32 mole (75.0 cm3) of 96 % acetic acid (d = 1.0610 g/cm3 ) were introduced. The
reaction was being carried out for 8 hours at the temperature ranging from 10 to 15 °C.
The obtained yellow solution was filtered on Buchner’s set. White, crystalline substance
of 2-acetylamino-5-chloro-1,3,4-thiadiazole was precipitated from the filtrate. Next, it
was separated and dried at the ambient temperature until the dry mass was attained.
Consequently, 4.32 g of the product (yield 53 %) was obtained with the melting point at
the temperature of 245 °C (literature temperature 245-246 °C) [22].

Preparing 2-acetylamino-1,3,4-thiadiazolo-5-sulfonic acid (AcATSO;H)

First, 24.8 cm® (0.435 mole) of 99.5 % CH3;COOH (d = 1.0520 g/cm®), 28.7 cm®
(0.93 mole) of 36 % HCI (d = 1.1820 g/cm3), 8.06 g (0.046 mole) of 2-acetyl-
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amino-5-mercapto-1,3,4-thiadiazole and 24.1 cm’ (0. 786 mole) of 30 % H,0, (d =
= 1.1110 g/cm3) were introduced in turn into the 350.0 cm® volume reactor, equipped
with a thermometer and the stirrer, and placed in the water bath filled with ice. The
reaction time was 2 hours from the moment of introducing the oxidizer at the
temperature between 5 and 10 °C. The reaction precipitate was filtered and washed with
a great amount of ice cold distilled water in order to remove the residue of acids and the
oxidizer. The product was stored at the temperature from 7 to 10 °C. As a result 5.4 g of
2-acetylamino-1,3,4-thiadiazolo-5-sulfonic acid was obtained (yield 53 %), and melting
point of substance was determined at the temperature of 282 °C.

Characterized by the concentration ranging from 0.5 to 50.0 mg/cm3, the solutions of
the synthesized compounds presented above were prepared in dimethyl sulfoxide
(DMSO). A control sample with fungicidal properties was also made. The effect of the
tested heterocyclic compounds on the sensitivity of Candida albicans fungi was then
determined [23]. The ATCC 10231 fungi strains were received from Hohenheim
University in Stuttgart, Germany. They were multiplied within 24 hours, diluted in the
Standard-I Broth liquid substratum and added to Standard-I Agar (Standard I-Nhragar,
Merck No. 7881) solid medium with 0.5 cm® of suspended fungi per 250.0 cm’® of agar.
The agar with the inoculated fungi was spilled on the Petri dishes and left to solidify.
Then, in the solidified bases, cylindrical wells with the radius of 4 mm were cut and
filled with the solutions of the tested compounds. This activity was performed twice
each time: 25.0 and 50.0 mg/cm3; 1.0 and 12.5 mg/cm3; 0.25 and 0.5 mg/cm3. The
diluent itself was acting as the control. Afterwards, samples were being incubated for 24
hours at the temperature of 37 °C [23-25]. After the incubation, the areas of the fungi
growth inhibition were measured (in mm) and the minimal inhibition concentrations
(MIC) were defined [25].

Results and discussion

The samples with the lowest concentration of the tested chemical compounds (0.25
mg/cm®) were biologically inactive. Concentrations of 0.5 mg/cm® and 1.0 mg/cm® were
also rather unreliable for most of the chemical compounds, except for 2-amino-1,3,4-
-thiadiazole (AT). MIC parameter for AT is 0.5 mg/cm’, and for AcATS, bAcATDS,
ACATSO;H, AcATCI and AcAT MIC = 12.5 mg/cm’.

Figure 1 presents the relationship determined for all the tested chemical compounds
in form of concentrations. These compounds demonstrated, respectively: 12.5, 25.0 and
50.0 mg/cm® and the size of the Candida albicans inhibition growth zone [mmy]. It was
found that Candida albicans was sensitive only to the concentration of 50.0 mg/cm’ for
all the tested 1,3,4-thiadiazole derivatives. Other lower concentrations of 2-acetyl-
amino-1,3,4-thiadiazolo-5-sulfonamide (AcATS) did not demonstrate any fungicidal
activity.

For most of the heterocyclic compounds, the size of the growth inhibition zone of
Candida albicans ranged from 5 to 8 mm. Only the 2-amino-1,3,4-thiadiazole the
growth inhibition zone exceeded the average limits ranging from about 12 to 27 mm.
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Fig. 1. The size of the growth inhibition zone as a function of 1,3,4-thiadiazole derivative concentration. The
tested concentrations were: a) 0.5 mg/em’, b) 1.0 mg/em’, ¢) 12.5 mg/em’, d) 25.0 mg/em?, e) 50.0
mg/cm’. Markings of the compounds: I — AcATS standard, Il — AcATCl standard, 111 — AcATCI, IV —
AT, V — AcAT standard, VI — AcAT, VII — AcATSO;H standard, VIII — AcATSO;H, IX —
bACATDS standard, X — bAcATDS

For most tested compounds (II, III, IV, VII, VIII, IX), a linear dependence of the
growth inhibition zone on C. albicans as a function of concentration was observed.
Taking into the account the data in Fig. 1, one could notice that two derivatives of
thiadiazoles: AcAT and bAcATDS were an exception. For AcAT the lowest con-
centration 12.5 mg/cm® of the standard (V) induced the inhibition equal to 5.5 mm and
synthesized (VI) — 7.5 mm (£2.0). The standard (V) of AcAT and the synthesized (VI)
of concentration 25.0 mg/cm3 inhibited the growth of Candida albicans, respectively,
by 7.0 and 6.5 mm (£0.5). These compounds characterized by the concentration of 50.0
mg/cm3 inhibited the growth equally by 5.5 mm. For the synthesized AcAT (VI), there
was an inverse relationship of the growth inhibition zone from the used concentration of
the compound. Standard AcAT did not demonstrate the explicit dependence, which
might be a result of the measuring error.

BACATDS (X) was the other compound which, with the concentration of 12.5
mg/cm’, inhibited the growth of C. albicans by 5.5 mm. But in case of synthesized
bis(2-acetylamino-1,3,4-thiadiazole)-5,5’-disulphonamid, the same inhibition was observ-
ed for the concentrations of 25.0 and 50.0 mg/cm3. It was also found out that the
standard bAcATDS (IX) has a tendency towards a decrease in the growth inhibition
zone along with a decrease in the tested compound concentration. Therefore, the
synthesized derivative X probably indicates a similar tendency, as the results of zone
measurements were within the limits of permissible error.
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Table 1 presents the determined activities of the tested chemical compounds for
different concentrations reacting on the fungi and the values necessary to determine
biological activity. The values presented in the table describe, respectively: R — half of
the zone of the fungi growth inhibition, r — radius of the well. Basing on R/r, the activity
of a given compound was determined for tested fungi strains within the range of
1,3,4-thiadiazole concentration. Interpreting the results: the low activity is found when
the ratio of the studied chemical substance R/r < 1. The medium activity is for | < R/r <2,
and the ratio R/r > 2 indicates high activity [23]. As it results from the data, after 24
hours of incubation at 37 °C, the zone of fungi growth inhibition, being a minimum
inhibitory concentration (MIC), depended on a tested compound type and the fungi
strain.

Among all the tested heterocyclic compounds AcATS showed the lowest activity
against Candida albicans. It demonstrated the low activity only for the concentration of
50.0 mg/cm’. The next chemical compound demonstrating low activity against Candida
albicans was bis(2-acetylamino-1,3,4-thiadiazole)-5,5’-disulfonamide (bAcATDS), both
as a standard and a synthesized substance. However, the compound differed from
AcATS because it demonstrated low activity not only for the concentration of
50.0 mg/cm’ but also for 25.0 and 12.5 mg/cm’. This situation might be perceived as
a result of a similar composition of these substances. Another heterocyclic compound,
showing the low activity against Candida albicans in the same range of the tested
concentrations as for bAcCATDS was the standard and the synthesized 2-acetyl-
amino-1,3,4-thiadiazole. All of the presented chemical compounds have in their
structure: acetylamine (CH;CONH-), sulfonamide (NH,SO,-) or just hydrogen (H-) as
the final group at the heterocyclic ring. Such chemical composition may result in the
low activity of these compounds. Both the standard and the synthesized compound of
2-acetylamino-5-chloro-1,3,4-thiadiazole showed medium and low activity against
Candida albicans. For concentrations 12.5 and 25.0 mg/cm3 it showed the low
fungicidal activity, but for the concentration of 50.0 mg/cm3 — the medium activity. The
concentration growth of 2-acetylamino-5-chloro-1,3,4-thiadiazole resulted in the activity
growth of this compound. Such behavior with respect to Candida albicans may be
interpreted by the presence of chlorine as the final function group in position 5 of
1,3,4-thiadiazole ring. Interesting results were obtained for 2-acetylamino-1,3,4-thia-
diazolo-5-sulfonic acid. The sulfonic acid standard showed a low activity against
Candida albicans for the concentrations ranging from 12.5 to 50.0 mg/cm3. However,
the same chemically obtained substance showed the medium activity. This difference
can be attributed to non-perfect purity of the obtained substance the separated
2-acetylamino-1,3,4-thiadiazolo-5-sulfonic acid (AcATSO;H) and the presence of the
compounds occurring in equilibrium:

2-acetylamino-1,3,4-thiadiazolo-5-sulfonic acid ==
== 2-acetylamino-1,3,4-thiadiazolo-5-sulfochloride,

R-SO3H == R-SO,(CI,
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which may consequently result in the fungicidal activity growth. The highest and the
most diversified activity with Candida albicans was found for 2-amino-1,3,4-thia-
diazole (AT). This compound has the simplest chemical structure and is the most toxic
compound among the tested heterocyclic substances [25]. It was characterized by the
low activity for the concentrations of 0.5 mg/cm3, the medium activity for con-
centrations of 1.0 and 12.5 mg/cm3, and the high activity for the concentrations of 25.0
and 50.0 mg/cmS. This state of being permits the selective elimination or has an
influence on Candida albicans for 2-amino-1,3,4-thiadiazole. This fact is better
illustrated by Figure 2, presenting the Candida albicans inhibition growth zone [mm]
against the used 2-amino-1,3,4-thiadiazole concentration. The growth tendency was
determined by the following cubic polynomial equation: y = 0.9167x> —7.4286x> +
+ 10.655x + 23.1 (where: y — size of the inhibition growth zone, x — AT concentration)
with the high correlation coefficient R? = 0.9895.

r 40

r 30

r 20

The size
of the inhibition growth zone [mm]

r ’_-T_T/ T T T 0

0.5 1.0 12.5 25.0 50.0
Concentration of 2-amino-1,3,4-thiadiazole (AT) [mg/cm?]

Fig. 2. Fungicidal activity of 2-amino-1,3,4-thiadiazole against Candida albicans

Conclusion

The fungicidal activity of 1,3,4-thiadiazole derivatives was tested within the
concentration ranging from 0.25 to 50.0 mg/cm3. The tested compounds causes the
increase in the growth inhibition zone of fungus Candida albicans along with an
increase in their concentrations. Additionally, 2-acetylamino-1,3,4-thiadiazole (AcAT)
is an exception and shows an opposite tendency. 2-Amino-1,3,4-thiadiazole (AT) of
MIC = 0.5 mg/cm3 was characterized by the highest and the most diversified activity
against Candida albicans. This compound may be potentially applied to treat Candida
albicans mycosis and to reduce the sanitary environment pollution. The highest MIC
value (50.0 mg/cm3) was obtained for 2-acetylamino-1,3,4-thiadiazole-5-sulfonamide
(AcATS), which showed the low activity against Candida albicans.
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BADANIA WLASCIWOSCI GRZYBOBOJCZYCH POCHODNYCH 1,3,4-TIADIAZOLI

'Wydziat Technologii i Inzynierii Chemicznej, “Wydzial Biologii i Hodowli Zwierzat
Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: W prezentowanej pracy okreslano dziatanie grzybobodjcze pochodnych 1,3,4-tiadiazoli. We wszyst-
kich testach uzywano referencyjnego szczepu Candida albicans ATCC 10231. W tym celu przetestowano
nastgpujace syntetyzowane i wzorcowe zwiazki heterocykliczne: 2-acetyloamino-1,3,4-tiadiazolo-5-sul-
fonamid; 2-acetyloamino-5-chloro-1,3,4-tiadiazol; 2-amino-1,3,4-tiadiazol; 2-acetyloamino-1,3,4-tiadiazol;
kwas 2-acetyloamino-1,3,4-tiadiazolo-5-sulfonowy oraz bis(2-acetyloamino-1,3,4-tiadiazolo)-5,5’-disulfona-
mid. Badane zwiazki proporcjonalnie ze zwigkszeniem stgzenia zwigkszaja stref¢ zahamowania wzrostu
grzyba Candida albicans. Wyjatkiem jest 2-acetyloamino-1,3,4-tiadiazol, ktory wykazuje odwrotng tendencjg.
Najskuteczniejszym z badanej grupy zwiazkow okazal si¢ 2-amino-1,3,4-tiadiazol. Wykazano, ze ze
zwigkszeniem st¢zenia tego zwiazku ros$nie rozmiar strefy zahamowania wzrostu (y) Candida albicans
zgodnie z roéwnaniem y = 0,9167x> — 7,4286x> + 10,655x + 23,1 (gdzie: x — stgzenie 2-amino-
-1,3,4-tiadiazolu).

Stowa kluczowe: Candida albicans, aktywnos¢ fungistatyczna, pochodne 1,3,4-tiadiazoli
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EFFECTS OF LOWERED TEMPERATURES
ON THE MIGRATION ACTIVITES OF THE GRAIN WEEVIL
Sitophilus granarius L. (Coleoptera, Curculionidae)

WPLYW OBNIZONEJ TEMPERATURY
NA AKTYWNOSC MIGRACYJNA WOLKA ZBOZOWEGO
Sitophilus granarius L. (Coleoptera, Curculionidae)

Abstract: The subject of our study was the grain weevil Sitophilus granarius L. In this work based on
laboratory research, it has been presumed that lowering environment temperatures can have an effect on
emigration and immigration processes, and thus on the spread of this pest. The control culture was conducted
at a temperature of 28 °C. The environment temperature of the experimental cultures was changed weekly,
and consecutively set at: 25 °C, 10 °C, 21 °C and 25 °C. In conditions facilitating the migration of adult S.
granarius specimens, the lowered temperature of the surroundings reduced the population’s migration
activity, and a particular drop in female migration activity was observed. Females are more sensitive to the
effects of lower temperatures.

Keywords: Sitophilus granarius L., migration activity, population dynamics, mortality, sex ratio

Granary insects live in enclosed spaces. This is why they are not sensitive to violent
temperature changes and long periods of unfavourable thermal conditions. A constant
temperature of between 18 to 30 °C in storehouses around the world explains the swift
development of these pests. Yet the temperature in granaries can be altered within
a certain range in order to create less favourable conditions for the life and development
of these harmful insects [1, 2]. Furthermore, the population of granary cockchafers
demonstrates a very large tendency to spread via migration. Restricting the migration
processes may provide the chance to prevent new habitats from being attacked by these
pests, or reduce their harmfulness [3, 4].

Our research subject is the grain weevil Sitophilus granarius — a cosmopolitan
species. In Poland it is a common pest of stored grain in all types of storehouses. The

! Institute of Biology, Department of Ecology, Wildlife Research and Ecotourism, Pedagogical University
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aim of the following research was to establish the impact of reduced temperatures on
the migration activities of the S. granarius.

Materials and methods

The research was performed in a laboratory, in thermostats. Emigration was taken
into consideration in the experiments on the migration activities of the S. granarius
populations, ie the departure of specimens from the initial population, as well as
two-way migration, ie the departure of specimens from the initial population with the
option of return. Two sets of experimental breeding vessels were set up, allowing the
adult S. granarius specimens to go beyond the bounds of the habitat. Each set was
composed of two plastic vessels differing in size. 40 g of wheat was poured into the
smaller vessel (bottom surface area: 28 cmz), into which 40 adult insects of uniform
age were introduced, which were extracted from the basic general cultures. Two
experimental variants were conducted.

Variant 1. Emigration. The bottom of the larger vessel (surface area: 50 cm?) was
covered with a layer of glycerine; inside it was placed a small container containing
wheat with the initial population. The external vessel was closed off with a perforated
cover that ensured air-flow. The internal vessel was left open, allowing the specimens
free access to the external vessel. The glycerine at the bottom of the external vessel was
a trap that kept the emigrants from returning to the wheat. The experiment lasted four
weeks. The temperature environment was changed at weekly intervals. The following
environment temperature variants were applied in the following order: 25 °C, 10 °C,
21 °C and 25 °C, with a constant relative air humidity of 70 %. The control experiment
was analogous, except that it was conducted at a constant temperature of 28 °C, which is
optimal for this insect species.

Variant 2. Two-directional migrations. A set of vessels analogous to that of the
prior experiment was applied. Here, however, 40 g of wheat was poured into both
vessels. 40 adult insects of uniform age were introduced to the smaller vessel. Then the
smaller vessel was placed directly onto the wheat in the external vessel. This gave the
specimens the option of either emigrating, or returning to the initial population. The
control experiment was analogous, but conducted at a constant temperature of 28 °C.
All the experiment variants were repeated six times. The impact of changeable, reduced
temperatures on migration activities has been evaluated on the basis of population sizes
analyses and rates of migration, sex structure and mortality. The results were
statistically analysed. The Chi-square test from the Statistica v. 5.5 s. 999 — FGPJI-N4 —
program was used.

Results and discussion
The results supported the claim that temperature affects the emigration activities of

the S. granarius. When the temperature was reduced to 10 °C the emigration activity
fell to 30 %, and at 21 °C emigration remains 40 %. On the other hand, in the control
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Fig. 1. Emigrational activity of the population of S. granarius

culture, it remained very high throughout the experiment, reaching above 90 % (Fig. 1).
The number of emigrants under the constant temperature conditions remained high
during the whole research period. It was higher than the initial population size
(Table 1). An analysis of the Chi-square test demonstrated that the differences between
the size of the emigrants in the constant temperature and the emigrants size in the
lowered temperature conditions were statistically significant. The analysis of the sex
ratio showed that lowering the temperature leads to equal numbers of male and female
emigrants. With the constant temperature, however, there were more females among the
emigrants, and the sex ratio was lower than 1 (Table 2).

Table 1
Numbers of individuals in initial populations and in emigrating groups of S. granarius
Tempera- Initial Emigration Tempera- Initial Emigration
Days t(l,lre population SD groups SD t},lre population SD groups SD
[°C] [°C]

7 28 2 0.8 38 1.5 25 16 2.3 24 33
14 28 1 0.8 39 2 10 28 2.8 12 1.6
21 28 3 1.2 37 1.9 21 18 2.4 12 1.8
28 28 4 1.2 45 3.1 25 5 1.5 35 2.9

Table 2
Sex ratios in S. granarius in emigrating condition
Days Tem;z)erature Initia} Emigration Tem}zerature Initia} Emigration
[°C] population groups [°C] population groups

7 28 1 0.7 25 1 1
14 28 1.1 0.8 10 0.9 1
21 28 1 0.9 21 1.1 1
28 28 1 0.9 25 1.1 1
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Fig. 2. Migrational activity of the population S. granarius

In the case of two-directional migrations, the lowering of the temperature also caused
reduced migration activity in S. granarius. The value of the migration ratio fluctuated
between 45 and 50 %. In the control cultures, meanwhile, the migration ratio was higher
and reaches from 60 to 78 % (Fig. 2). At the optimal temperature the migration activity
of females and males was generally similar. At lower than optimal temperatures, males
showed higher migration activity (Table 3).

Table 3
Sex ratios in S. granarius in migrating condition

Davs Temperature Initial Migration Temperature Initial Migration

Y [°cy population groups [°cy population groups

7 28 0.9 1 25 1 1.1

14 28 1.1 0.9 10 0.9 1.2

21 28 0.8 1 21 1 1.5

28 28 1 1 25 0.8 1.3

At the lowered temperature the death rate of the initial population is very low,
oscillating between 5 and 10 %. In the migrating groups the mortality rate is higher,
oscillating between 13 and 36 %. At a constant temperature of 28 °C, the mortality in
the migrating groups is higher than that of the initial population (Fig. 3).

Temperature and humidity are the main factors limiting the appearance of granary
pests [5, 6]. This study has dealt with the problem of the effect of lowered temperatures
on migration. Limiting migration processes can provide the chance to prevent these
pests from attacking new habitats, thus reducing their harmfulness. The research
conducted on populations of other pest species Rhyzopertha dominica, Oryzaephilus
surinamensis or Sitophilus oryzae indicate these insects’ considerable migration activity
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Fig. 3. Percent of dead individuals in population S. granarius in migration condition

amongst grain heaps, as well as outside them. This leads to their constant spread over
substantial distances, and their attacking of new grain stores [7-9].

The S. granarius population, much like that of other storehouse pest species, shows a
great deal of migration activity. This species’ tendency to migrate explains its high
degree of harmfulness and spread in various climate zones.

Conclusions

1. In changeable conditions, lowered temperatures resulted in the reduced emigration
activity of the S. granarius.

2. Lowered temperatures cause the reduction of female emigration activity. Females
are more sensitive to effects of low temperatures.

3. Lowered temperatures do not increase the mortality of the S. granarius population.
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WPLYW OBNIZONEJ TEMPERATURY
NA AKTYWNOSC MIGRACYJNA WOLKA ZBOZOWEGO
Sitophilus granarius L. (Coleoptera, Curculionidae)

Zaktad Ekologii, Badan Lowieckich i Ekoturystyki, Instytut Biologii
Uniwersytet Rolniczy im. Hugona Kolataja w Krakowie

Abstrakt: Obicktem badan byt wolek zbozowy Sitophilus granarius L. W badaniach laboratoryjnych przyjeto
zatozenie, ze obnizenie temperatury srodowiska moze wywiera¢ wptyw na procesy emigracji i imigracji,
a tym samym na rozprzestrzenianie si¢ tego szkodnika. Hodowle kontrolne prowadzono w temperaturze
28 °C. W hodowlach eksperymentalnych co tydzien zmieniano temperature srodowiska, stosujac kolejno:
25 °C, 10 °C, 21 °C i 25 °C. W warunkach umozliwiajacych migracje osobnikom dorostym S. granarius
obnizenie temperatury otoczenia spowodowato zmniejszenie aktywnosci migracyjnej populacji, a szczegoélnie
spadek aktywnosci migracyjnej samic. Samice sg bardziej wrazliwe na oddziatywanie niskich temperatur.

Stowa Kkluczowe: Sitophilus granarius L., aktywno$¢ migracyjna, liczebno$¢ populacji, $miertelnosc¢,
wskaznik plci
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EFFECT OF APPLICATION OF CAPSAICIN
AND PYRETHROID ON METABOLIC RATE
IN MEALWORM Tenebrio molitor

WPLYW ZASTOSOWANIA KAPSAICYNY I PYRETROIDU
NA TEMPO METABOLIZMU U LARW MACZNIKA MLYNARKA
Tenebrio molitor

Abstract: In the research presented the effect of Bulldock insecticide and capsaicin on CO, release in
mealworm Tenebrio molitor was assessed. Metabolic rates of insects intoxicated with tested substances were
measured using flow-through respirometry. The results obtained showed considerable increase in CO, release
after application both pyrethroid and capsaicin. The highest metabolic rates were observed after simultaneous
intoxication with capsaicin and insecticide. These results suggest that capsaicin enhances the toxic effect of
Bulldock and may be used as this insecticide’s synergist against mealworms.

Keywords: capsaicin, mealworms, metabolic rate, pyrethroids.

Environment contamination caused by excessive use of insecticides, as well as
growing problems connected with resistance force us to look for new directions in crop
protection. One of the ideas is to use synergists that will increase insecticidal properties
of pesticides. Synergist is safe to environment and people chemical substance, which
added to insecticides will increase their toxicity. Our research focuses on the use of
capsaicin, an alkaloid responsible for the spicy taste of pepper, as a synergist to
pyrethroids.

Pyrethroids are a class of insecticides derived from Chrysantenum plant extracts.
This natural insecticide served as a base for synthetic pyrethroids production [1]. For
almost forty years these insecticides have been commonly used in crop protection, and
by the mid-1990’s they amounted to 23 % of the world insecticide market and occupied
the second position just after organophosphate pesticides [2]. The mode of action of
pyrethroids is connected with action of these substances on insects’ nervous system.
They open the sodium channels, cause membrane depolarization and disturb nerve
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impulse conduction, which leads to insect’s paralysis [3]. Unfortunately the extensive
use of pyrethroids caused resistance occurence in many species, which is especially
disadvantageous in the case of such species as Anopheles gambiae, main malaria vector
in Africa [4]. Resistance may come into existence as a result of many different
molecular mechanisms, mainly due to the increased concentration of detoxification
enzymes or by reduction of sensitivity of insects sodium channels to pyrethroids, called
‘knockdown’ resistance [5]. Despite resistance pyrethroids are profitable to use because
of low toxicity to mammals and impermanence in the environment. For that reasons
pyrethroids are extensively used all the time, so it is very important to find substances
which will increase their toxicity without any harm to living organisms other than pests.

The aim of the presented studies was to assess the effect of capsaicin and pyrethroid
insecticide on metabolic rate of Tenebrio molitor larvae.

Materials and methods

The experiments were performed on mealworms (Tenebrio molitor) reared in 25 °C
and under 12 h/12 h light-dark cycle.
Mealworms were intoxicated with the following substances:

No. | Quantity Substance

1 10 mm® | Water (control group)

2 10 mm® | Insecticide Bulldock 025 EC solution (182 mm?’ dissolved in 11 of water) — this pesticide
belongs to pyrethroids, the active substance is B-cyfluthrin

10 mm® | Capsaicin dissolved in alcohol solution (10~* M)

10 mm® |Ethyl alcohol in concentration 0.1 % — capsaicin does not dissolve in water, but in alcohol.
(To make sure that the observed results are real effects of action of capsaicin)

5 10 mm® |Mixture of alcohol and insecticide in the same concentrations

6 10 mm® | Mixture of capsaicin (dissolved in alcohol) and Bulldock in the same concentrations

The metabolic rates for each mealworm were measured using flow-through respiro-
metry. After intoxication with the tested substances the mealworms were placed in 2 cm
diameter glass-aluminium chambers in 25 °C. Dry, CO, — free air was pumped through
the chambers at 50 ¢cm*/min to a infrared CO, analyzer (Qubit Systems Inc., Kingston,
Canada). CO, release of insects was measured for four hours from intoxication.

Mean metabolic rate of 6—8 mealworms intoxicated with particular substance was
subjected to statistical analysis. t-Student test was used to compare the difference
between control and intoxicated groups. Significant difference was achieved when
p < 0.05.

Results and discussion

Many toxic compounds may have an influence on physiological processes in insects,
which results very often in organisms dysfunction. Under stress conditions, such as
toxicant application, insect may increase their metabolism to cope with changed energy
demands [6].
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The study presented clearly showed that both capsaicin, as well as pyrethroid
increase CO, release in Tenebrio molitor larvae (results are shown in Fig. 1 and Fig. 2).
In study presented, application of a natural alkaloid, capsaicin, resulted in a shift in
carbon dioxide release (on average 1.33 times higher in comparison with control group)
during all four hours of the experiment. The experiments performed on mice and rats
revealed that capsaicin promotes secretion of adrenaline and increase in oxygen
consumption after single administration [7, 8].

—<— Control
230 | N ~-m- Alcohol
Y

N ‘)\ —-%-— Capsaicin

J 8 —o— Bulldock

! A
= 180 1 4 \\ —-#-- Bulldock + alcohol
T }" & ——a - Bulldock + capsaicin
£
[0}
@
© 130 A
e
N
(]
s}

80 4
1 25 49 73 97 121 145 169 193 217 241
Time [min]
Fig. 1. Changes in CO, release in Tenebrio molitor larvae after intoxication with the tested substances during

four hours of experiment

Mealworms intoxicated with Bulldock demonstrated significant increase in CO,
release (the intoxicated insects released about 1.8 of CO, times more than control ones).
Similar results were obtained by Zafeiridou and Theophilidis [9], where application of
50 and 100 ng of deltamethrin (pyrethroid) per mealworm beetle caused con-
centration-dependent increase of respiratory rate. Enhanced metabolic rate in insects
may be a result of detoxication processes initiation, convulsion caused by poisoning or
excitation of respiratory motoneurons. Pyrethroids increase the probability of the
sodium channels’ opening and cause gradual membrane depolarization, which triggers
excitation of the cells. This leads to increased work of respiratory motoneurons and
enhanced CO, release in insects. Another study showed that application of insecticides
has a great influence on glycogen metabolism in intoxicated insects body. Increased
levels of trehalose and glucose in the haemolymph are suggested to be a result of raised
transportation of these compounds from fat body to haemolymph to supply energy for
enhanced detoxification processes [6]. Similar processes may be observed after
application of other toxins, such as capsaicin.

Combination of insecticide and alcohol did not change significantly the metabolic
rate of the examined insects in comparison with Bulldock alone. In that case we can
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Fig. 2. CO; release in mealworms after intoxication with the tested substances (mean + SE). Statistical
significant difference is shown as * (** — p < 0.01;*** — p < 0.001)

exclude the effect of alcohol on the metabolism of both capsaicin (because alcohol
alone did not have any significant influence either), as well as insecticide.

Simultaneous application of capsaicin and pyrethroid resulted in the highest growth
of CO, release. We can observe synergism between capsaicin and insecticide, appearing
as increased metabolic rate in intoxicated mealworms. Simultaneous effect of these two
compounds probably resulted in activation of intensive detoxification processes. What
is more, recent researches showed that pyrethroids may also act on voltage-dependent
calcium channels and increase calcium influx [10]. The main target for capsaicin in
mammals is vanilloid receptor subtype 1 (TRPV1), which is calcium-permeable cation
channel. Capsaicin binding to this receptor results in channel opening and calcium
influx. It may be possible that capsaicin exerts an influence on calcium homeostasis in
insects as well. Simultaneous action of capsaicin (possible calcium influx) and
pyrethroids (sodium and calcium influx) would result in strong response of insects. This
would explain why one hour after application the intoxicated insects were paralysed.
Capsaicin intensified the effect of pyrethroid action. This result suggest that capsaicin
may be used as pyrethroid insecticides synergist against mealworms. Because of
increased metabolic rate insects have higher energy demands. Combination of capsaicin
and pyrethroid may not cause death of pests, but after intoxication insects will have
higher metabolic rate and energy consumption, so it may not be enough energy supplies
to reproduce.
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WPLYW ZASTOSOWANIA KAPSAICYNY I PYRETROIDU NA TEMPO METABOLIZMU
U LARW MACZNIKA MLYNARKA Tenebrio molitor

Zaktad Toksykologii Zwierzat, Instytut Biologii Ogélnej i Molekularnej
Uniwersytet Mikotaja Kopernika w Toruniu

Abstrakt: W prezentowanych badaniach okreslano wptyw insektycydu Bulldock i kapsaicyny na tempo
uwalniania CO,u larw macznika mtynarka Tenebrio molitor. Tempo metabolizmu owadow intoksykowanych
badanymi substancjami mierzono przy uzyciu uktadu respirometrycznego, stuzacego do pomiaréw w uktadzie
przeptywowym. Uzyskane wyniki wykazaly znaczacy wzrost ilo$ci uwalnianego CO, po aplikacji zardwno
pyretroidu, jak 1 kapsaicyny. Najwyzsze tempo metabolizmu odnotowano po jednoczesnej intoksykacji
kapsaicyng i insektycydem. Przedstawione wyniki sugeruja, ze kapsaicyna zwigksza toksyczny wplyw
pestycydu Bulldock i prawdopodobnie moze by¢ uzywana jako synergetyk dla tego insektycydu przeciwko
larwom macznika mtynarka.

Stowa kluczowe: kapsaicyna, larwy macznika miynarka, tempo metabolizmu, pyretroidy
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THE QUALITY OF PLUM FRUITS AFTER STORAGE
DEPENDEND OF QUALITY PARAMETERS
DURING HARVEST

JAKOSC OWOCOW SLIWY PO PRZECHOWYWANIU
W ZALEZNOSCI OD PARAMETROW JAKOSCOWYCH
W CZASIE ZBIORU

Abstract: European plums ‘Bluefre’, “Valor’, ‘Valjevka’ and ‘Elena’ cvs. were harvested and graded
according to colour and firmness, and on this basis divided into three maturity fractions. The fruits were
analysed for mass loss, flesh firmness, total soluble solids (TSS), skin ground colour as well as incidence of
fungal diseases and physiological disorders after 4 weeks of cold storage at 1 °C and 2 days of ripening at 20 °C.

Significant differences were found in fruit weight loss, skin colour, firmness and TSS among maturity
fraction during and after storage. A decrease in firmness, fruit mass, and skin colour as well as an increase in
TSS were observed, however all changes depended on the maturity stage during harvest. Less mature fruits
withstood better cold storage than more mature. All fruits showed flesh browning symptoms after 4 weeks of
storage and the least browning symptoms were found for ‘Valor’, regardless of the fruit maturity during
harvest. The most browning symptoms were observed for ‘Valjevka’, which indicates the low suitability of
this cultivar for 4-week storage. The best storability was observed for ‘Valor’ due to the best after-storage
quality. Both firmness and skin colour can be applied to the assessment of the optimum harvest date of fruits
intended for storage.

Keywords: plum, cold storage, TSS, firmness, optimum harvest date, colour

Plums are highly perishable and, depending on the cultivar, may only have
a commercial life of 2-6 weeks even when stored at 0 °C, due to the appearance of
physiological disorders such as internal browning and gel formation [1]. Maturity at
harvest is the most important factor that determines storage-life and final fruit quality.
Immature fruits are more subject to shrivelling and mechanical damage, and are of
inferior flavour quality when ripe. Overripe fruits are likely to become soft and mealy
with insipid flavour soon after harvest. Fruits picked either too early or too late in their
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Poland, phone: 607140153, email: glysiak@up.poznan.pl

? Institut of Food Technology of Plant Origin, Poznan University of Life Sciences, ul. Wojska Polskiego,
60—624 Poznan, Poland, email: tomczak@up.poznan.pl



1362 Grzegorz Lysiak and Dorota Walkowiak-Tomczak

season are more susceptible to postharvest physiological disorders than fruits picked at
the proper maturity [2]. An immature fruit may ripen off the tree but it will be of poor
quality [3]. Ripening involves changes that transform the mature fruit into one ready to
eat. Changes associated with ripening include loss of green colour and development of
yellow, red and other colour characteristics of the cultivar [4]. Once the fruit ripens,
senescence begins; physical and chemical changes continue after “optimum” ripeness is
reached, including further softening, loss of desirable flavour and complete breakdown
[5]. Fruits harvested at an earlier maturity withstand cold storage better than more
mature fruit. However, less mature fruits initially have poorer quality than those which
are more mature [6].

Flesh firmness can be used as a maximum maturity index to determine how late fruits
can be harvested and still ensure good quality after transport, shipping and marketing,
and as the minimum firmness that plums can be harvested in order to avoid bruising
during standard postharvest handling [4]. The use of only firmness or TSS as a maturity
index alone is limited by variation among cultivars, production area and season [7, 8].
Parameters such as fruit size, skin colour, flesh firmness, soluble solids or acidity are
used to determine the maturity of fruit at harvest [4, 9]. However, the decision when to
harvest should also take into account other factors, such as fruit drop, environmental
conditions, hand labour availability, market prices, distance to market, potential
transportation damage and storage temperature [10].

This study was undertaken to establish the influence of harvest maturity on
cold-storage life and quality, and to evaluate the maturity parameters of four important
cultivars in Poland.

Materials and methods

The four autumn plum cultivars used in this study were of the European type (Prunus
domestica Lindl.). The experiments were performed during the 2008 season, with fruit
harvested according to visual symptoms of maturity (colour and firmness) at the
following dates: August 25™ _ “valor’, September 1% — ‘Bluefre’ and “Valjevka’, and
September 8™ _ ‘Elena’. Fruits were selected from 12-year-old trees on a ‘Wegierka
Wangenheima’ rootstock grown in an experimental farm 25 km west from Poznan. All
fruits were handpicked and transported on the day of harvest to the Postharvest
Laboratory at the Poznan University of Life Sciences.

For each cultivar a sample of around 60 kg of fruits (5 boxes) was harvested. The fruits
within each sample were graded according to colour and firmness and on this basis
divided into three fractions: first — hard fruits not fully coloured, described as harvest
maturity fruits (HM1), second — fruits fully coloured, softer than the first fraction but not
in edible maturity yet (HM2), and third — fruits close to consumption maturity (CM).
From the afore-mentioned fractions samples of fruits for preliminary measurements were
taken and the rest of fruits were stored immediately at 1 °C, RH 90 % for 4 weeks.

Twenty-five fruits from each fraction were numbered for identification on the peel
surface, in order to make non-destructive mass loss measurements during and after
storage. The fruits were assessed for mass loss, skin ground colour, firmness and TSS
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content. In addition, fruit quality was also evaluated by determining levels of shrivelling
and rot incidence by examining all boxes after storage. Mass loss and skin ground
colour after the 2-days shelf-life period was evaluated by weighing samples at room
temperature, just before the fruits were destructively sampled for physicochemical
assessments. Skin ground colour was measured on each fruit with a colorimeter
(Minolta, CR-200) as L*, a*, b* values. Three determinations of the colour parameters
were made along the equatorial axis of each fruit. Flesh firmness was determined after
peeling, using an Effegi penetrometer mounted on a hand-operated press, to minimize
loading rate variations associated with the operator, and fitted with an 7.9 mm diameter
plunger. Measurements were taken at three equatorial positions on each fruit at 120°
with the 8 mm deep and the results were expressed in kilogram force (kG).

After the assessment of fruit firmness, fruit juice was extracted by homogenising
fruit flesh in a blender, making 4 unified sample. The TSS of the juice was measured for
cach sample with a digital refractometer.

The data were subjected to analysis of variance. The mean comparisons were perform-
ed using the Duncan test to examine differences (p < 0.05) among the harvest dates.

Results and discussion

All fractions of fruits were significantly different with regard to firmness and skin
colour a* value during harvest (Table 1). The skin colour a* value is the most
interesting and representative colour attribute of plums because it describes the colour
changes from green to red which are typical of the maturation of fruits, so it could be
used to select different ripeness stages of these plums, which was proved as well for the
plum fruits *Green Gage’ by Guerra and Casquero [6].

Table 1
Quality parameters during harvest

Cultivar rﬁ;lglgt - Colouraof fruit - Flr[rlilcr}lifss TSSH*
‘Bluefre’ HM1 35.1 a* 22b —74a 585¢ 13.6a
HM2 34.1a 1.6 ab ~7.7a 4.03b 142a

CM 339a 1.2a —715a 275a 163 b

‘Valjevka’ HM1 353a 1.0b -73a 440a 13.0a
HM2 35.1a 09b —7.1a 355a 14.1b

CM 343 a —0.1a -7.1a 295a 159¢

‘Valor’ HM1 325a 3.6b —S.la 520¢ 18.0a
HM2 31.8a 32b —52a 3.60b 179 a

CM 31.6a 23a —54a 2.10a 21.2b

‘Elena’ HM1 334b 53b —29a 390b 12.7a
HM2 31.5ab 44b —4.7a 3.30 ab 13.1a

CM 30.1a 1.0a —6.4b 275a 14.1b

Explanation: * Different letters indicate significant differences between maturity stages, according to Dun-
can’s test (p 0.05); ** Total Soluble Solids; 1 kG = 9.807 N; I N=1kg - m - s>
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Differences of TSS content were observed for each maturity group of ‘Valjevka’, but
for other cultivars there were no significant differences between HM1 and HM2.

TSS increased significantly during the ripening period from 2 weeks of cold storage
onwards (Table 2).

Table 2
Quality parameters after 2 weeks of cold storage
Cultivar Maturity Colour of fruit Firmness TSS*
at harvest L a b [kG]

‘Bluefre’ HM1 35.5a* 03a -8.6a 15a 16.0 a
HM2 36.2a 0.la -75a 1.7a 155a

CM 38.0b -0.5a -104 a 1.6a 16.1a

‘Valjevka’ HM1 335a 0.8b -79a 3.75b 12.8a
HM2 340a 0.5b —-69a 26a 153b

CM 345a -l.6a -8.1a 2.6a 154b

‘Valor’ HM1 32.8a 48¢c —-69a 45¢ 179 a
HM2 329a 3.0b —6.1a 2.8b 185a

CM 32.8a 03a -89a l4a 20.7b

‘Elena’ HM1 369b 22a -S55a 340 132 a
HM2 335a 3.1a -55a 2.65a 153 ¢

CM 337a l4a —5.la 2.55a 1440

Explanation: See Table 1.

The change in TSS during harvesting and cold storage resembles that found for
‘Songold’ plums by Taylor et al [11] and by Guerra and Casquero [6]. No difference of
TSS between HM2 and CM for ‘Bluefre’ and ‘Valjevka’ suggests quicker ripening at
cold storage as compared with the two other cultivars. The low and equal level of fruit
firmness, as well as no differences of skin colour a* value for ‘Bluefre’ fruits confirm
the above conclusion, too.

TSS content in HM1 and HM2 of all plum cultivars increased during 4 weeks of cold
storage (Table 3). Except ‘Bluefre’, where there were no differences in the sugar level,
the lowest sugar level was found in fruits which where the most mature during harvest
(CM). TSS of ‘Elena’ fruits neither at harvest nor after storage reached the values
described in other papers [12]. Only the last measurement after 4 weeks of storage
showed values over 17 % for HM1. These low values could be influenced by a high
crop load [6].

Firmness after the whole period of storage depended on the maturity stage during
harvest, but in this study the differences in firmness were not big and significant
differences were observed only between the HM1 and the remaining two fractions
of “Valor’ and ‘Elena’. There were no differences of skin colour after four week of
storage.

Mass loss of fruits during storage was highly influenced by the date of harvest (Fig. 1).
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Table 3
Quality parameters after 4 weeks of cold storage
: Colour of fruit ;
Cultivar M;lturlty Flr]r(nness TSS**
at harvest L a b G]
‘Bluefre’ HM1 35.8 a* -0.7b —74a 0.6a 17.1a
HM2 354a -09b —7.8a 0.5a 169 a
CM 347 a -1.5a -8.9a 0.5a 16.6 a
‘Valjevka’ HM1 31.8a 02a -73a l.6a 20.7b
HM2 322a 0.1a -7.2a 13a 16.0 a
CM 326a -0.8a -6.9a 14a 173 a
‘Valor’ HM1 347b 04a —7.1a 1.6b 179 a
HM2 342D 12a -73a 12a 20.2b
CM 326a 0.0a —6.7 a 09a 16.4a
‘Elena’ HMI 36.6b 1.8a -59a 3.1b 17.7¢
HM2 33.8a 19a —5.1a 2.1a 16.7b
CM 322a l.6a —-57a 23a 148 a
Explanation: See Table 1.
[%]
25.0 1 b :b After 4 weeks + 2 days of shelf life
— [ After 2 weeks + 2 days of shelf life
20.0{"
a
15.0 "~ I
10.0 .
501"
0.0
Bluefre Valjevka

Fig. 1. Mass loss of plums fruits during and after cold storage

Fruits of the ‘Valor’ cultivar which were softer during harvest lost more mass, with
mass loss being the biggest for CM and the lowest for HM1. This was not found for
other cultivars, in which the HM2 fraction had the lowest mass loss. The ripest fruits
usually start shriveling sooner, which causes higher transpiration [6], but unripe fruits
often lose more weight, too, because of a thinner wax cover on the skin [13].

Storability of fruits could be measured by loss caused by infection with fungal
diseases (rotten fruits) and incidence of physiological disorder (flesh browning) (Fig. 2).
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Fig. 2. Loss of fruits after storage caused by rotting and physiological browning

The percentage of rotten fruits varied from 0.2 % for HM1 of ‘Bluefre’ fruits to 12.9 %
for CM of ‘Elena’ fruits, nevertheless the biggest losses among cultivar were observed
for CM of all cultivars. Only incidence of flesh browning of ‘Valor’ fruits did not show
any influence of treatment. All fruits showed flesh browning symptoms after 4 weeks of
storage. The least browning symptoms were found for ‘Valor’, regardless of the fruit
maturity during harvest, which suggests the highest storability of ‘Valor’ of all
examined cultivars. In the remaining cultivars the CM fraction showed the most
browning symptoms and the browning symptoms in most of fruits of ‘Valjevka’
indicate the low suitability of this cultivar for 4-week storage. Because of high rotting of
each ‘Elena’ fraction seems to be as well not good cultivar for longer storage at NA
condition.

Conclusions

1. The best storability was observed for ‘Valor’ due to the smallest losses of fruits
and the best after-storage quality.

2. The minimum firmness of large fruit cultivars (‘Valor’ and ‘Bluefre’) required for
cold storage should be approx. 5 kG, whereas the firmness of small fruit cultivars
(‘Valjevka’, ‘Elena’) should be 4 kG.

3. Both firmness and skin colour can be applied to the assessment of the optimum
harvest date of fruits intended for storage.
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JAKOSC OWOCOW SLIWY PO PRZECHOWYWANIU
W ZALEZNOSCI OD PARAMETROW JAKOSCOWYCH W CZASIE ZBIORU

! Katedra Sadownictwa
? Zaklad Technologii Owocéw i Warzyw
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Odmiany sliwy ‘Bluefre’, “Valor’, ‘Valjevka’ i ‘Elena’ po zbiorze zostaly rozsortowane w za-
leznosci od wybarwienia i jedrnosei na trzy grupy rézniace si¢ stadium dojrzatosci. Po 4 tygodniach prze-
chowywania w chlodni zwyklej w temperaturze 1 °C i 2 dniach dojrzewania w temperaturze 20 °C anali-
zowano strat¢ masy owocow, jedrno$é, zawartos¢ ekstraktu, barwe skorki oraz wystgpowanie chordb grzy-
bowych i fizjologicznych.

Stopien dojrzatosci owocéw w czasie zbioru wplywal na utrate masy na skutek transpiracji, na
zabarwienie owocOw, jedrnos¢ i zawartos¢ ekstraktu po 2 i 4 tygodniach przechowywania. Jedrnos¢ i masa
owocOw malata, a zwigkszata si¢ zawartos¢ ekstraktu, jednak tempo i stopien tych zmian byly $cisle
uzaleznione od stadium dojrzatosci w czasie zbioru. Mniej dojrzate owce wykazywaly mniejsze straty
spowodowane chorobami grzybowymi, jednak u wszystkich odmian po 4 tygodniach stwierdzono fizjo-
logiczne przebarwienia miazszu. Najmniejsze zbrunatnienie stwierdzono u owocdéw odmiany ‘Valor’, a po-
nadto nie byto ono uzaleznione od poczatkowej dojrzatosci. Najwigksze zbrunatnienie miazszu stwierdzono
po przechowywaniu owocéw odmiany ‘Valjevka’, natomiast najwigksze straty powodowane chorobami
grzybowymi u owocéw odmiany ‘Elena’, co pozwala uznaé je za mato przydatne do 4-tygodniowego
przechowywania w chtodni.

Stowa kluczowe: sliwa, przechowywanie, data zbioru, ekstrakt, jedrnos¢, barwa
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Abstract: The aim of this study was to determine seasonal changes of hydrochemical conditions in subsurface
and near-bottom water in lakes Marta and Sitno located in the Drawa National Park (Poland). Hydrochemical
monitoring was conducted in years 2005-2007 and comprised determination of temperature, dissolved
oxygen, pH, phosphates, nitrates(III), nitrates(V), iron(I) and total iron. The study revealed that in both lakes
oxygen saturation of subsurface and near-bottom water within the littoral zone reached maximum values in
spring and minimum values in autumn. In deeper layers, hypoxia occurred in near-bottom water throughout
the whole study period. Average temperature of both subsurface and near-bottom water was significantly
higher in lake Marta. Concentrations of nitrates (III and V) were higher in lake Sitno, and the difference was
statistically significant for near-bottom layer. Elevated concentrations of nutrients observed in both lakes
indicate their eutrophic character. Lower nitrate(I1I) concentrations in lake Marta may evidence occurrence of
denitrification processes.

Keywords: hydrochemical conditions, lakes, the Drawa National Park

Water chemistry in lakes and reservoirs is determined by numerous factors of
non-monotonous dynamics of changes. Local water chemistry depends on factors such
as climate, hydrology, hydrogeology and soil conditions within the catchment area, that
can decrease or increase the rate of matter delivery to the lake [1]. Morphometrical and
hydrological features of the lake also affect its natural susceptibility to degradation [2],
therefore each water body has individual features which differentiate and model its
hydrochemical conditions [3]. However, the dynamics of hydrochemical changes in
lakes are influenced most significantly by human economic activity, resulting not only
in transformation but also often in degradation of the aquatic environment. Human
pressure, transforming primary landscape into agricultural one, contributes to disturb-
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ances in water conditions and makes local water cycles shorter. Due to insufficient
infiltration of water from precipitation, surface runoff enriches surface waters with
chemical elements inflowing from the catchment basin [4], increasing their trophy.
Reduction of lake eutrophication rate depends on many factors that affect complicated
biogeochemical cycles and determine cycling between biotic and abiotic elements of
aquatic systems [5]. These relationships are also conditioned by the dynamics of water
masses divided into separate layers of totally different properties [6]. Processes running
in particular layers depend on the season of the year. Knowledge on seasonal changes of
hydrochemical conditions is especially important in regard to lakes located in protected
areas. For such lakes, long-term analysis of physicochemical factors enables detection
of possible threats to their homeostasis, which is important for controlled fishery
exploitation.

Therefore, the aim of this study was to determine seasonal changes of hydrochemical
conditions in two lakes of different kind in the Drawa National Park (Poland). Both
lakes have been monitored for the number and health condition of economically
valuable fish: whitefish (Coregonus lavaretus) and vendace (Coregonus albula) in Lake
Marta, and lake trout (Salmo trutta m. lacustris) in Lake Sitno.

Material and methods
Study area

Water bodies (> 1 ha) in north-western Poland amount to 1575 lakes of which 21
(total area 937 ha) are located in the Drawa National Park [7]. This study comprised two
lakes of similar area situated in the Drawa National Park. The first one — Lake Marta —
is a non flow-through, mesotrophic, dimictic lake with a maximum depth of 25 m,
average depth of 7.7 m and area of 66.1 ha, inhabited by Chara spp. The second one —
Lake Sitno — is a flow-through, eutrophic, polymictic lake with a maximum depth of 7
m, average depth of 4 m and area of 67.2 ha. Regarding susceptibility to degradation,
these lakes have been classified into categories 2™ and 3", respectively [8]. Hydro-
chemical monitoring of these lakes was conducted in years 2005-2007, in four seasons,
in subsurface and near-bottom water layers. Sampling sites were selected within the
littoral zone and in the deepest places of the lakes, their location being identified by
GPS. Seven sampling sites were located in Lake Marta, while six sites in Lake Sitno. To
examine hydrochemical conditions of the flow-through Lake Sitno, water samples were
collected in places of inflow and outflow of the Plociczna River.

Spring samples were collected in April or May, summer samples were collected in
July or August, autumn samples were collected in September or October, while winter
samples were collected in December. The samples were collected with standard
hydrochemical methods. Temperature, dissolved oxygen and pH were measured in situ,
while concentrations of phosphates, nitrates(III), nitrates(V), iron(Il) and total iron were
determined in the laboratory. Laboratory measurements were based on colorimetric
methods and conducted with a HACH DR 890 spectrophotometer.

Confidence semi-intervals for the parameters examined (average values for the whole
study period and for particulate seasons) were calculated with the non-parametric
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Mann-Whitney U test at the significance level p < 0.05. The calculations were made
with the aid of the StatSoft Statistica 7.1 software.

Results and discussion

In every season during the study period, water in both subsurface and near-bottom
layers of lakes Marta and Sitno had slightly alkaline reaction. In Lake Marta pH varied
from 7.73 (near-bottom layer, spring) to 8.31 (subsurface layer, autumn), while in Lake
Sitno pH ranged from 7.73 (near-bottom layer, spring) to 8.08 (subsurface layer, winter)
(Table 1). Statistical analysis revealed that water pH was significantly higher in Lake
Marta during the whole study period (Table 2). In both lakes subsurface pH values were
slightly higher than near-bottom ones during the whole study period, except for autumn
in Lake Sitno. The detected values of water pH were advantageous, as such conditions
favour intensification of nitrate(Ill) reduction [9]. This process occurs mainly in the
near-bottom layer containing anaerobic zones where heterotrophic and autotrophic
strains of bacteria contribute to denitrification and reduction of nitrate(Ill) to gaseous
nitrogen [10].

The average water temperature in both subsurface and near-bottom layer was
significantly higher in Lake Marta (Table 2), despite the lake being deeper than Lake
Sitno. This illustrates a significant cooling influence of the Plociczna River on Lake
Sitno. Moreover, polymictic character of Lake Sitno contributes to constant mixing of
warmer epilimnetic and cooler hypolimnetic water, as evidenced by lower, than in Lake
Marta, differences between average temperatures of subsurface and near-bottom layers.
Morphometric features of Lake Marta (especially high depth, shape of the lake’s basin,
clearly distinguished epi- and hypolimnion) create optimal conditions for salmonid fish
[11]. On the contrary, a flow-through character of Lake Sitno combined with intensified
primary production creates optimal conditions for cyprinid fish.

Another factor crucial for fish is dissolved oxygen. In the summer and autumn
periods, values of this parameter were similar for both lakes (Table 2), while in the
winter and spring periods water in Lake Sitno contained significantly more dissolved
oxygen than water in Lake Marta. Low dissolved oxygen content occurred in Lake
Sitno, however it has never been totally depleted [12]. In both lakes, maximum
dissolved oxygen in subsurface and near-bottom waters was detected in spring, and
minimum — in autumn (Table 1). This tendency might have originated from vegetation
zone developed around the lakeshore. In a consequence of an extended littoral zone,
organic matter accumulated in autumn after vegetation period and its decomposition
temporarily diminished dissolved oxygen content. Higher oxygen saturation of sub-
surface water might increase pH in the epilimnion [13]. Favourable conditions for
brood-stocks of vendace (Coregonus albula) and whitefish (Coregonus lavaretus) in
Lake Marta and lake trout (Salmo trutta m. lacustris) in Lake Sitno occurre in spring,
when the lakes are the richest in dissolved oxygen. Near-bottom water in Lake Marta
has the most stable oxygen conditions whole year round, and this favours occurrence of
salmonids, however, autumnal hypoxia in the littoral zone may impair reproduction in
the fish, as they spawn at that time [14]. This has been reflected by a decrease in
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populations of vendace and whitefish in Lake Marta and lake trout in Lake Sitno [oral
information from the Drawa National Park]. Additionally, reproduction of these fish
species may have been reduced by progressing eutrophication [15].

Table 2

Average values of physiochemical parameters for lakes Marta and Sitno
for the whole 2005-2007 period and for individual seasons (spring, summer, autumn, winter)

Parameters Lake Marta | Lake Sitno U* Z p-value Z corrected
2005-2007 period
pH 7.99 7.93 8169.5 2.88 0.004 2.88
Temperature [°C] 13.9 125 8552.5 2.43 0.015 2.43
NO, -N [mg - dm ] 0.012 0.033 264.5 —7.54 0.000 -7.55
Fe* [mg - dm ] 0.02 0.06 4545 ~6.60 0.000 —6.68
Total Fe [mg - dm™] 0.05 0.11 415.0 —6.82 0.000 —6.86
Spring
Temp.[°C] 143 13.5 4355 2.90 0.004 291
0, [mg - dm™] 10.8 12.4 3225 -3.81 0.000 -3.81
NO, -N [mg - dm ] 0.011 0.030 8.0 —4.13 0.000 —4.14
Fe*' [mg - dm™] 0.03 0.06 12.5 —4.13 0.000 —4.23
Total Fe [mg - dm™] 0.06 0.17 49.5 -2.59 0.009 -2.61
Summer
pH 8.00 7.97 1247.5 2.04 0.041 2.04
Temperature [°C] 21.1 20.2 1190.0 237 0.018 237
NO,-N [mg - dm™] 0.010 0.019 61.5 -4.52 0.000 —4.54
Fe* [mg - dm™] 0.02 0.06 89.5 -3.92 0.000 -3.98
Total Fe [mg - dm ] 0.03 0.08 76.0 —4.21 0.000 —4.24
Autumn
pH 8.22 8.00 744.0 2.88 0.004 2.88
Temperature [°C] 15.0 11.7 872.0 2.09 0.036 2.10
NO, -N [mg - dm™] 0.017 0.055 10.5 —4.82 0.000 —4.84
Fe’ [mg - dm™] 0.03 0.06 60.0 -3.31 0.001 -3.34
Total Fe [mg - dm ] 0.05 0.09 325 —4.15 0.000 —4.18
Winter
pH 7.99 8.03 193.5 -3.25 0.001 -3.26
0, [mg - dm™] 9.1 10.1 268.5 -2.84 0.005 -2.84
NO, -N [mg - dm ] 0.012 0.027 12.0 -2.54 0.011 -2.56
PO, [mg - dm™] 2.00 0.76 8.0 2.87 0.004 2.87
Fe’ [mg - dm™] 0.03 0.06 10.5 -2.66 0.008 -2.71
Total Fe [mg - dm™] 0.05 0.08 1.0 -3.46 0.001 -3.48

* Confidence semi-intervals calculated with the non-parametric Mann-Whitney U test: U — the Mann-Whitney
U test; Z — standardized value of variable at normal distribution; Z corrected — correction due to tied ranks;
p-value — significance level, p < 0.05.
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Monitoring of nutrients revealed that in years 2005-2007, nitrate(V) content in
subsurface water of Lake Marta was the lowest in summer (on average 6.7 mg - dm™),
and the highest in spring and autumn (on average 8.6 mg - dm ) (Table 1). A regularity
was observed that concentrations of mineral nitrogen compounds for subsurface water
were higher than for near-bottom one (except for spring). Differently in Lake Sitno,
nitrate(V) concentrations in each season were similar for both water layers. Near-
-bottom nitrate(V) concentrations for spring were higher than for the other seasons. For
the 2005-2007 period, average nitrate(V) concentrations in subsurface and near-bottom
waters were higher for Lake Sitno than for Lake Marta in spring, summer and winter
seasons, however the differences have not been statistically confirmed (Table 2). At the
same time, average nitrate(Ill) concentrations in Lake Marta ranged from 0.008
mg - dm for summer to 0.017 mg - dm > for autumn, while in Lake Sitno nitrate(I1I)
levels were higher and varied from 0.019 mg - dm™ for summer to 0.060 mg - dm™> for
autumn (Table 1), and this difference between lakes was statistically significant. The
relationships observed might have resulted from different sediment ability to retain
chemicals, including nitrates(Ill) and (V). As nitrates(Ill) and (V) poorly adhere to
organic particles in sediments, they may be easily released from the substratum. Nitrate
content is also modified by denitrification intensity. The results obtained indicate that
denitrification is more intensive at higher temperature, as evidenced by the fact that the
lowest nitrate content occurred in summer in near-bottom water of both lakes [16].
A detailed study revealed that average level of nitrate removed from Lake Sitno by the
Plociczna River was higher than average level delivered [12]. The source of the river,
located at an agricultural area, may contribute to nutrient inflow. According to Lossow
[17], agricultural fertilizers may be responsible for 10-20 % of nitrogen and 5 % of
phosphorus delivered to freshwaters. Phosphate levels in Lake Marta tended to be the
highest in winter in the subsurface layer and the lowest in spring in both layers
(Table 1). Significantly higher winter concentrations of phosphates in Lake Marta may
have resulted from occurrence of free phosphorus form, not built in animal or plant
tissues. A considerable amount of nutrients is accumulated in the sediments and
invertebrates [8]. Release of phosphorus from sediments may be intensified by mixing
of near-bottom water with water from the above layers [4]. This took place in Lake
Sitno where, in wintertime, near-bottom water contained more phosphorus than
subsurface one (Table 1). Lake Sitno, therefore, being a shallow lake with high
dynamics of water masses, is more susceptible to eutrophication. Similar regularities
were reported by Kubiak [18]. A significant role in the processes of phosphorus
sorption and binding to sediments is played by iron hydroxides and calcium carbonate,
while sediment bacteria have a significant role in anaerobic release of iron-bound
phosphorus [19]. Concentrations of Fe’' in Lake Marta were nearly constant (from 0.01
to 0.06 mg - dm ) during the whole study period (Table 1). The highest concentration
of total iron occurred in spring, while in the other periods its levels ranged from 0.01 to
0.09 mg - dm™ (Table 1). Fe*" concentrations in Lake Sitno were significantly higher
than in Lake Marta (Table 2). In both lakes, total iron levels were the highest in spring.
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The results of this study indicate that the examined lakes were characterized by high
nutrient concentrations and temporary near-bottom hypoxia, while the dynamics of
nutrient accumulation and bioaccumulation ensured maintenance of balance.

Conclusions

1. Marta and Sitno lakes were characterized by high nutrients concentrations and
near-bottom hypoxia.

2. The observed dynamics of nutrient concentrations may reflect the compounds
accumulation and bioaccumulation in sediments as well as their dynamic mobilization,
confirmed by balanced concentrations in the whole water body.
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SEZONOWE ZMIANY WARUNKOW HYDROCHEMICZNYCH WYBRANYCH JEZIOR
DRAWIENSKIEGO PARKU NARODOWEGO

Zaktad Hydrobiologii, Wydziat Nauk o Zywnosci i Rybactwa
Zachodniopomorski Uniwersytet Przyrodniczy w Szczecinie

Abstrakt: Celem pracy bylo okreslenie sezonowych zmian warunkow hydrochemicznych w warstwie
powierzchniowej i przydennej jezior Marta i Sitno w DPN. Badania hydrochemiczne przeprowadzono
w latach 2005-2007, podczas ktérych mierzono pH, temperaturg, zawarto$¢ tlenu, azotanow(Ill i V),
fosforanow, zelaza dwuwartosciowe i ogdlna zawartos¢ zelaza.

Pomiary zawartosci O, wykazaty, ze warstwy powierzchniowe i przydenne w litoralu obydwdch jezior
byly maksymalnie wysycone tlenem wiosna, a minimalnie jesieniag. W catym okresie badan stwierdzono
niedotlenienie warstw przydennych w obydwdch jeziorach. Kontrola warunkéw termicznych wykazata, ze
$rednia temperatura wody w obu warstwach w jeziorze Marta jest znacznie wyzsza anizeli w jeziorze Sitno.
Analiza stgzen azotanow(IIl i V) wykazata wigksza ich zawarto$§¢ w obu warstwach w jeziorze Sitno, anizeli
w jeziorze Marta. Réznice te udowodniono statystycznie dla warstwy przydennej. Wykazana w obydwdch
zbiornikach podwyzszona zawarto$¢ pierwiastkow biogennych klasyfikuje je jako eutroficzne. Mniejsze
stezenie azotanow(Ill) w jeziorze Marta moze $wiadczy¢é o zachodzacym w nim procesie denitryfikacji.

Stowa kluczowe: wiasciwosci hydrochemiczne, jeziora, Drawienski Park Narodowy
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the Forum of Young Scientists. But the colleague has to deliver earlier the Extended
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Abstract (4-6 pages) of his/her contribution (deadline is on 15.08.2010), and a recom-
mendation of his/her Professor.

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 this site).

Further information is available from:

Prof. dr hab. Maria Wactawek

Chairperson of the Organising Committee

of ECOpole 10 Conference

University of Opole

email: Maria.Waclawek@o02.pl

and mrajfur@o02.pl

phone +48 77 455 91 49 and +48 77 401 60 42
fax +48 77 401 60 51



Zapraszamy
do udzialu w Srodkowoeuropejskiej Konferencji
ECOpole ’10
w dniach 13-16 X 2010

SUBSTANCJE CHEMICZNE
W SRODOWISKU PRZYRODNICZYM

Bedzie to dziewigtnasta z rzgdu konferencja poswigcona badaniom podstawowym
oraz dziataniom praktycznym dotyczaca réznych aspektow ochrony srodowiska przy-
rodniczego. Odbedzie si¢ ona w osrodku ,,Uroczysko” na Wzgorzu Wilhelma w Pie-
chowicach, koto Szklarskiej Poreby. Doroczne konferencje ECOpole maja charakter
miedzynarodowy i1 za takie sa uznane przez Ministerstwo Nauki i Szkolnictwa
Wyzszego.

Obrady konferencji ECOpole *10 beda zgrupowane w pigeiu sekcjach:

— SI Chemiczne substancje w $rodowisku przyrodniczym oraz ich monitoring

— SII Odnawialne zrodta energii i jej oszczedne pozyskiwanie oraz uzytkowanie
SIII Zarzadzanie $rodowiskiem w warunkach kryzysowych
— SIV Forum Mtodych (FM) i Edukacja prosrodowiskowa
— SV Wplyw zanieczyszczen srodowiska oraz zywnosci na zdrowie ludzi.

Materiaty konferencyjne beda opublikowane w postaci:
— abstraktow (0,5 strony formatu A4) na CD-ROM-ie;
— rozszerzonych streszczen o objgtosci 4-6 stron w potroczniku Proceedings of
ECOpole;

— artykutow: w abstraktowanych czasopismach: Ecological Chemistry and Engineer-
ing/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. A 1 S oraz niektorych
w potroczniku Chemia — Dydaktyka — Ekologia — Metrologia.

Termin nadsylania angielskiego i polskiego streszczenia o objetosci 0,5-1,0
strony (wersja cyfrowa + wydruk) planowanych wystapien uplywa w dniu 31
sierpnia 2010 r. Lista prac zakwalifikowanych przez Rad¢ Naukowa Konferencji do
prezentacji bedzie sukcesywnie publikowana od 15 lipca 2010 r. na stronie webowej

ecopole.uni.opole.pl

Aby praca (dotyczy to takze streszczenia, ktore powinno mie¢ tytut w jezyku polskim
i angielskim, stowa kluczowe w obydwu jezykach) przedstawiona w czasie konferencji
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mogta by¢ opublikowana, jej tekst winien by¢ przygotowany zgodnie z wymagania-
mi stawianymi artykutom drukowanym w czasopismach Ecological Chemistry and En-
gineering ser. A oraz S, ktore jest dostepne w wielu bibliotekach naukowych w Polsce
i za granica. Sg one takie same dla prac drukowanych w potroczniku Chemia — Dy-
daktyka — Ekologia — Metrologia. Zalecenia te sa rdwniez umieszczone na stronie we-
bowej konferencji.

Koszt uczestnictwa w calej konferencji wynosi 1000 zt i pokrywa opfate za udzial,
koszt noclegdéw 1 wyzywienia oraz rocznej prenumeraty Ecol. Chem. Eng. (razem blisko
2000 ss.) tacznie z materialtami Konferencji. Jest mozliwos¢ udziatu tylko w jednym
wybranym przez siebie dniu, wowczas optata wyniesie 650 zt i bedzie upowazniata do
uzyskania wszystkich materiatéw konferencyjnych, jednego noclegu i trzech positkow
($niadanie, obiad, kolacja), natomiast osoby zainteresowane udzialem w dwdch dniach,
tj. w pierwszym i drugim lub drugim i trzecim, winny wnie$¢ optate w wysokosci 800
zt. Opftata dla magistrantow i doktorantéw oraz miodych doktorow bioracych aktywny
udziat w Forum Mtodych moze by¢ zmniejszone do 600 zl, przy zachowaniu takich sa-
mych $wiadczen. Osoby te winny dodatkowo dostarczy¢: rozszerzone streszczenia (4—6
stron) swoich wystapien (do 15.08.2010 r.). Jest takze wymagana opinia opiekuna na-
ukowego. Sprawy te beda rozpatrywane indywidualnie przez Rad¢ Naukowa oraz Ko-
mitet Organizacyjny Konferencji. Cztonkowie Towarzystwa Chemii i Inzynierii Ekolo-
gicznej (z optaconymi na biezaco skladkami) maja prawo do obnizonej optaty
konferencyjnej o 25 zt. Optaty wnoszone po 15 wrzesnia 2010 r. sg wigksze o 10% od
kwot podanych powyzej. Wszystkie wptaty powinny by¢ dokonane na konto w Banku
Slaskim:

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

i mie¢ dopisek ECOpole *10 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 2010 r. Wszystkie nadsytane prace podlegaja zwyklej procedurze recen-
zyjnej. Wszystkie streszczenia oraz program Konferencji zostang wydane na CD-ROM-ie,
ktéry otrzyma kazdy z uczestnikdw podczas rejestracji. Program bedzie takze umiesz-
czony na stroniec webowej Konferencji.

Prof. dr hab. Maria Wactawek
Przewodniczaca Komitetu Organizacyjnego
Konferencji ECOpole ’10

Wszelkie uwagi i zapytania mozna kierowaé na adres:
Maria. Waclawek@o02.pl

lub mrajfur@o2.pl

tel. 77 401 60 42 1 77 455 91 49

fax 77 401 60 51



GUIDE FOR AUTHORS
ON SUBMISSION OF MANUSCRIPTS

A digital version of the Manuscript addressed —

Professor Witold Waclawek
Editorial Office of monthly Ecological Chemistry and Engineering
(Ecol. Chem. Eng.)
Uniwersytet Opolski
ul. kard. B. Kominka 4, 45-032 Opole, Poland
Phone +48 77 401 60 42, fax +48 77 401 60 51,
Email — waclawek@uni.opole.pl

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

The Editor assumes, that an author submitting a paper for publication has been autho-
rised 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 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 re-
quested 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 tempera-
ture — t/°C or 6/°C (if both time and Celsius scale units need to be used, the symbol
0/°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, e.g. Corel-Draw, Grapher for Windows or at least in a bitmap format
(TIF, PCK, 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, 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 miesigczniku Ecological Chemistry and Engineering
A/Chemia i Inzynieria Ekologiczna A powinna by¢ przestana na adres Redakcji:

Profesor Witold Wactawek
Redakcja Ecological Chemistry and Engineering
Uniwersytet Opolski
ul. kard. B. Kominka 4, 45-032 Opole
tel. 077 401 60 42, fax 077 401 60 51
email: waclawek@uni.opole.pl

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

Redakcja przyjmuje, ze przesytajac artykut do druku autor w ten sposdb oswiadcza,
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 artykulu uzyskuje Towarzystwo Chemii i Inzy-
nierii Ekologiczne;.

W przygotowaniu manuskryptu nalezy przede wszystkim wzorowa¢ si¢ na postaci
najnowszych artykuléw 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 jezyku angielskim oraz zaopa-
trzone w streszczenia oraz stowa kluczowe w jezyku angielskim oraz polskim.

Zalecamy, azeby artykut zawieral adresy i emaile oraz numery telefondéw i faksow
wszystkich autoré6w danej pracy, szczegdlnie gtownego autora, ktérego nazwisko wy-
rézniamy gwiazdka.

Usilnie prosimy o stosowanie uktadu jednostek SI. Zwracamy uwagg, ze osie wykre-
sow oraz gtowki tabel powinny bezwzglednie zawieraé jednostki stosownej wielkoscei.
Polecamy symbolik¢ zalecang przez PTChem (Symbole i terminologia wielkosci 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 réowniez by¢ dostarczony w postaci cyfrowych plikow wektorowych, np. za po-
mocg programu: CorelDraw wersja 3.0-8.0, Grafer dla Windows lub przynajmniej bito-
we (TIF, PCX, BMP). W przypadku trudnosci z wypehieniem tego warunku Redakcja



1388 Varia

zapewnia odptatne wykonanie materiatu graficznego na podstawie dostarczonego szki-
cu, blizsze informacje mozna uzyska¢ telefonicznie 077 401 60 42.

Przypisy 1 tabele podobnie jak rysunki zapisujemy jako osobne pliki.

Literatur¢ prosimy zamieszcza¢ wg ponizszych przykltadow:

[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 skracaé¢ zgodnie z zasadami przyjetymi przez amerykanska
Chemical Abstracts Service. Autor moze, jezeli uwaza to za wskazane, podawaé tez
tytut cytowanych artykutdow z czasopism, ktory bedzie sktadany kursywa oraz numer
zeszytu danego woluminu (w nawiasie, po numerze woluminu).

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