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Monika ARASIMOWICZ', Marcin NIEMIEC!
and Barbara WISNIOWSKA-KIELIAN'

ZINC, COPPER AND CHROMIUM CONTENT IN SOILS
AND NEEDLES OF THE SCOTS PINE (Pinus silvestris L.)
FROM THE KRAKOW AGGLOMERATION TERRAIN

ZAWARTOSC CYNKU, MIEDZI I CHROMU W GLEBACH
ORAZ SZPILKACH SOSNY ZWYCZAJNEJ (Pinus silvestris L.)
Z TERENU AGLOMERACJI KRAKOWSKIEJ

Abstract: The aim of the study was to determine soils pollution by heavy metals (Zn, Cu and Cr) and their
content in pine needles taken from terrain of Krakow Agglomeration.

It was found large changeability of individual trace metals content in analyzed plants and soils material.
The metals content in soils amounted to: 12.64—631.9 mg Zn, 1.24-35.06 mg Cu and 2.39-158.9 mg Cr - kg
dm. The average content of zinc, copper and chromium in soil samples from the city of Krakow terrain was
visibly higher than in the analogous material taken from neighboring localities. Variation coefficients of
individual trace elements content were: 102.8 % for Cr, 72 % for Zn and 54.2 % for Cu. The highest amounts
of analyzed heavy metals was found in soils from places of Krakow Agglomeration located in zones of large
intensity of road traffics and in Old Town where the influence of anthropopressure lasts the longest. High their
contents were observed also in soil samples taken from the periphery of Krakow and in localities with dense
one-family buildings situated along the main traffic routes. The relatively low content of these metals in soils
were observed in multifamily dwelling housing estates and in smaller villages from the periphery of the
Agglomeration. On average, the most pollution of studied soils with Cu and Zn was found in the eastern part
of the Agglomeration, while the lowest in western one. The highest average Cr content was observed in the
soil samples taken from northern part of the Krakow Agglomeration while the lowest in southern part.
Contents of zinc and copper in soil were significant positively correlated with organic matter content in soil.

The average contents of analyzed trace metals in pine needles taken from the city of Krakow terrain and
from neighboring localities were differed slightly. The average content of these metals in pine needles from
the Agglomeration terrain amounted to: 55.45 mg Zn, 4.76 mg Cu and 2.54 mg Cr - kg' d.m. Individual
metals content in plant was differentiated in diverse extent. The largest variation was found in case of Cr
(V =40 %), lower for Zn (V = 30.8 %), and the lowest in case of Cu (26.4 %). The highest average analyzed
heavy metals content was found in needles of pine grown in southern part of the Krakow Agglomeration. The
smallest Cu and Cr contents were observed in needles taken from the trees grown in northern part of the city
and neighboring localities, while the smallest Zn content was noted in samples from the northern part of the
Krakow Agglomeration. Obtained results did not prove a substantial correlation between heavy metals content

" Department of Agricultural and Environmental Chemistry, University of Agriculture in Krakow, al.
A. Mickiewicza 21, 31-120 Krakow, Poland, phone: +48 12 662 4347, fax +48 12 662 4841, email:
komorowska.monika@interia.pl
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in soil and in pine needles, what points at origin of Zn, Cu and Cr from deposition from the atmosphere. The
bioaccumulation coefficients of analyzed elements had higher values in case of samples taken from
countryside than those taken from city Krakow terrain.

Keywords: heavy metals, soils, pine needles, bioaccumulation

The Krakow Agglomeration constitutes an area of 4069 km® composed of 51
communes of the Malopolska province, inhabited by ca 1.45 mln people. Currently,
atmospheric air pollution poses one of the main hazards for human beings and the
natural environment. Dust and gaseous pollutant emission from industries, classifies this
region among the worst in Poland, despite continuous efforts at reducing of pollution.
On the other hand, emission originating from the city of Krakow area places the city
among the ones most seriously threatened with dust emission. Atmospheric air quality
in the Malopolska province is additionally worsened by winds blowing from the west
and south-west, which cause pollutants translocation from the Silesia province, which
dominates in the pollutant emission in the whole country [1]. Air pollutants including
trace metals penetrate to the soil with wet and dry deposition but are also dispersed
depending on the direction as well as speed of wind and the temperature [1, 2]. Trace
elements which in excessive amounts find their way to the environment pose a serious
hazard to plants, animals and man. Therefore, constant monitoring of their contents in
individual components of the environment is necessary. Anthropopressure causes major
disturbances in element cycle in the nature, leading to pollution of individual
components of the environment with them. High contents of heavy metals in soil
usually lead to their high concentrations in plants [3], whereas their presence in soil and
plants is an indicator of the natural environment quality [4]. Trace elements
systematically supplied to the soil accumulate in the topsoil because they are bound by
the soil sorption complex and very slowly penetrate into the soil profile [5]. However,
plant pollution is usually permanent, what means that elements and chemical
compounds accumulated in tissues may remain in them during the whole growth period
[4]. Phytoindication is a method based on the use of plants for an assessment of the
environment quality and the changes occurring in it. One of the plant species, which is
a particularly useful phytoindicator of soil and air pollution, is Scots pine (Pinus
silvestris L.) [4]. Chemical composition of its needles reflects tree abundance in
nutrients but also shows the degree of the environmental pollution. Monitoring
conducted using technical methods registers the level and distribution of environmental
pollution. Phytoindication supplements the data with the information describing
response of living organisms to the level of harmful substances in the environment [6].

The investigations aimed at determining the contents of zinc, copper and chromium
in the soil and needles of Scots pine (Pinus silvestris L.) collected from the area of the
Krakow Agglomeration as a basis for an assessment of anthropopressure level.

Material and methods

Material for the analyses constituted soil samples and pine needles collected from the
area of Krakow Agglomeration (Fig. 1).
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Fig. 1. Localisation of sampling points

A total 50 samples both of soil and pine needles, including 29 from the Krakow city
terrain and 21 from the neighbouring localities within 30 km from the city, were
collected in November 2008. The samples were dried at room temperature, whereas the
pine needles in a dryer with forced air flow at the temperature of 65 °C. Total contents
of heavy metals in the soil samples were assessed after dry mineralization of organic
matter and hot dissolving in a mixture of HNO; and HCIO, acids (3:2), whereas in the
plant material after mineralization in a mixture of HNO; and H,SO, [7]. Metal
concentrations in the obtained solutions were determined using ICP-AES method in JY
238 Ultrace apparatus.

Results and discussion

Zinc is an element commonly occurred in the environment. It reveals considerable
mobility in the soil from which it is intensively absorbed by plants, what causes that it
easily enters both animal and human food chains. In the proper amounts this metal is
crucial for proper development of living organisms, whereas in excess it becomes toxic
for them. Pollution of the natural environment with zinc is mainly caused by dust
pollutant emission from zinc works, coal and waste burning. Zinc also finds its way to
soils with phosphorous fertilizers and plant protection preparations [2]. The greatest
amount of zinc (631.88 mg - kg ' d.m.) was found in the soil material from Piastowska
Street in Krakow and the smallest one (12.64 mg - kg’l) in the samples from Kryspinow
(Table 1). The soil samples collected from the most urbanized parts of Krakow
(Medweckiego, Stanislawa ze Skalbmierza and Swoszowicka Streets) and from the
localities surrounding the city (Wielka Wies, Proszowice, Zabierzow) revealed the
largest quantities of this element. The smallest amounts of Zn were noted in the soils of
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city residential areas (Czarnogorska and Okolna Streets, Oswiecenia estate) and in small
villages near Krakow (Raczna, Morawica, Igolomia). Considering the limit contents of
heavy metals in the topsoil elaborated by ISSPC [18], 16 % of soil samples revealed the
natural Zn content (0° of pollution), 40 % of soils had elevated Zn content (I° of
pollution), 34 % showed weak (II°) and 8 % medium pollution (IT1°), whereas 2 % of
samples revealed strong pollution by this metal (IV°). Mean content of zinc in the
analyzed soil material from the Krakow Agglomeration indicated a weak pollution (II°)
with this element. However, it should be pointed out that average Zn content in the soil
samples from the city of Krakow area was much higher than its medium content in the
soils collected from the neighbouring localities. Pine needles collected in Krzeszowice
town contained the highest Zn amounts — 108.19 mg - kg ' d.m., while the smallest ones
were found in the needles of pine growing at Palacha Street in Krakow — 32.1 mg - kg
dm (Table 1). Zinc content in plants is considered natural within the range from 20 to
100 mg - kg™' d.m. [2]. Following this criterion zinc content in all samples of pine
needles may be considered natural.

Copper is a natural trace element of the Earth crust [2]. As a microelement, it is
crucial for proper functioning of plants, animals and man. Either a deficiency or excess
of copper leads to disturbances of living organism activities and therefore the balance in
the environment [9]. In strongly industrialized areas the heaviest contamination of the
environment with copper is caused by local mines and metal works processing this
metal. Copper concentrations increases in the dust emitted to the atmosphere in city
Agglomerations due to intensified road traffic and electric transport [2]. Analogously as
in case of zinc, the highest amounts of copper (38 mg - kg_1 d.m.) were found in the soil
material collected in Piastowska Street in Krakow and the smallest ones (1.24 mg - kg
d.m.) in the soil from Kryspinow (Table 1).

Table 1
Zn, Cu and Cr contents of soil samples and pine needles
and organic matter contents at top soil layer

Pine needles Soil samples Organic

Sampling points Zn ‘ Cu ‘ Cr Zn ‘ Cu ‘ Cr matter
[mg- kg ' dm.] (%]
ul. Pradnicka 44.44 3.68 1.59 176.25 13.00 13.38 2.16
ul. Gornickiego 45.56 2.87 0.82 123.25 12.88 24.06 2.92
ul. S. ze Skalbmierza 50.50 7.94 2.83 402.50 24.25 158.88 4.29
ul. Lepkowskiego 38.00 3.29 2.56 177.50 12.18 39.88 2.47
ul. Powstancow 55.13 5.71 2.10 123.94 14.94 25.63 2.79
o0s. Oswiecenia 35.44 4.36 2.89 68.13 9.15 13.53 1.97
ul. Makuszynskiego 42.38 5.11 2.19 118.94 11.80 24.38 2.79
ul. Medweckiego 47.09 4.73 2.40 465.63 29.25 30.44 3.77
al. Pokoju 38.06 6.24 2.63 196.88 24.13 33.00 3.33
ul. Cystersow 57.69 5.93 2.97 237.63 25.94 36.94 5.89
ul. Swoszowicka 61.91 5.54 6.35 330.00 9.38 8.05 2.34
ul. Krzywda 67.95 5.18 2.84 133.75 25.13 19.00 4.18
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Table 1 contd.

Pine needles Soil samples .
Organic
Sampling points Zn ‘ Cu ‘ Cr Zn ‘ Cu ‘ Cr matter
[mg- kg d.m.] (%]

ul. Jerzmanowskiego 33.98 3.90 1.83 211.88 20.31 11.44 3.33
ul. Okolna 36.41 4.22 2.58 4431 12.23 8.03 1.57
ul. Czarnogorska 58.69 5.26 1.79 43.25 7.05 6.56 1.54
ul. Szwedzka 52.73 6.09 3.66 185.00 23.38 13.05 3.67
ul WI. Tetmajera 47.51 6.26 1.77 244.38 18.94 20.31 1.92
ul. Jeleniowa 60.15 3.99 3.43 222.50 13.05 22.94 5.65
al. Kasztanowa 35.40 4.25 1.71 148.13 13.69 16.81 3.42
ul. P. Listopadowego 58.65 3.29 2.71 133.13 35.06 15.56 2.57
ul. Juliusza Lea 47.14 4.72 1.81 141.88 28.81 11.93 6.46
ul. Lindego 46.81 5.01 3.98 157.50 24.13 11.66 5.13
ul. Na Blonie 54.25 5.39 4.65 93.31 7.21 10.16 4.55
ul. Majora Lupaszki 48.00 3.83 1.80 186.88 16.88 16.69 3.99
ul. Palacha 32.10 4.08 1.26 130.63 16.69 10.96 2.92
ul. Piastowska 40.50 4.30 2.13 631.88 38.00 12.13 4.58
ul. Nad Sudolem 46.06 5.09 3.47 147.50 10.79 10.37 2.39
ul. Pachonskiego 68.19 3.26 1.17 95.25 10.25 22.31 2.90
ul. Pasteura 51.13 4.09 1.48 80.00 8.50 9.58 2.15
Zielonki 95.56 4.63 2.34 97.81 9.59 12.53 5.25
Maslomigca 71.94 4.62 3.19 77.63 5.69 22.44 3.04
Iwanowice 63.56 3.99 2.16 105.69 12.22 18.19 2.72
Slomniki 36.75 2.34 2.14 101.75 13.31 26.69 3.86
Kocmyrzow 50.38 441 2.01 175.63 15.69 26.38 8.28
Koniusza 61.88 5.42 2.19 209.38 11.04 29.38 3.52
Proszowice 63.31 4.73 3.42 253.00 28.94 31.88 2.97
Karwin 37.00 4.68 3.60 77.13 12.71 13.69 4.05
Igolomia 29.56 2.56 3.57 59.44 11.89 15.25 2.14
Niepolomice 59.88 4.90 1.98 203.75 17.00 31.81 4.21
Wieliczka 95.56 6.05 2.96 147.50 19.50 20.31 7.50
Mogilany 69.50 4.96 1.61 72.63 10.62 18.44 4.56
Skawina 76.06 9.63 3.46 162.50 31.25 14.38 2.57
Raczna 60.38 5.17 3.37 25.13 3.39 4.16 1.26
Kryspinow 64.56 5.72 3.86 12.64 1.24 2.39 0.56
Liszki 57.94 3.41 2.72 70.50 9.44 16.56 1.75
Morawica 47.69 4.18 1.58 34.88 5.18 16.75 1.49
Zabierzow 73.38 5.67 3.03 233.75 14.81 11.36 4.10
Krzeszowice 108.19 4.99 1.28 51.69 5.20 8.25 1.33
Skala 87.50 4.03 1.75 155.63 6.44 26.44 222
Wielka Wies 60.19 4.44 1.30 350.63 23.00 33.44 3.47
Average 55.45 4.76 2.54 162.61 15.70 21.17 3.37
CV [%] 30.80 26.50 40.00 72.00 54.20 102.80 46.90
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Relatively large quantities of copper were registered in the soils from the city area
(Powstania Listopadowego, Medweckiego and Lea Streets) but also in town around
Krakow (Skawina and Proszowice). The localities mentioned above are characterized
by compact settlement pattern and busy traffic routes running in their vicinity. Copper
content in the analyzed soils of Krakow Agglomeration pointed to only slightly elevated
content of this element (I° of pollution) on a six degree scale proposed by ISSPC [8],
of which 72 % of soils revealed natural content (0°) and 28 % had elevated
Cu concentrations (I°). Average copper content in the Agglomeration soils was
15.7 mg - kg_1 d.m. (Table 1) and was approximate (the same level of pollution) to
average Cu contents registered in the research conducted by Gambus [10] on the soils of
the former Krakowskie province. Copper content in aboveground parts of the plant is
quite diversified and depends on many factors (species, kind of soil, antagonism with
other elements), therefore it is difficult to determine the limit numbers for its natural
content in tissues and toxicity threshold. As reported by Kabata-Pendias and Pendias [2],
an average Cu content in aerial part o the plants fluctuates from 5 to 20 mg - kg™’ d.m.
Mean copper content in pine needles growing in the Krakow Agglomeration area was
4.76 mg - kg’1 d.m. The greatest amounts were found in pine needles growing in places
with highly intensive traffic, close to busy traffic routes (Skawina and Tetmajera Street
in Krakow, Pokoju Avenue in Krakow), while the smallest were noted in small villages
outside the city boundaries (Slomniki, Igolomia).

Chromium is a natural component of the Earth’s crust. This element is present in
various quantities and its natural content in soil fluctuates from trace amounts to over
0.1 %. Its role in plant growth and development has not been fully identified. However,
chromium is indispensable for life to animals and humans but excessive its concentrations
are harmful to all living organisms. Despite many anthropogenic sources of chromium
pollution, there is no risk of global contamination of the natural environment with this
metal. However, this element may be introduced into the environment components
locally, which may cause its excessive entering the biogeochemical cycle [2, 9].
Similarly as for Zn and Cu the smallest quantities of Cr were found in the soil samples
collected in Kryspinow (2.39 mg - kg‘1 d.m.), whereas about 70 times bigger were
assessed in Stanislawa ze Skalbmierza Street in Krakow (158.88 mg - kg’1 d.m.) (Table 1).
Considerable amounts of this element were also found in soil samples collected in
Lepkowskiego and Cystersow Streets, in Pokoju Avenue and in Medweckiego Street in
Krakow, but also in Wielka Wies, Proszowice and Niepolomice localities. It was also
found that 84 % of the collected samples revealed natural content of chromium (0° of
pollution), 14 % had increased content of this metal (I°) and 2 % revealed medium
pollution with this metal (ITI°). Mean chromium content noted in the Agglomeration
soils was 21.17 mg - kg'1 d.m., which according to the West European criteria classifies
these soils to clean ones [9]. The least of chromium (0.82 mg - kg’l d.m.) was assessed
in needle samples of pine growing in Gornickiego Street in Krakow whereas the
greatest amounts were found in Swoszowicka Street (6.35 mg - kg ™' d.m.) (Table 1).
Average content of chromium in pine needles growing in the Krakow Agglomeration
area, ie 2.54 mg - kg”' d.m. is higher than average content of this element in plants for
consumption (0.02-1 mg - kg’ d.m.) stated by Kabata-Pendias and Pendias [2].
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The contents of the analyzed heavy metals (Zn, Cu and Cr) in the soil material
collected from the area of the Krakow Agglomeration were diversified to various
degrees. The highest variability was assessed for Cr (coefficient of variation, CV =
= 102.8 %), slightly smaller for Zn (CV = 71.2 %) and the lowest for Cu (54.2 %).
Similar diversification of the studied trace element values may be observed in soils of
other agglomerations in Poland [11]. Also in the collected pine needles chromium
content revealed the greatest variability (V = 40 %), then zinc (V = 30.8 %), while the
lowest value of variability coefficient was registered for copper (V = 26.4 %). The
reason for such considerable variability of the analyzed elements content might be the
locally uneven distribution of soil and atmospheric air pollution with heavy metals.
Heavier pollution with zinc, copper and chromium is usually observed along traffic
routes and within a radius of several hundred meters from factories. The changeability
is also caused by climatic factors such as wind or temperature [1].

According to the literature of the subject, there are numerous factors affecting
phytoavailability and trace metal contents in the arable layer. The most frequently
mentioned soil physicochemical properties which influence the metal availability
include: type and granulometric composition of soil, organic matter content, sorption
capacities as well as pH and oxidation-reduction potential [12]. According to Siuta [9]
there is a positive correlation between organic matter content in soil and the amount of
trace elements retained in its top layer. Obtained results confirmed the thesis, as
evidenced by the values of correlation coefficients between organic matter content and
the quantity of heavy metals determined in soil. The contents of Zn and Cu were
positively correlated with organic matter content in soils. The correlation coefficients
were respectively 1y os = 0.32 and 1y o; = 0.42. Similar dependence was not found for Cr
in the studied soils of Krakow Agglomeration. No significant correlation was found
either between heavy metal content in the soil and needles of pines growing in the
individual places. It points out on origin of Zn, Cu and Cr from the atmospheric
deposition. According to Siuta [9], there are numerous factors conditioning heavy metal
absorption by plants. Gorlach [13] also states that various species and even varieties of
plants growing under the same conditions may reveal different ability of heavy metal
uptake from soil. Other authors state, that the soil content of heavy metal forms
available to plants is also affected by the course of climatic conditions, which to
a considerable degree modify the soil properties and therefore influence the level of
these elements content in plants [14]. Moreover, Siuta [9] emphasizes that in practice
heavy metal concentrations are assessed only in the topsoil. For this reason, most
frequently no dependence is assessed between the elements content in soil and their
concentrations in plants, especially perennials.

Intensity and scale of soil and plant pollution with trace elements depends on many
local factors, however a serious source of heavy metals deposited on the soil and plant
surface is so called far emission connected with pollutants dispersion and translocation
for long distances [15]. Climatic conditions (precipitation, temperature, wind direction
and strength) also play an important role in pollutant dispersion. Analysis of soil
samples pollution revealed the highest medium pollution with Zn and Cu in the eastern
part of Krakow Agglomeration, whereas Cr contamination was the highest in the
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northern part. Average lowest contents of all analyzed elements were registered in the
southern part of the Krakow city and in the eastern part of the neighboring localities. It
may be due to the fact that winds from the west and south west prevail in the area of
Krakow and its neighborhood, which causes a dispersion of pollutants from the west
and south towards the east and north. On the other hand, the highest average speeds are
noted for the winds from the west [1]. Analysis of the chemical composition of pine needs
showed the highest mean contents of all studied elements in the material collected in the
southern part of Krakow Agglomeration. Pine needles taken in the eastern part of the
Agglomeration contained the lowest quantities of zinc, whereas the least amounts of copper
and chromium were determined in pine needles growing in the northern part of this region.

Bioaccumulation coefficient (BC) expresses the ratio of element concentration in
plant to its content in soil. Analysis of the obtained BC values for Zn, Cu and Cr
demonstrated that under conditions of soil pollution with heavy metals needles more
easily cumulate Zn and Cu, than Cr. Zinc is an element very easily absorbed by plants
from the soil, therefore Zn bioaccumulation coefficient assumed the highest values
among the studied elements both in the city of Krakow and in the other research points
situated in the neighboring areas. It is caused by a relatively considerable mobility of
this element in the soil, including its exchangeable forms and compounds with organic
matter. It has been confirmed by the highest mean value of bioaccumulation coefficient
for zinc 0.71 in comparison with BC 0.5 for Cu and 0.21 for Cr. On the other hand the
lowest BC value noted for chromium is caused by a poor translocation of this element
from soil to plant tissues [9]. On average, bioaccumulation coefficient for Zn, Cu and Cr
assumed higher values for rural areas as compared with the city (Fig. 2).

1.0
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Fig. 2. Average values of bioaccumulation coefficient of metals in pine needles

Conclusions

1. The Zn, Cu and Cr content in soils and pine needles taken from Krakow
Agglomeration showed large changeability. Significantly higher amounts of individual
elements were observed in places of large intensity of road traffics and in Old Town, as
well as in the larger localities nearby Krakow.
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2. The average Zn, Cu and Cr content in soil samples taken from Krakow was visibly
higher than in the material taken from neighboring localities.

3. The average contents of Zn, Cu and Cr in pine needles taken from Krakow terrain
and from neighboring localities were differed slightly and pointed at their natural
content.

4. The highest average contents of analyzed metals were found in needles of pine
grown in southern part of Krakow Agglomeration.

5. On average, the biggest pollution of soils with Cu and Zn was found in the eastern
part of the Agglomeration, while Cr in northern one.

6. Contents of Zn and Cu in soil were significant positively correlated with organic
matter content in soil.

7. The bioaccumulation coefficients had higher values in case of samples taken from
neighboring localities than those taken from city Krakow terrain.

8. Obtained results did not prove a substantial correlation between heavy metals
content in soil and in pine needles, what may point at absorption of metals deposed
from the atmosphere.

9. Needles of the Scot pine are good indicator of environment pollution level.

References

[1] Raport o stanie srodowiska w wojewddztwie matopolskim w 2006 roku. 10$, Bibl. Monit. Srodow.,
Krakéw 2007.

[2] Kabata-Pendias A. and Pendias H.: Biogeochemia pierwiastkow $ladowych. Wyd. Nauk. PWN,
Warszawa 1999.

[3] Buszewski B., Jastrzgbska A., Kowalkowski T. and Gérna-Binkul A.: Monitoring of Selected Heavy
Metals Uptake by Plants and Soils in the Area of Torun, Poland. Polish J. Environ. Stud. 2000, 9(6),
511-515.

[4] Panek E. and Szczepanska M.: Metale sladowe i siarka w wybranych gatunkach roslin w Matych
Pieninach. Gospod. Surowc. Mineral. 2005, 21(1), 89—-109.

[5] Kucharski J. and Wyszkowska J.: Wilasciwosci biochemiczne i fizykochemiczne gleby zanieczyszczonej
metalami ciezkimi. Zesz. Probl. Post. Nauk Roln. 2003, 492, 435-442.

[6] Rostanski A.: Zawartos¢ metali ciezkich w glebie i roslinach z otoczenia niektorych emitorow
zanieczyszczerr na Gérnym Slgsku. Arch. Ochr. Srodow. 1997, 23(3—4), 181-189.

[7] Ostrowska A., Gawlinski S. and Szczubiatka Z.: Metody analizy i oceny wtasciwosci gleb i roslin. Wyd.
10S, Warszawa 1991, p. 53.

[8] Kabata-Pendias A., Motowicka-Terelak T., Piotrowska M., Terelak H. and Witek T.: Ocena stopnia
zanieczyszczenia gleb metalami cigzkimi i siarka. Ramowe wytyczne dla rolnictwa. Wyd. TUNG,
Putawy 1993, Seria P(53), 20 p.

[9] Siuta J.: Gleba diagnozowanie stanu i zagrozenia. Wyd. 1. 10S, Warszawa 1995.

[10] Gambu$ F.: Metale cigzkie w wierzchniej warstwie gleb i w ro$linach regionu krakowskiego. Zesz.
Nauk. AR w Krakowie, Rozprawy 1993, 179.

[11] Pikuta D. and Stepien W.: Wphw odczynu gleby na pobieranie metali cig¢zkich przez rosline. Frag.
Agron. 2007, 24(2), 227-237.

[12] Sady W. and Smolen S.: Wplhyw czynnikéw glebowo-nawozowych na akumulacje metali ciezkich
w roslinach. Roczn. Akad. Roln. w Poznaniu, XXXCLVI, Ogrodnictwo 2004, 37, 269-277.

[13] Gorlach E.: Metale ci¢zkie jako czynnik zagrazajqcy zyznosci gleby. Zesz. Probl. Post. Nauk Roln. 1995,
421a, 113-122.

[14] Sady W., Grys R. and Rozek S.: Changes of nitrate and cadmium content in carrots as related to soil
and climatic factors. Folia Hort. 1999, 11(2), 105-114.



1552 Monika Arasimowicz et al

[15] Karczewska A., Kabata C., Lizurek S. and Zajac S.: Zanieczyszczenie gleb metalami ciezkimi w sqsiedz-
twie Szosy Jakuszyckiej na obrzezach Karkonoskiego Parku Narodowego, [in:] Sborn. Mez. Véd. Konf.
Geoekologické problémy Krkonog, Listopad 2003, Szklarska Porgba, Stursa J., Mazurski K.R., Palucki
A. and Potocka J. (eds.), Opera Corcontica 2004, 41, 60-65.

ZAWARTOSC CYNKU, MIEDZI I CHROMU W GLEBACH
ORAZ SZPILKACH SOSNY ZWYCZAJNEJ (Pinus silvestris L.)
Z TERENU AGLOMERACJI KRAKOWSKIEJ

Katedra Chemii rolnej i Srodowiskowej
Uniwersytet Rolniczy im. Hugona Kotfataja w Krakowie

Abstrakt: Celem pracy bylo okreslenie zanieczyszczenia gleb metalami cigzkimi (Zn, Cu i Cr) oraz ich
zawartosci w szpilkach sosen z terenu aglomeracji krakowskie;j.

Stwierdzono duze zréznicowanie zawartosci poszczegolnych metali $ladowych w analizowanym materiale
glebowym i rolinnym. Gleby zawieraty: 12,64-631,88 mg Zn, 1,24-38 mg Cu oraz 2,39-158,9 mg Cr - kg’
s.m. Srednie zawartosci cynku, miedzi i chromu w probkach glebowych z terenu miasta Krakowa byly wyzsze
niz w analogicznym materiale pobranym z okolicznych miejscowosci. Wspotczynniki zmiennosci zawartosci
poszczegolnych metali przyjmowaly wartosci: 102,8 % dla Cr, 72 % dla Zn i 54,2 % dla Cu. Najwigcej metali
zawieraly gleby pobrane z punktow aglomeracji krakowskiej, zlokalizowanych w rejonach o duzym natgzeniu
ruchu drogowego oraz na terenie Starego Miasta, ktore najdtuzej podlegaja antropopresji. Duze ich zawarto$ci
zanotowano takze w probkach gleb pobranych na obrzezach Krakowa oraz w miejscowosciach o zwartej
zabudowie doméw jednorodzinnych, usytuowanych przy gtéwnych szlakach komunikacyjnych. Stosunkowo
mato tych metali zawieraly gleby z osiedli o zabudowie wielorodzinnej oraz z mniejszych wsi potozonych na
obrzezach aglomeracji. Srednio najwicksze zanieczyszczenie badanych gleb Zn i Cu stwierdzono we
wschodniej czgsci aglomeracji, a najmniejsze w czg$ci zachodniej. Najwigksza $rednia zawartoscia Cr
odznaczaly si¢ gleby z pétnocnej, a najmniejsza z potudniowej czgsci aglomeracji krakowskiej. Zawarto$¢
cynku i miedzi w glebie byly istotnie dodatnio skorelowane z zawartoscia materii organicznej.

Srednie zawartoéci badanych metali §ladowych w szpilkach sosen pobranych z terenu miasta Krakowa
oraz z pobliskich miejscowosci roéznily si¢ nieznacznie. Przecigtna zawarto$¢ tych metali w igliwiu sosen
rosnacych na terenie aglomeracji wyniosta: 55,45 mg Zn, 4,76 mg Cu i 2,54 mg Cr - kg'' s.m. Zawartosci
poszczegolnych metali cigzkich byly zréznicowane w niejednakowym stopniu. Najwigksza zmiennos¢
stwierdzono w przypadku Cr (V = 40 %), nastgpnie Zn (V = 30,8 %), a najmniejsza w przypadku Cu (26,4 %).
Srednio najwiecej wszystkich analizowanych metali stwierdzono w szpilkach sosen rosnacych w poludniowej
czg$ci aglomeracji krakowskiej. Najmniej Cu i Cr zawieraly igly pobrane z drzew z péinocnej czgsci miasta
oraz z graniczacych z nia miejscowosci, natomiast najmniejsza zawarto$¢ Zn zanotowano w probkach
pobranych w pohnocnej czgsci aglomeracji. Nie wykazano statystycznie istotnej korelacji migdzy zawartoscia
badanych metali w glebie i igliwiu sosny, co wskazuje na ich pobieranie z depozycji z atmosfery.
Wspotczynniki bioakumulacji badanych metali przyjmowaty znacznie wigksze wartosci w przypadku probek
pobranych na terenach wiejskich w poréwnaniu z pobranymi na terenie miasta Krakowa.

Slowa kluczowe: metale cigzkie, gleby, szpilki sosny, bioakumulacja
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EFFECT OF BOTTOM DEPOSIT SUPPLEMENT
ON TRACE ELEMENT CONTENT IN LIGHT SOIL

WPLYW DODATKU OSADU DENNEGO
NA ZAWARTOSC PIERWIASTKOW SLADOWYCH
W GLEBIE LEKKIEJ

Abstract: The research aimed at an assessment of bottom deposit supplement effect on the content and
mobility of selected trace elements in light soil. The investigations demonstrated a positive effect of bottom
deposit on increasing light soil pH. After a two-year research period the soil pH was 6.24 on the control
treatment, 6.49 on the treatment with a 5 % supplement of the deposit and 6.86 on the treatment containing
10 % of the deposit. Bottom deposit supplement to light soil significantly diminished the content of zinc, lead
and manganese available forms extracted with 1 mol HCI - dm™ and bioavailable forms of cadmium,
manganese and iron extracted with 0.01 mol CaCl, - dm~. No apparent influence of the soil pH on
diminishing the availability of a majority of analyzed elements was found, which has been confirmed by
negative and insignificant values of correlation coefficients between pH value and element content in soil.

Keywords: bottom deposit, trace elements, light soil, 0.01 mol CaCl, - dm™ extract, 1 mol HCI - dm™ extract

Dredging water reservoirs is a commonly used measure allowing to maintain them in
a proper state so that they fulfill their economic and environmental functions [1-3]. In
pursuance of the regulation of the Minister of the Natural Environment [4], bottom
deposit (the output) is a waste marked with 1705 code, which requires an appropriate
management. The research conducted by Wisniowska-Kielian and Niemiec [5] revealed
that the extracted deposits, showing a neutral or alkaline reaction and high fraction of
silt and clay fractions, may be used for an improvement of physicochemical properties
of light and acid soils. On the other hand, Pelczar et al [6] report that despite high
content of fertilizer substances, bottom deposits are unsuitable for agricultural applica-
tion because of heavy metal contamination. These deposits should be used as a material
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for reclamation of mine waste landfills and fly ash disposal sites [6]. At this point it
should be mentioned that the form in which trace elements occur in soils (total or
soluble) or in bottom deposits are very important from ecological viewpoint because
some are toxic (Pb, Cd) and in excess all are harmful for living organisms. Frequently
total element contents are considered and used for indications of the degree of soil
environment contamination [7]. However, total contents are not the best indicator of
element availability and mobility in soil. Therefore an analysis of bioavailable element
form concentrations seems justified, since they are a potential source of minerals for
plants and may pose a hazard for the soil environment when they are too high. The
research aimed at an assessment of the effect of bottom deposit on the content and
mobility of selected trace elements in light soil.

Material and methods

A two-year pot experiment (2006-2007) was conducted on light soil with granulo-
metric composition of weakly loamy sand (Tables 1, 2). The bottom deposit originated
from a small retention reservoir located in Zeslawice village at 8.7 km of the Dlubnia
River course (Malopolska province) [8].

Table 1
Characteristics of selected properties of soil and bottom deposit
C org. N total P,0; K,0
Component pHkar
lg- kg dm] [mg - kg d.m.]
Soil 6.21 9.37 0.36 78.70 165.96
Bottom sediment 7.35 15.80 1.0 44.61 69.76
Table 2
Contents of heavy metals in soil and bottom deposit
Cr ‘ Zn ‘ Pb ‘ Cu ‘ Cd ‘ Ni ‘ Fe ‘ Mn
Component
[mg - kg' d.m.]
Soil 5.93 62.0 29.75 4.00 0.68 4.15 3010 150
Bottom sediment 15.0 76.31 12.85 12.23 0.35 11.0 7550 140

The material was qualified to ordinary silt deposit group with pHge = 7.35.
Moreover the deposit revealed low content of bioavailable phosphorus and potassium
but high content of magnesium. According to standards concerning the quality of
bottom deposits, heavy metal concentrations in the analyzed deposit did not exceed the
content permissible for the output [9] or for group B soil and earth [10]. According to
the IUNG assessment, comprising a 6-degree soil classification regarding heavy metal
concentrations, considering the reaction and granulometric composition, the analyzed
deposit, revealed the natural contents (degree 0). On the other hand, according to the
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limit heavy metal contents, the soil used for the experiment showed elevated content of
Zn and Cd (degree I) [7]. The experimental design comprised 3 treatments in 4
replications: soil without bottom deposit (control) (I), soil with a 5 % supplement of
bottom deposit (II) and soil with a 10 % addition of the deposit (III). Equal NPK
fertilization was applied on all treatments in doses respectively: 1.8 g N; 1.1 g P;
2.2 g K per pot (8 kg of soil d.m.). Mineral salts as NH4;NO;3; KH,PO, and KCI were
applied once before the test plant (maize) sowing. Air-dried bottom deposit was added
to the soil in the first year of the investigations.

In the soil samples collected in the second year of the experiment pH was assessed in
1 mol KCI - dm by potentiometer and the content of selected trace elements (iron,
manganese, zinc, copper, nickel, chromium, lead and cadmium) was determined. Total
element content in soil was assessed after hot mineralization in the mixture of HNO;
and HCIO, acids (2:1). The soluble forms of Zn, Cu, Ni, Pb, Cr, Cd, Fe and Mn were
extracted from the soil with 1 mol - dm™ HCI solution (Rinkis method) and with
0.01mol - dm™ CaCl, solution [11-13]. Extraction of the soluble element forms was
conducted at the soil to solution ratio 1:10 and during extraction lasting 1 hour (1 mol
HCI - dm"3) and 2 hours (0.01 mol CaCl, - dm_3). The element concentrations in the
solutions were assessed using ICP-AES apparatus (JY 238 ULTRACE, Jobin Yvon).
The obtained results were verified statistically using one-way ANOVA at significance
level o = 0.05, by means of Statistica 8.1 programme.

Results and discussion

In conditions of acid soil reaction solubility of most elements toxic for plants
increases, whereas solubility of main nutrients decreases [14, 15]. After a two-year
period of investigations the soil pH, depending on the experimental treatment, was 6.42
on the control, 6.49 on the treatment with a 5 % bottom sediment supplement and 6.86
on the treatment with a 10 % sediment addition. Therefore, bottom deposit supplement
to the soil caused an increase in light soil pH value by 17 % (5 % deposit supplement)
and by 23 % (10 % addition of the sediment) in relation to the control treatment,
whereas the increase reached 5 and 10 % in comparison with the initial soil.

The effect of bottom sediment admixture on the content and mobility of the analyzed
trace elements was shown in Table 3. Total content of zinc in the soil after the
experiment completion was not significantly diversified and fluctuated from 61.54 to
62.34 mg - kg”' d.m. On the other hand, bottom deposit supplement to the soil markedly
diversified the content of this metal forms soluble both in 0.01 mol CaCl, and in 1 mol
HCI - dm™ (Table 3). On the treatments with 5 % and 10 % share of the bottom deposit,
on average 44 % and 45 % increase in zinc forms soluble in 0.01 mol CaCl, - dm™
extract was assessed in comparison with the control. On the other hand under the
influence of 1 mol HCI - dm™ a decreased availability of this metal was observed by
41 % (at 5 % of the deposit addition) and by 26 % (at 10 % of bottom deposit). The
share of soluble zinc forms extracted with 0.01 mol CaCl, - dm™ was between 23 and
33 % and extracted with 1 mol HCI - dm > between 44 % and 75 % of this element total
content (Fig. 1).
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Table 3

Contents of heavy metals in soil after 2nd year of the experiment [mg - kg'' d.m.]

Treatment ‘ Zn ‘ Cu ‘ Ni ‘ Cr ‘ Cd ‘ Pb ‘ Fe ‘ Mn

0.01 mol CaCl, - dm™

Soil without sediment | 14.20 1.57 0.40 0.20 0.56 13.78 221.25 64.13
Soil+ 5 % sediment 20.50 1.37 0.24 0.19 0.46 10.38 124.75 40.03
Soil + 10 % sediment | 20.53 1.83 0.57 0.22 0.48 10.82 145.50 46.13
LSDg s 1.77 ns* ns ns 0.05 1.13 31.13 10.84
1 mol HCI - dm™®

Soil without sediment | 46.50 2.34 0.48 0.65 0.64 21.37 836.19 | 100.58
Soil + 5 % sediment 27.65 2.35 0.34 0.64 0.49 18.79 784.29 84.49
Soil + 10 % sediment 34.55 2.26 0.59 0.80 0.50 19.76 891.87 98.70
LSDg s 10.14 ns ns 0.07 ns 1.45 ns 9.89

Total content

Soil without sediment | 61.54 4.48 4.13 5.88 0.76 26.03 34322 | 137.64
Soil+ 5 % sediment 62.34 5.40 4.55 6.81 0.51 22.25 35309 | 137.60
Soil + 10 % sediment 61.91 4.90 4.10 6.58 0.56 22.36 3718.4 | 141.50
LSDy o5 ns 0.67 0.24 ns 0.09 ns ns ns

ns — statistically nonsignificant.

Both doses of bottom sediment added to the soil significantly increased the total
copper content. On the treatments which received 10 % share of the deposit the increase
was 9 % and on the treatments with 5 % deposit share — 21 % in comparison with the
soil without the deposit (Table 3). The soil concentrations of soluble copper forms were
not markedly diversified depending on the percent share of the bottom deposit in the
soil. Copper soluble in 0.01 mol CaCl, - dm™ constituted between 25 and 37 % of this
metal total content. However, in effect of 1 mol HCI - dm™ copper solubility generally
diminished in the direction of: control treatment > 10 % deposit supplement > 5 %
deposit supplement and constituted from 44 % to 52 % of the total copper content in the
researched soil (Fig. 1).

Total content of nickel in soil after the finished experiment was significantly
diversified depending on bottom sediment addition to the soil and fluctuated from 4.10
mg to 4.55 mg - kg ' d.m. The highest content of this metal was assessed on the
treatment with a 5 % deposit supplement, whereas the lowest on the treatment with its
10 % share. Bottom deposit did not significantly diversify nickel soluble forms content
in the soil (Table 3). The share of nickel forms soluble in 0.01 mol CaCl, - dm ranged
from 5 to 14 % of its total content. Available forms of nickel determined in 1 mol
HCI - dm™ were on a similar level and ranged from 7 to 14 % of this metal total content
(Fig. 1).

The investigations did not demonstrate any marked effect of bottom deposit on total
content of chromium and its soluble forms determined in 0.01 mol CacCl, - dm extract
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Fig. 1. Percent share of available forms of trace elements in their total contents in soil
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(Table 3). The highest value of available chromium forms was found on the treatment
with a 10 % addition of bottom sediment, however for extraction with 1 mol HCI - dm™
the dependence was statistically significant. The content of soluble chromium forms in
soil constituted from 2.8 to 3.4 % (0.01 mol CaCl, - dm_3) and from 9 to 12 % (1 mol
HCI - dm’3) of this element total content in the researched soil (Fig. 1).

An apparent decline in total cadmium content in relation to the control treatment was
demonstrated in the soil with a 5 % share of the deposit, where it diminished by 33 %
and in the soil with 10 % deposit supplement showing a 26 % decrease. An admixture
of bottom sediment to the soil also affected diminishing the content of this element
soluble forms and the dependencies were significant for the extraction with 0.01 mol
CaCl, - dm™ (Table 3). On the treatments with a 5 % deposit admixture a 18 % decrease
in cadmium soluble forms in soil was revealed (0.01 mol CaCl,) and a 23 % decline (for
1 mol HCI extraction), whereas on the treatments with a 10 % deposit share,
respectively 14 % and 22 % decrease. Generally the soluble cadmium forms content in
soil was diminishing in the direction of: control treatment > 10 % deposit supplement >
5 % deposit supplement. Soluble forms of cadmium determined in 0.01 mol CaCl, - dm™
constituted between 74 and 90 % of this metal total content in soil, whereas determined
in 1 mol HCI - dm™ made up between 84 and 96 % (Fig. 1).

When the experiment was completed, total lead content in soil was not significantly
diversified in result of bottom sediment admixture and fluctuated from 22.25 to 26.03
mg - kg’1 d.m. Application of bottom sediment to the soil significantly diversified the
content of this metal soluble forms (Table 3). The treatments with 5 % and 10 % share
of bottom deposit revealed a decrease in lead soluble forms content in soil respectively
by 25 % and 21 % (0.01 mol CaCl, - dm™>) and by 12 % and 24 % (1 mol HCI - dm ) in
relation to the treatment without the deposit. Lead forms extracted with 0.01 mol
CaCl, - dm™ constituted between 47 % and 53 %, and those extracted with 1 mol
HCI - dm™ from 82 % to 84 % of this metal total concentration (Fig. 1).

Both doses of applied bottom deposit slightly increased total content of iron in soil
(Table 3). Also the content of iron soluble forms assessed in 1 mol HCI - dm ™ was not
dependent significantly on bottom sediment admixture and was diminishing in the
direction of: a 10 % deposit addition > control treatment > a 5 % sediment addition. On
the other hand, application of bottom deposit to the soil apparently increased the content
of this metal bioavailable forms determined in 0.01 mol CaCl, - dm (Table 3). On the
treatments with a 5 % supplement of bottom deposit to the soil iron content decreased
by 44 % and on treatments with a 10 % admixture by 34 % in comparison with the
control. Iron forms soluble in 0.01 mol CaCl, constituted between 4 % and 6 % of this
metal total content in soil, whereas those soluble in 1 mol HCI - dm™> between 22 % and
24 % (Fig. 1).

Total content of manganese in soil after the experiment has been competed fluctuated
from 137.64 to 141.50 mg - kg'2 d.m. An admixture of bottom deposit to the soil
significantly decreased the content of this metal forms soluble both in 0.01 mol CaCl,
and in 1 mol HCI - dm in comparison with the control (Table 3).On the treatment
where 5 % and 10 % of bottom sediment was applied a decline respectively by 38 and
28 % in solubility of manganese determined in 0.01 mol CacCl, - dm > was found. On the
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other hand, in effect of 1 mol HCI - dm™ a 15 % decrease in this metal bioavailability
was registered (for a 5 % deposit addition) and by 2 % (for a 10 % deposit admixture) in
comparison with the control. The share of soluble forms of manganese extracted with
0.01 mol CaCl, - dm™ was from 29 % to 47 %, whereas the forms extracted with 1 mol
HCI - dm™ made up between 61 and 73 % of this element total soil concentrations
(Fig. 1).

The process of learning mineral biovailability is important in view of proper plant
supply with these components. The issue of trace element bioavailability, which should
be addressed is an assessment of their readily soluble forms. It is obvious that element
content in plants is the bigger, the more numerous easily available forms of these
elements are present in soil [12, 16]. The presented investigations applied a non-specific
method using two extraction solutions: 1 mol HCI and CacCl, - dm? for the extraction of
trace element available forms from the soil mixed with bottom deposit. Application of
the test with 1 mol HCI - dm™ is a routine procedure, commonly used by chemical-
-agricultural stations and by IUNG for the assessment of trace element available forms
content in soils [17]. Also the 0.01 mol CaCl, - dm™ test suggested by Houba et al [13]
as a physiological soil solution balanced with the soil solution which may be used for an
assessment of nutrient availability to plants [12, 18]. Moreover, according to many
authors the 0.01 mol CaCl, - dm ™, unlike 1 mol - dm is counted among solutions with
low extraction powers and determining so called bioavailable (active) fraction of trace
elements [19,16]. According to expectations in the presented investigations smaller
amounts of the analyzed elements were found in the 0.01 mol CaCl, - dm . The content
of zinc in this extract was between 26 % and 69 % lower, copper between 19 % and
24 %, nickel from 3 % to 29 %, chromium from 69 % to73 %, cadmium 4-16 %, lead
3645 %, iron from 74 % to 84 % and manganese from 36 % to 53 % in relation to the
studied element content in 1 mol HCI - dm™ extract. Generally, hydrochloric acid
leaches metals bound to exchangeable, carbonate, Fe/Mn oxides and organic matter
fractions. Moreover, as reported by Dziadek and Waclawek [15], in case of strongly
polluted soils, extraction with such strong substance as 1 mol HCI - dm™ does not show
the real hazard for plants. It has been commonly accepted that copper, lead, chromium
and nickel are the least mobile elements in soil, while zinc and cadmium are counted
among the most mobile, whereas manganese and iron place in between them [14].
Mobility of the elements analyzed in the presented investigations looked as follows: Cd
>Pb > Mn > Zn > Cu > Fe > Ni = Cr (1 mol HCI - dm ™) and Cd > Pb > Zn > Mn = Cu
> Ni > Cr > Fe (0.01 mol CaCl, - dm™). It was also demonstrated that bottom deposit
supplement to light soil diminished the content of available forms of zinc, cadmium,
lead, iron and manganese extracted with 1 mol HCI - dm™ and copper, nickel and
chromium (a 5 % admixture of bottom deposit), cadmium, lead, iron and manganese
extracted with 0.01 mol CaCl, - dm™ in relation to these elements content in the soil
without the deposit supplement. Numerous investigations have shown that soil reaction,
humus content and granulometric composition may affect trace element mobility and
therefore their uptake by plants. Increased mobility, particularly of heavy metals in the
environment influences their greater accumulation in plants posing a grave hazard for
living organisms. According to a prevailing opinion, trace elements may pass into less
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soluble forms at higher pH values, which leads to their uptake by plants and diminishes
their toxicity for plants [20]. Presented research did not find any significant effect of
soil pH on diminishing the availability of most analyzed elements. The fact was
confirmed by the negative, but insignificant values of correlation coefficients between
pH values and element content in soil (Table 4).

Table 4

Correlation coefficient between pH and contents of the analyzed trace elements in soil

Zn Cu Ni Cr

I 1I I I 1I 1T 1 1T 1 I 1I I

-0.13 | 0.68* | -042 | 0.15 | -0.17 | 029 | -0.20 | 0.75* | 0.40 0.28 0.20 | 0.78*
Cd Pb Fe Mn

I 1I I I 1T 1T 1 I 1T I 1I I

-0.41 | -0.63* | -0.51 | -0.60 | -0.66* | -0.26 | 0.28 | -0.54 | 0.45 | —-0.06 | -0.51 0.04
I — total content, II — 0.01 mol CaCl, - dm™, IIl — 1 mol HCI - dm™, * r significant p < 0.05.

In conclusion, applied bottom deposit revealed in its composition a considerable
share of silt and clay fractions, alkaline reaction and low total heavy metal content,
therefore it may be applied as an admixture to light soils to improve their productivity.
The experiment demonstrated that the applied bottom deposit supplement positively
affected improvement of the analyzed soil and decreased both total and available
content of elements toxic for plants, ie lead and cadmium. Moreover, as reported
by Pelczar et al [6] bottom deposits may be used for reclamation of mining wastes.
The authors revealed that adding bottom deposit to mining wastes changes their
buffer properties, porosity and capability for water retention, increases the contents
of organic substance, fertilizer components and causes an increase in enzymatic activity
of soil.

Conclusions

1. A positive effect of bottom deposit on the increase in light soil pH value was
revealed. After a two-year period of research light soil pH value was 6.24 on the control
treatment, 6.49 on the treatment with a 5 % sediment supplement and 6.86 on the
treatment with a 10 % deposit admixture.

2. Bottom deposit supplement to the light soil significantly diminished the contents
of available forms of zinc, lead and manganese extracted with 1 mol HCI - dm ™ and
bioavailable forms of cadmium, lead, manganese and iron extracted with 0.01 mol
CaCl, - dm™.

3. The experiment did not reveal any significant effect of the soil pH on diminished
availability of most analyzed elements as it has been confirmed by negative and
insignificant values of correlation coefficients between pH and element content in soil.
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WPLYW DODATKU OSADU DENNEGO
NA ZAWARTOSC PIERWIASTKOW SLADOWYCH W GLEBIE LEKKIEJ

' Katedra Chemii Rolnej i Srodowiskowej
? Katedra Inzynierii Wodnej i Goetechniki
Uniwersytet Rolniczy im. Hugona Kotfataja w Krakowie

Abstrakt: Celem badan byta ocena wptywu dodatku osadu dennego na zawartos¢ i mobilnosci wybranych
pierwiastkow §ladowych w glebie lekkiej. W badaniach wykazano dodatni wptyw osadu dennego na
zwigkszenie wartosci pH gleby lekkiej. Po 2-letnim okresie badan wartos¢ pH gleby wyniosta: 6,24
w obiekcie kontrolnym, 6,49 w obiekcie z 5 % dodatkiem osadu i 6,86 w obiekcie z 10 % dodatkiem osadu
dennego. Dodatek osadu dennego do gleby lekkiej zmniejszyt znacznie zawarto$¢ form przyswajalnych
cynku, ofowiu, i manganu ekstrahowanych 1 mol HCI - dm™ oraz biodostepnych kadmu, ofowiu, manganu
i zelaza ekstrahowanych 0,01 mol CaCl, - dm™>. W badaniach nie stwierdzono istotnego wpltywu odczynu
gleby na zmniejszenie dostgpnosci wigkszosci badanych pierwiastkdw, potwierdzeniem tego sa ujemne
i statystycznie nieistotne wartosci wspotczynnikow korelacji pomigdzy wartoscia pH a zawartoscig pier-
wiastkow w glebie.

Stowa kluczowe: osad denny, pierwiastki sladowe, gleba lekka, wyciagi: 0,01 mol CaCl,, 1 mol HCI - dm™
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PROCESY DEGRADACJI
W ROZNIE UZYTKOWANYCH GLEBACH LESSOWYCH
POLUDNIOWEJ POLSKI

Abstract: The processes of soil degradation present a serious threat to ecosystem sustainability. The
objectives of the work were: to estimate differences in microstructures of loess soils of agro-, meadow and
deciduous forest ecosystems, and to evaluate the extent to which image analysis could be applied to measure
changes in this property. The arable soil was characterized by a lower value of macroporosity and the image
area occupied by organic matter aggregates while meadow soil with a high amount of organic matter and
neutral soil reaction presented the highest share of large excrements attributed to earthworms. Results of this
work confirm opinions that deep tillage compaction can reduce the biomass and diversity of most soil
organisms while hay crops improves soil fertility and helps maintaining biodiversity. The image analysis
protocols developed to quantify the soil features mostly affected by the way of soil use, resulted effectively in
bringing out differences between those properties in analyzed soils.

Keywords: arable, meadow, forest, loess soils, aggregation, porosity, micromophometric analyses

The processes of soil degradation present a serious threat to biomass, crop yields and
ecosystem sustainability. Therefore, they must be controlled and the main aim of land
management should be the reduction of the environmental impact of agricultural
practices [1-3]. A way to evaluate the impact of management practices on the soil
environment is to quantify the accumulation and decomposition of organic matter, soil
fauna activity, aggregation and porosity. Soil aggregation has a great influence on its
physical characteristics. Well aggregated soils possess a larger pore space and a higher
infiltration rate leading to enhanced microbial activity in comparison with poorly
aggregated one. Aggregates are also thought to play an important role in the protection
of soil organic matter. The preservation of soil organic matter is desirable for land use
as it is a key component in nutrient cycling. Furthermore, the retention of organic C in
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soil is becoming more important since the rise in atmospheric CO, and global climate
warming have become recent concerns [4, 5]. A decisive role in the formation and
stability of macro- and microaggregates play the activity of earthworms and other soil
fauna representatives by removing plant litter and other organic materials from the soil
surface and their incorporation into soil aggregates. Much of the environmental damage
in arable lands such as erosion or susceptibility to compaction originate from soil
structure degradation, which can be quantified by measurements of pore space, size,
shape and continuity [6, 7].

Soils derived from loess have generally high natural fertility and productivity.
Fertility of loess soils depends upon their large available water capacities, good
aeration, ease of cultivation and moderately large reserves of most mineral nutrients.
Properties of loess soils contrast clearly with typical poor, acid sandy soils that cover
the major part of Polish territory. Therefore, loess soils have been submitted to the
excessive long-lasting agricultural practices, which together with often inappropriate
agro-technological treatment have resulted in their degradation [8, 9].

The objectives of the work were: (i) to estimate differences in microstructures,
porosity and faunal activity of loess soils of agro-, meadow and deciduous forest
ecosystems, and (ii) to evaluate on thin sections the extent to which image analysis
could be applied to measure changes in void space, structure and excrement features
related to degradation processes.

Materials and methods

Studies were carried out on the southern part of Proszowice Plateau which belongs to
Malopolska Upland (50° 06’ N and 20° 20" E) in southern Poland. The area is situated at
the altitude of 300 m a.s.l. and formed from Miocene deposits covered with loess
originating from the Baltic glaciations. Mean annual temperature ranges from 7.5 to
8 °C and the growing season lasts 210-220 days [8].

Soil samples were collected in September 2007 from three areas representing arable,
meadow and forest soils, classified according to WRB classification, as chernozems. All
studied soils had texture of silt with the content of sand, silt and clay ranged between
9-11 %, 73-76 % and 13—15 %, respectively. On arable soils wheat was cultivated,
meadow soil was covered with grassland community belonging to Arrhenatheretalia
association, and the forest soil was overgrown with deciduous forest from Querco-
-Fagetalia association.

Soil samples were taken from every type of land use from three outcrops. They were
sampled from 2 horizons: surface (0-25 cm) and subsurface (2540 cm) to perform
chemical analyses. From every site and every studied soil horizon undisturbed soil
samples for micomorphometric analyses were also collected.

For chemical analyses soil samples were air dried and sieved through 2 mm mesh
sieve. In samples prepared in this way pH in 0.01 mol - dm CaCl, was measured
potentiometrically, while organic carbon and total nitrogen with the use of automatic C
and N analyzer: TOC-TN 1200 Thermo Euroglas apparatus.



Degradation Processes in Differently Used Loess Soils of Southern Poland 1565

Undisturbed soil samples (4 x 6 x 3 cm) were impregnated with Araldite resin under
vacuum conditions, in Epovac apparatus and cut and grind to 40 pm thick slices.
Observations of soil thin sections were conducted using Nicon Eclipse E400 POL
polarizing microscope in light passing through parallel nicols, using magnifications of
20%. Three representative areas of each slide were subjected to micromorphometric
analysis using Aphelion ADCIS S.A., Aai Inc programme. Every analyzed image was
divided into areas occupied by pores, plant rests and organic aggregates by color
thresholding. For identified features, data on percent area coverage and size parameters
were extracted. The classification of excrements was based on descriptions found in
Bullock et al [10].

All the analyses were performed in three replicates. The results were subjected to
unifactor STATISTICA 8, ANOVA analysis and a posteriori Fisher’s test was used to
study a significance of differences between studied objects at significance level 0.05.
Simple correlation coefficients (r) between selected soil properties were calculated.
A significance of correlation coefficients was estimated with the use of t-Student test.

Results and discussion

The mean level of organic carbon in top horizons of arable soils was twofold lower
than in respective horizons of meadow soils and 4.5-fold lower than in top horizons of
forest soils (Table 1). According to Bronick and Lal [3], differences in organic carbon
contents between cultivated soils and analogical soils of natural ecosystems can amount
to 25-75 %. They result from the decrease of biomass returning to soil and the increase
of mineralization rate related with changes of soil moisture. Additionally cultivated
soils are much more susceptible to erosion and nutrients leaching than soils of natural
ecosystems. Studied arable soils were characterized by a low C:N ratios (Table 1) which
indicate more intensive humus mineralization in these soils than in meadow and forest
ones. As a result of these processes a large amounts of organic carbon in form of CO,
volatilize out of soil simultaneously decreasing carbon sequestration in the soil [3]. In
all studied profiles pH values were higher in subsurface horizons than in surface ones
(Table 1). It resulted from leaching of carbonates with rainfall water and enhanced
additionally in arable soils by acidifying effect of chemical fertilizers and in forest soils
by forest vegetation.

Table 1
Selected physico-chemical properties of upper horizons of studied soils

Soil Hori Depth of soil horizons pH Corg ‘ Nt ‘ CN

oruse | tonzon [em] 0.01 mol - dm™ CaCl, e ke']
Arable Al 0-25 5.8 32.1 34 9.5
A2 25-40 6.1 21.6 2.4 8.9
Mead M1 0-25 6.1 46.7 3.9 12.1
cadow | M2 25-40 6.4 242 23 10.3
Forest F1 0-25 5.6 65.7 42 15.7
F2 25-40 5.9 9.5 0.8 11.9
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As expected the lowest amounts of plant rests were found in both horizons of arable
soils and the highest in the top horizon of forest soil (Fig. 1). The last fact is related with
the type of forest vegetation rich in lignin and cellulose, characterized by the low rate of
decomposition, which is considered a key factor in carbon turnover rates, enhancing
aggregation. The amount of plant fragments reflects C:N ratio as both values express
the intensity of mineralization processes going through in soils. Therefore, the higher
value of C:N is in the studied soil the larger area of image is occupied by plants rests,
with a simple correlation coefficient between discussed parameters amounted to 0.954
significant at p < 0.001. This high correlation between these amounts proves the
usefulness of micromophometric methods for the good explanation of the discussed soil
phenomena.

T Mean +SD
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40 |

30

20 |

10

A2 M1 M2

Soil horizon

Fig. 1. Share of plants rests in the total image area in surface and subsurface horizons of studied soils
(Indications of soil horizons are given in Table 1, the same letters above columns indicate a lack of
statistically significant differences at the significance level < 0.05)

Figure 2 shows the share of organic matter aggregates in the total image area of
surface and subsurface horizons of studied arable, meadow and forest soils. It illustrates
significant differences in this value between studied horizons. The largest image area
occupied by organic matter aggregates was determined in the top horizon of meadow
soil, a bit smaller in analogical horizon of forest soil and significantly smaller in
horizons of arable soil. At the same time, it should be emphasized that the area occupied
by aggregates was distinctly lower in subsurface horizon of arable soil than in top
horizon of that soil. The fact indicates deterioration in the quality of soil structure, and
in consequence reduction of soil functions. The organic particles area is associated with
the content of organic carbon. Simple correlation coefficient (r) counted between soil
aggregation area and the content of organic carbon amounted to 0.614 significant at
p < 0.001.
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Fig. 2. Share of organic matter aggregates in the total image area in surface and subsurface horizons of
studied soils (Explanations in Fig. 1)

The aggregates observed in thin sections were predominantly of faunal origin.
According to thin section observations and considering size of aggregates related to
their distinctive morphologies 3 classes of excrements were set: with the diameter less
than 50 pm, between 50 and 300 wm and bigger than 300 um. The smallest aggregates
comprised three types: organic spheroids within root and plant fragments attributed to
Oribatid mites, occurring mainly in top horizons of forest soils, irregular ellipsoids of
amorphous organic material interpreted as derived from small Collembola species,
occurring in all top horizons but prevailing in meadow soils and undifferentiated fused
or aged excrements, found mostly in top horizons of arable soil. Among the medium
large aggregates there were irregular spheroids of organic material attributed to
Enchytraeids, found mostly in forest soils, Collembola excrements occurring in all
studied soils and regular ellipsoids within plant fragments identified as Diptera larvae
excrements, numerous in meadow soils. Aggregates of diameter larger than 300 um
were mainly of Earthworm’s origin. They were in shape of mammilated organic or
organic mineral excrement’s or vermiform structure. They were present in all soils but
with clear prevalence in meadow soil.

Figure 3 presents the percentage of aggregates of given size in the total aggregation.
Results indicated that meadow soil with a high amount of organic matter and neutral
soil reaction presented higher share of large excrements attributed to earthworms than
forest or arable soils. Forest soils are generally attractive to earthworms only after some
weathering and degradation of fresh deciduous litter by fungi and bacteria and in a
small presence of earthworms numerous Enchytraeids aggregates were noticed there.
Results of this work confirm also opinions of many authors [2—4, 11] that deep tillage
compaction can reduce the biomass and diversity of most soil organisms while hay
crops improves soil fertility and helps maintaining biodiversity. Intensification of
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Fig. 3. Share of faunal aggregates with different diameters in the total aggregation in surface and subsurface
horizons of studied soils (Explanations in Fig. 1)

cropping, annual tillage and other operations such as fertilization or pesticide use
consistently affect populations of earthworms and other invertebrates. As a consequence
they lead to modification of soil physical properties resulting in damage to soil
structure.

The share of macropores (pores larger than 50 um in diameter) in studied soil surface
and subsurface horizons is presented in Fig. 4. Results show that according to the
micromorphometric method [2], almost all studied soil horizons were moderately
porous as they porosity ranges from 10 % to 25 %. Nevertheless statistically significant
differences were calculated between their macroporosity. The highest value of macro-
porosity were determined in a top horizon of meadow soil and subsurface horizon of
forest soil, while significantly lower values characterized the top horizon of arable soil.
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Fig. 4. Share of macroporosity in the total image area in surface and subsurface horizons of studied soils
(Explanations in Fig. 1)
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The lowest value of the total macroporosity (< 10 %), was found in the subsurface
horizon of the arable soil which placed that soil layer among dense soils.

For a more detailed characterization of soil pores, pore size distribution was also
counted with a special attention given to pores of diameter ranging from 50 to 500 um
(Fig. 5). This group of pores, according to Pagliai et al [2], is formed by transmission
pores, which are important in soil-water—plant relationships and in maintaining good
soil structure conditions. Therefore, damage to soil structure can be recognized by a
decrease in the share of transmission pores. Figure 5 shows that shares of both
transmission and large pores were significantly lower in studied horizons of arable soil
than in horizons of meadow and forest soils. The highest shares of transmission pores
were in both studied horizons of forest soil while the biggest part of large pores was
determined in horizons of meadow soil. The results of this study validated that
ploughing and other agricultural practices performed in arable soil induced decrease of
porosity, in particular of the transmission and large pores. The negative aspects
associated with this phenomenon could be the formation of ploughpan at the lower
cultivation limit, which besides a reduction of water movement, may also hamper root
growth.
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0 20 40 60 80 100 [%]

Fig. 5. Share of voids with different diameters in the total porosity in surface and subsurface horizons of
studied soils (Explanations in Fig. 1)

Conclusions

1. Among forest, meadow and arable soils signs of degradation resulting from the use
of soil and expressed by a decrease in soil organic matter content, porosity, aggregation
and faunal activity were the most pronounced in the arable soil and the least in the
meadow one.

2. Differences in soil properties between the three ways of soil use were not as
distinct to be alarmed as the negative impact on soil structure exercised by agricultural
practices was hampered by the beneficial effect of secondary carbonates which
enhanced soil aggregation.
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3. The image analysis protocols developed to quantify aggregation, void space and
distribution, as the soil features mostly affected by the mode of soil use, resulted
effective in bringing out differences between those properties in analyzed soils.
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PROCESY DEGRADACJI W GLEBACH LESSOWYCH W POLUDNIOWEJ POLSCE

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

Abstrakt: Procesy degradacji stanowia duze zagrozenie dla stabilnosci ekosysteméw. Celami pracy byto:
ustalenie réznic w mikrostrukturze gleb lessowych ekosystemow uprawnych, takowych i lasow lisciastych
oraz okreslenie w jakim stopniu analiza obrazu moze by¢ stosowana do okreslania zmian tej wlasciwosci.
Gleba orna charakteryzowata si¢ najnizsza mikroporowatoscia i powierzchnia obrazu zajmowana przez
agregaty materii organicznej pochodzenia zwierzgcego, podczas gdy w glebie taki, w ktorej oznaczono duza
zawarto$¢ materii organicznej i oboj¢tny odczyn, wystgpowatl rowniez najwigkszy udzial duzych ekskre-
mentéw przypisywanych dzdzownicom. Rezultaty tej pracy potwierdzaja opinie, ze orka powodujaca
kompakcje¢ gleby moze redukowaé biomasg i réznorodnosé¢ organizméw glebowych, podczas gdy uzytko-
wanie tagkowe pomaga w utrzymaniu bioréznorodnosci. Metody analizy obrazu stosowane do okreslania
jakosci whasciwosci gleb, modyfikowanych gtownie poprzez sposob uzytkowania okazaly si¢ skuteczne dla
okreslenia réznic w tych wiasciwosciach migdzy analizowanymi glebami.

Slowa kluczowe: ekosystemy orne, takowe, lasow lisciastych, gleby lessowe, agregatowos¢, porowatosc,
analizy mikromorfometryczne
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EFFECT OF SOIL CONTAMINATION
WITH HEAVY METALS IN A MIXTURE
WITH ZINC AND NICKEL
ON THEIR CONTENT IN BROAD BEAN
(Vicia faba L.) ROOTS AND SHOOTS

WPLYW SKAZENIA GLEBY METALAMI CIEZKIMI
W MIESZANINIE Z CYNKIEM I NIKLEM
NA ICH ZAWARTOSC W KORZENIACH I PEDACH BOBU
(Vicia faba L.)

Abstract: The research aimed at an assessment of soil contamination with mixtures of heavy metals (Pb, Cu
and Cd) with zinc and nickel on two levels of pollution on heavy metal concentrations in broad bean roots and
shoots. The contents of individual analyzed metals in broad bean were diversified and dependant on both the
examined plant part and the kind of accompanying metal. Soil contamination with mixtures of cadmium or
copper with zinc on a higher level of pollution leads to their highest concentrations in broad beans. On the
other hand, the highest lead concentrations were assessed when broad bean was cultivated in the soil
contaminated with a mixture of this element with nickel on a higher level of pollution. A considerable
differentiation in zinc and nickel uptake by broad bean plants dependant on the kind of accompanying metal
was found. The highest zinc concentration in roots was assessed when broad bean was cultivated in the soil
contaminated with a mixture of this element with lead on a higher level of pollution, whereas in the
aboveground parts when Zn was used in the mixture with cadmium. The highest concentration of nickel was
detected in broad bean roots grown in the soil contaminated with this metal mixed with copper, whereas in the
aerial parts Ni content was greatest when soil was polluted with a mixture of nickel and zinc.

Keywords: mixtures of heavy metals, soil pollution, Vicia faba L.

Soil contamination by a joint dose of heavy metals often reveal a different effect on
growth and development of plants than when metals occurring singly [1]. Also heavy
metal concentrations in plant may differ because of their potential mutual antagonistic
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or synergistic effect [2, 3]. Previous investigations demonstrated that among five heavy
metals (Zn, Ni, Cu, Pb and Cd) zinc and nickel had the strongest (negative) effect on
broad bean plant growth.

The work aimed at an assessment of soil contamination with mixtures of heavy
metals (Pb, Cu and Cd) with zinc and nickel on two levels of pollution on heavy metal
concentrations in broad bean plants.

Material and methods

Broad bean, White Windsor c.v. was cultivated in a control soil with natural heavy
metal concentrations and in the soil contaminated with mixtures of heavy metals or with
single metals (Table 1).

Table 1
Experimental design
Treatments Cd d?se Cu dolse Pb do]se Ni dolse Zn dolse
[mg-kg dm.]| [mg-kg dm.] | [mg-kg dm.] | [mg-kg dm.]| [mg-kg dm.]
Control (C) — — — — —
C+NPK — — — — —
Control (1) — — — — —
C+NPK (1) — — — — —
ZnlI+CdIl 2.25 — — — 350
ZnIIT+CdITT 4 — — — 1000
Znll+Cull — 65 — — 350
ZnlII+Culll — 85 — — 1000
ZnlI+PbIl — — 175 — 350
ZnlII+PbIIT — — 530 — 1000
Nill+Znll — — — 62.5 350
NillI+ZnIII — — — 110 1000
Nill-+CdIT 2.25 — — 62.5 —
Nilll + CdIIT 4 — — 110 —
Nill+Cull — 65 — 62.5 —
NillT+Culll — 85 — 110 —
Nill+Pbll — — 175 62.5 —
Nilll+PblIII — — 530 110 —
CdIII (1)* 4 — — — —
Culll (1) — 85 — — —
PblIII (1) — — 530 — —
Nilll (1) — — — 110 —
Znlll (1) — — — — 1000

* The (1) means the soil, which was polluted and used last year (2007).

The level of soil contamination corresponded to II and III class of pollution acc. to
the classification suggested by IUNG in Pulawy [4]. The plants were cultivated in
plastic pots with 9.8 kg d.m. of soil under field conditions. Detailed description of the
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methods of heavy metal supply into the soil was presented in another publication [5].
Mineral fertilization, the same on all objects (except for the non-fertilized control),
dosed: 0.7 g N (in NH4NO3); 0.8 g P,O5 (in KH,POy,); 1.2 g K,O (in KCl) per pot was
applied simultaneously with heavy metal addition to the soil. In the objects where
a Pb(NOs), supplement was added a certain amount of nitrogen was also added to the
soil, its dose was relatively diminished in the basic fertilization. The experiment was
conducted in 2008 on degraded chernozem developed from loess with acid reaction
(pH in 1 mol - dm ™ KCI solution was 5.5 and in water 6.3) and organic carbon content
1.13 %. On objects where the soil was contaminated with single heavy metals, the soil
polluted in the previous year, in which also broad bean was cultivated in 2007, was used.
Samples for chemical analyses were collected at milk ripeness of seeds. Chemical
analysis of the plant material comprised an assessment of heavy metal concentrations
(cadmium, lead, zinc, copper and nickel). Plant material was washed in tap and in
distilled water, dried in 105 °C to a constant weight and ground to fine powder, then
mineralized and dissolved in 10 % HNO;. After filtration: Zn, Pb, Ni, Cu and Cd content
was measured using Flame Atomic Absorption Spectrometry (AAS) [6, 7]. The quality of
the analytical procedure was controlled by using samples of the reference material in each
series of analysis (Certified Reference material CTA-OTL-1 Oriental Tobacco Leaves).
The data were processed using software Statistica to compute significant statistical
differences between samples (p < 0,05) according to Tukey’s multiple range test.

Results and discussion

With a lapse of time from the moment of soil pollution heavy metals may undergo
various changes conditioned by the soil physico-chemical properties, the weather or
specific biogeochemical characteristics of individual elements. Their content does not
always diminish proportionately to the passage of time. The experiment compared the
results obtained for the mixtures with the results from the object where metals were
applied singly but a year before. The Authors’ research on heavy metal contents in
broad bean in time elapsing from the moment of pollution demonstrated that cadmium
concentration in plants was not decreasing even 3 years after pollution. Cu and Pb
contents were declining a year after contamination but only in the aboveground parts.
On the other hand, Zn and Ni levels were decreasing in plants only 2 years after the
moment of contamination [8].

The highest zinc concentrations in broad bean shoots was assessed when it was
grown in the soil contaminated only with zinc. Application of this metal in a mixture
with all other elements contributed to a significant lowering of zinc content in broad
bean shoots (Fig. 1A). The effect was the weakest when a mixture of zinc and cadmium
was used while the strongest when the soil was contaminated with a mixture of zinc and
nickel. It was similar for broad bean cultivated in the soil contaminated with the above —
mentioned metal mixtures on a lower level of pollution. Also in this case the lowest zinc
concentration was registered in broad bean shoots when the element was used in
a mixture with nickel. The underground broad bean parts revealed the highest zinc
concentrations in the soil polluted with this element mixed with lead on a higher level. On
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the other hand, broad bean roots had the smallest amounts of zinc when cultivated in
a mixture with copper (Fig. 1B). Application of zinc in mixtures with individual tested
heavy metals on a lower level did not cause any major changes in this metal
concentrations in broad bean roots.
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Fig. 1. Zinc content in shoots (A) and roots (B) of broad bean (Vicia faba L.) cultivated in unpolluted soil
(Control, C + NPK) and in soil contaminated with heavy metals. The (1) means the soil, which was
polluted and used last year (2007). Values marked with different letters are statistically different at
p < 0.05.

Nickel content in broad bean shoots increased when the plant was cultivated in the
soil contaminated with a mixture of this metal with zinc on a higher level. It was ca
20 % higher in comparison with the object where broad bean was grown in the soil
contaminated only with nickel. On the other hand, the use of the same Ni dose but in
mixtures with Cd, Cu or Pb was causing almost three-fold decline in broad bean shoot
nickel concentrations (Fig. 2A). Soil contamination with mixtures of Ni and the other
analyzed metals in lower doses caused ca 20-fold increase in this metal content in broad
bean shoots in comparison with the control plants, irrespective of the kind of applied
mixture. Nickel concentrations in broad bean roots looked different (Fig. 2B). The
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Fig. 2. Nickel content in shoots (A) and roots (B) of broad bean (Vicia faba L.) cultivated in unpolluted soil
(Control, C + NPK) and in soil contaminated with heavy metals The (1) means the soil, which was
polluted and used last year (2007). Values marked with different letters are statistically different at
p < 0.05.
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highest contents were assessed in broad bean roots grown in the soil contaminated only
with nickel. Nickel applied in the same dose but mixed with the other metals caused that
this element content in broad bean roots was lower (by ca 25-45 %). Soil contamination
with a lower dose of heavy metals caused an increase in Ni content from ca 48-fold, (in
comparison with the control) when used in a mixture with lead, to ca 80-fold when the
soil was polluted with a mixture of Ni and Cd.

Like in the case of nickel, also Cu content in broad bean shoots increased most when
the plant was cultivated in the soil contaminated with this metal mixture with Zn (in
a higher dose). On the other hand, Cu level in broad bean shoots grown in the soil
contaminated with this metal mixed with Ni on a higher level and Ni or Zn on a lower
level, was similar to the contents in the control plants (Fig. 3A). On the other hand, in
roots the soil contamination with all analyzed metals on both levels caused a significant
increase in Cu content, which was the strongest when the metal was applied singly
(Fig. 3B). In the case of mixtures Zn company more than Ni favoured an increase in Cu
level in roots.
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Fig. 3. Copper content in shoots (A) and roots (B) of broad bean (Vicia faba L.) cultivated in unpolluted soil

(Control, C + NPK) and in soil contaminated with heavy metals The (1) means the soil, which was
polluted and used last year (2007). Values marked with different letters are statistically different at
p < 0.05.

Like in case of Cu and Ni, also Cd application in a mixture with Zn favoured its
uptake by the plant and increase in its shoots concentrations more than when it was used
in a mixture with Ni and more than when applied as a single metal (Fig. 4A). A possible
cause might have been a usual greater decrease in the soil pH accompanying the soil
zinc contamination as compared with nickel pollution [9]. On the other hand, cadmium
content in roots was the highest in plants cultivated in the soil contaminated with this
metal used singly. From among the mixtures applied in higher doses, zinc combined
with cadmium favoured Cd uptake more than nickel (Fig. 4B). Various elements
differently affect cadmium accumulation by plants. Copper and zinc decrease cadmium
amount in plants, whereas lead increases its concentration [10].

Broad bean shoots cultivated in the soil contaminated solely with lead revealed the
highest concentrations of this element. An admixture of zinc or nickel contributed
to a decline in lead concentrations in broad bean shoots (Fig. 5A). On the other hand
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Fig. 4. Cadmium content in shoots (A) and roots (B) of broad bean (Vicia faba L.) cultivated in unpolluted
soil (Control, C + NPK) and in soil contaminated with heavy metals The (1) means the soil, which
was polluted and used last year (2007). Values marked with different letters are statistically different

at p < 0.05.
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Fig. 5. Lead content in shoots (A) and roots (B) of broad bean (Vicia faba L.) cultivated in unpolluted soil
(Control, C + NPK) and in soil contaminated with heavy metals. The (1) means the soil, which was
polluted and used last year (2007). Values marked with different letters are statistically different at
p < 0.05.

broad bean roots contained the highest amounts of Pb when it was grown in the
soil contaminated with this metal mixture with Ni on a higher level. Applied mixtures
of lead and zinc on a higher level resulted in ca three-fold decline in Pb content in broad
bean roots in comparison with the soil polluted with a mixture of Ni and Pb in a higher
dose and about 2-fold decrease as compared with the object where the soil was polluted
only with Pb (Fig. 5B). Zinc causes disturbances in lead transport to plant aerial
parts [11].

Conclusions

1. The contents of individual analyzed metals in broad bean were diversified and
dependant on both the examined plant part and the kind of accompanying metal.
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2. Soil contamination with mixtures of cadmium or copper with zinc on a higher
level of pollution leads to their highest concentrations in broad beans. On the other
hand, the highest lead concentrations were assessed when broad bean was cultivated in
the soil contaminated with a mixture of this element with nickel on a higher level of
pollution.

3. A considerable differentiation in zinc and nickel uptake by broad bean plants
dependant on the kind of accompanying metal was found. The highest zinc concentration
in roots was assessed when broad bean was cultivated in the soil contaminated with
a mixture of this element with lead on a higher level of pollution, whereas in the
aboveground parts when Zn was used in the mixture with cadmium. The highest
concentration of nickel was detected in broad bean roots grown in the soil contaminated
with this metal mixed with copper, whereas in the aerial parts Ni content was greatest
when soil was polluted with a mixture of nickel and zinc.
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WPLYW SKAZENIA GLEBY METALAMI CIEZKIMI
W MIESZANINIE Z CYNKIEM I NIKLEM NA ICH ZAWARTOSC
W KORZENIACH I PEDACH BOBU (Vicia faba L.)

! Katedra Ochrony Srodowiska Rolniczego
Uniwersytet Rolniczy im. Hugona Kottataja w Krakowie
2 Katedra Ekologii
Uniwersytet Slaski w Katowicach

Abstrakt: Celem pracy bylo okreslenie wptywu skazenia gleby mieszaninami metali cigzkich z cyn-
kiem i niklem na dwoch poziomach zanieczyszczenia na ich zawarto$¢ w roslinach bobu. Poziom skazenia
gleby odpowiadat II i III klasie zanieczyszczenia gleb wedtug klasyfikacji opracowanej przez IUNG
w Putawach.

Zawartos¢ poszczegolnych badanych metali w bobie byta zréznicowana i uzalezniona zaréwno od czgsci
badanej rosliny, jak i rodzaju metalu towarzyszacego. Skazenie gleby mieszaninami kadmu lub miedzi
z cynkiem na wyzszym poziomie zanieczyszczenia prowadzi do najwigkszej koncentracji ww. metali w bobie.
Natomiast najwyzsza zawarto$¢ otowiu stwierdzono, gdy bob byt uprawiany w glebie skazonej mieszaning
tego pierwiastka z niklem na wyzszym poziomie zanieczyszczenia. Stwierdzono znaczne zréznicowanie
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w pobieraniu cynku i niklu przez ro$liny bobu zaleznie od rodzaju metalu towarzyszacego. Najwigksza
koncentracj¢ cynku w korzeniach stwierdzono, gdy bob byt uprawiany w glebie skazonej mieszaning tego
pierwiastka z otowiem na wyzszym poziomie, natomiast w cz¢$ciach nadziemnych w mieszaninie z kadmem.
Najwigksza koncentracjg niklu charakteryzowaly si¢ korzenie bobu uprawianego w glebie skazonej tym
metalem w mieszaninie z miedzia, natomiast czgsci nadziemne w mieszaninie niklu z cynkiem.

Slowa kluczowe: mieszaniny metali cigzkich, zanieczyszczenie gleby, Vicia faba L.
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ABIOTIC FACTORS IN CROP MODELS

CZYNNIKI ABIOTYCZNE W MODELACH ROSLINNYCH

Abstract: Dynamic development of models describing growth, development and yielding of plants was
observed in the last quarter of the 20™ century. Explanatory models interpreting the phenomena constitute
a specific group. Modeling of biomass accumulation is most frequently presented on three levels of
productivity: potential, limited by the access to water and minerals and obtainable (reduced by the presence of
weeds, diseases and pests). Modeling provides plenty of valuable information for proper interpretation and
better understanding of the investigated process. Knowledge obtained in this way may be used to conduct so
called simulation experiments using models, which can be of particular importance for research on the
protection of the natural environment (eg migration and transformation of pesticides, biogens or heavy metals
in soil).

Keywords: crop models, abiotic factors

The quantity of biomass accumulated by the canopy is the effect of a complex of
meteorological and soil factors, ecophysiological plant properties of various degrees of
importance and differently interconnected. It is an exceptionally complicated process
and difficult to quantify. Still, owing to the development of electronic computational
techniques in the last quarter of the 20t century, a dynamic evolution of models
describing plant growth, development and yielding occurred. Explanatory (mechanistic)
models interpreting the mechanisms of the phenomenon constitute a particular group.
Determining the formula of the function describing a model requires theoretical
knowledge about the course of a phenomenon usually using the laws of physics,
chemistry or physiology [1, 2].

Due to universal applications of simulation models in agricultural sciences they may
be divided into:

— models of physical, chemical and biological processes (eg water flow in a soil
profile or erosion process modeling, etc.)

— models describing comprehensively a single plant species growth and development
(eg Oryza, Ceres-Maize),

— models describing comprehensively the growth and development of many plant
species (SUCROS, WOFOST, DSSAT, APSIM, EuroACCES and others),

! Department of Crop Production, Agricultural University in Krakow, al. A. Mickiewicza 21, 31-120
Krakow, Poland, phone: +48 12 662 43 82, email: bkulig@ar.krakow.pl
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— systems of models analysing the situation on various levels of production system
organization and in different time and space scales — ALMANAC, MARS-CGMS,
IMPEL [1-4].

It should be stated that the impact of abiotic factors on plants may be regarded on
different levels. Field research (canopy) and pot experiments (single plant) try to
estimate the quantitative and qualitative effect of abiotic and biotic factors on the
amount of accumulated biomass and usable yield. Currently, interdisciplinary research
aimed at the identification of the mechanism or plant response to stressors on cell levels
has been frequently conducted by plant physiologists, geneticists and biochemists [5].

The role of abiotic factors on an example
of selected crop models

Modeling of biomass accumulation is most frequently presented on three levels of
productivity:

1. potential production — with determining factors, such as solar radiation, temperature,
CO, concentration and plant genetic traits,

2. attainable production — with limiting factors — water and mineral supply,

3. actual (reduced) production with reducing factors — weeds, diseases, pests and
pollution [6].

The WOFOST model was developed as part of studies on food safety and potential
world food production conducted by the Centre for World Food Studies (CWFS) in
cooperation with the Wageningen Agricultural University. WOFOST belongs to the
group of models developed in Wageningen by De Wit school, which also comprises
such models as SUCROS, ARID CROP, MARCOS or ORYZA [7, 8]. There is a group
of several models of plant growth and development considering the impact of diseases
and weeds on the amount of production (eg DSSAT or INTERCOM).

In field conditions radiation and temperature are the basic factors determining the
amount of potential production of cultivated crops. Photosynthetically active radiation
(PAR) — wavelength A = 400—700 nm is useful for plants. Other radiation ranges have
diversified influence on the course of physiological processes in plants (Table 1). For
computations of potential production it is most frequently assumed that PAR constitutes
half of total radiation which reaches the canopy.

Table 1
The radiation effect upon plants [9]
Wave length Effect on plants
<280 Fast plant death
280-315 Harmful for most plants
315400 Shortening of plants, leaf thickening
400-510 Large absorption by chlorophyll and xantophylls
510-610 Low photosynthetic activity
610-720 Strong absorption by chlorophyll
720-1000 Lengthening of plants
> 1000 No specific physiological effect
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Explanatory (mechanistic) models are based on determining canopy gross photo-
synthesis depending on photosythetically active radiation reaching the canopy, temperature,
water availability, leaf area, carbon dioxide concentration, photosynthetic output of
single leaves and many stressors. The number of assimilates produced (gross photo-
synthesis) is diminished by the value of maintenance and growth respiration. These
models work according to daily or even shorter time-step. This type of computations is
included in many models developed at the Wageningen Agricultural University (Fig. 1).

§ Meteorological conditions

@ted PAR

Potential gross
assimilation rate

Available soil
wiater [AWC)

m gross

assilmilation rate

Weintance
respiration

Growth
respiration

Net assimilation
rate

Partitionning

Development stage

[ Roots | Steams | Leaves | Storage ogans |
[

GD

Fig. 1. The general diagram of the WOFOST model (Ta, Tp — actual and potential transpiration rate),
Boogaard et al [10] modified

In another approach the estimation of biomass production is based on the coefficient
of light use efficiency (LUE) or radiation use efficiency (RUE). The amount of radiation
reaching the canopy is converted directly into the amount of produced carbohydrates
using a conversion coefficient. This method has been applied in many models, such as
CropSyst, DSSAT, APSIM, LINTUL and others [4].

Simulation of plant development in deterministic models is conducted with daily or
longer time-step. Plant development in the models is determined by the increment of the
effective temperature sum and the length of day, whereas in some models it is based
also on the vernalization process. The temperature influences not only the speed of plant
development but also the intensity of photosynthesis, evapotranspiration and respiration,
which has been described by appropriate equations [4, 10—12].
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In many plant growth and development models (including WOFOST), production
limited by water deficit is computed through multiplication of potential output by actual
to potential transpiration (evapotranspiration) ratio. It may be assumed with great
probability that potential assimilation (Ap) and actual assimilation (Ar), potential yield
(Qp) and actual yield (Qr) correspond to potential (ETp) and actual evapotranspiration
(ETa). This statement may assume the following form:

Q. _A, _ET,

QP A p ETP

Passioura [13] introduced a formula to compute the usable yield (Y) in conditions
limited by water deficit:

Y=WUE - -T:HI

where: WUE — coefficient of water utilization (g d.m./kg H,0),
T — transpiration (g H,O/g d.m. - m?),
HI — harvest index.

The majority of plant growth and development models calculate the production
limited by nutrient (most often nitrogen) availability and in a limited number also the
other microelements. Moreover, some models consider also the effect of aluminium
ions, connected with soil environment acidification and soil salinity on the amount of
production (Table 2). These issues were discussed in detail in the papers by de Baros
[14], Kulig [4] and others. The Daisy model has a “pesticides” module which considers
pesticide dispersion in the environment: uptake by leaves, volatilization, absorption by
the root system, pesticide decomposition in the soil environment or leaching [15].

Table 2

Comparison of selected plant growth and development models considering yield determinants [14]

Name of model Weather Soil water a\I/\eItlillt;‘;)?l’litty sugs(iz;ies
SUCROS + + - -
CENTURY + + N,P,S -
WOFOST + + N.P,K -
CANDY + + N -
Daisy + + N o
N-SIM + + N -
EPIC n + N, P Al, salinity
CROPGRO + + N -
EPICSEAR - + N, P, K Al, Na

The DSSAT packet (including CERES model family) belongs to a small group of
models simulating, beside quantitative, also qualitative features of yield, eg protein
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concentrations in cereal grains. The amount of protein accumulated in grain depends,
among others, on the temperature, water and nitrogen deficit stress [16].

Conclusion

Modeling plant growth and development is a specific synthesis of interdisciplinary
knowledge in the field of yield physiology, agroclimatology, agronomy and soil
science. Therefore it provides plenty of useful information for proper interpretation and
better understanding of the researched process. Knowledge gained in this way may be
used for conducting the so-called simulation experiment using models, which may be of
crucial importance for research on the agricultural environment protection (eg pesticide,
biogens or heavy metal migration and transformation in soil).
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CZYNNIKI ABIOTYCZNE W MODELACH ROSLINNYCH

Katedra Szczegoétowej Uprawy Roslin
Uniwersytet Rolniczy im. Hugona Kotfataja w Krakowie

Abstrakt: W ostatnim ¢wieréwieczu XX w. nastapit dynamiczny rozwdj modeli opisujacych wzrost, rozwdj
i plonowanie roslin. Szczegdlna grupe stanowia modele wyjasniajace (mechanistyczne) mechanizmy zjawiska
(ang. explanatory model). Modelowanie akumulacji biomasy przedstawiane jest najczgsciej na trzech
poziomach produkcyjnosci: potencjalnej, limitowanej dostgpnoscia wody i sktadnikow pokarmowych oraz
osiggalnej (redukowanej przez obecnos¢ chwastow, chorob i szkodnikéow). Modelowanie dostarcza wielu
cennych informacji stuzacych wiasciwej interpretacji i lepszemu zrozumieniu badanego procesu. Uzyskana
w ten sposob wiedza moze stuzy¢ do przeprowadzania za pomoca modeli tzw. eksperymentow sy-
mulacyjnych, co moze mie¢ szczegdlne znaczenie w badaniach zwiazanych z ochrona srodowiska rolniczego
(np. przemieszczanie si¢ i przemiany pestycydow, biogendéw lub metali cigzkich w glebie).

Slowa kluczowe: matematyczne modele roslin, czynniki abiotyczne
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INFLUENCE OF BLACK LOCUST
(Robinia pseudoacacia L.) SHELTERBELTS
ON THE CONTENT AND FRACTIONAL COMPOSITION
OF HUMUS IN ARABLE SOIL DEVELOPED FROM LOESS

WPLYW ZADRZEWIEN ROBINII AKACJOWEJ (Robinia pseudoacacia L.)
NA ZAWARTOSC I SKLAD FRAKCYJNY PROCHNICY
GLEBY UPRAWNEJ WYTWORZONEJ Z LESSU

Abstract: The objective of the study was to evaluate the influence of black locust afforestation adjacent to
arable loess soil on its fractional humus composition. Fractional humus composition was assessed according
to Boratynski and Wilk. The content of total humus and humus fractions decreased with the distance from
black locust afforestation. It was observed the dependance of distance from trees on decrease of humus
fractions strictly connected with mineral phase (IV fraction) and humines. Therefore their higher con-
centrations in the zones adjacent to the trees was an evidence of a beneficial role of black locust on soil
organic matter composition. Amount of movable humus fractions content (I fraction) was lower in the field
zones close to the trees (15.3 %) than in those 12 m from the afforestation (19.1 %). Average values of the
ratio HAC/FAC was a bit higher in the zone 0—-12 m away from the trees (1.03) in comparison with the more
distant ones (0.91).

Key words: Robinia pseudoacacia, black locust, humus

Black locust (Robinia pseudoacacia L.) due to its small edaphic requirements is used
for planting on all types of wasteland, primarily in dry and poor soils [1]. Robinia
plantings are frequently used for reclamation of former opencast mines and in the areas
destroyed by improper human activity [2].

On agricultural lands of the Proszowice Plateau and Miechow Upland black locust
shelterbelts are quite frequent, the trees were planted there among others to reinforce the
loess ravines and at the same time for high quality wood fuel [3].

! Department of Soil Science and Soil Protection, University of Agriculture in Krakow, al. A. Mickiewicza
21, 31-120 Krakéw, Poland, email: rrmazure@cyf-kr.edu.pl

% Department of Biochemistry, University of Technology and Life Sciences in Bydgoszcz, ul. Bernar-
dynska 6, 85-029 Bydgoszcz, Poland.
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Robinia lives in a symbiosis with Baciullus radicola nodule bacteria and bacteria of
Rhizobium species. Therefore, its influence on increasing nitrogen content in soils is
a commonly known fact [4—6]. On the other hand there is no literature data concerning
the effect of black locust shelterbelts on the quantity and quality of humus in
ploughlands [7].

The research aimed to determine the effect of black locust shelterbelts adjoining
a ploughland on fractional composition of humus in arable soil developed from loess.

Material and methods

Soil samples were collected from the 0-20 cm layer of a microplot situated in
Krolewice village at the Proszowice Plateau, marked out on an arable field adjoining
black locust shelterbelts. The trees forming the shelterbelts are between 20 and 30 years
old. The shelterbelts are formed exclusively from robinia trees, the undergrowth is poor,
mainly composed of herbaceous plants counted by some to Chelidonio-Robinietum
alliance, which is associated with allelopatic effect of robinia trees on the other plant
species [8].

The 20 m x 24 m microplot was divided into 12 zones (2 m wide) at growing
distance from the trees and 5 microplots with area of 2 m x 4 m were sepaarted in each
zone. Samples representing each zone were taken from the microplots. In 60 samples
collected in this way organic carbon content was assessed using Tiurin method in
Oleksynowa modification and converted into organic substance content. In collective
samples representing each zone, humus fractional composition was determined using
Boratynski and Wilk method. The results of humus content assessments were elaborated
geostatistically using Surfer 8.0 Programme. The data were subjected to statistical
analysis using post-hoc Tukey test in Statistica 7.0 programme.

Results and discussion

The soil cover of the analyzed field consists of brown soils (Eutric Cambisol)
developed from loess. The analyzed brown soil which represented the soil cover of the
researched area was characterized by clay silt granulation. Acid reaction (pH = 4.72)
was assessed in the humus horizon. The highest contents of total nitrogen and organic
carbon were registered in the arable-humus horizon Ap (respectively 0.17 % and
1.40 %).

The highest content of humus (over 2.80 %) was determined in the soil samples
taken at the distance of 12 m from the robinia shelterbelts (Fig. 1, Table 1). The
exception was the 2—4 m zone, where 2.75 % humus was assessed. Humus content was
diminishing visibly with the distance from the shelterbelts and in the farthest zone
(22-24 m) did not exceed 2.45 %. On the basis of Tukey test statistically significant
differences in humus contents at the significance level 0.05 were registered between the
0-8 m and 8-24 m zones.

It evidences a humus forming role of black locust in the first place affecting the
arable field zones close to the shelterbelts. These values confirm previous results of
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Fig. 1. Humus content [%] in particular zones

research conducted in China stating the identical role of robinia, particularly on sandy
soils [9]. The influence of shelterbelts on humus content in soil was apparent in the
zones situated up to 10 m from the trees, which is a distance comparable with their
height.

Table 1

Significance level of differences (calculated on the base of the Tukey test)
between average humus content in soils of particular zones (differences are significant if p < 0.05)

Z[(r)nn]e 0-2 24 | 46 6-8 | 8-10 | 10-12 | 12-14 | 14-16 | 16-18 | 18-20 | 2022 | 2224
Average
humus
content, %| 2.93| 2.75| 2.92| 3.23| 3.00 2.86| 2.70| 2.73| 254 243| 236| 242
0-2 0.57| 1.00| 0.02| 1.00 1.00| 0.18| 0.42|<0.01|<0.01]<0.01|<0.01
2-4 0.57 0.66 | <0.01| 0.11 097| 1.00) 1.00 0.32| 0.01]<0.01|<0.01
4-6 1.00| 0.66 0.02| 0.99 1.00| 0.24| 0.51|<0.01]|<0.01]<0.01|<0.01
6-8 0.021<0.01| 0.02 0.23 |<0.01<0.01]<0.01|<0.01|<0.01]<0.01|<0.01
8-10 1.00| 0.11| 0.99| 0.23 0.82| 0.02| 0.06/<0.01|<0.01]<0.01|<0.01
10-12 1.00{ 097| 1.00|<0.01| 0.82 0.67| 091 0.01|<0.01]<0.01|<0.01
12-14 0.18| 1.00| 0.24|<0.01| 0.02 0.67 1.00( 0.76 | 0.07|<0.01| 0.05
14-16 042| 1.00| 0.51[<0.01| 0.06 091| 1.00 045| 0.02/<0.01| 0.02
16-18 |<0.01| 0.32]<0.01|<0.01<0.01| 0.01| 0.76| 0.45 095 0.51] 0.93
1820 [<0.01| 0.01]<0.01|<0.01|<0.01/<0.01| 0.07| 0.02| 0.95 1.00| 1.00
20-22 |<0.01|<0.01<0.01]<0.01]<0.01/<0.01|<0.01|{<0.01| 0.51| 1.00 1.00
22-24 |<0.01<0.01|<0.01]<0.01|<0.01|<0.01| 0.05| 0.02| 093] 1.00| 1.00

The contents of isolated humus compounds was declining with the distance from the
shelterbelts: from 1.62 % C (0-2 m zone) to 1.02 % C (22-24 m zone) (Fig. 2).
A negative effect of the distance from false acacia on the content of humus substances
most strongly bound to mineral soil fraction (humines) was found, as well as humus
substances separated in IV extraction (using 0.1 mol - dm ™ NaOH solution) determined
as strongly bound to mineral soil phase [10]. Higher contents of these fractions in the



1588 Ryszard Mazurek and Anna Piotrowska
[% Corg.]
1.80
Humines
1.60 {IR E4 Fraction |

1.40 A

1.20 A

1.00 1

0.80 -

0.60 A

0.40 1

0.20 A

0.00

O Fraction Il
E Fraction Ill |
[ Fraction IV

0-2 24 46 6-8 8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24

Zone [m]

Fig. 2. Humus compounds extracted in particular extractions [% of Cop ]

zones adjoining the trees testifies a positive effect of acacia on humus composition.
Percentage of mobile humus bonds (fraction I) was lower in the zones up to 12 m from
the acacia (on average 15.3 %) in comparison with the 12-24 m zones (on average

19.1 %).
Table 2
HAC/FAC ratio of humus compounds in particular extractions
Z[E?]e Extraction | Extraction 11 Extraction IV Total
0-2 0.82 1.20 1.35 1.09
2-4 0.77 1.14 1.96 1.11
4-6 0.41 1.18 1.42 0.86
6-8 0.85 1.15 1.24 1.06
8-10 0.70 1.24 1.21 1.01
10-12 0.89 0.99 1.72 1.05
12-14 0.54 1.04 1.10 0.82
14-16 0.64 1.14 1.12 0.92
16-18 0.68 1.20 1.06 0.92
18-20 0.59 1.03 1.23 0.85
20-22 0.73 1.65 0.91 1.09
22-24 0.58 1.03 1.16 0.83
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The greatest amounts of leaves, branches and pods fall in the area of the microplot
closest to the shelterbelts. Fallen black locust leaves revealing a low C:N ratio are fast
decomposed and provide an additional source of nitrogen in the soils [11]. Nitrogen
originating from organic mater decomposition and from the process of atmospheric N
assimilation by root bacteria may be easily transformed into humus substances with
highest process of humification [7]. It was corroborated by the obtained mean value of
humic to fulvic acids ratio (Table 2). HAC/FAC ratio computed for the zones distanced
up to 12 m from the shelterbelts was higher that the one calculated for the zones > 12 m
far from the trees (respectively 1.03 and 0.91).

Conclusions

1. The highest content of humus was assessed in the soil samples collected at the
distance of 12 m from black locust trees.

2. A negative effect of the distance from the acacia on the humin and humus
substances content strictly connected with soil mineral phase was determined.

3. A percentage of mobile humus bonds was lower in the zones 0—12 m far from
black locust in comparison with 12-24 m zones.

4. HAC/FAC ratio computed for the zones distanced up to 12 m from the shelterbelts
was higher than calculated for the zones > 12 m far from the trees.
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WPLYW ZADRZEWIEN ROBINII AKACJOWEJ (Robinia pseudoacacia L.) NA ZAWARTOSC
I SKEAD FRAKCYJNY PROCHNICY GLEBY UPRAWNEJ WYTWORZONEJ Z LESSU
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? Katedra Biochemii
Uniwersytet Technologiczno-Przyrodniczy im. Jana i Jedrzeja Sniadeckich w Bydgoszczy

Abstrakt: Celem badan bylo okreslenie wptywu zadrzewien robinii akacjowej sasiadujacych z uzytkiem
ornym na sktad frakcyjny prochnicy lessowej gleby uprawnej. Sktad frakcyjny prochnicy okreslono, stosujac
metod¢ Boratynskiego i Wilka. Zawarto$¢ prochnicy i wydzielonych potaczen prochnicznych malata wraz
z odlegtoscia od zadrzewien. Stwierdzono ujemny wptyw odlegtosci od robinii na zawartos¢ humin oraz
substancji prochnicznych $cisle zwiazanych z mineralng faza gleby (frakcja IV). Wyzsza zawartos¢ tych
frakcji w strefach sasiadujacych z drzewami jest dowodem korzystnego oddziatywania robinii na sktad
prochnicy. Srednia warto$é stosunku CKH/CKF obliczona dla stref oddalonych do 12 m od zadrzewien byta
wigksza niz obliczona dla stref bardziej oddalonych od drzew (odpowiednio 1,03 i 0,91).

Stowa Kkluczowe: Robinia pseudoacacia, grochodrzew, prochnica
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INFLUENCE OF THREE TYPES OF SOIL
AND MINERAL FERTILIZATION ON THE CONTENT
OF ASSIMILATION PIGMENTS IN THE LEAVES
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WPLYW TRZECH TYPOW GLEB
I ZROZNICOWANEGO NAWOZENIA MINERALNEGO
NA ZAWARTOSC BARWNIKOW ASYMILACYJNYCH
W LISCIACH SELERA KORZENIOWEGO
(Apium graveolens L. var. rapaceum (Mill.) Gaud.)

Abstract: In a town of Doluje near Szczecin, at the Experimental Station of the Market Gardening Chair,
University of Agriculture in Szczecin, a two-factor vegetation experiment (microfield) in the system of
complete randomization was carried out in three replications. It was a two year experiment. The first
experimental factor was the type of soil: proper black earth, muck soil and proper pseudogley soil. The second
factor was the level of NPK fertilization (0 — 0, 0, 0 kg - ha™'; 1 - 75, 33, 100 kg - ha™'; 11 — 150, 66,
200 kg - ha™'). Celery, var. rapaceum (Mill) Gaud., cultivar Diamant was the biological material for the
studies. At five dates of the harvesting, the content of assimilation pigments (chlorophyll a, chlorophyll b,
total chlorophyll and carotenoids), in the celery leaves was determined. A significant effect of both
experimental factors on the concentration of chlorophyll as well as on carotenoids in the leaves of the
examined plant was observed.

Keywords: Apium graveolens L. var. rapaceum, NPK fertilization, assimilation pigments, proper black earth,
muckous soil, proper pseudogley soil

One of the ways of adaptation of a plant to environment is a change in the
composition of its tissues. According to Chroboczek and Skapski [1] such compounds
as vitamins, proteins, carbohydrates, organic acids, oils, phytoncides and mineral salts
determine the biological value of vegetables. A physiological feature of plants that
contains information about, among other things, the state of their supply with some
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macro- and microelements such as: nitrogen. magnesium, iron, manganese, copper or
zinc, is the content of assimilation pigments in photosynthetic organs of the indicator
plant. In the conducted studies, celery (Apium graveolens L. var. rapaceum (Mill.)
Gaud.) was selected to be an indicator plant. Celery is a very popular vegetable plant,
a rich source of mineral salts of potassium, sodium, calcium, magnesium, phosphorus
and iron, and also vitamins, particulary vitaminum C [2]. This plant needs a lot of
nitrogen, phosphorous and potassium. It is also characterized by quite large soil
demands. It the case of celery it is essential to apply optium mineral fertilization for the
soil conditions in which it is grown.

The studies were aimed to assess the content of assimilation pigments in the leaves of
the indicator plant cultivated on three types of soil of different physicochemical
properties, at differentiated mineral fertilizing with NPK.

Material and methods

A two-factor vegetation experiment (microplot) in the system of complete rando-
mization was carried out in three replications in Doluje near Szczecin, at the
Experimental Station of the Market Gardening Chair, University of Agriculture in
Szczecin. It was a two year experiment. The first experimental factor was the type of
soil: typical black earth (A), muck soil (B) and typical pseudogley soil (C). The main
features differentiating the soils were as follows: the mechanical composition, the
sorptive properties, pH value, and the content of macro- and microelements (Table 1)
[3]. In each year of the studies experiments were carried out on three types of soil on
three research sites.

Table 1

Physico-chemical properties of soils

. Percent pH C-organic N-total P-available | K-available
Soil Ger?etlc Depth | of cliay
horizon | [cm] |fraction |
%) | H0 | KCI [%] [mg- 100 g ']
Alp 0-10 16 6.7 6.1 1.17 0.11 11.79 15.89
A* A2p 10-20 15 7.0 6.4 0.91 0.11 11.62 16.68
Aa 20-60 15 7.1 6.5 0.61 0.07 2.64 12.49
AM)1 0-10 16 7.6 6.9 1.80 0.20 23.32 16.71
B | AM)2 | 10-20 15 7.7 7.0 1.88 0.20 22.88 20.98
AM)3 | 20-40 15 7.7 7.1 1.78 0.27 17.16 15.58
Alp 0-10 32 7.7 6.8 1.18 0.13 10.56 15.08
C A2p 10-20 32 7.8 7.0 0.94 0.13 12.67 12.29
A3h 20-40 39 6.9 6.3 0.84 0.10 3.60 7.59

* A — proper black earth, B — muck soil, C — proper pseudogley soil.

The second factor was the level of NPK fertilization (0 — 0, 0, 0 kg - ha'; 1-75, 33,
100 kg - ha'; Il — 150, 66, 200 kg - ha'). Nitrogen, phosphorus and potassium
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fertilization was applied in the forms of ammonium nitrate, triple superphosphate and
potassium sulphate. Fertilization was performed on 15 May, before planting the
seedlings on the experimental plots. The area of one microplot was 3 m>. Celery, var.
rapaceum, cultivar Diamant was the biological material for the studies. The seedlings of
this plant taken from the Assessment of Potato Cultivars Station in Szczecin were
planted with a spacing of 30 X 30 cm.

Using Lichtenthaler and Wellburn’s method [4], at five dates of harvesting (4 and 29
July, 23 August, 15 September, 18 October), the content of assimilation pigments in the
leaves in three replications was determined. The content of chlorophyll a, b, total and
carotenoids was computed following Arnon et al [5]. The data in the tables show
averages of the five dates of harvesting.

The results and discussion

Assimilation pigments play a role of photoreceptors in the process of CO,
assimilation in plants. Thus, their content is a reflection of photosynthetic activity. In
higher plants, two kinds of chlorophyll, ie a and b, take part in the process of
photosynthesis. The ratio of chlorophyll @ to b in plants of the moderate climate varies
from 2.3 to 5.5 [6, 7].

In the first year of the studies the significantly smallest amount of chlorophyll was
characteristic of the leaves of celery non-fertilized with NPK (level 0). A significant
difference was also recorded between the content of this dye in the leaves of celery
cultivated in typical black earth and in a muck soil, whereas in the second year of the
studies no significant influence of experimental factors on the amount of chlorophyll a
in the leaves of the indicator plant was observed (Table 2).

The content of chlorophyll b in the leaves of celery in both years of the studies
depended significantly on the level of NPK fertilization, the type of soil and the
interaction of these factors, for the significantly smallest concentration of this dye was
noticed in plants growing in a muck soil, non-fertilized with NPK. It amounted, in the
first and in the second year, to 0.303 and 0.290 mg - g ' fm, respectively (Table 2).

In both years of the studies, the level of mineral fertilization had, a significant impact
on the content of total chlorophyll in the leaves of Apium graveolens. In the first year,
the smallest content of this photosynthetic pigment was observed in plants non-fertilized
with NPK (1.161 mg - g'1 fm), in the second year a significant difference was recorded
between the concentration of total chlorophyll in the leaves of plants from the
combination of non-fertilized and fertilized plants at level II (Table 2)

Carotenoids are pigments which, according to Devlin and Baker [8], protect
chlorophyll from photooxidation, convey light energy to chlorophyll and partly
participate in the assimilation of CO,. Non significant effect of soil type on the content
of these pigments in the leaves of the indicator plant was observed. However in both
years a significantly larger concentration of carotenoids in the leaves of plants fertilized
with the largest doses of NPK (level II) than in the leaves of non-fertilized plants
(level 0) was recorded.
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Table 2

Content of chlorophyll a, b, at+b and carotenoids in leaves of Apium graveolens [mg - g f.m.]

I year II year
Soil Level of fertilization Level of fertilization
Mean I1 Mean II
0 ‘ 1 ‘ I 0 ‘ I ‘ 1I
Chlorophyll a
A 0.879 ab*| 1.118b 0.962 ab | 0.986b 0.844 a 0.888 a 0.937 a 0.890 a
B 0.6lla 0.859ab | 0.921ab | 0.797 a 0.623 a 0.864 a 0928 a 0.805a
C 0.782ab | 0.866ab | 0.947ab | 0.865ab | 0.854a 0.871a 0.774 a 0.833 a
Mean [ 0.757 a 0.948 b 0.943 b 0.774 a 0.874 a 0.880 a
Chlorophyll b
A 0.447 b 0.466 b 0.505b 0.473 b 0.427 a 0.446 a 0.486 a 0.453 b
B 0.303 a 0.441 b 0.479b 0.408 a 0.290 b 0421 a 0.485a 0.399a
C 0.459 b 0.457 b 0.462 b 0.459 b 0.466 a 0432 a 0433 a 0.444 b
Mean | 0.403 a 0.455b 0.482 b 0.394 a 0.433 ab | 0.468 b
Chlorophyll a+b
A 1.327ab | 1.585b 1.467 b 1.460 b 1.271ab | 1.334b 1.423b 1.343 a
B 0914 a 1.300ab | 1.400ab | 1.205a 0913 a 1.285ab | 1.413b 1.204 a
C 1.241ab | 1.323ab | 1.408D 1.324ab | 1.320b 1.302b 1.207ab | 1.277a
Mean [ 1.161 a 1.402 b 1.425b 1.168 a 1.307ab | 1.348b
Carotenoids
A 0.475ab | 0.506ab | 0.527b 0.503 a 0.459ab | 0.504b 0.532b 0.499 a
B 0.366 a 0.470ab | 0.500ab | 0.445a 0.357a 0.477ab | 0.518b 0451 a
C 0.444ab | 0.442ab | 0.490ab | 0.459a 0.436ab | 0.449ab | 0.495ab | 0.460 a
Mean [ 0.428 a 0.473 ab | 0.506b 0417 a 0.477ab | 0.515b

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

Increasing fertilization with NPK caused, independently of the type of soil, an
increase in the amount of both chlorophyll and carotenoids in the celery leaves.
A particularly significant positive impact of the largest dose of fertilizer was observed.
Similar results were recorded by Podsiadlo et al [9] and by Smolik and Malinowska
[10]. They showed a stimulating effect of mineral NPK fertilization on the content of
chlorophyll @ and b and carotenoids in the leaves of legumes and spring wheat.

Conclusions

1. Increasing doses of NPK resulted in an increase in the content of chlorophyll in the
leaves of celery var. rapaceum cultivated in all types of soil.

2. The smallest amount of assimilation pigments was characteristic of the leaves of
the indicator plant, non-fertilized with NPK.

3. The least favourable properties in respect of the influence on the content of
chlorophyll in the photosynthetic organs of celery was characteristic of a muck soil.
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4. Diverse physicochemical properties of soils did not affect the content of
carotenoids in the assimilation organs of celery.
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WPLYW TRZECH TYPOW GLEB I ZROZNICOWANEGO NAWOZENIA MINERALNEGO
NA ZAWARTOSC BARWNIKOW ASYMILACYJNYCH
W LISCIACH SELERA KORZENIOWEGO (4pium graveolens L. var. rapaceum (Mill.) Gaud.)

! Katedra Ogrodnictwa
? Zaklad Fizjologii Roslin
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstract: W Stacji Do$wiadczalnej Katedry Warzywnictwa Akademii Rolniczej w Szczecinie, w miejsco-
wosci Dotuje koto Szczecina przeprowadzono dwuletnie, dwuczynnikowe doswiadczenie wegetacyjne
(mikropoletkowe), w uktadzie kompletnej randomizacji, w trzech powtoérzeniach. Pierwszy czynnik doswiad-
czalny stanowit typ gleby: czarna ziemia wiasciwa, gleba murszowa i gleba opadowo-glejowa wlasciwa.
Drugim czynnikiem by} poziom nawozenia NPK (0 — 0, 0, 0 kg - ha™'; I — 75, 33, 100 kg - ha '; I — 150, 66,
200 kg - ha™"). Biologiczny materiat badan stanowit seler korzeniowy, odmiana Diamant. W pigciu terminach
zbioru oznaczono zawarto$¢ w liSciach selera barwnikéw asymilacyjnych (chlorofilu a, chlorofilu b,
calkowitego oraz karotenoidéw). Stwierdzono statystycznie istotny wplyw obu czynnikéw doswiadczalnych
na koncentracj¢ zaréowno chlorofilu, jak i karotenoidow w lisciach badanej rosliny.

Stowa kluczowe: Apium graveolens L. var. rapaceum, nawozenie NPK, barwniki asymilacyjne, czarna
ziemia wlasciwa, gleba murszowa, gleba opadowo-glejowa wiasciwa
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OPTIMIZATION OF LAWN FERTILIZATION
WITH NITROGEN. PART III. DYNAMICS
OF SOIL MICROBIOLOGICAL COMPOSITION
AND ENZYMATIC ACTIVITY OF DEHYDROGENASES

OPTYMALIZACJA NAWOZENIA AZOTOWEGO TRAWNIKA
CZ. 1II. DYNAMIKA SKLEADU MIKROBIOLOGICZNEGO GLEBY.
AKTYWNOSC ENZYMATYCZNA DEHYDROGENAZ

Abstract: The aim of this study was to determine the effect of increasing nitrogen fertilization of lawns (at
doses corresponding to 0, 50, 100, 150 and 200 mg N dm™ soil) on dynamics of changes in microbial
community composition of soil: total counts of fungi, bacteria, Actinomycetes, oligotrophic and copiotrophic
bacteria, as well as enzymatic activity of dehydrogenases. No significant effect was found of analyzed levels
of nitrogen fertilization on counts of microorganisms and enzymatic activity of soil. A trend, although not
confirmed statistically, could be observed for microbial counts to increase in case of the N 150 combination.
A factor significantly modifying the microbial community composition and enzymatic activity of soil was
sampling date and related atmospheric conditions. A significant increase of total bacterial counts was recorded
at the 2nd sampling date (in April). The quantity of Actinomycetes increased towards the end of the summer
period (August), while the highest enzymatic activity of dehydrogenases was determined in July. The contents
of copiotrophs and oligotrophs in soil decreased significantly with the duration of vegetation.

Keywords: nitrogen fertilization, dehydrogenases activity, fungi, bacteria, oligotrophic and copiotrophic bacteria

Cultivation, fertilization, protection and contamination of soil modify its physico-
-chemical properties as well as change its biological activity. A measure of biological
activity, comprising all occurring compound and energy conversions, may be enzymatic
activity [1] and dynamics of development of selected groups of microorganisms living
in the soil. It depends both on the type of soil, the depth of the soil profile, vegetation
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cover, atmospheric conditions as well as cultivation regime and fertilization of soil, and
many other factors affecting soil [2—6].

Factors having an effect on the activity of microorganisms in soil, their quality and
quantity, include eg contents of organic substances, nitrogen compounds, macro- and
microelements, water, oxygen as well as pH and temperature of soil.

The level as well as the manner of soil inhabitation by microorganisms depends to
a considerable degree on contents of such readily available nutrients in soil, such as
sugars, proteins and fats. The occurrence of microorganisms is also determined by the
presence of allopathic substances in the soil, which are secreted by plant roots, as well
as interactions between different groups of microorganisms [7]. The population size of
soil microorganisms is considerably influenced by fertilization, including organic and
mineral nitrogen fertilization, applied in order to supply plants with nutrients [8].

The aim of the conducted investigations was to determine the effect of increasing
lawn fertilization with nitrogen on the dynamics of changes in the microbial community
composition of soil (total counts of bacteria, fungi, Actinomycetes, oligotrophic and
copiotrophic) as well as microbiological activity expressed as dehydrogenases activity.

Material and methods

Vegetation experiments were conducted in the years 2007-2008 at the ‘Marcelin’
Experimental Station of Departments of the Faculty of Horticulture, the Poznan
University of Life Sciences. Analyses were conducted on five increasing nitrogen lawn
fertilization levels (in mg N dm’3) of 0, 50, 100, 150, 200 (denoted as N 0, N 50, N 100,
N 150 and N 200). The control was combination N 0, in which no fertilization with
nitrogen was applied. Contents of phosphorus, potassium and magnesium in all tested
combinations were supplemented to standard levels (in mg dm™>): P 100, K 200, Mg
180 (2007) and 300 (2008). Soil samples for microbiological analyses were collected at
the following dates: 15.03, 15.04, 12.06, 08.07 and 19.08.2008. Each time from a given
combination a total of 14-18 individual samples were collected from the topsoil
(0-20 cm), from which a representative mixed sample (0.4-0.5 dm®) was produced after
mixing. Air temperature at a height of 5 cm above the ground was recorded using
a HOBO Weather Station by ONSET. The course of its changes is presented in Fig. 1.
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Fig. 1. Dynamics of changes in air temperature at a height of 5 cm above the ground
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Microbiological analyses

In soil samples collected from the radical zone counts of microorganisms were
determined using the plate method on respective agar media (in five replications). The
mean number of colonies was calculated as converted to 1 g d.m. of soil:

— The total bacterial counts were determined on a medium from a soil extract after
14-day incubation at 25 °C;

— Fungi were determined on Martin’s medium after 5-day incubation at 24 °C [9];

— Actinomycetes were determined on a medium according to Pochon after 5-day
culture at 25 °C [10];

— Copiotrophs were determined on the NB medium after 5-day incubation at 25 °C
[11];

— Oligotrophs were determined on the DN medium after 5-day incubation at 25 °C
[12].

Enzymatic analyses

The analysis of enzymatic activity of soil fertilized with varied doses of nitrogen was
based on the determination of dehydrogenases activity using colorimetry, with 1 % TTC
(triphenyltetrazole chloride) applied as a substrate, after 24-h incubation at 30 °C, at
a wavelength of A = 485 nm and it was expressed in [em® - H, - kg_1 .24 h''.

Dynamics of changes in microbial community composition of soil and enzymatic
activity of dehydrogenases were analyzed statistically using the Duncan test. Inference
was performed at significance level a = 0.05.

Results and discussion

In the conducted experiment a differentiating effect of nitrogen fertilization was
found — among other things — on the dynamics of microbiological changes in soil.
A trend, although not confirmed statistically, could be observed for the counts of micro-
organisms in soil to increase with an increase in the intensity of fertilization. Earlier
studies showed a similar trend, concerning total bacterial count (eg from genera Arthro-
bacter, Bacillus and Pseudomonas), total count of fungi (eg from genera Fusarium and
Penicilium) and Actinomycetes (from genus Streptomycetes sp.) [13]. Several studies
confirmed a significant differentiating effect of fertilization, particularly with nitrogen,
on counts of soil microorganisms as well as their species composition [14—16].

In the analyses conducted by the authors of this study no differentiating effect was
found for either nitrogen fertilization or vegetation period on the total population of
fungi in soil (Table 1). A trend could be observed, although it could not be proved
statistically, for the amounts of this group of microorganisms to increase in case of the
combination intensively fertilized with nitrogen (N 150, N 200). Soil fungi, mainly
moulds, are capable of nitrogen uptake not only from organic compounds, but also
ammonium and nitrate salts. The highest levels of these microorganisms among tested
combinations were determined in July at a fertilization level of 150 kg N (56.0
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CFU x 10°). Recorded pH values of soil in this combination were minimally lower than
in the other combinations, which could have promoted the development of this group of
microorganisms.
Table 1
The effect of varied nitrogen fertilization on fungal count (CFU x 10° g' d.m. of soil)

Month

N level

March April June July August Mean
NO 36.0 20.0 20.0 13.0 6.0 19.0a
N 50 23.0 30.0 23.0 33.0 20.0 25.8a
N 100 20.0 5.0 20.0 30.0 30.0 21.0a
N 150 30.0 31.0 12.0 56.0 20.0 29.8a
N 200 36.0 10.0 26.0 20.0 40.0 26.4a
Mean 29.0a 19.2a 20.2a 30.4a 23.2a

The level of analyzed fungi in soil did not undergo significant periodical changes.
However, their biggest mean number was recorded at the 1st sampling date (in March)
and at the 4th sampling date (in July), amounting to 29.0 and 30.4 CFU x 10°,
respectively. At the other dates of analyses their level was markedly lower. In turn, at
the onset of flowering (2nd date) in the control combination (with no nitrogen
fertilization) the lowest count of fungi was determined, which could have resulted from
an increased soil moisture content and slightly higher pH.

Similarly as in case of fungi, no significant effect was found of tested nitrogen
fertilization levels on total bacterial count in soil (Table 2). It ranged from 48.3 (N 50)
to 86.5 CFU x 10° (N 150). Vegetation period was the factor significantly modifying
the count of this group of microorganisms. A significant increase in bacterial content in
soil was found in April (113.4 CFU x 10°), which could have been connected with
atmospheric conditions and an increase with mean soil temperature over 5 °C (Fig. 1),
causing an increase in microbiological activity. The highest total bacterial count among
all the tested combinations was recorded in April at fertilization N 150 (223.0 CFU x
10°). Lower bacterial counts in June, July and August could have been caused by an
increased level of fungi and Actinomycetes. Earlier studies confirmed the varied
dynamics of microbiological changes during vegetation [17]. Those authors indicated
that the highest microbiological activity of soil is observed usually in spring.

Table 2

The effect of varied nitrogen fertilization on total bacterial count (CFU x 10° g' d.m. of soil)

Term
N level

March April June July August Mean
NO 63.3 92.3 46.0 12.3 38.3 50.4a
N 50 21.3 77.2 76.3 37.3 29.3 48.3a
N 100 43.6 61.3 71.6 42.0 34.0 50.5a
N 150 63.6 223.0 24.3 56.3 65.3 86.5a
N 200 71.3 113.0 24.0 39.0 41.3 57.7a
Mean 52.6b 113.4a 48.4b 37.4b 41.6b
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No differentiating effect of nitrogen fertilization on the count of Actinomycetes in
soil was shown in this study. Vegetation period was a factor significantly modifying the
count of this group of microorganisms (Table 3), similarly as in case of the
above-mentioned groups of microorganisms. Their mean count was stable and ranged
from 17.5 (N 200) to 23.7 CFU x 10 (N 50). However, their highest number was
recorded in summer months in case of combination N-150 (51.4 CFU x 106).

Table 3

The effect of varied nitrogen fertilization on Actinomycetes count (CFU x 10° g™ d.m. of soil)

Month

N level

March April June July August Mean
NO 9.7 11.1 19.4 13.1 41.6 19.0a
N 50 7.7 14.1 20.2 42.7 339 23.7a
N 100 8.3 10.3 16.9 29.9 27.5 18.6a
N 150 9.9 11.0 14.0 31.6 51.4 23.6a
N 200 12.2 12.1 12.9 21.1 293 17.5a
Mean 9.6b 11.7b 16.7b 27.7a 36.7a

In fertile soils the level of Actinomycetes is usually lower than that of bacteria (the
ratio of bacteria and Actinomycetes counts is then 60 : 40). In most analyzed samples
the determined content of bacteria was higher than that of Actinomycetes, except for the
4th and 5th dates in combinations N 0 and N 50, where the population of Actinomycetes
dominated over bacteria, which could have resulted from the too low nitrogen content in
soil.

Another group of microorganisms, which counts were determined in the course of
this experiment, comprised oligotrophic bacteria. They are microorganisms, which grow
well in a medium with an exceptionally low level of available organic compounds.
Optimal concentration of nutrients for oligotrophic bacteria ranges from 1 to 15 mg
dissolved C dm™. The term oligotrophy refers to bacteria, which grow on a poor
medium, with a low nutrient concentration only at the onset of culture [18]. They are
bacteria exhibiting low variability in terms of their population size and activity. These
organisms are highly sensitive to amino acids, organic acids, vitamins and inorganic
salts, such as NaCl and KCI [19].

In the conducted experiment the amount of oligotrophic bacteria in soil underwent
significant periodical changes within a year. It was highest at the beginning of the
spring period (in March), and next it decreased significantly (Table 4).

Considerable amounts of root exudates of grasses, which could have contained amino
acids, carbohydrates, vitamins, organic acids, enzymes and metal ions most probably
could have inhibited the growth and development of analyzed oligotrophic bacteria.

An upward trend could be observed, although not proved statistically, for the count
of oligotrophic in soil to increase in case of combinations intensively fertilized with
nitrogen. Their mean content ranged from 78.9 (N 0) to 128.9 CFU x 10°(N 150).
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Table 4

The effect of varied nitrogen fertilization on oligotrophic bacteri count (CFU x 10° g' d.m. of soil)

Month

N level

March April June July August Mean
NO 232.0 63.0 32.0 11.0 56.6 78.9a
N 50 118.0 172.0 83.6 52.3 68.0 98.8a
N 100 195.0 119.0 86.3 85.3 103.3 117.8a
N 150 203.0 170.0 47.6 103.3 120.6 128.9a
N 200 229.0 129.0 25.0 69.6 132.0 116.9a
Mean 195.4a 130.6b 54.9¢ 64.3c 96.1c

What is more, no significant effect was found of nitrogen fertilization on total count
of copiotrophic bacteria in soil (Table 5). Their content ranged from 36.5 (N 100) to
59.6 CFU x 10° (N 150). Similarly as in case of oligotrophic bacteria, the content of
copiotrophic bacteria was highest in the spring period (March, April) and next it was
significantly reduced with the time of vegetation. It is a specific group of soil
microorganisms proliferating intensively during the influx of organic matter to soil,
mainly in the form of fresh plant and animal residue. Their nutrient requirements are
thus connected with high concentrations of organic components in the substrate, which
optimal dose is approx. 1000 mg dissolved C dm™ [20]. The population size of
oligotrophic bacteria decreases relatively fast after the readily available nutrient
substrate is depleted, as a result of autolysis of most cells or the other cells entering the
latent phase.

Table 5

The effect of varied nitrogen fertilization on copiotrophic bacteria count (CFU x 10° g™ d.m. of soil)

Month

N level

March April June July August Mean
NO 94.0 101.3 15.3 6.0 27.6 48.8a
N 50 63.4 78.0 30.0 7.6 25.0 40.8a
N 100 77.6 42.6 223 10.6 29.3 36.5a
N 150 73.0 184.6 7.0 15.3 18.0 59.6a
N 200 953 61.3 6.6 17.3 31.6 42.4a
Mean 80.7a 93.6a 16.2b 11.4b 26.3b

Assuming that metabolic activity of microorganisms is manifested in the activity of
their enzymes, changes in the activity of dehydrogenases in soil were considered in the
experiment. Their level of activity determines the rate of redox changes in the soil
medium, which characterizes a given soil, being a measure of its fertility [21]. No
significant effect was observed in the conducted analyses of nitrogen fertilization on
enzymatic activity of dehydrogenases in soil, which was similar in all tested combina-
tions (Table 6). However, a significant increase in enzymatic activity of dehydrogenases
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was recorded in the summer (in July). In the opinion of Sinsabaugh et al [22], activity of
enzymes is connected not only with a given plant species or plant development phase,
but it also depends on the amount of plant residue, the depth of root systems and
temperature. Pawluczuk [23] also confirmed a significant effect of changes in soil
temperatures on occurring enzymatic processes. In turn, Amdor et al [24] stressed
a strong relationship between activity of enzymes and soil properties (pH, organic
carbon content, etc.).

Table 6
The effect of varied nitrogen fertilization on enzymatic activity of dehydrogenases
Month

N level

March April June July August Mean
NO 0.013 0.004 0.004 0.017 0.003 0.008a
N 50 0.004 0.003 0.004 0.021 0.006 0.008a
N 100 0.012 0.003 0.007 0.099 0.005 0.025a
N 150 0.008 0.008 0.009 0.021 0.007 0.011a
N 200 0.008 0.005 0.013 0.060 0.009 0.019a
Mean 0.009b 0.005b 0.007b 0.043a 0.006b

Regular microbiological changes in soil, apart from the quantitative composition of
the microbial community composition, are also shown by the interrelations between
their individual groups. The following microbiological indexes are considered:

A the quantitative ratio of bacteria to Actinomycetes,

B the ratio of total count of bacteria to that of fungi;

C the quantitative ratio of oligotrophic to copiotrophic bacteria.

In fertile soils bacteria predominate in terms of their number over Actinomycetes
(ratio A = 60 : 40). In most analyzed combinations the determined count of bacteria was
higher than that of Actinomycetes (apart from the 4th and 5th date in combinations N 0
and N 50). Based on the above, it may be stated that soil in case of combinations
intensively fertilized with nitrogen was characterized by good fertility. An increased
number of Actinomycetes over bacteria in the above-mentioned combinations could be
explained by a reduced amount of nutrients as well as inferior water and air relations. In
poor soils higher contents of Actinomycetes may be found, since soil quality is one of
the factors having a selective effect on them.

In the opinion of some researchers [25, 26] another microbiological index of soil
fertility (B), based on the ratio of fungi to the total bacterial count, expresses more
accurately biological properties of soil than the count of each of these groups separately.
Moreover, it indicates compensatory dependencies in the development of communities
of bacteria and fungi, also observed by other authors (Weyman-Kaczmarek and
Pedziwilk) [27]. Dominance of fungi over bacteria shows a higher ability of fungi, than
that of bacteria, to survive under deteriorating environmental conditions. Such an
undesirable phenomenon was not recorded in the discussed experiment.

Another significant index of microbiological activity of soil is also the ratio of
oligotrophic to copiotrophic bacteria (C). It is an index of biological balance, indicating
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an appropriate direction of microbiological changes of soil organic matter. In the
conducted experiment in all combinations the proportion of oligotrophic bacteria
predominated in the soil microflora. The above dominance is appropriate and necessary
for the maintenance of a constant level of organic matter.

Mineral nitrogen is utilized by many bacteria and fungi in their metabolism. By
uptake of ammonium and nitrate ions they affect the acidity of the external medium.
More readily available ammonium salts contribute to the acidification of the substrate,
while nitrates cause its alkalization. Organic nitrogen is most readily available in the
form of amino acids, which are used as a source of nitrogen and energy material.
Certain microorganisms absorbing nitrogen require only those amino acids, which they
are not capable of synthesizing (this concerns mainly auxotrophic microorganisms).

Conclusions

1. No differentiating effect was found of fertilization with nitrogen on total counts of
fungi, bacteria, Actinomycetes, copiotrophic and oligotrophic bacteria in soil as well as
the enzymatic activity of dehydrogenases. A trend for the microbial count to increase
could be observed, although not proved statistically, in case of combination N 150.

2. A factor significantly modifying the levels of microorganisms and dehydrogenases
activity in soil was sampling date and related atmospheric conditions.

3. A significant increase of the total bacterial count in soil was determined in spring
(April), while that of Actinomycetes — towards the end of the summer period (August).
The highest enzymatic activity of dehydrogenases was recorded for soil in July. With
the duration of vegetation the contents of copiotrophic and oligotrophic bacteria in soil
decreased.
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OPTYMALIZACJA NAWOZENIA AZOTOWEGO TRAWNIKA.
CZ. 111. DYNAMIKA SKEADU MIKROBIOLOGICZNEGO GLEBY.
AKTYWNOSC ENZYMATYCZNA DEHYDROGENAZ

! Katedra Mikrobiologii Ogélnej i Srodowiskowej
2 Katedra Nawozenia Roslin Ogrodniczych
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Celem przeprowadzonych badan byto okreslenie wplywu wzrastajacego nawozenia azotowego pod
trawnikiem (w dawkach odpowiadajacych: 0, 50, 100, 150 i 200 mg N dm gleby) na dynamike zmian sktadu
mikrobiologicznego gleby: ogolnej liczby grzybéw, bakterii, promieniowcdw, oligotrofow i kopiotrofow,
a takze aktywnos$¢ enzymatyczng dehydrogenaz. Nie stwierdzono znaczacego wpltywu badanych pozioméw
nawozenia azotowego na liczebnos¢ mikroorganizmow i aktywnos¢ enzymatyczng gleby. Zarysowata sig, nie
udowodniona statystycznie, tendencja do wzrostu liczebnosci mikroorganizméw w przypadku kombinacji
N 150. Czynnikiem istotnie modyfikujacym sktad mikrobiologiczny i aktywno$¢ enzymatyczng gleby byt
termin pobierania probek i zwigzane z nim warunki atmosferyczne. Znaczny wzrost ogolnej liczby bakterii
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stwierdzono w II terminie pobierania probek (w kwietniu). Liczba promieniowcoéw znacznie wzrastata pod
koniec okresu letniego (sierpien), a najwigksza aktywnos$¢ enzymatyczna dehydrogenaz oznaczono w lipcu.
Wraz z trwaniem wegetacji wyraznie obnizata si¢ zawarto$¢ kopiotrofow i oligotrofow w glebie.

Slowa kluczowe: zywienie azotem, aktywnos$¢ dehydrogenaz, grzyby, bakterie, oligotrofy i kopiotrofy
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EFFECT OF FOLIAR FERTILIZATION WITH TYTANIT
ON THE DRY MATTER YIELD
AND MACROELEMENTS’ CONTENT
IN THE MEADOW SWARD

WPLYW NAWOZENIA DOLISTNEGO TYTANITU
NA PLON SUCHEJ MASY
I ZAWARTOSC MAKROELEMENTOW RUNI LAKOWEJ

Abstract: One-factor field experiment was designed by the method of random blocks sampling in four
replications (fields of the 2.0 x 5.0 m area). The experimental field was characterized with the brown, acidic
soil, classified to the V quality class. The field experiment was conducted in the years 2006-2008, in the
private, individual farm in the administrative district of Pilica, within Zawiercie County, at the region of
Krakow-Czestochowa Jura, located on the altitude of 320 m.

The spraying with the Tytanit fertilizer in three different concentrations: 0.02, 0.04 and 0.08 % constituted
an experimental factor. Tytanit applied in a concentration of 0.04 % affected on average 52 % higher dry
matter yield when compared with the control object. Moreover, foliar application of Tytanit in the
concentration of 0.04 % resulted in the highest growth of the content of all examined macroelements. The
difference in relation to the control object amounted to 28 % for phosphorus, 78 % for potassium, 80 % for
calcium, 81 % for magnesium and 60 % for sodium. Higher dosage of the preparation (0.08 %) decreased the
concentration of the investigated macroelements when compared with the 0.04 % variant and in some cases
even with the 0.02 % variant.

Keywords: meadow sward, titanium, yield, macroelements

Recently more and more attention has been paid to ensure the proper fertilization to
the plants, which cover their requirements for the fundamental components like:
nitrogen, phosphorus and potassium as well as suitable amounts of microelements.
Although the latter elements are assimilated only in small amounts they are required for
the proper proceeding of many biochemical and physiological processes in plants.
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Poland, phone: +48 12 662 43 61, fax: +48 12 633 62 45, email: rrradkow@cyf-kr.edu.pl
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Titanium is one of the very important microelements which positively affects the
biochemical processes proceeding in plants leading to the speeding and enhancement of
the plant yielding [1-3]. Titanium fertilization stimulates the activity of many enzymes,
eg: catalase, peroxidase, lipooxigenase or nitrate reductase. Moreover, it influences the
speeding of metabolic processes, promotes pollination, fertilization as well as setting of
fruits and seeds. Titanium affects the increase of chlorophyll concentration in leaves,
promotes their growth and development. Titanium not only accelerates the plant growth
and development but also decreases plant sensitivity to the unfavourable environmental
conditions, increases resistance to fungal and bacterial diseases. Fertilization with
titanium positively affects the assimilation of other components from the soil and other
fertilizers [4]. The investigations on the effect of titanium on the increase of plant yield
have been conducted mainly on the vegetables and agricultural plants and the results of
these experiments confirm the positive effect of this fertilization. On the other hand,
there is a little number of scientific papers concerning the effect of titanium fertilization
on the meadow flora yielding. Majority of the foliar microelement fertilizers contain the
minimal titanium concentrations.

Thus the aim of three-year field experiment was an estimation of the effect of Tytanit
foliar fertilization on the dry matter yield and the content of macroelements in the
meadow sward.

Materials and methods

The field experiment was conducted in the years 20062008 in the private farm in
Solca, in the Pilica administrative district. It was established by means of random block
sampling with four replications on the brown, acidic soil (pHgcp = 5.2) of a V quality
class. The soil contained medium level of assimilable potassium, manganese and zinc
and was poor in assimilable phosphorus and copper.

During the vegetation period (April-September) the average rainfall amounted to
338.1; 375.4 and 320.3 mm, respectively in the year 2006, 2007 and 2008, whereas
average air temperatures reached the values of 15.2; 14.3 and 14.9 °C, respectively.

The experiment included four objects: the control (without using the preparation) and
three variants sprayed with Tytanit in three different concentrations: 0.02, 0.04 and
0.08 %. The preparation was used once for each regrowth. The first spraying was
applied at the beginning of the spring vegetation, the next one after the harvesting at the
stage of initial sward regrowth but not later than 3 weeks before the next mowing.
During the research the fundamental mineral fertilization was also applied which
comprised: 80 kg N - ha ! for the first regrowth, 60 kg N - ha™! for the second and third
regrowths in the form of ammonium saltpetre. The phosphorus was utilized once in the
spring, in the amount of 120 kg P,Os - ha ! as a triple superphosphate and potassium for
the first and third regrowths in a dose of 60 kg K,O - ha ! for each regrowth as a 57 %
potassium salt. The area of each field amounted to 10 m?.

The collected plant material was subjected to the analysis of the forage chemical
composition, the dry matter content by drying at 105 °C, phosphorus and magnesium
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content by the colorimetric vanadium-molybdenic method, potassium, sodium and
calcium by the flame photometric method [5].

The results were subjected to the analysis of variance and verified using Tukey test at
the significance level of a = 0.05.

Results and discussion

The conducted study revealed that foliar application of Tytanit preparation in
different concentrations (0.02 %, 0.04 % and 0.08 %) significantly affected the dry
matter yield of the meadow sward. In all examined fertilization variants these treatment
had a positive yielding effect. The plants treated with foliar fertilizer provided greater
dry matter yield than the plants from the control object. The lowest average yields of
dry matter for three years were collected with the sward of the control object (Table 1).
The sward fertilized with Tytanit in a concentration of 0.02 % increased the yield by
2.47 Mg - ha™'. The following values of the yield were observed for the sward fertilized
with Tytanit in a concentration of 0.08 and 0.04 %. The latter treatment resulted in the
average 14.42 Mg - ha! dry matter yield which was higher from the respective value
noticed for the control object by 52 %. The sward of the examined objects gave the
highest yield in the year 2007 and the lowest level was found in 2008. The difference
between the results of dry matter yield observed for these years amounted to 15.5 % for
the fertilized objects and 11.1 % for the control and was statistically significant. The
positive effect of foliar application of the selected fertilizers on the plant yielding was
reported by Faber et al [6], Czuba et al [7], Szewczuk [8], Kocon and Grenda [3] and
others. According to Faber et al [6] the beneficial effect of foliar fertilization on the
plant condition results from the activation of its metabolism what leads to the higher
assimilation of the nutrients by the root systems. Moreover, these results are consistent
with the findings of many authors [3, 4, 6, 9-11], who proved that foliar fertilization of
wheat, rape and other plants positively affected photosynthesis and efficiency of the
nitrogen utilization and in a consequence influenced higher yield of the plants.

Table 1

The dry matter yields of the meadow sward

) Years Means for the years
concenration | 2009 2007 2008 (2006 2009

[Mg-ha'] (%]
Control 9.74 9.81 8.83 9.46 100
0.02 % 12.02 12.24 11.54 11.93 126
0.04 % 13.98 15.82 13.45 14.42 152
0.08 % 13.43 14.52 11.84 13.26 140
LSDy.05 1.38 2.23 1.67 — —

Applied foliar fertilization with Tytanit the highest impact had on a calcium content
in the meadow flora (Table 2). The highest level of this element was determined for the
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plants from the object sprayed with the Tytanit preparation in a concentration of 0.04 %.
The plants collected from this object contained 92 % higher sodium concentration than
plants from the control object (mean contents for three years). As a result of foliar
treatment with 0.02 and 0.08 % Tytanit preparation a significant growth of mean
calcium content when compared with the control object was also found — the
difference reached the level of 48 and 63 %, respectively. High diversity as affected by
the foliar application of titanium was found for magnesium content. The most
significant increase of this component was observed after the application of 0.04 and
0.08 % concentration. The difference in relation to the control object was equal to 84
and 52 %, respectively.

Our investigations revealed also that foliar application of titanium also affected
potassium and sodium contents. As an effect 66 % and 46 % higher mean levels of
respectively potassium and sodium were noticed as a result of titanium utilization.
Tytanit applied in a concentration of 0.04 % increased potassium and sodium contents,
whereas higher dose (0.08 %) slightly decreased the level of these elements. The least
diversified were results obtained for the phosphorus content — 17 % in relation to the
control object. The highest values were noticed after the treatment with Tytanit in
a concentration of 0.04 % and the lowest (without the control object taking into
consideration) for the object sprayed with 0.08 % concentration. Marcinek and Hetman
[12] also reported the increment of macroelements’ content in plants as a result of
Tytanit fertilization.

The obtained positive effect on yielding as well as higher concentration of the
examined macroelements under the treatment with titanium indicates that the foliar
fertilization of the meadow sward with this component is recommended even if the
cultivation conditions suggest that availability of the nutrients is good.

Conclusions

1. The utilization of Tytanit fertilizer in three different concentrations significantly
affected dry matter yield of the meadow sward. Tytanit applied in a concentration of
0.04 % increased the dry matter yield by 52 % in relation to the control object.

2. Tytanit application significantly influenced the calcium content in the meadow
flora. Foliar treatment with titanium in a concentration of 0.04 % and 0.08 % resulted in
significantly increased mean content of this element in comparison with the non-
-fertilized object. The difference reached the value of 92 and 63 %, respectively.

3. The fertilization with titanium lead to 66, 61 and 46 % higher mean content of
potassium, magnesium and sodium, respectively.

4. The highest growth of the content of examined macroelements was found in the
object fertilized with Tytanit in a concentration of 0.04 %. This variant resulted in 70 %
(on average) higher content of all macroelements in relation to the control object.

5. Higher concentration of the preparation (0.08 %) decreased the content of
examined macroelements in comparison with the 0.04 % concentration, and in some
cases also in relation to the concentration of 0.02 %.
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WPLYW NAWOZENIA DOLISTNEGO TYTANITU NA PLON SUCHEJ MASY
I ZAWARTOSC MAKROELEMENTOW RUNI LAKOWEJ

! Katedra Eakarstwa
Uniwersytet Rolniczy im. Hugona Kotfataja w Krakowie
* Instytut Zootechniki — Panstwowy Instytut Badawczy w Balicach

Abstrakt: Jednoczynnikowe doswiadczenie polowe zatozono metoda losowanych blokéow, w czterech
powtorzeniach (poletka o wymiarach 2,0 x 5,0 m). Na polu doswiadczalnym wystgpowata gleba brunatna
kwasna, zaliczana pod wzgledem bonitacyjnym do klasy V. Do$wiadczenie prowadzono w latach 2006-2008,
w indywidualnym gospodarstwie rolnym potozonym w gminie Pilica, powiat zawiercianski na Jurze
Krakowsko-Czgstochowskiej, na wysokosci powyzej 320 m n.p.m.

Czynnikiem doswiadczenia byt oprysk nawozem Tytanit w trzech stezeniach: 0,02, 0,04 i 0,08 %. Tytanit
stosowany w stezeniu 0,04 % zwigkszyt plon suchej masy w stosunku do obiektu kontrolnego srednio o 52 %.

Ponadto stwierdzono, iz dolistne zastosowanie Tytanitu w st¢zeniu 0,04 % spowodowalo najwigkszy
wzrost zawartosci wszystkich badanych makroelementéw. Rdéznica ta w pordwnaniu z obiektem kontrolnym
wynosifa dla fosforu 28 %, dla potasu 78 %, dla wapnia 80 %, dla magnezu 81 % i dla sodu 60 %. Wigksze
stezenie preparatu (0,08 %) zmniejszyto zawartos¢ badanych makroelementéw w poréwnaniu do preparatu
o stezeniu 0,04, a w niektorych przypadkach nawet do oprysku o stezeniu 0,02 %.

Stowa Kkluczowe: run takowa, tytan, plon, makroelementy
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QUALITY OF THE GRASS-LEGUME SWARD
AS AFFECTED BY THE PHOSPHORUS-POTASSIUM
FOLIAR FERTILIZATION

JAKOSC RUNI TRAWIASTO-MOTYLKOWATEJ
NA TLE DOLISTNEGO NAWOZENIA FOSFOROWO-POTASOWEGO

Abstract: The investigations were conducted in the years 20062008 on the grass-legume sward, on the
brown acidic soil classified to the V quality class. The aim of the experiment was to evaluate the influence of
the foliar fertilization with Alkalin PK 10:20 (phosphorus and potassium fertilizer) on the yielding and the
quality of the meadow sward.

Foliar application of the Alkalin increased the dry matter yield by the 11 % (on average) in relation to the
control object. Moreover, it was found that foliar utilization of Alkalin resulted in the increased organic
components’ content (total protein, raw fat) and the concentration of mineral components (raw ash,
phosphorus, potassium, calcium and sodium). The application of this preparation in a dose of 3.0 dm® - ha™'
caused the average growth of the above-mentioned components by 14, 33, 32, 38, 44, 58 and 42 %,
respectively, when compared with the control object. On the other hand, decreased contents of the crude fiber
as well as its ADL and NDF fraction were observed.

Keywords: meadow sward, foliar fertilization, yield, quality

Many investigations proved that plants assimilate nutrients not only through the root
system, but also by the aboveground parts. The plants can even 80—10-time more
efficiently assimilate components by the leaf surface than by the roots. Foliar
fertilization has many advantages, first of all gives the possibility of fast and effective
supplementation of the deficiency of nutrients directly to the leaves, regardless of the
water availability in the soil as well as root system functioning [1, 2]. Therefore, the
foliar fertilization is especially important when the root system is not fully developed as
well as during dry periods [3].

! Department of Grassland, Agricultural University of Krakow, al. A. Mickiewicza 21, 31-120 Krakow,
Poland, phone: +48 12 662 43 61, fax: +48 12 633 62 45, email: rrradkow@cyf-kr.edu.pl

2 National Research Institute of Animal Production Balice, ul. Krakowska 1, 32-083 Balice, Poland,
phone: +48 666 08 11 49, email: iradkowska@izoo.krakow.pl
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The response of plants on the applied foliar fertilization depends first of all on the
plant species, the form of fertilizer, concentration and frequency of its application as
well as at which stage of plant growth it is utilized. This fertilization is beneficial not
only for the yielding but also for the plant resistance to diseases, pests and droughts [4].

Moreover, because of the lower concentration of the active substance foliar
fertilization constitutes lower environmental load in comparison with the soil fertilizers.
The investigations revealed that during the first year after the application only
approximately 10-12 % of phosphorus is utilized, the remaining amount is accumulated
in the soil or washed out [5].

Because of the plant high susceptibility to the leaf damage the foliar fertilization
requires precise control of the amount of dosage and the term of its application.

Despite many conducted examinations there is no unequivocal estimation of the
effect of the foliar fertilization with macroelements on the level and quality of the yield,
therefore the aim of the three-year field study was to evaluate the influence of the foliar
fertilization with phosphorus and potassium on the quality of the grass-legume sward.

Materials and methods

The field experiment was conducted in the years 2006-2008 in the individual farms
located in the administrative district of Gmina Pilica. The investigation was established
by the method of random block sampling, in four replications, on the brown, acidic soil
(pHkc) = 5.2), of the V quality class. The soil contained medium level of assimilable
potassium, manganese and zinc and was poor in assimilable phosphorus and copper.

During the vegetation period (April-September) the average rainfall amounted to
338.1; 375.4 and 320.3 mm, respectively in the year 2006, 2007 and 2008, whereas
average air temperatures reached the values of 15.2; 14.3 and 14.9 °C, respectively.

The experiment included four objects: the control (without using the preparation) and
three variants sprayed with Alkalin PK 10:20 (150 g P,0s, 300 g K,O in 1 dm?® of
fertilizer). The preparation was used once for each regrowth in three different doses: 1.5
dm® - ha™', 2.0 dm® - ha' and 3.0 dm’® - ha™'. The first spraying was applied at the
beginning of the spring vegetation, the next one after the harvesting at the stage of
initial sward regrowth but not later than 3 weeks before the next mowing. During the
research the fundamental mineral fertilization was also applied which comprised: 80 kg
N - ha! for the first regrowth, 60 kg N - ha™! for the second and third regrowths in the
form of ammonium saltpetre. The phosphorus was utilized once in the spring, in the
amount of 120 kg P,Os - ha™' as a triple superphosphate and potassium for the first and
third regrowths in a dose of 60 kg K,O - ha™' for each regrowth as a 57 % potassium
salt. The area of each field amounted to 10 m?.

The collected plant material was subjected to the analysis of the fundamental organic
components’ content by the Weenden’s method, phosphorus and magnesium content by
the colorimetric vanadium-molybdenic method, potassium, sodium and calcium by the
flame photometric method [6, 7].

The results were subjected to the analysis of variance and verified using Tukey test at
the significance level of o = 0.05.
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Results and discussion

Our investigations revealed that foliar application of Alkalin PK in different doses
(concentrations of 1.5 dm® - ha', 2.0 dm® - ha! and 3.0 dm® - ha!) significantly
affected the dry matter yield of the meadow flora. In all fertilization variants it had
a positive yielding effect. Plants supplemented with the foliar preparation yielded higher
amounts of dry matter when compared with the control object. The mean yield for three
years of the investigations was the lowest in the case of the control sward (Table 1). The
yield determined for the sward fertilized with Alkalin in a dose of 1.5 dm® - ha ' was
higher by 0.52 Mg - ha™' followed by the variants fertilized with the concentration of
2.0 dm® - ha ! and 3.0 dm® - ha! of this fertilizer. The latter resulted in 10.87 Mg - ha™
average dry matter yield and it was higher in relation to the control variant by 15 %.
The highest dry matter yield was observed for the examined swards in the year 2007,
the lowest in 2008. The mean difference amounted to 8 % — for the fertilized objects
and 8.7 % — for the control object and was statistically significant. The foliar
fertilization is one of the factor of the modern production technology affecting the yield
level and its quality. Conventional soil fertilization not always ensures the availability
of the components required for the achievement of the high level and high quality yield
[2, 8-9].

Table 1
The dry matter yields of the meadow sward
Years
Dose Mean for the years (2006-2008)
o 2006 2007 2008
of fertilizer
[Mg - ha'] [%]
Control 9.74 9.81 8.83 9.46 100
Alkalin 1 9.98 10.43 9.54 9.98 106
Alkalin 2 10.54 10.73 10.12 10.46 111
Alkalin 3 10.87 11.32 10.42 10.87 115
LSDy 5 0.44 0.56 0.52 0.51 —

Alkalin 1 — dose of 1.0 dm® - ha™'; Alkalin 2 — dose of 2.0 dm® - ha™'; Alkalin 3 — dose of 3.0 dm® - ha™".

Under the foliar fertilization the assimilation of the nutrients is much faster than the
assimilation by the root system [5]. Already during the 4-5 hours after the treatment
80 % of the fertilizer is assimilated by the plant. It is assumed that utilization of the
mineral components from the foliar fertilizer reaches 90 %. Foliar fertilizers are
characterized with the complete solubility in water and do not penetrate into the
underground water. Foliar fertilization can also contribute to the increase of the yield
even by the several dozen percent [5, 9-12].

Utilized foliar fertilization with Alkalin had the greatest influence, among all organic
components, on the content of ADL fraction (17.38 %), total protein (14.76 %) and raw
fat (12.20 %) of the meadow flora (Table 2). The highest diversifications in the content
of selected mineral components was found in the concentrations of calcium (23.35 %),
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phosphorus (16.42 %), potassium (16.24 %). The highest levels of these elements
were determined for the object where Alkalin in a dose of 3.0 dm’® - ha ' was applied.

Table 2
The content of nutrients in the meadow sward
Content Object LSDys
[g-kg” dm] Control Alkalin 1 Alkalin 2 Alkalin 3

Raw ash 68.1 68.9 71.2 77.3 3.24
Total protein 80.6 81.5 82.3 107.4 7.27
Crude fiber 283.5 279.0 281.0 281.2 2.15
Raw fat 23.5 29.9 30.3 31.1 5.15
Non-nitrogen extract 544.3 540.7 535.2 503.0 27.51
ADF 323.1 326.8 329.1 329.4 3.96
ADL 37.6 27.1 27.3 27.3 2.70
NDF 543.8 531.8 535.6 536.0 4.95
P 2.34 2.38 2.45 3.24 0.26
K 16.31 23.16 23.22 23.53 5.19
Ca 3.51 3.64 3.72 5.53 0.58
Mg 1.03 1.04 1.04 1.06 ns
Na 0.12 0.14 0.15 0.17 0.02

Explanations as in Table 1.

Under the conditions of the high level of phosphorus and potassium deficiency foliar
interventional fertilization with these elements is highly recommended. Phosphorus is
the most easily assimilated in the form of phosphoric acid (H;PO,). It is transported
slowly through the plant but faster than in the case it is assimilated through the root
system. Foliar supplementation with phosphorus accelerates the plant growing, increas-
es yielding and affects decreased level of mechanical breakages [2]. Application of
potassium increases the efficiency of photosynthesis and respiration as well as decreases
the losses caused by diseases [12].

Diversified phosphorus and potassium fertilization caused significant increment of
the dry matter yield and the content of the examined components. The best results were
achieved under the high level of fertilization (3.0 dm’® - ha™"), which were significantly
higher than the values observed for the lowest (1.5 dm’ - ha‘l), and also medium
(2.0 dm® - ha™') level of fertilization.

Conclusions
1. The utilization of Alkalin fertilizer in three different doses positively affected the

dry matter yield of the meadow sward. Alkalin applied in a dose of 3.0 dm® - ha'
increased the dry matter yield by 15 % when compared to the control object.
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2. Application of Alkalin had a significant influence on the total protein and raw fat
content in the meadow flora. Foliar treatment with this preparation in a dose of
3.0 dm® - ha™' caused the significant growth of the concentration of these components,
which were respectively 33 and 32 % higher than the value found for the non-fertilized
object.

3. The phosphorus-potassium fertilization in the amount of 3.0 dm® - ha ' resulted in
the increased phosphorus, potassium, calcium and sodium content, by respectively 38,
44, 58 and 42 % when compared with the control object.
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JAKOSC RUNI TRAWIASTO-MOTYLKOWATEJ
NA TLE DOLISTNEGO NAWOZENIA FOSFOROWO-POTASOWEGO

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

Abstrakt: Badania przeprowadzono w latach 2006-2008 na runi trawiasto-motylkowatej, na glebie brunatne;j
kwasnej, zaliczanej pod wzglgdem bonitacyjnym do klasy V. Celem eksperymentu bylo okreslenie wptywu
nawozenia dolistnego Alkalinu PK 10:20 (naw6z fosforowo-potasowy) na plonowanie oraz jakos$¢ runi
takowe;j.
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Dolistna aplikacja Alkalinu zwigkszyta plon suchej masy w stosunku do obiektu kontrolnego srednio
o 11 %. Ponadto stwierdzono, iz dolistne zastosowanie Alkalinu spowodowato wzrost zawartosci sktadnikow
organicznych: biatko ogélne, thuszcz surowy oraz sktadniki mineralne: popiét surowy, fosfor, potas, wapn
i s6d. Zastosowanie tego nawozu w dawce 3,0 dm’ - ha”' powodowato wzrost zawartosci wymienionych
sktadnikow odpowiednio o 14, 33, 32, 38, 44, 58 i 42 % w poréwnaniu z obiektem kontrolnym.

Natomiast odnotowano zmniejszenie zawartosci dla wiokna surowego oraz frakcji ADL i NDF.

Stowa kluczowe: run fakowa, nawozenie dolistne, plon, jakos$¢



ECOLOGICAL CHEMISTRY AND ENGINEERING A

Vol. 17, No. 12 2010

Piotr SIWEK', Renata WOJCIECHOWSKA?, Andrzej KALISZ',
Andrzej LIBIK' and Izabela GRYZA'

EFFECT OF SHADING WITH VARIOUS COLOURED FILMS
ON THE YIELD AND QUALITY OF CELERY
AND BUTTERHEAD LETTUCE

WPLYW CIENIOWANIA FOLIA O ROZNYM ZABARWIENIU
NA PLON I JAKOSC SELEROW NACIOWYCH
ORAZ SALATY MASLOWEJ

Abstract: In 2005-2007 at the University of Agriculture in Krakow field experiments with shading with
polyethylene films were carried out on medium-early celery ‘Tango’ cultivar and butterhead lettuce
‘Melodion’ cultivar.

Shadings with transparent, white and black films made from original and recycled materials were fixed on
low tunnel structures on 7 days before harvesting lettuce (from 23.05.2005. and 23.05.2006, respectively) and
on 10-12 days before harvesting celery (from 29.06.2005, 1.07.2006 and 25.06.2007, respectively). The best
clongation growth of celery was shown under white film which also slightly increased the yield of celery
stalks. In relation to yielding of celery in 2005 best effect was obtained under white film, in the next year
under transparent and white film and in the last year of the experiment the yield was even in all objects with
small advantage under white film. Shading lettuce with transparent film for 7 days before harvest increased
the yield and soluble sugars content in plants. With the decrease of PAR permeability through films dry
matter, soluble sugars and ascorbic acid content decreased in celery and lettuce. No differences were shown in
the growth, quality and yield of celery and lettuce grown under films made from original and recycled
materials.

Keywords: butterhead lettuce, celery, shading, polyethylene films, yield, quality

The use of shadings in vegetable production is connected with limitation of light that
reaches plants. Films and non-wovens in various colours or double layers of these
materials used as covers in low tunnels structures decrease permeability for PAR
(Photosynthetically Active Radiation) by 10-70 %. Different radiation and thermal
conditions under tested tunnels in sweet pepper cultivation resulted in growth decrease

! Department of Vegetable Crops, University of Agriculture in Krakow, al. 29 Listopada 54, 31-425
Krakow, Poland, phone: +48 12 662 5217, email: psiwek@ogr.ar.krakow.pl

% Department of Plant Physiology, University of Agriculture in Krakow, al. 29 Listopada 54, 31-425
Krakéw, Poland.
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and differences in plant foliage [1]. Light access can be also limited by using additional
layers of chalk and milk solutions on the tunnels’ surface. Covering tunnels with extra
layer of ethylene vinyl acetate film (EVA) decreased PAR transmission by 5 % and
with polypropylene textile (PP) by 8 % [2]. Losses of light reaching 60 % were shown
when cover made from polyester was stretched over plants [3]. In vegetable production
deficit of light usually leads to yield decrease [2, 4, 5]. Initial experiments conducted in
2004 with shading celery shown that light limitation caused by black film clearly
decrease dry matter and assimilation dyes content in plants [5].

The main objective of the study was to determine the effect of shading celery and
butterhead lettuce with different solar permeability films on vegetative growth,
marketable yield and some factors of yield quality.

Material and methods

All polyethylene films of original and recycled materials were manufactured by
‘Jagapol” Film Manufacturing Facility in Krakow with the use of blow molding
technology. Original films were made of Basell Orlen Polyolefins material and recycled
films of high quality material originating from waste products supplied by Gumiplast
company. As colouring agents white (Schulman 8160) and black (Polibatch black 1850)
dyes were used.

Field experiments were conducted at Experimental Station of University of Agri-
culture in Krakow (Mydlniki) in 2005-2007. Trials were carried out on brown soil.
After harvesting barley, field was first fertilized with phosphorus and potassium
according to soil analyses and then ploughed. In the autumn of each year (2004, 2005
and 2006), the field was fertilized with 35 Mg - ha™' manure, 100 kg P,Os - ha™' (triple
superphosphate) and 200 kg K,0O - ha™' (potassium chloride). In the spring, prior to
planting, the field was fertilized with nitrogen, in doses of 50, 75 and 50 kg N - ha™'
(nitro-chalk). After the planting, only celeries were subjected to fertilization with
ammonium nitrate in the dose 20 kg N - m, following that 0.1 % lime saltpetre
(2 dm® - m™?) were used.

The work concerned a very early ‘Melodion’ cv. butterhead lettuce and medium-
-early celery ‘Tango’ cv. of intensively green leaves. Experiments with lettuce were
carried in 2005 and 2006, with celery additionally in 2007 (due to difficulties with the
interpretation of two-year results).

Lettuce seeds were sown into greenhouse on 2 March both years of the experiment.
Transplants were planted on 7 April 2005 and 11 April 2006, respectively. Lettuce was
harvested each year on 30 May. Celery seeds were sown on 4 February 2005,
5 February 2006 and 6 February 2007. Transplants with 4 leaves were planted on 17, 19
and 20 April and the harvest was carried out on 5, 11 and 13 July, respectively.
Transplants of both species were planted into the field in 30 X 25 cm distance.
Experimental plots, each of 3 m? (40 plants) were established in randomized blocks
with four replications.

Shadings (0.1 mm thick and 2.4 m width) were fixed on the tunnel structure of 1.5
(width) x 1 m (height) x 10 m (length) and to assure air circulation in tunnels film
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reached only to 30 cm above soil surface. Lettuce was shading a week before harvest
(23 May 2005 and 25 May 2006, respectively) and celery 10-12 days before harvest
(29 June 2005, 1 July 2006 and 25 June 2007, respectively).

Treatments were made by various kinds of films used in shading:
control (without film),
transparent film from original material,
transparent film from recycled material,
white film from original material,
white film from recycled material,
black film from original material,

. black film from recycled material.

Yield was determined in the area of 1 m” based on four replications including
standards for celery: PN-R-75512 and butter lettuce PN-R-7522.

In order to determine dry matter content, samples of plant material were dried at
92-95 °C, total sugars were determined using antrone reagent method and L-ascorbic
acid with Tillman’s method. Results were processed statistically with Newmann-Keuls
test, using STATISTICA program at a significance level of p = 0.05.

R

Results and discussion

As shown earlier [5], the transmittance of radiation through PE film differed
considerably. The laboratory measurements indicated that the transmittance of radiation
within the ranges of A = 400—700 nm and ¢ = 700-1100 nm differed depending on the
tested cover. The highest transmittance was through transparent film: 87.1 % and
86.2 % in the above ranges, respectively. White film had very low transmission within
these ranges (21.2 % and 33.6 %, respectively) and black film did not let the radiation at
all [5].

The measurements of morphological parameters of plants showed a significant effect
of shadings on the vegetative growth of celery. Shading in final cultivation stage caused
that celery grown under white film, in all three years of the experiment, were higher
than other ones (Table 1). Plants grown under black film — where access of light was
very low — were not much higher than control plants. Similar dependence was
demonstrated with the length of the stalks. No differences in number of leaves were
observed. No statistically important differences were shown in the growth of celery
cultivated under films made from recycled and original materials.

In relation to yielding in 2005 best effect was obtained under white film, in the next
year under transparent and white film and in the last year of the experiment the yield
was even in all objects with small advantage under white film (Table 2). Mean values
indicated that increase of marketable yield was obtained when shading with white and
transparent films were used. It was shown that black film decreased growth and yield,
which was smaller than the yield obtained from the control. No differences were shown
in the yield of celery cultivated under films made from recycled and original materials.

In sweet pepper production coloured non-woven limited solar radiation considerably
and reduced soil temperature which resulted in differences in vegetative growth, poorer
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foliage and losses flower and fruit sets. The microclimate conditions under tested covers
affected the yield significantly. The early yield under tunnels covered with PE films was
considerably higher than under non-woven tunnels. When air temperature was high
plants grown under non-woven covers had better growing and yielding conditions. Here
the radiation and thermal conditions were much better which resulted in better and
higher yield [1]. Lower yield, delay in growth and development as a result of shading
were obtained in cucumber [2], pepper [3] and tomato [4]. In presented experiment
deficit of light under black film resulted in smaller plants and shorter stalks of celery
than these obtained from transparent and white film (Table 2). The single plant weight
decreased simultaneously with the decrease of PAR permeability through films. Plant
weight and length of stalks were significantly higher under transparent and white film in
comparison with control.

Preharvest plant shading significantly modified some factors of biological value in
stalks (Table 3). In the first two years of the experiment the highest content of ascorbic
acid and dry matter was found in control plants, and in the last year of the experiment in
the stalks grown under transparent film. Celery cultivated under transparent film had the
highest content of soluble sugars in 2007 and in the year before. Shading with black
film regardless of the material the film was made from, caused a significant decrease of
ascorbic acid, dry matter and soluble sugars content.

Shading lettuce during 7 days before harvest with different coloured films demonstrat-
ed that yield depended on light permeability through shadings (Table 4). In 2005 great
difference between yield obtained from control and from shading plants was observed.
Because of the cool spring that year all shadings increased mast of plants. The highest
marketable yield was obtained from stands shading with white and transparent film.
Significantly higher was also yield from black film in comparison with the control. In
the following year, similar tendencies were observed particularly in the case of
transparent film. Significantly lower yield was obtained from lettuce grown under black
film. Mean values from two years of the experiment show that the main cause for the
obtained dependences is the inducting effect of light on lettuce’s mass. Bad light
conditions even for a short period of time can significantly decrease yield. The type of
material the film was made from had no effect on yielding. Similar dependences were
observed as far as the content of soluble sugars in butterhead lettuce is concerned. The
highest content of soluble sugars was found in control and in plants grown under
transparent film, the lowest in plants from black film. The content of ascorbic acid was
changeable in each object only in 2005 small differences have been shown in plants
grown under black and white films in relation to other treatments. This fact might have
been connected with plants’ reaction to light stress. The highest content of dry matter in
2005 was demonstrated in plants grown under transparent film and in the following year
under white film and in non-covered plants. The kind of material shading films were
made from had no significant effect on ascorbic acid and dry matter content in lettuce
leaves. It was demonstrated that in the second year of the experiment the content
of soluble sugars was slightly modified by the kind of materials from which films
were made.
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Conclusions

1. The best elongation growth of celery was shown under white film which also
slightly increased the yield of celery stalks.

2. Shading lettuce with transparent film for 7 days before harvest increased the yield
and soluble sugars content in plants.

3. In celery and in butterhead lettuce with the decrease of PAR permeability through
films content of dry matter, soluble sugars and ascorbic acid in general also decreased.

4. No differences were shown in the growth, quality and yield of celery and lettuce
grown under films made from original and recycled materials.
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WPLYW CIENIOWANIA FOLIA O ROZNYM ZABARWIENIU
NA PLON I JAKOSC SELEROW NACIOWYCH ORAZ SALATY MASLOWEJ

! Katedra Warzywnictwa z Ekonomika Ogrodnictwa,
? Katedra Fizjologii Roslin
Uniwersytet Rolniczy im. Hugona Koltataja w Krakowie

Abstrakt: W latach 2005-2007 wykonano w Uniwersytecie Rolniczym w Krakowie doswiadczenia polowe
z cieniowaniem folig polietylenowa roslin selerow naciowych odm. ‘Tango’ i sataty mastowej odm. ‘Melodion’.
Cieniowanie folia bezbarwna, biafa i czarna, wyprodukowana z surowcow oryginalnych i recyklingowych
w przypadku sataty wykonywano na tydzien przed zbiorem (odpowiednio od 23.05.2005 r. i 23.05.2006 r.),
a w przypadku seleréw 10-12 dni przed zbiorem (odpowiednio od 29.06.2005 r., 1.07.2006 r. 1 25.06.2007 r.).
Wzrost elongacyjny selera naciowego byl najsilniejszy pod folig biata, ktora powodowata takze nie-
znaczne zwigkszenie plonu ogonkow lisciowych. Pod wzglgdem plonowania w 2005 r. najlepszy wynik uzys-
kano pod folig biata, w kolejnym pod bezbarwna i biata, a w ostatnim plon byl wyréwnany we wszystkich
obiektach, z niewielka przewaga obiektow, w ktorych stosowano foli¢ biata. Cieniowanie roslin sataty
bezbarwng folia na tydzien przed zbiorem spowodowalo wzrost plonu oraz zawartosci cukréw rozpusz-
czalnych. Wraz ze zmniejszaniem przepuszczalnosci folii dla promieniowania fotosyntetycznie czynnego,
zawartos¢ suchej masy, cukrow i kwasu askorbinowego w selerach i salacie zmniejszala si¢. Rodzaj surowca
stosowanego do produkcji folii nie mial wptywu na wzrost, plonowanie i jakos$¢ seleréw i sataty.

Stowa kluczowe: satata mastowa, seler naciowy, cieniowanie, folia polietylenowa, plon, jakos¢
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EFFECT OF THE PESTICIDE KARATE 025EC
ON THE ANTIOXIDANT PROPERTIES OF RADISH
(Raphanus sativus L.) SEEDLING EXTRACT

WPLYW PREPARATU KARATE
NA WYBRANE PARAMETRY STRESU OKSYDACYJNEGO
W SIEWKACH RZODKIEWKI Raphanus sativus L.

Abstract: Radish (Raphanus sativus L.) seedlings are a recognized model organism used in short-term
ecotoxicological tests, particularly in research on the toxicity of heavy metals, pesticides and xenobiotics.
Radish seedlings were used to determine the toxicity of the pyrethroid Karate 025EC. In this study seeds of
the Rowa variety of radish (Raphanus sativus L.) were germinated in Petri dishes lined with filter paper. The
radish seedlings were grown under natural light conditions at a temperature of 22 °C, with no added nutrients.
Samples for analysis were collected 2, 4, and 6 days after plating. Control samples were grown in the presence
of water, while in the samples with Karate the pesticide solutions contained 0.005 % to 0.1 % of the active
substance. The radish seedlings were shown to be sensitive to lambda-cyhalothrin, the active ingredient in
Karate 025EC. The compound inhibited germination of the radish seeds, affected the morphology of the
seedlings, and decreased germination energy and rate. The effect depended on the growth time and the
concentration of the active substance. Water extracts were prepared from the seedlings that had been subjected
to the activity of lambda-cyhalothrin and their antioxidant activity was determined by a modification of the
method of Brand-Williams et al, using the synthetic radical DPPH (1,1-diphenyl-2-picrylhydrazyl). Total
antioxidant activity based on reduction of the ABTS"" cation radical was also determined, using the method of
Re et al as modified by Bartosz. In the control, the total antioxidant activity of the extracts, determined both
by the DPPH method and the ABTS method, decreased with growth time, possibly due to the seedlings rapid
growth and utilization of reserve substances for the needs of the developing plant. In the samples grown in the
presence of Karate 025EC the antioxidant content in the extract decreased more slowly, and inhibition of
seedling growth was observed as well. A description of this phenomenon may be helpful in research on the
toxicity of pyrethroids in radish seedlings used as a model organism.

Keywords: pyrethroid, Raphanus sp., total antioxidant capacity, ABTS, DPPH

Pyrethroids are crop protection chemicals with insecticidal properties. They block
nicotinic acetylocholine receptors and gamma-aminobutyric acid receptors in the nerve
cells of insects [1], causing hyperexcitation of the nervous system, irritation of

! Faculty of Agricultural Sciences in Zamosc, University of Life Sciences in Lublin, ul. Szczebrzeska 102,
22-400 Zamos$¢, Poland, phone: +48 84 677 27 24, email: anna.krzepilko@up.lublin.pl
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respiratory muscles, and inhibition of the functions of the central respiratory centre,
leading to the death of the insect [2]. These neurotoxins are characterized by strong
insecticidal activity and relatively low toxicity for mammals; they show no tendency to
accumulate in living organisms and are quickly metabolized and excreted. Nevertheless,
the authors of many studies have emphasized that the mechanism of action of
pyrethroids also involves the generation of free radicals, leading to non-specific effects
on the cells of various organisms. Pyrethroids are esters of primary or secondary
alcohols (containing at least one double bond) and chrysanthemic acid [2,2-dimethyl-3-
-(2-methylpropenyl)-cyclopropanecarboxylic acid], or halogen analogues of this acid
[3]. For this study on the non-specific effects of pyrethroids, the commercial pesticide
Karate 025EC, containing lambda-cyhalothrin, was selected. Various model organisms
are used in ecotoxicological tests — microorganisms, nematodes, insects, fish, aquatic
invertebrates, and various plant species. The model organism used in this study was
radish (Raphanus sativus L.) seedlings, which are used in short-term ecotoxicological
tests. Studies on the allelopathy mechanism [4] and changes in magnetic field intensity
[5] as well as on the toxicity of heavy metals and pesticides [6, 7] have confirmed the
usefulness of radish seedlings as a model organism. As germination is a vulnerable
moment in plant development, seedlings are much more sensitive to environmental
factors than fully developed adult plants.

Materials and methods

The commercial pyrethroid Karate 025 EC, containing lambda-cyhalothrin, was used
for the experiments. Water solutions of the pesticide were prepared with 0.005, 0.01,
0.05, and 0.1 % lambda-cyhalothrin content. Seeds of the Rowa variety of radish
(Raphanus sativus L.) were germinated on Petri dishes lined with filter paper, in natural
light conditions, at a temperature of 22 °C, with no added nutrients [8].

Water extracts from the stems of the radish seedlings were prepared according to the
method described by Zielinski and Kozlowska [9]. Determinations were made of total
antioxidant capacity in the extracts based on reduction of the ABTS*" cation radical
using the method of Re et al as modified by Bartosz [10, 11], and of antioxidant activity
based on properties of DPPH using the method of Brand-Williams et al, with
modifications [12].

Determination of antioxidant activity using the ABTS method is based on the amount
of reduced cation radical ABTS®" produced beforehand in a reaction of ABTS with
potassium persulfate. Identical volumes of the radish extracts were added to an ABTS™"
cation radical solution. When the antioxidants contained in the extract reduce the
ABTS"" cation radical to colourless ABTS, they cause the solution to lose its blue-green
colour, with the decrease in intensity of the colour dependent on the antioxidant content
in the sample [13]. Absorbance of the solution was measured 30 minutes after the
reaction was initiated, at a wavelength of L = 414 nm [11]. Antioxidant activity was
calculated as a percentage of ABTS®" cation radical inhibition using the following
equation:
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% inhibition = 100 (Ag — Aug)/Ag [14]

where: A,,, — mean absorbance of the antioxidant solution being tested;
Ay — absorbance of the radical solution.

The results were expressed as mmol of Trolox per 1 g f.m. of radish hypocotyls.

Using an equation analogous to the one in the method described above, the
antioxidant activity of the extracts was calculated using the synthetic radical DPPH
(1,1-diphenyl-2-picrylhydrazyl). Identical volumes of the radish extracts were added to
an ethanol solution of DPPH. When DPPH reacts with an antioxidant, the stable DPPH
radical takes on electrons from the antioxidant and loses its intense violet colour. The
decrease in absorbance was measured in relation to the control sample (DPPH solution
+ ethanol) 30 minutes after the reaction was initiated at a wavelength of A = 517 nm.
Antioxidant content was expressed as mmol of Trolox per 1 g fm.

All determinations were made in at least three independent replications.

Results and discussion

Karate 025 EC inhibits germination and growth of radish seedlings. This effect
increased with growth time and depended on the concentration of lambda-cyhalothrin.
Because necrotic changes in the radicles were also observed in the plants grown in the
presence of higher pyrethroid concentrations, extracts were made from seedling stems
with cotyledons. On the fourth day of growth the length of the hypocotyls growing in
the presence of the pyrethroid was 16.5, 11.00, 6.70 and 2.20 mm for lambda-
-cyhalothrin concentrations of 0.005 %, 0.01 %, 0.05 %, and 0.1 %, respectively,
compared with the control. The pyrethroid pesticide Cyperkill Super 025EC containing
cypermethrin had a similar effect on radish seedlings, reducing germination energy and
rate [7]. Radish seedlings are often used in ecotoxicological tests because they are
sensitive to various environmental factors. Diamines in concentrations from 0.02 to 0.1 %
have been shown to reduce the number of germinating radish seeds [15]. The pesticide
1,2,3,4,5,6-hexachlorocyclohexane (HCH), a chlorinated hydrocarbon, has been found
to inhibit growth of radish seedlings [16]. A common manifestation of the phytotoxic
effects of various compounds is a decrease in biomass, which was confirmed by
Wieczorek in his study on the effect of anthracene on radish seedlings [17].

Apart from their characteristic insecticidal activity, pyrethroids also generate free
radicals, leading to symptoms typical of oxidative stress. In studies on the non-specific
effects of pyrethroids on various organisms, determinations are often made of such
markers of oxidative stress as antioxidant concentration, activity of catalase, superoxide
dismutase, and glutathione preoxidase, and lipid peroxidation level. Enzymatic and
non-enzymatic cellular protection mechanisms prevent uncontrolled oxidation reactions,
particularly free radical reactions. A number of methods are known for determining
total antioxidant capacity, understood as the capability of the material tested to
counteract a given oxidation reaction. The measurement methods employed in this
study, using ABTS and DPPH, enable determination of the total antioxidant capacity of
radish hypocotyl extracts.
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The methods using the reagents DPPH and ABTS are widely employed for
measuring the antioxidant activity of plant extracts, food products [18] and systemic
fluids [11]. These methods are often used in determining the antioxidant properties of
phenol compounds [19].

When the ABTS method was employed, the total antioxidant capacity of extracts
from the two-day radish hypocotyls in the control sample was found to be characterized
by high content of antioxidant substances and was equivalent to 98.93 mmol of Trolox
(Table 1). In the control samples total antioxidant capacity decreased with the time of
the experiment. In 4-day hypocotyls the content of antioxidant substances decreased to
about 77 %, and in the 6-day seedlings it was 52 % compared with the 2-day control
samples (Table 1). The results obtained when antioxidant properties were measured by
the DPPH method also suggest that antioxidant content in the extract decreases during
seedling development (Table 1). Antioxidant activity in the extracts from the second
day of growth was equivalent to 77.69 mmol of Trolox, while on days 4 and 6 these
values were 47.15 and 30.88 mmol of Trolox, respectively.

Table 1
The effect of Karate 025EC on antioxidant properties of extract of radish
(Raphanus sativus L.) seedlings
Time Lambda-cyhalothrin concentration [%]
[day] 0 0.005 0.01 0.05 0.1
Hypocotyl length of radish seedlings [mm]
16.5 (+ 6.20) 16.5 (+ 4.22) 11.00 (= 5.98) 6.70 (+ 3.83) 2.20 (+2.57)
25.50 (+ 7.86) 18.40 (+ 4.97) 14.40 (£ 6.77) 2.10 (+3.57) 0.2 (£0.42)

Antioxidant properties of the extract measured by the DPP

H method [mmol trolox - g ']

77.69 (£ 9.40)
47.15 (£ 4.31)
30.88 (£ 2.56)

84.98 (£ 5.72)
50.68 (& 2.20)
41.06 (& 4.94)

87.56 (+ 7.20)
54.40 (+3.28)
41.98 (& 7.94)

96.97 (£ 3.92)
64.52 (< 1.96)
50.28 (£ 10.96)

88.45 (& 6.94)
71.78 (+ 2.24)
38.13 ( 6.08)

Antioxidant properties of the extract measured by the ABTS method of Re et al. [mmol trolox - g ']

98.93 (+ 11.45)
75.85 (£ 5.39)
49.45 (£ 5.74)

106.93 (+9.81)
75.69 (£ 4.90)
4.99 (+9.52)

100.95 (+ 10.02)
77.55 (£ 4.33)
64.82 (+ 13.19)

118.02 (£5.31)
85.31 (7.56)
63,76 (+ 17.65)

112.32 (£ 5.98)
101.32 (= 6.52)
52.78 (+ 10.09)

Measured by the DPPH method, the total antioxidant capacity (TAC) of the extract
from the 2-day radish hypocotyls incubated with lambda-cyhalothrin was higher than in
the control samples. The changes in total antioxidant capacity characteristic of the
control were not found in plants germinating in the presence of the pyrethroid. On day
4 TAC was determined to be 152.23 % for the 0.1 % concentration of lambda-
-cyhalothrin, and for concentrations of 0.05, 0.01 and 0.005 %, up to about 136.84 %,
115.38 %, and 107.49 %, respectively, where 100 % was the control sample on that day.
If we compare the TAC values between days 2 and 6 of growth, the difference (TAC on
day 2 — TAC on day 6) is 50.32 for a 0.1 % concentration of lambda-cyhalothrin, and
for concentrations of 0.05, 0.01 and 0.005 % it is 46.69, 45.58 and 43.92, respectively.



Efect of the Pesticide Karate 025EC... 1633

In the control sample the difference was 46.81. The difference in TAC between days 2
and 4 of growth (TAC on day 2 — TAC on day 4) for concentrations of 0.1, 0.05, 0.01
and 0.005 %, was 16.67, 32.45, 33.16 and 34.3, respectively. In the control sample the
difference was 30.54.

In the control, total antioxidant capacity decreased with growth time. TAC of extracts
from seedlings grown in the presence of the pyrethroid also decreased, but to a different
degree than in the case of the control. When the highest concentration of the pyrethroid,
0.1 %, was used, a significant difference in TAC was observed between days 4 and 6 of
growth (in the case of the DPPH method the difference between days 4 and 6 was 33.65
— far more than for other concentrations), while a slight difference was observed
between days 2 and 4 of growth (with the DPPH method the difference was 16.67,
significantly less than in the case of other concentrations). The changes were similar
when the ABTS method was used. This high concentration of lambda-cyhalothrin
caused the greatest inhibition of seedling growth, as well as necrotic changes.

The decrease in antioxidant content in the control samples may be due to the high
rate of growth of the seedlings. Similar results were obtained when amaranth seedlings
were grown; antioxidant content in the extracts decreased between days 4 and 7 of
growth [20]. During germination, particularly in the catabolic phase, reserve substances
are mobilized and utilized for the needs of the developing seedling [21]. Similar results
were obtained in a study on the effect of another pyrethroid preparation, cypermethrin,
on seedling development. In radish seedlings growing in the presence of cypermethrin
the decrease in antioxidant content was found to take place more slowly than in the
control, and cypermethrin also inhibited seedling growth [7]. A description of this
phenomenon may be helpful in research on the toxicity of pyrethroids for radish
seedlings used as a model organism.

Pyrethroids affect the antioxidant systems of the cells of various, often taxonomically
diverse, organisms: microorganisms, invertebrates, mammals and plants. Changes in the
functioning of the cellular antioxidant system are a sensitive indicator of oxidative
stress induced by pyrethroids. The literature provides many experimental examples
confirming this observation. A detailed discussion of this question can be found in
several publications by this author [7, 22, 23].

Experiments conducted on Saccharomyces cerevisiae yeast have also confirmed that
pyrethroids inhibit stress-induced biosynthesis of haemoproteins — catalase and cyto-
chromes [7].
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WPLYW PREPARATU KARATE
NA WYBRANE PARAMETRY STRESU OKSYDACYJNEGO
W SIEWKACH RZODKIEWKI Raphanus sativus L.

Wydziat Nauk Rolniczych w Zamosciu
Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Siewki rzodkiewki (Raphanus sativus L.) to uznany organizm modelowy, ktory znalazl zastoso-
wanie w krotkoterminowych testach ekotoksykologicznych, szczegdlnie w badaniach nad toksycznoscia
metali cigzkich, pestycydow i ksenobiotykow. Siewki rzodkiewki postuzyly do okreslenia toksycznosci
preparatu z grupy pyretroidow Karate 025EC. W prezentowanej pracy kietkowanie nasion rzodkiewki
Raphanus sativus L. odmiany Rowa przeprowadzono na szalkach Petriego wylozonych bibulg filtracyjna.
Siewki rosty w naturalnych warunkach o$wietlenia, w temperaturze 22 °C, bez dodatku skladnikow
odzywcezych, probki do analiz pobierano po 2, 4, 6 dniach od ich wysiewu. Probki kontrolne rosty w obec-
nosci wody, w probkach z preparatem Karate 025EC zastosowano wodne roztwory tego pestycydu
o zawartosci substancji aktywnej od 0,005 % do 0,1 %. Stwierdzono, ze siewki rzodkiewki s wrazliwe na
lambda-cyhalotryng, aktywny sktadnik preparatu Karate 025EC. Zwiazek ten hamowat kietkowanie nasion
rzodkiewki, wptywatl na morfologi¢ siewek, obnizat energi¢ i sif¢ kietkowania, a efekt jego dziatania zalezy
od czasu hodowli i st¢zenia substancji aktywnej. Przygotowano wodne ekstrakty z siewek rzodkiewki
poddanych dziataniu lambda cyhalotryny i oznaczono w nich aktywno$¢ antyoksydacyjna wedlug zmo-
dyfikowanej metody Branda-Wiliamsa i wspotpracownikow z uzyciem syntetycznego rodnika DPPH
(1,1-difenylo-2-pikrylohydrazyl). Catkowita zdolno$¢ antyoksydacyjna oparta na zasadzie redukcji kationo-
rodnika ABTS"" oznaczono wedtlug metody Re i wspotpracownikow w modyfikacji Bartosza. W kontroli
w miarg¢ czasu hodowli catkowita zdolnos¢ antyoksydacyjna ekstraktow oznaczana zaréwno metoda z DPPH,
jak 1 z ABTS zmniejsza si¢, co moze by¢ powigzane z intensywnym wzrostem siewek i wykorzystaniem
substancji zapasowych dla potrzeb rozwijajacej si¢ rosliny. W probkach rosnacych w obecnosci preparatu Ka-
rate 025EC obnizanie si¢ ilo$ci antyoksydantow w ekstrakcie zachodzi wolniej, w probkach tych stwierdzono
tez zahamowanie wzrostu siewek. Opis tego zjawiska moze by¢ pomocny w badaniach nad toksycznoscia
pyretroidow na organizmie modelowym, jakim sa siewki rzodkiewki.

Stowa kluczowe: pyretroidy, Raphanus sp., calkowita zdolno$¢ antyoksydacyjna, ABTS, DPPH
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Abstract: The aim of the research was to establish the most appropriate technological parameters of
anaerobic digestion treating non-straw-bedded pig manure. The digesters were maintained at a constant
temperature of 36 °C (£0.5). The process was carried out at the following hydraulic retention times (HRT): 15,
18, 20, 23, 25, 30, 35 and 40 days. The applied range of HRT corresponds to the OLR value of between 1.18
and 3.13 kg VS/(m® - d). Both analyses of fermentation digestate, including the susceptibility to dewatering, as
well as quantitative and qualitative biogas generated were carried out during the experiment. The criteria
taken into account while assessing the applied HRT values included: biogas production rate, biogas yield,
organic matter decomposition (VS and COD reduction) as well as stability indices (VFA; VFA/TA). It was
established that anaerobic digestion of the analysed manure in conditions of high ammonia concentration
(5760-6390 mg NH;'/dm?®) turned out to be stable and effective for the HRT value of between 25 and 35 days.
When the HRT was reduced to below 25 days, a significant decrease in biogas production and deterioration in
organic matter decomposition was noticed. Moreover, the VFA/alkalinity ratio exceeded 0.4; ie a value which
is believed to cause instability in methanogens activity. The capillary section time (CST) measurement
showed that the digestion process impacted the dewatering properties of the digested manure in a positive
way.

Keywords: methane fermentation, renewable energy, biogas, animal by-products, swine manure

Animal breeding is strictly connected with generation of waste and by-products
impacting on the natural environment. Animal rearing is either straw-bedded or
non-straw-bedded, which determines the consistence and chemical composition of
by-products generated. In the former case, the by-products are stall waste and liquid
manure. Stall waste consists of animal faecces mixed with bedding material and a limited
amount of urine. While liquid manure contains urine with a limited amount of water and
stall waste leachate. Agricultural intensive production favours non-straw-bedded method.
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In this case, by-products constitute semi-liquid straw-bedded manure containing faeces,
urine and fodder leftovers. Animal by-products, just like straw and harvest leftovers are
treated as natural fertilizers and should be used predominantly for this purpose. Farms
rearing animals on the massive scale (> 2000 animal standings for pigs weighted more
than 30 kg or 750 standings for sows) are obliged to use at least 70 % of the manure
generated as a natural fertilizers in their own arable land. The rest can be sold proving
that it would also be used agriculturally. The manure which is not directly used as
natural fertilizers is treated as waste and has to be neutralized [1, 2].

Natural fertilizers, including liquid animal by-products should be applied in the way
which does not negatively affect the environment. According to the law [2, 3],
maximum permissible dosages (45 m’/ha) and application periods (1% March-30"
November) should be strictly observed. Moreover, agrotechnical requirements and
storage conditions should be met. Liquid manures should be stored in leak-proof
containers with the capacity sufficient to keep the manure generated over a period of at
least 4 months [3]. During storing animal excrements undergo natural biodegradation,
which leads to the release of gases, mainly NH;, CH4, CO, and NO, [4, 5]. Especially,
ammonia released during excretion and storage is associated with agricultural activity.
The ammonia release depends mainly on the amount of albumin compounds in fodder,
pH, humidity as well as temperature [4, 6, 7]. It is estimated that in areas with
high-intensity animal production about 70—80 % of the ammonia released comes from
farming [4, 8]. Apart from releasing ammonia into the atmosphere, liquid manures
leakages from storage tanks, may cause soil as well as surface and groundwaters
degradation [4, 8, 9].

The methane fermentation generates a renewable energy in the form of biogas and
digested manure in the form of stabilized natural fertilizer. Besides, the process ensures
odour neutralization and has a positive impact on the separation of manure into liquid
and solid fraction. The former can be utilized directly on the farm, while the latter can
be easier transported into areas deficient in natural fertilizers [10, 11].

The aim of the research project was to establish the most appropriate technological
parameters of anaerobic digestion of non-straw-bedded pig manure. The mesophilic
digestion for biogas production was conducted at the hydraulic retention times (HRT)
ranging from 15 to 40 days. The criteria taken into account while assessing the applied
HRT values included: biogas production rate, biogas yield, organic matter biodegrada-
tion (VS and COD reduction) as well as process stability indices. Moreover, the
influence of the digestion process on the dewatering properties of the digested manure
was evaluated.

Materials and methods

In this experiment, pig liquid manure from a non-straw bedded rearing farm was used
as a digestion feedstock. The samples were collected at the outlet of the pipe connecting
animal standings with manure storage tanks. Table 1 presents the physical and chemical
properties of the raw manure used.
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Table 1
Characteristics of the digestion feedstock
Raw manure
Parameter Unit
Range of variation Average value
pH — 6.62-7.32 6.89
ORP mV -90—-255 -170
BOD; g Oy/dm’ 23.5-26.0 24.4
COD g O,/dm’ 26.6-37.0 30.7
BODs/COD — 0.70-0.88 0.79
Ammonia g NH, /dm? 45-57 5.41
Phosphates g PO,/dm’ 1.32-1.57 1.49
Total solids (TS) % 5.72-6.25 5.90
Volatile solids (VS) % 4.58-4.92 4.71

The digestion was conducted in a bioreactor with a working volume of 3 dm®. The
digester was maintained at a constant temperature of 36 °C (+0.5). The process was
carried out at the following hydraulic retention times (HRT): 15, 18, 20, 23, 25, 30, 35
and 40 days. The applied range of HRT corresponds to the organic loading rate (OLR)
value of between 1.18 and 3.13 kg VS/(m® - d). The digesters contents were mixed
periodically — 5 minutes in every 3 hours. Both analyses of the biogas produced as well
as digested manure were carried out during the experiment. Chemical composition of
the biogas produced was also periodically determined. The scope of the analyses
conducted encompassed: pH value and ORP potential measurement as well as total
solids (TS), volatile solids (VS), chemical oxygen demand (COD), biochemical oxygen
demand (BODs), phosphates (PO43_), total volatile fatty acids (VFA), total alkalinity
(TA) and ammonium-nitrogen (NH,") determinations. The susceptibility of the digested
manure to separation into solid and liquid fraction was based on the capillarity section
time (CST) [12-14].

Results and discussion

The process of methane fermentation was conducted under high ammonia concentra-
tion (5790-6390 mg NH4+/dm3). The hydraulic retention time (HRT) of the manure in
the bioreactor was gradually increased. Physical and chemical characteristics of the
digested manure are presented in Table 2.

Firstly, the influence of the particular HRTs on the degrees of organic matter
decomposition was taken into consideration. The process was initially adopted by the
application of the shortest HRT value, ie 15 days, which was tantamount to 1.18 kg
VS/(m3 - d) of bioreactor organic loading rate (OLR). Anaerobic digestion for biogas
production is a multi-step biochemical process, whereby macromolecular substances are
converted into simpler compounds. The organic matter conversion can be expressed as a
degree of volatile matter (VS) reduction or COD reduction — dissolved in supernatant,
which is presented in Fig. 1. Under those conditions, the low reduction of VS, ie 25.2 %
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Table 2
Physical and chemical properties of the digested manure
HRT [days]
Parameter Unit
15 18 20 23 25 30 35 40
pH — 7.44 7.51 7.59 7.60 7.85 7.90 7.93 7.95
TS % 4.58 4.42 4.12 4.01 3.93 3.60 3.69 3.70
VS % 3.52 3.41 3.14 2.96 2.88 2.58 2.72 2.71
COD g Oy/dm’ 28.5 26.2 244 22.0 14.3 13.0 12.9 14.3
Ammonia ¢ NH,"/dm® 6.39 6.21 5.94 5.88 5.79 5.81 5.92 5.89
VFA ¢ CH;COOH/dm® | 7.54 7.38 7.25 5.17 3.80 3.15 3.47 3.79
TA g CaCO5/dm’ 12.3 12.4 12.3 12.0 12.2 13.7 13.6 14.3

as well as COD, ie 24.0 % was recorded. The HRT value was subsequently extended
and the corresponding changes in VS and COD reduction recorded. The VS reduction
increased gradually for the HRT ranging from 18 to 30 days. The maximal reduction of
the VS — 45.2 % was achieved when the HRT was extended to 30 days, which was
associated with an increase in OLR value to 1.57 kg /(m3 - d). Further increase in HRT
(35 days) did not have a positive impact on the parameter.
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Fig. 1. The influence of hydraulic retention time (HRT) on the degree of organic matter decomposition

Just as in case of VS reduction, the degree of COD reduction increased up to the
point where the HRT reached the level of 30 days. What is more, the most significant
enhancement of the parameter occurred at the HRT of 25 days. In this case, the COD
reduction amounted to 61.9 %. The maximum value of the parameter fluctuated around
65 % (65.3-65.6 %) and was recorded for the HRT in the range of 30-35 days. The
application of the highest value of HRT (40 days) did not affect the organic matter
bioconversion, expressed either in VS or COD reduction.
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Secondly, the biogas production as well as methane content in the biogas generated
was recorded. Figure 2 shows the amount of biogas produced for various HRT values,
expressed in terms of daily production and biogas yield. Conducting the process for the
HRT in the range of between 15-18 days, a relatively low daily biogas production
(0.38-42 dm*/dm® - d) as well as biogas yield (0.16-0.18 dm’/g VS, moved) Was
achieved. As the hydraulic retention time was extended (2025 days), the daily biogas
production (0.59-0.81 dm’*/dm® - d) and biogas yield (0.26-0.37 dm’/g VS emoved)
increased gradually. When the HRT was increased to 30 days, the highest daily biogas
production, ie 0,86 (dm3/dm3 - d) was achieved, which is more than twice as in case of
the amount of biogas generated for the initial range of HRT. Under those conditions, the
biogas yield reached the value of 0.41 dm3/g VS, emovea. The maximum value of biogas
yield, ie 0.46 dm3/g VS, emovea Was received for the HRT of 35 days. Whilst the daily
biogas production decreased slightly in those conditions (0.78 dm’/dm’ - d). Similarly to
the organic matter decomposition, the application of the highest HRT (40 days) did not
play a positive influence on both biogas production indices.
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Fig. 2. Biogas production recorded during the experiment

The CH, concentration as well as several other biogas ingredients were analysed. The
average methane content measured in a stable state of the process; for the HRT in the
range of 18-40 days; fluctuated between 72 and 76 %. A high content of CH, was
ascribed to the digestion feedstock rich in proteins, which are believed to produce
biogas with the highest CH4 content [15—16]. Whilst a relatively lower CH,4 content in
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biogas produced might have been a result of the lowest HRT applied (15 days). It turned
out to be insufficient for effective methane fermentation in case of that type of
feedstock.

Table 3
Chemical composition of the biogas produced
Hydraulic retention time [days]
Ingredient Unit
15 18 20 23 25 30 35 40
CH4 % vol. 65 72 74 76 74 75 76 75
CO, % vol. 30 23 22 20 21 20 21 20
0, % vol. 0.18 0.26 0.23 0.25 0.19 0.17 0.18 0.20
H,S ppm 62 81 12 11 12 10 14 10
CO ppm 18 23 30 28 31 25 20 19

Thirdly, the influence of various HRT applied on the stability of the process was
taken into account. One of the primary indicators which influences the biological
conversion and microorganisms activity is the pH value. Microorganism consortia
participating in anaerobic digestion tolerate the pH value in the range of between 5.5
and 8.5, however, the pH value should be maintained around the neutral level in order
to ensure the appropriate growth and development of methane generating bacteria.
Considering the digestion of animal by-products, the most important factors which
determine the pH value and buffering capacity are: volatile fatty acids and ammonia
nitrogen [17-19]. Generally, VFAs accumulation is responsible for a pH value drop. In
our study, the highest VFAs concentration (5.17-7.54 mg CH3COOH/dm3) occurred for
the HRT of between 15-23 days. When the process was conducted for the HRT above
23 days, the recorded VFAs concentration were more than twice lower (3.15-3.80
mg CH3COOH/dm3). The accumulation, which occurred was not related to a significant
decrease in pH value (Table 2). The fact is not unexpected, mainly due to high
concentration of protein in digested manure, which constitutes a potential source of
ammonia nitrogen. On one hand, ammonia released counteracts the decrease of pH
value caused by VFAs accumulation. On the other hand, if ammonia is released in
excessive amounts, it causes the pH to increase above the value tolerated by most
methanogens. The increase in pH can seriously depress the biogas generation or even
caused it to stop completely. In our study, the concentration of ammonia nitrogen
amounted to between 5.79-6.39 g NH,"/dm® (Table 2). A wide range of inhibiting
ammonia concentrations has been reported in the literature — the value amounted to
between 1.7 and 14 g/dm3 [20]. What is more, methanogens have a tendency to
acclimate to high ammonia concentrations.

Taking into account the fact that changes in pH value caused by VFAs accumulation
in well-buffered processes; especially those containing high ammonia concentration; are
often limited. Moreover, a significant decrease in pH value usually occurs after the
collapse of the process and when the acid phase dominates in the bioreactor. A more
reliable stability indicator seems to be a volatile fatty acids to total alkalinity, ie
VFA/TA ratio. If the latter exceeds the threshold of 0.3-0.4, it is believed to have an
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inhibitive effect on the process stability [21-22]. The influence of the various HRT
values on the VFAs accumulation and the VFA/TA ratio are shown in Fig. 3. On the
basis of the above-mentioned ratio, we can figure out that the process exhibited stable
conditions for the HRT higher than 23 days.

VFA [g/dm?3]
VFATA [-]

Hydraulic retention time [days]
Fig. 3. The influence of various HRTs on the VFAs accumulation and VFA-TA ratio
Finally, the influence of methane fermentation on the dewatering properties of the

digested manure was assessed. Digested manure constitutes a valuable natural fertilizer;
however, in the areas of concentrated animal production; it is impossible to utilize the
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Fig. 4. Capillary suction time (CST) of both raw and digested manure
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whole amount of manure generated for agricultural purposes. Therefore, in order to
prevent the reverse influence of the unused portion of the manure on the natural
environment, a reasonable solution seems to be the separation of the anaerobically
digested manure into a solid and liquid fraction. The former can be used on the farm
where it was generated, while, the latter can be transported more easily into areas
deficient in natural fertilizers. Figure 4 shows the results of CST tests for both raw
manure and digested manure. As compared with the raw manure (524 s), the digested
manure exhibited a significantly lower value of the parameter (274-375 s). It may be
concluded that the anaerobic digestion affects the separation properties of the digested
manure in a positive way.

Conclusions

The research project allows to draw the following conclusions:

1. Taking into account environmental protection as well as the opportunity to
produce renewable energy in the form of biogas, controlled anaerobic digestion of
liquid animal by-products before its land application seems to be a reasonable solution.

2. The methane fermentation of the manure conducted under high ammonia
concentration (5760-6390 mgNH,/dm’) turned out to be stable and effective for the
HRT in the range of 25 and 35 days.

3. The highest biogas production (0.78-0.86 dm®/(dm’ - d)) as well as the most
appropriate degree of organic matter bioconversion (VS: 42.3—45.2 %; COD: 65.3-65.6
%) were achieved for the HRT of between 30 and 35 days, which was tantamount to
OLR of 1.32-1.57 kg VS/(m® - d).

4. When the process was carried out for the HRT below 25 days, a significant
decrease in biogas production as well as organic matter decomposition was recordeed.
Moreover, the VFA/TA ratio increased above the critical value indicating instability in
the process.

5. The anaerobic digestion affected the dewatering properties of the digested manure
in a positive way.
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FERMENTACJA METANOWA GNOJOWICY SWINSKIEJ
W WARUNKACH MEZOFILNYCH

! Instytut Ochrony i Inzynierii Srodowiska
Akademia Techniczno-Humanistyczna w Bielsku-Biatej,
? Instytut Inzynierii Wody i Sciekow
Politechnika Slaska w Gliwicach

Abstrakt: Celem prezentowanych badan byto ustalenie najkorzystniejszych parametréw technologicznych
fermentacji metanowej gnojowicy swinskiej pochodzacej z hodowli trzody chlewnej. Fermentacj¢ prowa-
dzono w warunkach mezofilnych 36 °C (£0,5) dla nastepujacych warto$ci hydraulicznego czasu zatrzymania
(HRT): 15, 18, 20, 23, 25, 30, 35 oraz 40 dni. Odpowiadaty one obcigzeniu komory bioreaktora tadunkiem
suchej masy organicznej (s.m.o.) od 1,18 do 3,13 kg s.m.o./(m® - d). Podczas eksperymentu wykonywano
analizy ilosciowe i jakosciowe generowanego biogazu oraz analizy fizykochemiczne materiatu przefermen-
towanego. Dodatkowo analizowano wplyw fermentacji metanowej na wiasciwosci odwadniajace gnojowicy
przefermentowanej. Analizujac poszczegdlne wartosci hydraulicznego czasu zatrzymania (HRT) gnojowicy
w bioreaktorze, w gtdwnej mierze wzigto pod uwage: dobowa oraz jednostkowa produkcje biogazu, stopien
biokonwersji materii organicznej oraz stabilno$¢ procesu (LKT; LKT/zasadowosci). Fermentacja metanowa
analizowanej gnojowicy prowadzona w warunkach duzego st¢zenia azotu amonowego (5760-6390 mg
NH,'/dm®) przebiegata stabilnie oraz efektywnie dla wartosci HRT od 25 do 35 dni. W przypadku
prowadzenia fermentacji metanowej dla warto$ci HRT ponizej 25, odnotowano znaczne zmniejszenie ilosci
generowanego biogazu oraz stopnia rozktadu materii organicznej. Stosunek LKT/zasadowosci po tym czasie
zatrzymania wzrést powyzej 0,4, co swiadczy o niestabilnosci procesu metanogenezy. Ponadto proces
fermentacji metanowej wptynat korzystnie na wiasciwosci separacyjne przefermentowanej gnojowicy.

Stowa kluczowe: fermentacja metanowa, energia odnawialna, biogaz, odpady rolnicze, gnojowica $winska
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Abstract: The biofilm layer developed on the wall of sewer pipes is a common formation in the natural
environment. The biofilm can be defined as a natural accumulation of microorganisms on the solid body
surface, like the pecton covering the surface of solid in the river water or the devices of the biological sewage
treatment plant. The proportions of particular species in biofilm composition are different in various WWTPs
or rivers due to the environmental condition influence. In the sanitation a fresh sewage is characterized by
high concentration of pollutants in a form of organic compounds with particles of various properties and
dimensions. It forms the environment rich in nourishment substrates available both for the biofilm and the
suspended biomass. The biofilm in sewers is spatially strongly heterogeneous. It consists of caverns, channels
and pores filled with liquids or gases depending on actual environmental conditions. It can be said that it is
a potently diversified system, important in the biodegration of sewage in gravitational sewerage. Basing on
the field and the literature examinations the authors will present the most important sewer biofilm parameters
and their influence on the sewage biodegradation, as well as a basic model of this process.

Keywords: sewer biofilm, gravitational sewer systems, sewage biodegradation in sewer conduits

The biofilm layer developed on the walls of sewer pipes is a common formation in
the natural environment. The biofilm can be defined as a natural accumulation of
microorganisms on the solid body surface [1, 2], like the pecton covering the surface of
solid in the river water or covering the devices of the biological sewage treatment plant
[2-6]. The proportion of particular species in the biofilm composition are different in
various places of wastewater treatment plants (WWTPs) or rivers due to the
environmental condition influence. In the sanitation, a fresh sewage characterized by
high concentration of pollutants in a form of organic compounds with particles of
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various properties and dimensions, forms the environment rich in nourishment
substrates available both for the biofilm and the suspended biomass.

Biofilm consists of microorganisms embedded in a glycocalyx that is predominately
composed of microbially produced exopolysaccharide (EPS) [1, 7]. But in the sewer
system, biofilm also contains a large fraction of inorganic material eg zeolite, sand, etc,
organic, like fats and higher species of saprobe microfauna which can have a significant
impact on the biofilm properties (Fig. 1) [2, 3, 8].

DNA; 1 % -

Polysaccharides; 7 %

COD not defined; 35 %
Humus

substances; 16 %

Peptides; 25 %
Cell Biomass; 15 %

Fig. 1. Typical composition of biofilm in sewer system [2, 8]

The biofilm microorganisms develop the extracellular organic compounds enabling
sedentary lifestyle. The mucus rich biofilm surface protects the microorganisms against
washing away by the flowing sewage. It also stabilizes environmental conditions,
prevents drying during the low filling of the conduits, and isolates from several
chemical compounds and bacteriophages [2, 9-12]. The presence of biofilm consider-
ably extends the mean residence time of heterotrophic biomass microorganisms inside
the sanitation system. The development of significant populations of slower developing
bacteria, such as sulfur reducing or executing methanogenesis is then possible [1, 2].

The population of bacteria existing inside the sanitation system is characterized by
the ability to produce the innercellular spare materials — eg glycogen, which minimize
the disparity in nutrients availability. It has a special significance inside the sanitation
conduits of small diameter and high irregularity of sewage flow.

Biofilm structure

The fully developed biofilm is consisting of the characteristic layers [2, 13],
determined by the availability of oxygen at the deeper located zones. The spatial
variability of oxygenation results in the differences of structure properties, composition
and transformation rate of chemical compounds inside the biofilm. The highly loaded
biofilm contains, in the respective layers, the majority of microorganisms functional
groups causing the pollutants biodegradation.

The spatial distribution of specific organisms groups defines the biological activity in
the different zones of biofilm (Fig. 2). The research results show that the heterotrophic
bacteria usually outnumber the autotrophic ones [2]. The heterotrophic bacteria spatial
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Fig. 2. The zones and processes in a typical stratified sewer biofilm [2]

distribution inside the biofilm is almost uniform, although the anaerobic facultative
bacteria number increase from the level of 10’10 in deeper layers to 10°-10'°
CFU - ecm™ (CFU — colonies forming units) in the surface layer. The population
of nitrifying bacteria sustains inside the sanitation biofilm at the level of 10*-10°
MPN - cm™ (MPN — most probably number). It was proven that only about 25 % of all
alive bacteria of surface layer is active metabolically in the real conditions, the
rest remain inactive. Moreover, about 65 % of the whole biomass localized inside the
biofilm in sanitation system forms the inert mass for biochemical transformations [2, 9].

The biofilm density increases along with the distance from the surface, from 14
kgTSS - m > (TSS — rotal suspended solids) in the surface zone to 97 kgTSS - m " in the
deepest localized zone. The research shows that change in biofilm porosity also occurs,
for the layers thicker than 500 pm, from 83-90 % for the surface layer to 67-64 % for
the deepest layers [2]. The biofilm density also varies according to the location at
wetted perimeter and increases, along with the height, from the sewage free surface to
the bottom of the conduit.

The spatial distribution of prokaryotic microorganisms is also diversified by their
rate of growth, because the faster developing groups usually cover the slower growing
ones. Hence, the microorganisms of higher development rate accumulate near the
surface of biofilm. According to the quantity of available nutrient substrate micro-
organisms inside the biofilm develop with different rate. Moreover, the prokaryotic
organisms of biofilm are being permanently consumed by the eukaryotic heterotrophs.

The inner side of sanitation pipe walls is covered by the biofilm not only beneath but
also above the wastewater free surface. This situation is connected to the frequent
oscillation of sewage free surface level and also to the fact that nutrients may be
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transported by and consumed also directly from the humid air. It is clearly visible in
locations of the turbulent flow — backdrop manholes or the other places of increased
aerosols generation. Though, biofilm developed over the wastewater free surface is
characterized by the noticeable lower oxygen activity than observed in case of the
biofilm located beneath the surface. This difference is caused by the increased content
of fat in the whole mass which, despite the decreased OUR activity (OUR — oxygen
uptake rate), results in the increased resistance to erosion [2].

The biofilm developed inside the gravitational sanitation conduits reaches the
thickness of, from a several, to over ten millimeters. The biofilm thickness changes and
reaches its minimum at the high sewage flow velocity. The observed fibrous structures
increase the process of oxygen consumption, thus reducing the oxygen uptake
dependence from its concentration in the sewage [14, 15]. The numerous macro-pores,
called “water channels” separated by the colonial organisms biomass are observed at
biofilm surface of intensely irregular topography [13, 16]. The macro-pores facilitate
mass transfer through biofilm then influencing the diffusion efficiency.

The exhaustive studies, describing the three dimensional processes of mass transport
and biofilm development are not directly used in sewage biodegradation model.
A number of expensive calibration measurements is required but the results quality may
not clearly outperform the results of standard, less complicated models [13]. So the
minimal number of input data, offering the satisfying results quality is required [1, 2,
11, 16]. This approach is illustrated in Fig. 3 containing the charts of real concentration
changes of compounds dissolved in water, including the biofilm (left). The simplified
form is also presented in Fig. 3 (right). Figure 3 presents also the boundary layer
concentration for nitrates, influenced by nitrate usage in anoxic zone.

Oxygen Nitrate Oxygen Nitrate
Bulk 2 2 g Bulk . 2 gt
d E @ J Tﬁ @
z=1Lsf § / / s® z=1Lsf & pd ]/ s®
T aerobic dpl,lc:z /aerobic
i Si
S dp,Noy anoxic
Laf anoxic Ler | %P
Lo (anaerobic) Lo (anaerobic)
Biofilm Biofilm

z=0 oo z=0 Lo e Tt e

Fig. 3. A sketch of the boundary layer and the penetration depth, full model on the left and simplified one on
the right [2, 8, 9]

Transformations of compounds containing biogenic substrates

The transformation processes of biogenic substrates occur inside the sanitation
systems permanently or in the periodical pattern. But their influence on total pollutants
load during the transport to WWTPs is limited.
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The transformations of nitrogen may occur inside the biofilm layer — Fig. 4.
However, the nitrifying bacteria quantity is usually about 1000 times smaller than the
number of surrounding heterotrophic bacteria, hence nitrification inside the sanitation
system plays only a minor role among the other biochemical processes. Denitrification
inside biofilm occurs as along as nitrates originated from infiltration water are present.
The nitrate presence in biofilm and wastewater does not affect the oxygen diffusion
process in the biofilm [2]. Urea and protein hydrolysis are important sources of
ammonium ion, thus considering the fact that these compounds are described by COD.

Redox
state
V. Nification O2_%~»NOs__ _Denitrification
B NO2,
+lI NOz / % 3 INOI
Assimilatory [N20]
0 Dissimilatory N2
*

Nitrification ¥ N2fixation

-V O2
. _Assimilation
Ur_ea, Uric > NH4 Organic N
acid Mmerahzatlon compounds

% Reactions cataysed by procaryotes are marked with an asterisk

Fig. 4. Key reactions in the cycling of nitrogen species occurring in sewer system. The redox state of
nitrogen is displayed on the left [2]

Figure 5 presents transformations of sulfur compounds in gravitational sanitation
systems. The processes connected to the cycle of sulfur transformations result in pipes
erosion and odour nuisance.

Redox
state )
+VI SO4 X
Aeroblc

Aeroblc sulfur
sulfide OX|dat|on Dissimiatory, Assimilatory
oxidation -)(- sulfate reduction
0

Phototrophlc Sulfur

sulfide reduction

oxidation

N _
\ Assimilation .
-V >~ H2S - Organic sulfur
2 ot ds
Mineralization ~ COMPoUn

> Reactions cataysed by procaryotes are marked with an asterisk

— — Reactions in open conduits with sunlight

Fig. 5. Key reactions in the cycling of sulphuric species occurring in sewer system. The redox state of
sulphur is displayed on the left, on the basis of [2, 8, 14]
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Dynamic equilibrium of biofilm thickness

The biofilm thickness depends on the variety of different factors. The most important
are: the growth of active cells biomass, accumulation of extracellular polymers and inert
materials originated from the biomass dissolution as well as deposition of particles
contained in sewage. The microorganisms biomass loss may be caused by the
eukaryotic and prokaryotic organisms as well as the bacteriophages activity [2].

Erosion caused by the hydrodynamic effects of sewage flow results in a gradual but
continuous biofilm mass loss. Abrasion and erosion causes the similar results. Shear
stress at the level of 34 N - m and above usually stops increase of biofilm depth on
sanitation pipes walls. In case of pipes of diameter < 0.4 m, shear stress of given value
appears at sewage flow velocity equal to about 1 m - s, for the pipes of larger diameter
this velocity reaches the value of 1.2-1.4 m - s [8].

The shear stress, after exceeding the limit value, causes periodical separation/erosion
and transport of parts of biofilm downstream in a form of suspended biomass. This
process may be supported by the internal transformations of the biofilm, resulting in
decrease of strength of the layers of biofilm due to substrates or gases destroying the
biofilm from inside [2].

All processes mentioned above together with the extreme events, like sudden
uncontrolled flow with a high velocity or poisonous substances discharge, result in the
reduction of the active biomass of biofilm. Atrophy of biofilm occurs also as a result of
biomass extinction caused by deficiency of nutrients. As a final effect of these
transformations, biodegradable substances immobilized inside biofilm are transformed
to the soluble substrates by enzymes. The dissolved substrates may be used by biofilm
organisms or diffuse outside the biofilm where they are transported by the stream of
flowing sewage.

Biofilm dimensions, as it was reported in the literature [14], both, surface area and
thickness depend on hydrodynamic conditions of flow inside sanitation pipes more than
on biomass increase. The hydrodynamic conditions of flow are characterized by a high
variability in time and length of the selected sanitation conduit. Moreover, flowing
sewage stream generates shear stress of different values in different points of an active
cross-section. The highest values are reached close to the pipe bottom and the lowest
near the side walls close to the wastewater free surface. The abrasion forces caused by
solid suspension drag are also very important in biofilm removal. Biofilm resistance to
removal may be increased by fat settlement along the walls of sanitation pipe, it is
especially important close to the free wastewater surface [2, 9, 10, 15, 17, 18].

Thus, the influence of velocity flow and shear stress on structure and properties of
biofilm is evident [15]. It was proven during the laboratory studies at high values of
shear stress when the eroded elements of biofilm caused biodegradation of available
COD up to 80-90 % [14]. Up to 90 % of the whole biomass eroded by shear stress is
being removed during the first 1-2 minutes of stress impact [2]. It was also observed
that biofilm fragments separation declines after limiting the inflow of nutrients [2, 19].
The biofilm developed during the flow inducing shear stress of low value erodes
significantly faster than biofilm developed in the environment of shear stress of high
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value. The highest biofilm accumulation may be, in turn, achieved at shear stress value
about 1.5 N - m 2. The rapid change of sewage flow velocity influence the mass
transport and biofilm thickness while the long-lasting slow changes of the same
amplitude result in biomass structure changes.

Modelling of biofilm influence on sewage biodegradation

The model presented below consists of two important processes: hydrolysis of
suspended fractions and heterotrophic biomass growth in biofilm. Both are coupled with
mass exchange terms. The research conducted in sifu showed that biofilm is an
important factor of transformation and biodegradation processes of pollutants in
sanitation systems [2, 8, 20, 21]. In some specific cases its share in sewage
biodegradation may be higher than the share of suspended biomass. This situation
appears during the flow of low value shear stress and minor filling of the sanitation
pipe. The internal biofilm processes application in a numerical model of sewage
biodegradation allows to obtain the result comparable to the results obtained by models
considering only the suspended biomass [4], with simultaneous possibility of decreasing
the number of considered hydrolyzing fractions. The sewage temperature is a significant
element of presented modeling description, it is important because it highly influences
the enzymatic activity of microorganisms.

Hydrolysis

Considering the hydrolysis of » suspended fraction (each one hydrolyzes with
different rate) in sewage, caused by enzymes of suspended biomass and biofilm in given
temperature, the following equation describing the p intensity of this process may be
written [8]:

X,/ X N 4
Phn :khn > B L XBz +8XBf < a(T*ZO) (1)
’ Ky, +Xs,/ Xp, Kop+Sp TV
where: k,, — hydrolysis rate constant for the n-th suspension fraction [d™'],
Ky, — saturation constant for the hydrolysis of n-th suspension fraction

[gCOD - gCOD'],
Xg, — concentration of n-th hydrolysable fraction [gCOD - m’3],

Xp, — heterotrophic active biomass in form of suspension [gCOD - m73],
Xpr — heterotrophic active biomass in biofilm [gCOD - m’z],
So — dissolved oxygen concentration [gO, - m ],
K, — saturation constant for the dissolved oxygen [gO, - m?],
Apr/ V' — ratio of wetted surface of biofilm to sewage volume = R, [m™,
& — constant of biomass efficiency [-],

a — temperature coefficient for processes in sewage [-],
T — temperature [°C].
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Heterotrophic biomass growth in biofilm

In order to describe the growth rate of heterotrophic biofilm biomass in aerobic
conditions the deterministic model based on information presented in [8, 22] may be
used:

YHf S S ABf a(T*ZO) )

=k S1/2

where: k;, — reaction rate constant of 1/2 power for surface usage of dissolved
oxygen by biofilm [gOzl/2 -m 2.4,
Yy — efficiency rate for Xp, (yield coefficient) [gCOD - gCOD™ 1,
K¢ — saturation constant for biofilm dissolved biodegradable fraction
[gCOD - m”].

The knowledge of a minimal number of kinetics and stoichiometric factors is
required to presented description of pollutant fraction hydrolysis rate and heterotrophic
biofilm biomass development. But the presented model is not directly connected to the
conduit hydraulics because the steady state of biofilm thickness is assumed.

Conclusions

The information presented above and the cited literature reports allow to draw the
following conclusions concerning the composition, structure and biofilm preservation in
different substrate load and variable shear stress:

— The fully developed, mature biofilm (older than 12 days) is more resistible to
erosion than the younger biofilm.

— The amount of eroded biomass depends to the shear stress value.

— The amount of biomass removed from the biofilm by the increasing value of shear
stress results from the conditions of biofilm development — the higher stress during the
development phase causes more stable and resistible biofilm.

— The higher shear stress during the biofilm development results in its unequal spatial
development.

— Sewer biofilm is a strongly diversified system playing an important role in sewage
biodegradation process, but still not sufficiently recognized and described.

— The inner biofilm processes application in a numerical model of sewage
biodegradation allows to obtain the results comparable with the results obtained by
models considering only the suspended biomass, with simultaneous possibility of
decreasing the number of considered hydrolyzing fractions.

— The significant element of presented modeling description is also the sewage
temperature, important because it influences the enzymatic activity of saprobe micro-
organisms.
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BLONA BIOLOGICZNA W KANALIZACJI GRAWITACYJNEJ
I JEJ WPLYW NA BIODEGRADACJE SCIEKOW

Wydzial Inzynierii Srodowiska
Politechnika Lubelska

Abstrakt: Warstwa blony biologicznej narastajaca na $ciankach przewodow kanalizacyjnych jest formacja
pospolicie wystepujaca w srodowisku naturalnym. Szeroka definicj¢ blony biologicznej stanowi stwierdzenie,
ze jest to naturalna akumulacja mikroorganizméw na powierzchni ciala statego. Przykladem moze by¢
chociazby pekton pokrywajacy przedmioty zanurzone w wodzie rzecznej, czy tez biofilm porastajacy
zanurzone w S$ciekach czgs$ci urzadzen biologicznej oczyszczalni $ciekow. Jednakze proporcje udziatu
poszczegodlnych gatunkow w sktadzie biofilmu kanalizacyjnego sg inne niz w oczyszczalniach czy rzekach, ze
wzgledu na rézne warunki $rodowiskowe. W systemach kanalizacyjnych $wieze $cieki charakteryzujg si¢
duzg koncentracja zanieczyszczen w postaci zwiazkéw organicznych o réznorodnych wiasciwosciach oraz
rozmiarach czastek. Tworzy to srodowisko zycia mikroorganizméw bogate w sktadniki odzywcze, dostgpne
zarowno dla btony biologicznej, jak i biomasy zawieszonej. Blona biologiczna ma silnie heterogeniczna
strukture jako$ciowo-przestrzenng z licznymi zaglgbieniami i porami wypelionymi ciecza badz gazem,
w zaleznosci od aktualnych warunkow srodowiskowych. Mozna wige stwierdzié, ze jest mocno zrdéznicowa-
nym systemem, odgrywajacym znaczaca rol¢ w procesach biodegradacji sciekow w kanalizacji grawitacyjne;j.
Korzystajac z badan terenowych oraz literaturowych, autorzy prezentuja najwazniejsze wlasciwosci biofilmu
kanalizacyjnego, jego wplyw na biodegradacj¢ $ciekow oraz podstawowe modele opisujace ten proces.

Stowa kluczowe: blona biologiczna, kanalizacja grawitacyjna, biodegradacja $ciekéw w kanalizacji
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EVALUATING THE EFFICIENCY OF SELECTED
EXTRACTION METHODS FOR PAHs ON THE EXAMPLE
OF COMPOST FROM URBAN WASTES

EFEKTYWNOSC WYBRANYCH METOD EKSTRAKCJI PAHs (WWA)
NA PRZYKEADZIE KOMPOSTU Z ODPADOW KOMUNALNYCH

Abstract: Extraction methods are especially important during the stage of preparing the samples to the
identification and separation of the elements from environmental samples. Analytes, which are mainly solid
organic substances, can be separated from solid materials either by a gas or a solvent. Nevertheless, solvents
are still the most popular and the most widely used extractants. Still, the efficiency of extraction depends not
only on the particular type of solvent but also on the extraction method. In literature, there are all sorts of
assaying processes. Qualitative or quantitative persistent chemical pollutants are among others, polycyclic
aromatic hydrocarbons (PAHs). This research was to test two different organic solvents, ie hexane,
dichloromethane and hexane with acetone, as well as different extraction methods in the process of isolating
polycyclic aromatic hydrocarbons from compost originating from municipal wastes.
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Polycyclic aromatic hydrocarbons, which represent persistent organic waste, have
been rousing interest for over 100 years since their cancerous properties were
discovered [1, 2]. The prevalence of these compounds requires a monitoring of their
content in the environment [3]. They can be of natural or anthropogenic origin [4]. Due
to their low concentration levels, it was necessary to apply effective methods of
isolating, purification and inspissation.

One of the essential elements of analytical procedures, which are especially
important in the analysis of environmental samples, is preparing research material for
analysis. According to many authors, more than 60 % of the time of the overall analysis
cost is preparing samples, while the actual analysis is less than 10 % of the overall cost.
It is mainly due to the necessity of preliminary purification and isolation of the analysed
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substance from a complicated mixture containing different kinds of multiple molecules.
This stage of preparing the samples is called purification. The selected method used to
prepare environmental samples for analysis depends mostly on the element and sample
properties as well as on the required detection limit, possibilities of the process, etc.

The most common techniques of purification, separation and inspissation in
analytical chemistry are extraction techniques [2, 5].

Extraction is a method of separating and purificating compounds from a liquid or
solid mixture by using appropriately selected selective solvents. The process is based on
moving compounds contacting each other by phases: solid body-liquid or liquid-liquid.

Therefore, extraction allows:

— Separation,

— Separating interfering components,

— Inspissating (enriching) elements in trace analysis of high purity materials.

We can distinguish the following extraction techniques:

— liquid-liquid extraction (LLE),

— solid-phase extraction (SPE),

— superfcritical fluid extraction (SFE),

— solid-phase microextraction (SPME),

— single-drop microextraction (SDME),

— accelerated solvent extraction (ASE),

— ultrasound accelerated extraction (UAE) and

— microwave assisted extraction (MAE).

The most common methods used for separation and inspissation in analytical
chemistry are solid body-liquid and solid phase extraction.

The most important issue connected with the extraction process is the choice of
a particular solvent, which has to be characterised by the following features:

— Easiness of precipitation from the extract,

— The lowest possible mutual phase solubility,

— Favourable division ratio between the extractant and phase extractant,

— The highest possible difference between the solvent density and extractant phase,

— High surface tension.

Solid-liquid extraction is a versatile technique that allows a more effective separation
of different substances from complex mixtures due to the possibility of using specific
reagents allowing, as far as possible, a selective separation of the desirable compound.

Materials and methods

Compost used in the research was taken from the MPGU compost facility in Zabrze,
Poland, where composting material is organic waste. The samples were taken on 31
October 2007. Air-dried compost was used in the research. A fine fraction under 2 mm
was examined. Samples with a mass of 10 g were used. The quality assessment of
compost, based on trade norms were carried out as well. The study included:

— Determining the content of organic substances in compost from municipal waste
(trade norm BN-88 9103-07),

— Determining the content of organic carbon (trade norm PN-91 Z-15005).
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In order to isolate PAHs, samples of compost are put through the fexIKA vario
control cycle for a period of 5 hours or in an ultrasonic bath (underwent sonication) for
30 minutes [5-7] (Fig. 1). Solvents quoted in the literature: hexane, dichloromethane
and acetone/hexane, in a ratio of 1:1 by volume, were used in the process of extraction.
In the chromatographic analysis, reagents with HPLC purity were used [1, 2, §, 9].

The extract was obtained after a preliminary inspissation process in a stream of

Sampling

Preparation
| Oversize fraction > 2 mm | I Fine fraction <2 mm }—)I Compost quality control

¥
10 g compost samples

1

Extraction:
- Hexane
- Dichloromethane (DCM)
[ Extraction - Acetone : hexane 1: 1
— rd
| fexIKA apparatus (t = 5 h) I I Ultrasonic bath (t = 30 min) |
Purification | Evaporation under nitrogen stream |—>| Purification on glass columns by Al,O3 |
‘/I Evaporation under nitrogen stream |
Analysis | GC analysis and results collection |

Fig. 1. Experiment scheme

neutral gas, purified by aluminium oxide on a glass column (height = 12 cm, diameter =
0.5 cm) [5]. The column was stopped by a glass wool cork and was filled with
dichloromethane and then was filled in turns with:

— 0.5 cm of waterless sodium sulphate,

— 0.5 g of neutral aluminium oxide dried in 130 °C,

— 0.5 cm of waterless sodium sulphate.

When the process of filling was finished, dichloromethane was drained and the
column was washed three times with 1 cm® of hexane, each time. The subsequent stage
was to fill the column with hexane and slow drain it to the level of approximately 3 mm
over the surface of sodium sulphate and put the sample on the prepared column. The
column was washed again four times with 1 cm® of hexane and eluate was rejected each
time. In order to leach the fraction containing PAHs, 40 % of DCM solution in hexane
was used, after this the obtained eluate was inspissated to approximately 300 mm?® (pl).
Prepared in such a way the sample underwent analysis through a gas chromatograph
Varian GC 3800 with the usage of ZB-5 column (length — 30 cm).
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The procedure of extraction and quantity-quality measurements of PAHs in compost
samples was carried out simultaneously in two attempts. Concentration of the analysed
compounds were given in mg/kg d.m. With accuracy to the 0.001 mg/kg d.m. and as a
percentage contents of particular PAHs with accuracy to the 0.01 %.

Results and discussion

The basic characteristic of compost, which underwent analysis, is presented in Table 1.

Table 1

Main characteristic of compost

Parameter Unit Value
Fraction [mm)] <2
pHHZO — 7.78
Organic matter [%] 33.8
Organic carbon [%] 18.5
Humidity [%)] 4.4
Nitrogen [% Nkjeia] 0.86
Phosphorus [% P,0s] 1.23
Potassium [% K,0] 0.65
Glass [%] <0.1

When it comes to the basic characteristic of compost from the municipal waste it was
proven that of all organic substances 54.73 % is organic carbon. The paper also
examined extraction methods of the polycyclic aromatic hydrocarbons contained in
compost from the municipal waste. The following extractants were used: hexane,
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Fig. 2. The percentage participation of Polycyclic Aromatic Hydrocarbons (PAHs) in compost, which
underwent extraction process in the ultrasonic bath
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dichloromethane as well as acetone and hexane in a ratio of 1:1 by volume. When it
comes to the process of separation the particular PAHs were carried out by using
ultrasound and the fexIKA device.

The percentage participation of Polycyclic Aromatic Hydrocarbons (PAHs) in
compost, which underwent an extraction process in the ultrasonic bath (Fig. 2).

In the compost samples extracted by hexane the definite majority constituted of
compounds with three and four benzene rings arranged in a cluster spatial layout in the
molecule. Among these the majority were: fluoranthine (20.13 %), pyrene (17.82 %)
and chrysene (15.01 %).

A similar situation occurs when dichloromethane is used as an extractant.
When extracting PAHs by acetone and hexane in a ratio of 1:1, six-cyclic hydrocarbons
are the most easily separated, especially: indeno(1,2,3-c,d)pyrene (22.57 %) and
benzo(g,h,i)perylene (16.11 %). Changes in the content of Polycyclic Aromatic
Hydrocarbons (PAH) in compost extracted in the fexIKA device (Fig. 3).
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Fig. 3. Changes in the content of Polycyclic Aromatic Hydrocarbons (PAHs) in compost extracted in fexIKA

The biggest group was PAHs with three- and four-cyclic molecules, including cluster
spatial layout, extracted by hexane. In this group of compounds the most common were:
fluoranthene (19.83 %), pyrene (17.58 %) and chrysene (18.15 %). A similar content of
Polycyclic Aromatic Hydrocarbons was noted in compost, which underwent the process
of extraction by dichloromethane in comparison with the content of PAHs in compost
extracted by hexane. The only exception were the six-cycle compounds, which are
ideno(1,2,3)pyrene (11.81 %) and benzo(g,h,i)perylene (11.50 %). Using acetone and
hexane in a ratio of 1:1 as an extractant, the best separated were six-cycle compounds,
that is indeno(1,2,3)pyrene (26.79 %) and benzo(gh,i)perylene (13.02 %). The
comparison of extraction methods by selected solvents was carried out as well (Fig. 4).

The best solvent used in the extraction process of compost, containing polycyclic
aromatic hydrocarbons in water bath was dichloromethane. By this extractant an overall
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Fig. 4. Comparison of extraction methods using different solvents

PAH content of 5.491 mg/kg d.m. was obtained during the research. When comparing
the overall concentration of 16 PAHs in compost which underwent sonication by
hexane, the overall concentration of PAHs was 2.814 mg/kg d.m. The total con-
centration of PAHs in compost that underwent sonication by acetone and hexane in a
ratio of 1:1 was 2.902 mg/kg d.m. It was found that these values are very similar [5].
The research shows that when using the fexIKA vario control cycle for the extraction
process it is better to use dichloromethane as the extractant. By contrast, the least
effective method of extraction was by acetone and hexane in a ratio of 1:1 by volume.

Conclusions

The research has led to the following conclusions:

Applying hexane as an extractant allows a separation of mainly three- and four-cyclic
compounds. Six-cycle hydrocarbons are extracted most efficiently by acetone and
hexane in a ratio of 1:1. Nonetheless, the best extractant in the process of PAHs
extraction, either by ultrasounds or by the fexIKA device, is dichloromethane.
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EFEKTYWNOSC WYBRANYCH METOD EKSTRAKCJI PAHs (WWA)
NA PRZYKLADZIE KOMPOSTU Z ODPADOW KOMUNALNYCH
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Abstrakt: Techniki ekstrakcyjne odgrywaja szczegdlng rolg na etapie przygotowywania probek do iden-
tyfikacji i wydzielania analitow z probek srodowiskowych. Anality, bedace gtownie stalymi substancjami
organicznymi, z materialdw stalych mozna wyodrgbni¢ albo za pomoca gazu, albo przy uzyciu rozpusz-
czalnika. W dalszym ciagu, jako ekstrahenty analitow, najbardziej popularnymi i najczg¢sciej stosowanymi sa
rézne rodzaje rozpuszczalnikow. Sprawnos¢ ekstrakeji nie zalezy jednakze tylko od rodzaju rozpuszczalnika,
ale tez od metody ekstrakcji. W literaturze podawane sa najrozniejsze metody oznaczania zaréwno iloscio-
wego jak i jakosciowego trwalych zanieczyszczen chemicznych, jakimi sa m.in. wielopierscieniowe weglo-
wodory aromatyczne. Praca ta miata na celu przetestowanie zardwno roznych rozpuszczalnikow organicz-
nych, tj. heksanu, dichlorometanu oraz heksanu i acetonu, jak i réznych metod ekstrakcji w procesie izolacji
wielopierscieniowych weglowodoréow aromatycznych z kompostu pochodzacego z odpadéw miejskich.

Stowa kluczowe: ekstrakcja, PAHs, kompost
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COMPUTER SIMULATION OF FLOCCULATION
AND CHEMICAL COAGULATION

SYMULACJA KOMPUTEROWA PROCESU FLOKULACJI
I KOAGULACJI CHEMICZNEJ

Abstract: In the present study, a computer program was employed to simulate the coagulation of suspended
solids. The paper provides a description of the developed simulation program. The reaction order of the
coagulation process was determined, and the effect of the initial velocity of sol particles and the size of sol
and coagulant particles on the rate of coagulation was investigated. The tested program was found to comply
with the classical theories of particle motion and colloidal system destabilization. The rate of the simulated
coagulation process satisfied second-order kinetic equations and the Smoluchowski equation. As expected, a
simulated increase in the initial velocity of sol particles increased the rate of coagulation. An increase in the
sol particle diameter had a more significant effect on the rate of coagulation than an increase in the coagulant
particle diameter.

Keywords: coagulation, flocculation, simulation, sol

Although the technologies of chemical and biological-chemical wastewater treatment
are constantly being improved, coagulation remains the most popular and widely
applied method. The complex coagulation-flocculation process can be classified as
orthokinetic or perikinetic. In orthokinetic coagulation, the particles collide due to the
effect of external factors. The process may be accelerated by stirring which increases
the probability of collisions between single colloidal particles and agglomerates. The
final result of orthokinetic coagulation is dependent upon the amount of mechanical
energy dispersed per unit volume. An excessive amount of energy prevents colloid
flocculation [1], and the force of gravity may inhibit the gelation of suspended solids
[2]. In perikinetic coagulation, the particles move by random Brownian motion and
collide. Perikinetic coagulation takes place, among others, in pre-sedimentation and
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septic tanks at wastewater treatment plants. Since colloidal particles suspended in
wastewater have low kinetic energy, destabilization and colloid precipitation occur at
a slow rate.

Due to its complexity, the coagulation process continues to receive the attention of
researchers and practitioners, and it is studied from both a fundamental (the mechanism
and kinetics of particle flocculation) [3-6] and a utalitarian perspective [7-8].
Coagulation, aggregation, flocculation and sedimentation processes are usually investigat-
ed in natural systems, such as wastewater [9, 10], model systems, including silica
suspensions [11], as well as computer-simulated systems [12—14]. Computer-assisted
simulations offer unlimited experimental options, supporting the description of molecular
collision models, the mechanism of latent, slow and rapid coagulation, as well as the
conditions and the kinetic parameters of those processes [15-19]. The results of
computer-aided simulations support the development of fundamental databases, and the
resulting conclusions and suggestions [20] render them an interesting alternative to
applied research.

Contemporary research often relies on Monte Carlo simulation methods. This
approach is based on the theory of probability and statistical mechanics, and it is widely
applied to calculate the fractal dimensions of aggregates, investigate their structure, and
to study the mechanism of aggregation, coagulation and flocculation processes [21-25].

In the present study, a computer program (ZB2) was employed to simulate the
coagulation of suspended solids. The kinetics of chemical coagulation and the reaction
order of the coagulation process were determined. The effect of the initial velocity of
sol particles and the size of sol and coagulant particles on the rate of coagulation was
also investigated.

Methods

The ZB2 program was written in Pascal. The program simulates the coagulation,
flocculation and sedimentation of spherical sol particles with the use of spherical
coagulant particles [26]. The applied simulation model is a stochastic and a dynamic
model based on random variables, and its state changes over simulation time. The
simulation program features a module solving the equation of motion of a given number
of points (particles) in a closed vessel. The initial particle location values are randomly
generated in line with a homogenous system in the vessel area. The direction of particle
movement and their initial location are randomly drawn using the RANDOM command.
The angle at which a particle hits the wall is always equal to the angle of incidence. The
velocity of a cluster that hits the bottom decreases by 30 %. The following input data
were adopted:

— A — number of coagulant particles: 4 = const = 100;

— B — number of sol particles: B = const = 1000;

— C — initial velocity of a coagulant particle: C =5, 10, 15, 20, 25, 30, 35 and 40;

— D — initial velocity of a sol particle: D = 2C, ie, 10, 20, 30, 40, 50, 60, 70, 80 and
D = 5C, ie, 25, 50, 75, 100, 125, 150, 175 and 200;
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— E — “coagulation threshold”, ie a parameter indicating the number of sol particles
which initiate the sedimentation of a cluster/floc containing one coagulant particle:
E = const = 10;

— F — “sedimentation coefficient”: F = const = 0.2;

— G - simulated average diameter of a coagulant particle. Changes in G are not
displayed on the screen, but they become visible as the distance between the particles in
the formed floc increases. The smaller the diameter of the coagulant particle, the lower
the probability of collision with a sol particle: G = 1, 2, 3 and 4;

— H — simulated average diameter of a sol particle: H = 1, 2, 3 and 4;

— I — simulated ratio of the mass of a coagulant particle to the mass of a sol particle
determined by the values of G and H.

The program was equipped with the S = stop function (timer) measuring the time
of the simulated process as well as a meter counting the number of “coagulated”
particles in the sediment because the program counts particles with the velocity of
Cc=0.

All tests were performed in seven replications. Two maximum values and two
minimum values were discarded to compute the arithmetic mean based on three
measurements.

Results and discussion

In line with the adopted methodology, the number of deposited coagulant particles 4
and the number of sol particles B (waste) was counted every time after stimulated time ¢
[simulated second]. Reaction order was determined graphically through the conversion
(linearization) of generally applied kinetic equations of first-order (a) and second-order
(b) reactions, respectively:

a) ¢ = f {2,303 In [1100/(4 + B)]},

b) t = f[1/(4 + B) —1/1100].

The number 1100 appearing in equations a) and b) is the initial, ie at # = 0, total
number of coagulant particles 4 and sol particles B in the system:

1100 = A4(100) + B(1000)
Tables 1 and 2 demonstrate the effect of changes in the initial velocity of each

coagulant particle C, accompanied by the proportional values of the initial velocity of
each sol particle D, on the rate of the coagulation process.

D=2-C—-Tablel, D=5 - C — Table 2

In practice, changes in the initial velocity of any particle result from alterations in
temperature or stirring intensity, since both parameters always lead to changes in the
studied object’s kinetic energy.



1666 Regina Wardzynska et al

Table 1
The values of first-order and second-order reaction rate constants and the values
of determination coefficient R* for C and D pairs from 5 and 10 to 40 and 80
C,D,E, G H,I R? for I order k- 1072 R? for IT order ky- 107
5,105 10;2; 2; 1 0.899 1.58 0.971 0.916
10; 20; 10; 2; 2; 1 0.941 1.98 0.991 1.16
15;30; 10; 2; 2; 1 0.921 2.13 0.980 1.24
20; 40; 10; 2; 2; 1 0.946 2.29 0.988 1.34
25;50;10; 2; 2; 1 0.970 2.94 0.981 1.73
30; 60; 10; 2; 2; 1 0.978 3.51 0.984 2.07
35;70;10;2; 25 1 0.957 3.39 0.988 1.99
40; 80; 10; 2; 2; 1 0.968 3.89 0.981 2.29

Table 1 presents selected k;, kyy and R? values for C and D pairs from 5 and 10 to 40
and 80. As anticipated, an increase in the particles’ initial velocity was accompanied by
an increase in the rate of the investigated coagulation process, expressed by the rate
constants of both first-order (k;) and second-order reactions (kj;). The values of the
corresponding coefficients of determination R? for the second-order model were always
higher than for the first-order model. The use of a second-order model in the examined
simulation produced an average R* = 0.983, which was higher than the average
R? = 0.948 reported in the first-order model.

Table 2
The values of first-order and second-order reaction rate constants and the values
of determination coefficient R? for C and D pairs from 5 and 25 to 40 and 200
C,D,E, G H,I R? for I order k- 1072 R? for IT order ky- 107
5;25;10;2;2; 1 0.934 1.86 0.985 1.08
10; 505 10; 25 2; 1 0.951 3.17 0.987 1.85
15;75;10;2;2; 1 0.976 3.72 0.950 2.21
20; 1005 10; 2; 2; 1 0.938 4.66 0.977 2.73
25;125;10;2;2; 1 0913 5.58 0.965 3.25
30; 1505 10; 25 2; 1 0.886 6.98 0.935 4.08
35;175;10;2; 2; 1 0.923 7.61 0.949 4.47
40; 2005 10; 2; 2; 1 0.927 8.16 0.929 4.81

Table 2 illustrates selected k;, ki and R? values for C and D pairs from 5 and 25 to 40
and 200. Similarly to the data shown in Table 1, the values of the corresponding
coefficients of determination R” for the second-order model were higher in comparison
with the first-order model. The use of a second-order model in the studied process
produced an average R? = 0.960, which was also higher than the average R? =0.932 for
the first-order model. The results indicate that the coagulation process was a second-
-order reaction. This suggests that the applied ZB2 system is fully consistent with
Smoluchowski’s theory of coagulation kinetics [27], and the coagulated system has the
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features of a monodispersive sol. In view of the observed results, G = H, therefore, the
average diameter of a coagulant particle was identical to the diameter of a sol particle.

The correlation between the coagulation rate (ky) and the initial velocity of sol
particles D is illustrated in Figs. la and 1b. It was assumed that the kinetic energy
(initial velocity) of a single coagulant particle should be at least twice lower than the
kinetic energy of a single sol particle because the aim of every coagulant particle is to
“collect” 10 sol particles, and not the other way around. For this reason, in Fig. 1a, the
initial velocity of coagulant particles, determined in the range of D = 10-80, was set at
half the initial velocity of sol particles (C = 5-40), whereas the data shown in Fig. b,
covering a more extensive range of D = 25-200, always required D = 5C to support the
examination of a range identical to that in Fig. la (C = 5-40). Therefore, Figs. la and 1b
demonstrate the effect of the initial velocity of two types of sol particles on the
coagulation rate with the use of an identical coagulant. The resulting database
effectively illustrates the simulation of the coagulation of different sols using the same
coagulant. The simulated variation in the initial velocity of a sol particle, where particle
diameter (G = H = 2) and the density of sol and coagulant particles (/ = 1) remained
constant, implies that the simulated coagulation took place after the preliminary heating
of sol from the temperature indicated in Fig. la to that in Fig. 1b, or after the
preliminary, intense stirring of sol particles in Fig. la to achieve the velocity shown in
Fig. 1b. Coagulant particles were introduced to the system after the heating or stirring of
the “waste”, and they were subjected to the analyses shown in Fig. 1b.

In the range of D = 25-80, shared by both figure drawings, preliminary heating (or
stirring) had an insignificant effect on the coagulation rate (ky), although every
simulated increment in sol particles’ initial velocity increased the coagulation rate
within the entire measurement range. According to the data in Fig. 1b, the maximum
coagulation rate is ky; = 4.81 - 107, while in Fig. la, the maximum coagulation rate is
ky = 2.29 - 107 at the same initial velocity of coagulant particles. The above implies
that D = 200/D = 80, therefore, a 2.5-fold increase in sol particles’ initial velocity
produces only 4.81/2.29 = 2.1-fold increase in the studied sol’s coagulation rate.

According to Fig. la, the value of ky; calculated from a regression equation reached
k(10) = 0.8981 - 10 for D = 10 and ky(80) = 2.2841 - 10 for D = 80. This
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Fig. 1. The correlation between the coagulation rate and the initial velocity of sol particles (D) at a two-fold
lower velocity of coagulant particles C, D = 2C (a), at a five-fold lower velocity of coagulant particles
C, D = 5C (b)
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demonstrates than an 8-fold increase in sol particles’ initial velocity resulted in
2.2841/0.8981 = a mere 2.5-fold increase in the coagulation rate. Within the range
shown in Fig. 1b, the value of kj calculated from a regression equation reached
k;(25) = 1.1711 - 107 and ky;(200) = 4.9511 - 107°. As above, an 8-fold increase in sol
particles’ initial velocity produced only 4.9511/1.1711 = 4.3-fold increase in the
coagulation rate. The observed results support the following conclusion: “D = 5C/D =
= 2C = a 2.5-fold increase in sol particles’ initial velocity produces only 4.3/2.5 = an
estimated 1.7-fold increase in the rate of the simulated coagulation process”. The above
conclusion has a number of practical implications that can be laconically expressed as
follows: before coagulation, ie before introducing the coagulant to the waste, the waste
should not be excessively heated or stirred because the cost of those operations will not
be compensated by the rate or the effectiveness of the waste coagulation (purification)
process.

The effect of sol particles’ diameter (H from 1 to 4) on the coagulation rate (k) at
four values of G, ie G =1, 2, 3 and 4, is presented in Fig. 2. The ratio of a coagulant
particle’s mass to a sol particle’s mass / was investigated on the assumption that
coagulant and sol particles have identical density, therefore it was calculated each time
as G°/H’. The resulting graph comprises four +/— parallel, increasing linear functions,
which is consistent with expectations because an increase in particle diameter
maximizes the probability of an active collision. According to Arrhenius [28], the rate
of any chemical reaction, including coagulation, is directly proportional to the number
of active collisions in a unit of time. The simulated reaction (coagulation) shows that
within the analyzed range, an increment in the value of H by one unit increases the
reaction rate (kj) by approximately 0.6 - 107 (refer to the slopes of the respective
straight lines in Fig. 2). The parallel lines in Fig. 2 remain separated by a fixed distance
of approximately 0.3 - 10~ (k). Therefore, it can be postulated that an increment in the
value of G by one unit increases the reaction rate by 20 %. In the examined
combinations of G and H, the coagulation rate at D = 2C was more affected by an

351
ki = f(H) X
3.0
2.5
L 204 y = 0.57x + 0.96
< R2=0.975 (G = 4)
< 157 G=4 y=0.62x + 0.6
G=3 R2=0.9813 (G = 3)
1.0 1 G=2 y=0.67x+0.3
G=1 R2=0.9841 (G =2)
057 y = 0.54x + 0.25
R2=0.994 (G = 1)
0.0 :

0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5
H

Fig. 2. The correlation between the coagulation rate and particle diameter at D = 2C
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increase in the diameter of a sol particle than a coagulant particle. This fact is a logical
consequence of the imposed proportions between the number of coagulant particles and
sol particles at 4/B = 100/1000 = 0.1. An increase in the diameter of sol particles
marked by a 10-fold excess in the simulated coagulation system is more likely to
increase the probability of an active collision with a coagulant particle than an increase
in the diameter of coagulant particles remaining in a 10-fold minority.

Figure 3 illustrates the effect of sol particles’ diameter (H from 1 to 4) on the
coagulation rate (ky) at two values of G, ie G = | and G = 3. Similarly to Fig. 2, the
ratio of a coagulant particle’s mass to a sol particle’s mass / was investigated on the
assumption that coagulant and sol particles have identical density, therefore, it was
calculated as G°/H’. As anticipated, the resulting graph comprises two parallel,
increasing linear functions because an increase in particle diameter maximizes the
probability of an active collision. The course of the simulated reaction (coagulation)
indicates that within the studied range, an increment in the value of H by one unit
increased the reaction rate (ky) by approximately 0.62 - 10 — as calculated from the
regression equation for G = 3. This value closely approximates the results shown in Fig.
2. The parallel lines in Fig. 3 remain separated by a fixed distance of approximately
0.42 - 107, which is nearly 1.5-fold greater than the distance indicated in Fig. 2. The
absolute reaction rate values were higher by around 3040 %, which does not
correspond to the higher D values, from D = 2C (Fig. 2) to D = 5C (Fig. 3).

ki = f(H
554 1 = f(H)
A
4.5 y = 0.547x + 0.25 .
R2=0.994 (G =1)
S 35
= y=0.62x + 0.6
< 55 R?=0.9813 (G =3)
=3
1.5
G=1
05 : ; ; ; ; ; ; ,
0.5 1.0 1.5 2.0 25 3.0 35 4.0 45

H

Fig. 3. The correlation between the coagulation rate and particle diameter at D = 5C

According to the kinetic theories postulated by Smoluchowski, Muller and others
[27-29], the radius of a particle involved in the coagulation process affects the rate and
the effectiveness of coagulation. Based on the work of Arrhenius [28] investigating the
frequency of active collisions = reaction rate, eg ky;, the number of active collisions for
second-order reactions is determined by particle radii as follows:

ki o (G + H)

The above implies that the reaction rate is directly proportional to the square of total
radii (diameters) of reagent particles. The results of this study do not “fit” the above
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dependency. The discrepancies in the results of experiments investigating the kinetics
of standard chemical reactions and laboratory experiments analyzing the coagula-
tion kinetics of hydrosols have led to the creation and the popularization of the above
coagulation kinetics theories (including Smoluchowski’s theory). In different
mathematical models, eg expressing the probability P that one particle will collide with
another particle:

P=4.-7-4-D,

where: A4 — radius of particle attraction, and D, — coefficient of diffusion, the value of
diffusion coefficient D, is determined by the dimensions of coagulating particles.
The Smoluchowski formula and its modified version:

P=4.n-4-D, ¢

where & — fraction of effective collisions determined by coagulant concentrations, are
used to determine the probability of particle collisions in both slow and rapid perikinetic
coagulation of monodispersive sols. The methodological constraints of the discussed
simulation prevented rapid or slow orthokinetic coagulation in the studied environment.

Summary and conclusions

This study investigated the effect of changes in the initial velocity of every coagulant
particle C, combined with the proportional value of initial velocity of each sol particle
D, because in practice, changes in the initial velocity of any particle result from
alterations in temperature or stirring intensity, and both parameters always lead to
changes in the studied object’s kinetic energy.

The values of first-order and second-order reaction rate constants, k; and ky;, and the
respective values of determination coefficients R? indicate that the values of determina-
tion coefficients R* for the second-order reaction model were always higher than those
noted in the first-order reaction model. The use of a second-order reaction model in the
analyzed simulation was therefore correct from both the theoretical and the practical
perspective. The ZB2 model complies with the theory of coagulation kinetics proposed
by Smoluchowski, and the studied coagulation system has the features of a mono-
dispersive sol.

The simulated variations in the initial velocity of a sol particle, where particle
diameter (G = H = 2), sol and coagulant density remained constant (/ = 1), show that the
simulated process takes place after the preliminary heating or intense stirring of sol.
Preliminary heating (or stirring) had an insignificant effect on the coagulation rate,
although the anticipated stimulated increment in sol particles’ initial velocity increased
the coagulation rate within the entire measurement range. A 2.5-fold increase in sol
particles’ initial velocity resulted in only 4.81/2.29 = 2.1-fold increase in the
coagulation rate.

The discussed experiment also investigated the effect of sol particles’ diameter on the
coagulation rate. The authors concluded that the rate of any chemical reaction, including
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coagulation, is directly proportional to the number of active events. In the simulated
process (coagulation), an increase in sol particles’ diameter by a simulated unit
accelerated the process by only 20 %. An increase in the diameter of sol particles was
more likely to increase the rate of coagulation than an increase in the diameter of
coagulant particles. The above was a logical consequence of the imposed proportions
between the number of coagulant particles and sol particles. The increase in the
coagulation rate resulting from a simulated increase in the size of sol particles proved to
be smaller than anticipated.

The results of this study have prompted the authors to formulate the following
conclusions:

1. The ZB2 computer application correctly simulates the process of chemical
coagulation of hydrosols.

2. The simulated chemical coagulation proceeds in line with the kinetic equation for
a second-order reaction.

3. The simulated sol had the features of a monodispersive sol in the analyzed range
of parameters.

4. The variations in the initial velocity of sol particles are induced by the heating or
preliminary stirring of sol (eg waste) before coagulation.

5. Excessive heating or stirring of sol (waste) before coagulation is not justified in
view of the resulting rate and effectiveness of the coagulation process.

6. The rate of coagulation is insignificantly affected by particle size. The size of sol
particles has a greater effect on the coagulation rate than the size of coagulant particles.
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SYMULACJA KOMPUTEROWA PROCESU FLOKULACJI
I KOAGULACJI CHEMICZNEJ

! Katedra Chemii, Wydziat Ksztaltowania Srodowiska
Uniwersytet Warminsko-Mazurski w Olsztynie

Abstrakt: Opisano wyniki badan przeprowadzonych przy zastosowaniu komputerowego programu ,,ZB2”
symulujacego koagulacj¢ zawiesiny zawierajacej kuliste czastki zolu i kuliste czastki koagulantu. Przed-
stawiono charakterystyke opracowanego programu, a nastgpnie opisano wyniki badan wptywu predkosci
poczatkowej zolu oraz rozmiar czastki zolu i koagulantu na szybko$¢ procesu koagulacji. Wykazano, iz
program ,,ZB2” pozostaje w zgodno$ci z klasycznymi teoriami ruchu czastek i destabilizacji uktadow
koloidalnych. Szybko$¢ symulowanego procesu koagulacji, w zakresie opisanym w niniejszej pracy, spetniata
réwnanie kinetyczne II rzedu, a takze réwnanie Smoluchowskiego. Symulowany wzrost predkosci poczat-
kowej czastek zolu zgodnie z oczekiwaniem powodowal wzrost szybkosci koagulacji. Okazalo si¢ takze, ze
wigkszy wptyw na szybkos¢ koagulacji miato zwigkszenie srednicy czastki zolu, anizeli zwigkszenie Srednicy
czastki koagulantu.

Stowa kluczowe: koagulacja, flokulacja, symulacja, zol
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REACH REGULATION
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Abstrakt: The REACH Regulation is a Directive of the European Parliament and Council concerning the safe
use of chemicals through their registration, authorisation and evaluation. An important change from the
previous EU chemicals legislation is that, under REACH, responsibility for the management of the risks lies
with the company that manufactures, imports, places on the market or uses a substance in the context of its
professional activities. The safe use of chemicals is the core objective of REACH. Industry is responsible for
establishing the safety of chemicals. Companies must demonstrate that they use their substances safely and
provide accurate data in their registration dossiers. The results of these tests must be submitted to the
Chemical Agency in Helsinki. Pre-registration, which took place between 1st June and 1st December 2008,
required manufacturers and importers to provide a limited set of information on the phase-in substances they
intend to register (no data, no market), in order to be entitled to take advantage of the transitional provisions
for registration. Pre-registration is the starting point for the formation of Substance Information Exchange
Fora (SIEF), where manufacturers and importers who pre-register can exchange information and jointly
prepare the information to be submitted for registration. The next stage (which is anticipated to last for 10.5
years) is the registration, which is taking place now. The registration requires performing many specific tests
of produced or imported substances, depending on their tonnage and influence on human health and the
environment. The reports published by the Agency allow tracking the statistics concerning the course of the
registration and the share of individual countries in the process. At this stage of implementing the Regulation,
the course of the pre-registration can be summed up and a general assessment of the course of the registration
can be performed. After completing the registration, there will be started the process of verifying the data
presented by the registering entities, which can last for a long time. The new system results in the necessity of
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bearing the administrative costs and the costs of preparing the data required for European registration, but it
also offers an opportunity of learning about the influence of chemicals on the environment and on health of
humans and animals. This knowledge will surely allow avoiding many threats connected with the use of
unknown and untested chemicals.

Keywords: REACH, pre-registration, registration, statistics

The REACH Regulation: R — Registration, E — Evaluation, A — Authorisation of CH
— CHemicals.

The main requirement of the Regulation addressed to the industry is the necessity of
registering chemicals in accordance with its contents and the timeline imposed by it

(Fig. 1).
PRE-REGISTRATION - 1 June 2008 — 1 December 2008
REGISTRATION

Phase-in substances classiefied as
» 1J 2008 — 1 D ber 2010
Cat 1 and 2 CMRs > 1 tonne per une ecember

year per manufacturer/importer

SVHC

Phase-in substances classiefied as

PBTs/vPvBs > 100 tonnes per — % 1 June 2008 — 1 December 2010
year per manufacturer/importer

Phase-in substances > 1000 tonnes

" — 1 June 2008 — 1 December 2010
per year per manufacturer/importer

Phase-in substances > 100 tonnes
per year per manufacturer/importer | ———p 1 June 2008 — 1 June 2013

Phase-in substances > 1 tonne

per year per manufacturer/importer | ——* 1June 2008 —1 June 2013

Fig. 1. Registration time limits (SVHC — Substances of Very High Concern; CMRs — Carcinogenic,
Mutagenic or toxic Reproduction.; PBTs — Persistent Bioaccumulative Toxics; vPvBs — substances
which are very Persistent and very Bioaccumulative)

In compliance with the provision II of the Regulation (EC) No. 1907/2006, known as
REACH Regulation, each substance, on their own, contained in a preparation or
a product imported into the territory of EU in an amount higher than 1 Mg a year must
be registered in accordance with the provisions of this Regulation [1]. Substances, on
their own means a chemical element and its compounds in the natural state or obtained
by any manufacturing process, including any additive necessary to preserve its stability
and any impurity deriving from the process used, but excluding any solvent which may
be separated without affecting the stability of the substance or changing its composition.
Preparation means a mixture or solution composed of two or more substances and
article means an object which during production is given a special shape, surface or
design which determines its function to a greater degree than does its chemical
composition [1].

The period for implementing the REACH system, in particular, preparing and
performing the registration of chemicals produced in or imported into the territory of the
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European Union was foreseen for 11 years. However, this is not the total time required
for implementing this system, because after completing the registration, there will begin
the process of verifying the data presented by the registering entities, which can last for
a long time.

An indirect requirement of the Regulation is the necessity of performing many
specialist tests, the scope of which would depend on the tonnage and type of a substance
as well as on its impact on the health of people and animals and on the environment.

The work on the Draft REACH Regulation

The problem of possible negative influence of chemicals attracted attention before
1981, when it was found that over 100 000 substances, which had not been earlier
subject to any legal obligation of testing them in respect of their possible harmful
effects on human health and negative influence on the environment, had been placed on
the market of the European Economic Community. In that year, EEC introduced the
requirements about testing chemical substances as a response to the increased incidence
of cancer and other diseases caused by these substances. In this way, a broad review and
tests of the chemicals being marketed were started. In 1998, the European Council for
the Environmental Issues decided to revise the community law concerning chemicals
and to propose a new system, which would allow evaluating the chemical substances
being marketed in a profound and harmonized manner [2]. On 18 December 2006, EU
Council adopted, without any discussion, the REACH package in the wording that was
approved also by the European Parliament, and on 30 December 2006 this package was
promulgated in the Official Journal of the European Union. As of Ist June 2008,
European manufacturers and importers of chemicals were obliged to report, within six
months, the fact of producing or importing any substances being marketed in the area of
EC countries in the quantities over 1 Mg a year [3].

Pre-registration and registration

Pre-registration, which took place between 1st June and 1st December 2008, required
manufacturer and importer to provide a limited set of information on the phase-in
substances they intend to register (no data, no market), in order to be entitled to take
advantage of the transitional provisions for registration [5].

When drawing up the REACH Regulation, the Commission estimated that over
130000 pre-registrations would be received from industry, for more than 70000
chemical substances and intermediates. By the end of the pre-registration period, ECHA
had received 20 times more pre-registrations than expected (Fig. 2).

Many of these pre-registrations were — for a number of reasons — submitted
by companies that will not submit a registration later in the process. However, the
high volume of pre-registrations created a significant additional workload for ECHA
staff and resulted in a temporary overload of the IT system, which led to an intense
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Registration began on 1st June 2008. By 31st December 2008, 1538 dossier
submissions (810 inquiries, 487 PPORD notifications (Product and Process Oriented
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Research and Development) and 241 registrations covering 28 phase-in substances) had
been manually handled and processed within the deadlines set by the legal text.
Approximately 70 % of dossiers passed the initial checking procedure (which
included a virus check) and were then subject to a technical completeness check.
The most common causes for not passing the check included inconsistencies in
identification of the dossier, substance or company, or basic errors such as failure
to include the requested submission form. When a dossier failed the initial technical
completeness check, ECHA provided the company responsible for the dossier with
a description of the information needed to allow successful re-submission. Duly,
many of the submissions, in the above table, concern a second submission of the same
dossier.

Table 1
Data submission from 1st June 2008 until 31st December 2008 [6]
. . Accepted Technical completeness
Dossier type Submitted for processing check passed Complete
Inquiry 810 619 N/A 243
Registrates Intermediates on-site 40 24 12 12
Registrates Intermediates transported 107 70 50 46
Regular Registration dossiers 94 36 10 10
PPORD notifications 487 335 234 228
Total 1538 1084 306 539

The breakdown of registrations by individual countries in 2009 is presented in the
figure below. It takes into account the number of registration forms submitted at the
Agency in the periods to May, to August, to October and to December.

The basic institution involved in the implementation of the REACH regulation is the
European Chemicals Agency (ECHA), established on 1st June 2007, having its office in
Helsinki. ECHA’s mission is to manage all REACH and CLP tasks by carrying out or
coordinating the necessary activities, in order to ensure a consistent implementation at
Community level and to provide Member States and the European institutions with the
best possible scientific advice on questions related to the safety and the socio-economic
aspects of the use of chemicals. This is achieved by ensuring a credible decision-making
process, using the best possible scientific, technical and regulatory capacities and
by working independently in an efficient, transparent and consistent manner [6].
The Agency, located in Helsinki, Finland will manage the registration, evaluation,
authorisation and restriction processes for chemical substances to ensure consistency
across the European Union. These REACH processes are designed to provide additional
information on chemicals, to ensure their safe use, and to ensure competitiveness of the
European industry. In its decision-making the Agency will take the best available
scientific and technical data and socio-economic information into account. It will also
provide information on chemicals and technical and scientific advice. By assessing and
approving testing proposals, the Agency will minimize animal testing [4].
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Fig. 4. Submitted registration dossiers by country in 2009 by 3 May (A) — total 336, 4 August (B) — total
484, 5 October (C) — total 633, 11 December (D) — total 939 [7]

Conclusions

One of the aims of the REACH Regulation is to generate information on chemical

substances in order that they can be adequately controlled during their manufacture and
use. The main mechanisms established in REACH to meet this aim are the registration
and pre-registration processes. These processes depend strongly on the scientific
IT-tools available to the agency. The tools were developed externally, and were initially
the responsibility of the European Commission prior to handover to ECHA [6].

During the six months of the pre-registration period, more than 65000 companies
signed up to REACH-IT, submitting more than 2750000 pre-registrations, which
covered nearly 150000 different substances. Almost half of the pre-registrations were
submitted during the last two weeks of the pre-registration period.
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Other notable statistics are that:

— 82 % of companies indicated that they are SMEs (Small and Medium Sized
Enterprises);

— 25000 companies indicated their intention to register before the first deadline of 30
November 2010, which covers approximately 50000 different substances;

— 18 % of substances were pre-registered without indicating an EC number.

These include mainly:

— substances that do not have an EC number, substances presumably manufactured in
the Community but not placed on the market by the manufacturer or importer, and
which have phase-in status according to Article 3 [20] (b) (so-called “intermediates™);

— substances that have an EC number, which was not used by the potential registrant.
These will be identified by ECHA;

— Almost half of the REACH-IT sign ups and pre-registrations were from companies
in Germany and the United Kingdom. Other countries with more than 100000
pre-registrations were France, Poland, the Netherlands and Italy [6].

The REACH Regulation is the largest legislative project adopted by the European
Union in recent years and the most ambitious chemicals legislation in the world. It aims
to address a number of serious shortcomings of the former EU chemicals legislation, in
particular the lack of information on risks to human health and the environment for the
majority of chemical substances on the EU market and the slowness of the system for
dealing with substances identified as hazardous. Chemicals bring real benefits to our
everyday life. Some chemicals can, however, also cause serious damage to human
health and/or the environment. REACH will make those who place chemicals on the
market responsible for understanding the potential adverse effects and managing the
risks associated with the use of dangerous chemicals. REACH also aims to enhance the
competitiveness of the EU chemicals industry by creating incentives for innovation and
by removing distortions of the internal market inherent in the formerly fragmented
legislative regime. It was clear from the beginning that implementation of REACH
would be a challenging undertaking; not only for the companies concerned but also for
ECHA, which is the heart of the new system. The task of breathing real life into
REACH operations will very much depend on the quality and effectiveness of the
Agency’s work, as regards both its own operating procedures, IT systems and the advice
and assistance it provides to companies and to Member States [5].

The new system results in the necessity of bearing the administrative costs and the
costs of preparing the data required for European registration, but it also offers an
opportunity of learning about the influence of chemicals on the environment and on
health of humans and animals. This knowledge will surely allow avoiding many threats
connected with the use of unknown and untested chemicals.
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ROZPORZADZENIE REACH JAKO FORMA OCHRONY SRODOWISKA.
REJESTRACJA WSTEPNA 1 WELASCIWA — PODSUMOWANIE I STATYSTYKI

Instytut Technologii Nieorganicznej i Nawozéw Mineralnych
Politechnika Wroctawska

Abstrakt: Rozporzadzenie REACH jest Dyrektywa Parlamentu Europejskiego i Rady dotyczaca bez-
piecznego stosowania chemikaliow, poprzez ich rejestracjg, autoryzacje i oceng. Duza zmiang w stosunku do
poprzedniego ustawodawstwa UE w zakresie chemikaliow jest to, ze w systemie REACH odpowiedzialno$¢
za zarzadzanie ryzykiem spoczywa na przedsigbiorstwie, ktore wytwarza, importuje, wprowadza do obrotu
lub stosuje substancj¢ w ramach swojej dziatalnosci zawodowej. Bezpieczne stosowanie chemikaliow jest
glownym celem systemu REACH. Przemyst odpowiada za ustanowienie substancji chemicznych bez-
piecznymi. Przedsigbiorstwa musza wykaza¢ brak zagrozenia podczas wykorzystywania ich substancji
i poda¢ doktadne dane w dokumentacji rejestracyjnej. Badania te musza zosta¢ przedtozone w Agencji
Chemicznej w Helsinkach. Rejestracja wstgpna, ktora trwata od 1 czerwca do 1 grudnia 2008 r., wymagata od
producentéw i importeréw przedtozenia ograniczonego zestawu informacji o substancjach wprowadzonych,
ktore zamierzaja zarejestrowac (brak danych, brak obrotu), aby nabyé¢ prawo do skorzystania z przepisow
przejsciowych. Rejestracja wstgpna to punkt wyjsciowy do tworzenia foréw wymiany informacji o sub-
stancjach (SIEF), na ktérych producenci i importerzy dokonujacy wstepnej rejestracji moga wymieniaé
informacje oraz wspdlnie przygotowywa¢ je do przedtozenia na potrzeby rejestracji. Kolejnym etapem
(przewidzianym na 10,5 roku) jest trwajaca obecnie rejestracja wlasciwa. Rejestracja ta wymaga prze-
prowadzenia szeregu specyficznych i uzaleznionych od tonazu, a takze wplywu na zdrowie ludzkie
i srodowisko badan produkowanych badz importowanych substancji. Publikowane przez Agencj¢ raporty
umozliwiaja §ledzenie statystyk przebiegu rejestracji jak rowniez udziatu w procesie poszczegdlnych krajow.
Na tym etapie wdrazania rozporzadzenia mozna podsumowaé przebieg rejestracji wstepnej, jak rowniez
w okresie do 2010 roku, dokonaé¢ pogladowej oceny przebiegu rejestracji wlasciwej, po zakonczeniu ktorej
rozpocznie si¢, mogacy trwac dtugi czas, proces weryfikacji danych przedstawionych przez rejestrujacych.
Nowy system powoduje konieczno$¢ poniesienia kosztow administracyjnych i kosztow przygotowania
danych koniecznych do europejskiej rejestracji, ale daje takze szans¢ na poznanie wptywu chemikaliow na
Srodowisko oraz zdrowie ludzi i zwierzat. Wiedza ta z pewno$cia pozwoli unikna¢ wielu zagrozen
zwigzanych ze stosowaniem nieznanych i niezbadanych substancji chemicznych.

Stowa kluczowe: REACH, rejestracja wstgpna, rejestracja wiasciwa, statystyki
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LEWICKI Piotr (4-5) 431, 39

LEWINSKA Karolina (8) 927, 90

LIBIK Andrzej (12) 1619, 166

LICZNAR Michat (7) 793, 77

LICZNAR Stanistawa Elzbieta (7) 793, 77

LIGEZA Stawomir (4-5) 491, 45; (6) 567, 51

LIS-KRZYSCIN Agnieszka (9) 1117, 112; (9)
1127, 113

LOZEK Otto (7) 771, 74

LULINSKI Zbigniew (7) 827, 80

LABUZ Bernadetta (10) 1241, 125

LACIAK Tomasz (1) 17, 2

LAGOD Grzegorz (11) 1483, 152; (12) 1645, 169
LASZCZ-ZAKORCZMENNA Joanna (6) 615, 57
LUKASIK Iwona (2-3) 261, 22

LUKOWSKI Adam (8) 1027, 102

LYSIAK Grzegorz (9) 1197, 122; (10) 1361, 142

MAIJCHERCZAK Edward (7) 781, 75
MAKAREWICZ Artur (6) 601, 55
MAKSYLEWICZ-KAUL Anna (9) 1053, 103
MAKUCH Iwona (4-5) 377, 33
MALINOWSKA Katarzyna (10) 1263, 128
MALISZEWSKA-KORDYBACH Barbara (8) 943,
92
MARIASSYOVA Magda (1) 45, 5
MARKIEWICZ Bartosz (2-3) 269, 23; (8) 935, 91
MARKO-WORLOWSKA Maria (1) 17, 2
MASKOVA Zuzana (1) 135, 15
MASLANKA Matgorzata (9) 1135, 114
MAZUR Robert (4-5) 431, 39

MAZUR Stanistaw (9) 1083, 107; (9) 1141, 115

MAZUR Zbigniew (6) 637, 60

MAZUREK Ryszard (4-5) 439, 40; (8) 973, 95;
(10) 1269, 129; (12) 1585, 161

MAZURKIEWICZ-ZAPALOWICZ Kinga (10) 1369,
143

MEDYNSKA Agnieszka (8) 981, 96

MIECHOWKA Anna (10) 1309, /35

MIERZEJEWSKA Aneta (6) 593, 54

MIKICIUK Grzegorz (10) 1283, 737; (12) 1591,
162

MIKICIUK Matgorzata (10) 1275, 130; (10) 1283,
131; (10) 1289, 132; (10) 1315, 136; (12) 1591,
162

MILKO Krzysztof (4-5) 395, 35

MISZTAL Andrzej (4-5) 415, 37; (6) 643, 61

MOCEK Andrzej (4-5) 385, 34

MROWIEC Bozena (11) 1405, 145

MURAS Piotr (9) 1117, 112

MURAWSKA Barbara (6) 665, 64; (7) 781, 75

NADGORSKA-SOCHA Aleksandra (12) 1571, 159

NADOLNIK Maria (10) 1233, 124

NAIJMOWICZ Tomasz (4-5) 449, 41

NIEMCZUK Bozena (4-5) 519, 48

NIEMIEC Marcin (4-5) 461, 42; (8) 991, 97; (12)
1543, 156

NIEWIADOMSKA Alicja (12) 1597, 163

NOTHNAGEL Thomas (9) 1053, 103

NOVAKOVA Ivana (1) 81, 9

NOWAK Bartosz (11) 1435, 148

NOZKOVA Janka (1) 33, 4; (1) 45, 5; (1) 89, 10;
1) 97, 11

OCHMIAN Treneusz (9) 1147, 116
OCHOTA Patryk (11) 1451, 149
OKENKOVA Eva (1) 119, /3
OLSZEWSKA Justyna (10) 1355, 141
OMILIAN Matgorzata (6) 651, 62
ORZECHOWSKI Mirostaw (2-3) 217, 19
OSTROWSKA Eliza M. (7) 747, 71
OWCZARZAK Wojciech (4-5) 385, 34
OZIMINA Ewa (11) 1423, 147

PASZKO Tadeusz (2-3) 249, 21
PATKOWSKA Elzbieta (9) 1153, 117; (9) 1161,
118
PATLA Karolina (9) 1077, 106
PAWLIK Maciej (4-5) 405, 36
PAWLUCZUK Jan (7) 805, 78
PAWLOWSKA Bozena (9) 1171, 119
PETRYSZAK Przemystaw (4-5) 405, 36
PICHETA-OLES Anna (11) 1423, 47
PIEC Anna (11) 1415, 146
PIETRUCZYK Dorota (4-5) 491, 45
PIETA Danuta (9) 1161, 118
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PIOTROWSKA Anna (7) 817, 79; (12) 1585, 161
PIOTROWSKA Monika (6) 585, 53

PISZCZ Urszula (7) 837, 81; (7) 847, 82
PLAZA Anna (6) 575, 52; (6) 601, 55
PODKONSKA Anna (8) 1013, 100
POSLUSZNY Janusz (7) 827, 80

RADKOWSKA Iwona (8) 1001, 98; (10) 1303,
134; (12) 1607, 164; (12) 1613, 165

RADKOWSKI Adam (8) 1001, 98; (10) 1297, 133;
(10) 1303, 734; (12) 1607, 164; (12) 1613, 165

RADZIEMSKA Ewa (11) 1493, 153

RAGIN Roman (6) 631, 59

RAMUS Ksenia (12) 1655, 170

RAUCKYTE Teresa (10) 1339, 139

ROGOZINSKA Ilona (6) 623, 58

ROGOZ Antoni (4-5) 473, 43; (8) 1007, 99

ROPEK Dariusz (1) 129, 14

ROSIK-DULEWSKA Czestawa (11) 1505, 154

ROZEK Stanistaw (9) 1189, 121

RUTKOWSKA Beata (4-5) 483, 44; (8) 1013, 100

RYMS Michat (11) 1493, 153

SADY Wiodzimierz (9) 1179, 120; (9) 1189, 121

SAGER Manfred (2-3) 177, 17

SAPOTA Grazyna (2-3) 279, 24

SAWILSKA Anna Katarzyna (10) 1249, 126

SADEJ Wiera (7) 827, 80

SCHULZ Hartwig (9) 1053, 103

SCHULZ-WITTE Jonathan (9) 1053, 103

SIENKIEWICZ Stanistaw (6) 651, 62

SILICKI Artur (10) 1369, 143

SIMEONOV Vasil (2-3) 199, 18

SIROTKIN Alexander V. (1) 107, 12

SISKA Branislav (1) 9, /

SIUTA-OLCHA Alicja (11) 1473, 151

SIWEK Piotr (12) 1619, 166

SKOWRON Agnieszka (10) 1309, 135

SKRZYPEK Alicja (2-3) 249, 21

SKUT Jakub (11) 1517, 155

SMAL Halina (4-5) 491, 45

SMALCERZ Dorota (2-3) 323, 29

SMOCZYNSKI Lech (12) 1663, 171

SMOLEN Sylwester (9) 1189, 121

SMOLCZYNSKI Stawomir (2-3) 217, 19

SOBCZUK Henryk (12) 1645, 169

SOBOTKA Wiestaw (6) 657, 63; (6) 671, 65

SOKOL-LETOWSKA Anna (9) 1061, 104

SOLEK-PODWIKA Katarzyna (12) 1563, 158

SOO Young Lee (2-3) 177, 17

SPIAK Zofia (7) 837, 81; (7) 847, 82

SPYCHAJ-FABISIAK Ewa (6) 665, 64; (7) 771,
74

STANEK Maria (6) 657, 63; (6) 671, 65

STAWARZ Robert (1) 65, 7

STEPIEN Arkadiusz (7) 805, 78

STEPIEN Wojciech (8) 1013, 100

STRZETELSKI Piotr (9) 1189, 121

SUCHORAB Zbigniew (12) 1645, 169

SYMANOWICZ Barbara (7) 757, 72

SZCZEPANEK Malgorzata (6) 677, 66

SZCZERBINSKA-BYRSKA Malgorzata (8) 875,
83

SZCZERKOWSKA Dominika (2-3) 313, 28

SZEJNIUK Bozena (10) 1339, 139

SZULC Wiestaw (4-5) 483, 44; (8) 1013, 100

SZURA Anna (9) 1179, 120

SZYMAIJDA Karolina (8) 973, 95

SZYMCZYK Slawomir (2-3) 233, 20; (4-5) 499,
46

SLIWKA Malgorzata (2-3) 297, 26
SMIATACZ Sylwia (7) 837, 81; (7) 847, 82

TANCINOVA Dana (1) 135, 15

TARNAWSKI Marek (12) 1553, 157

TEGOWSKA Eugenia (10) 1355, 141

TOMAS Jan (1) 143, 16

TOMASZEWSKA Zofia (6) 637, 60

TOMASZKIEWICZ-POTEPA Anna (2-3) 305, 27
9) 1077, 106

TOMCZAK Elwira (2-3) 313, 28

TOTH Tomas (1) 143, 16

TYMINSKI Tomasz (2-3) 329, 30; (11) 1505, 154

VICHA Robert (1) 119, 13
VOGT Otmar (2-3) 305, 27; (9) 1077, 106
VOLLMANNOVA Alena (1) 143, 16

WACLAWSKA Irena (9) 1127, 113

WALENCZAK Karolina (7) 793, 77

WALKOWIAK Andrzej (8) 1019, 101

WALKOWIAK-TOMCZAK Dorota (9) 1197, 122;
(10) 1361, 142

WARDZYNSKA Regina (12) 1663, 171

WEBER Jerzy (7) 793, 77

WIATER Jozefa (8) 1027, 102

WIATKOWSKI Mirostaw (2-3) 329, 30; (11)
1505, 154

WIDOMSKI Marcin K. (11) 1483, 152; (12) 1645,
169

WIECZOREK Jerzy (4-5) 439, 40; (8) 973, 95

WILCZEWSKI Edward (6) 689, 67

WILKOSZ Irena (2-3) 323, 29

WIRTH Stephan (9) 1203, 123

WISNIEWSKI Stanistaw (2-3) 279, 24

WISNIOWSKA-KIELIAN Barbara (4-5) 461, 42;
(4-5) 509, 47; (8) 991, 97; (12) 1543, 156

WITKOWICZ Robert (6) 699, 68

WOJCIECHOWSKA Renata (12) 1619, 166

WOIDYLA Adam (9) 1141, 115

WOLICKI Radostaw (12) 1663, 171
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WOLSKA Maria (10) 1369, 143

WOLSKI Karol (6) 709, 69

WOLOSZYK Czestaw (6) 631, 59

WOICIKOWSKA-KAPUSTA Anna (4-5) 377, 33;
(4-5) 519, 48

WROBEL Jacek (10) 1289, 732; (10) 1315, 136

WROBLEWSKA Hanna (6) 585, 53

WRZOSEK Anna (6) 665, 64

WY SOKINSKI Andrzej (4-5) 529, 49; (7) 765, 73

WYSZKOWSKA Jadwiga (10) 1323, 137

WYSZKOWSKI Mirostaw (4-5) 449, 41

ZADROZNY Pawet (4-5) 439, 40; (10) 1309, 135
ZALEWSKA Marta (4-5) 541, 50
ZALESKA-CHROST Beata (12) 1663, 171
ZARZYCKI Jan (8) 959, 93

ZIAK Jaroslav (1) 9, I

ZIDEK Radoslav (1) 9, /

ZYCH-WEZYK Iwona (12) 1629, 167

ZOLNOWSKI Andrzej C. (6) 593, 54; (6) 717, 70;
(7) 747, 71
ZUKOWSKA Grazyna (4-5) 377, 33
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Meaning of the digits in the index entries — (no. of issue) first page, no. of the article

(in the volume contents).

0.01 mol CaCl, - dm™ extract (12) 1553, 157
1 mol HCI - dm™ extract (12) 1553, 157
1,3,4-thiadiazole derivatives (10) 1339, 139

abiotic factors (12) 1579, 160

abscisic acid (9) 1135, 174

absorptive heat pump (11) 1473, 151

ABTS (12) 1629, 167

abundance (1) 17, 2

Acer platanoides L. (10) 1263, 128

acid soils (8) 1027, 102

actinomycetes (10) 1323, /37

activated carbon (11) 1423, 147

active substance PRP®FIX (6) 631, 59

activity (1) 97, 11

acute toxicity biotest (4-5) 431, 39

Acyrthosiphon pisum (2-3) 261, 22

adsorption (2-3) 249, 21

afforestation (4-5) 491, 45

aggregation (8) 965, 94; (12) 1563, 158

air (1) 55, 6; (1) 73, 8

air-compressor heat pump (11) 1473, 151

Al (4-5) 359, 31

allotment gardens (8) 927, 90

alternative energy sources (11) 1473, 151

aluminium (10) 1257, 127

ammonia nitrogen (7) 747, 71

ammonium ions (7) 817, 79

anaerobic reactor (8) 1019, 701

Anas platyrhynchos (1) 81, 9

animal by-products (12) 1635, 168

antagonism of elements (10) 1303, /34

anthocyanin (9) 1053, 703

anthropometries (1) 21, 3; (1) 33, 4

antibacterial activity (1) 97, 1/

antifungal activity (1) 97, 11; (10) 1331, 138

antifungicidal activity (10) 1339, 739

antioxidant activity (2-3) 305, 27; (9) 1053, 103;
9) 1061, 104

antioxidant properties (9) 1189, 727

antioxidants (9) 1103, 710

antioxidative properties (1) 45, 5

Apiaceae (2-3) 305, 27

Apiaceaeus plants (9) 1077, 106

Apium graveolens L. var. rapaceum (12) 1591, 162

arable (12) 1563, 158

arable land (4-5) 519, 48

aromatic hydrocarbons (8) 913, 88

arsenic (8) 927, 90

arsenic soil contamination (4-5) 449, 41/

asbestos (8) 875, 83

Ascochyta (8) 885, 84

ash (4-5) 529, 49

Aspergillus (1) 135, 15

assimilation (10) 1283, 73/

assimilation pigments (10) 1289, 732; (12) 1591,
162

atmospheric chemistry (2-3) 323, 29

atmospheric conditions (10) 1233, 7124

atmospheric deposition (2-3) 233, 20

atmospheric waters (2-3) 323, 29

aubergine (9) 1103, 710

autochthonous microorganisms (4-5) 405, 36

available elements (10) 1269, 129

available P and K (4-5) 509, 47

Bacillus (9) 1153, 117

bacteria (1) 45, 5; (10) 1323, 137; (12) 1597, 163

bacterial aerosol (1) 55, 6

bark compost (6) 637, 60

Basammon-nitrogen (6) 623, 58

bee pollen (1) 45, 5; (1) 89, 10; (1) 97, 11

bioaccumulation (12) 1543, 156

bioaugmentation (4-5) 405, 36

bioavailable forms (9) 1203, /23

biogas (11) 1405, 145; (12) 1635, 168

biogenic elements (2-3) 297, 26

biological reduction of nitrogen by plant (7) 765,
73

biological value (9) 1179, 120
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biomarkers (2-3) 279, 24

biomass quality (4-5) 461, 42
biorecultivation of soil (4-5) 405, 36

black earths (2-3) 217, 19

black locust (10) 1269, 129; (12) 1585, 161
blue lupine (6) 671, 65

Bobolice (8) 885, 84

bottom deposit (12) 1553, 157

bottom sediment (4-5) 461, 42; (8) 991, 97
Brassica napus subsp. napus L. (1) 45, 5
breakage (8) 965, 94

breast milk (1) 65, 7

buckwheat (7) 847, 82

bushgrass (4-5) 359, 3/

butterhead lettuce (12) 1619, 166

Ca (4-5) 461, 42

CaCl, (9) 1171, 119

cadmium (4-5) 529, 49; (4-5) 541, 50; (8) 899, 86;
) 1111, 111; (9) 1203, 123

Calamagrostis epigejos L. (bushgrass) (4-5) 359,
31

calcium-ammonium nitrate (6) 623, 58

calibration of sewer system hydraulic model (11)
1483, 152

Candida albicans (10) 1339, 139

capsaicin (10) 1355, 141

carbendazim (2-3) 249, 2/

carbon dioxide (8) 893, 85

Carex (8) 885, 84

carotene (9) 1053, 7103

catalase (1) 65, 7

catalysis (2-3) 323, 29

catchments land use (6) 643, 6/

celery (12) 1619, 166

cellulolytic activity (8) 913, 88

cement dust (10) 1249, 126

chelates (4-5) 395, 35

chemical bonds (8) 899, 86

chemical composition (6) 631, 59; (9) 1061, 104;
(10) 1297, 133

chitosan (2-3) 313, 28

chromium (4-5) 377, 33

cloister (11) 1461, 150

clones ‘Bjor’, ‘Jorr’ and ‘Tora’ (10) 1289, 132

clubroot (9) 1083, 107

Co (4-5) 359, 31

coagulation (12) 1663, 171

cocoa husk (9) 1089, 108

COD (8) 1019, 101

co-digestion (11) 1405, 145

cold storage (10) 1361, 742

colour (10) 1361, 142

common sunflower (6) 689, 67

complexing (4-5) 395, 35

complexing agents addition (2-3) 177, 17

compost (4-5) 369, 32; (8) 899, 86; (8) 1013, 100,
(12) 1655, 170

composting of municipal wastes (7) 793, 77

composting process (4-5) 529, 49

composts (6) 585, 53

composts from sewage sludge (6) 631, 59

computer image analysis (4-5) 431, 39

concentrations of mineral nitrogen (4-5) 499, 46

Coniothyrium (8) 885, 84

contamination (1) 9, 7; (1) 97, 11

content (4-5) 461, 42

content of various forms of nitrogen (6) 615, 57

controlled fertilization (2-3) 269, 23; (8) 935, 91

copiotrophic bacteria (12) 1597, 163

copper (8) 919, 89; (9) 1203, 123

copper industry (8) 981, 96

corn (7) 787, 76

crop models (12) 1579, 160

crops (4-5) 449, 41

crystal violet (11) 1423, 147

CULTAN method (9) 1179, 120

cultivar-induced differentiation (2-3) 269, 23; (8)
935, 91

cultivars (6) 601, 55

dairy waste (8) 1019, 101

Daucus carota L. (9) 1053, 103
defatted soybean powder (1) 9, /
degradation (2-3) 249, 21; (9) 1069, 105
dehydrogenases (10) 1309, 135
dehydrogenases activity (12) 1597, 163
deluvial soils (2-3) 217, 19

desorption (2-3) 249, 21

detection limit (1) 9, /

determination (11) 1397, /44

dietary patterns (1) 33, 4

digestibility (6) 671, 65

diversity (1) 17, 2

DMPD (2-3) 305, 27

DPPH (12) 1629, 167

dry matter (10) 1289, 132

dumps (4-5) 359, 31

eating patterns (1) 21, 3

ecology (9) 1103, 7110

ecotoxicity parameters (8) 943, 92
elements (10) 1263, 128

ELISA (1) 9,

‘Elise’ apple (9) 1095, 109
elongation growth (10) 1275, 130
embryotest Lymnaea stagnalis (4-5) 431, 39
emission (8) 893, 85
environmental factors (8) 959, 93
estimate (4-5) 509, 47

ethylene (9) 1135, 114
eutrophication (2-3) 297, 26
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excessive heat utilization (11) 1493, 153
exchangeable (9) 1203, 723

exploitation of the reservoir (11) 1505, 154
extractability (8) 981, 96

extraction (12) 1655, 170

extraction solutions (4-5) 483, 44

farmyard manure (4-5) 369, 32; (6) 575, 52

Fe (4-5) 359, 31

fertilization (4-5) 385, 34; (7) 781, 75; (7) 787, 76;
(8) 1001, 98; (8) 1013, 100

fertilization method (9) 1179, 120

fertilization with microelements (10) 1297, 133

fertilizer components (8) 1013, 700

fertilizing value (6) 631, 59

firmness (10) 1361, 742

flavonoids (1) 97, 11; (2-3) 261, 22

flocculation (8) 965, 94; (12) 1663, 171

flower bed plants (9) 1089, 108

flower pollen (1) 97, 11

fluridone (9) 1135, 114

fly-ash (8) 893, 85

fodder value (8) 991, 97

foliar fertilization (6) 593, 54; (6) 717, 70, (12)
1613, 165

foliar nutrition (9) 1179, 120

food preferences (1) 21, 3; (1) 33, 4

forest (4-5) 519, 48; (12) 1563, 158

forest degradation (6) 609, 56

forest litter (8) 981, 96

forest soils (6) 567, 51

forms of nitrogen (7) 827, 80; (7) 837, 81

fractions (8) 1027, 102

Fragaria ananassa Duch. (10) 1283, 131

fresh matter (10) 1289, 7132

fruit quality (9) 1147, 116

Fulica atra (1) 81, 9

fungal diseases (1) 129, /4

fungi (1) 45, 5; (1) 73, &; (1) 135, 15; (8) 885, 84;
(10) 1323, 137, (12) 1597, 163

fungistatic activity (9) 1077, 106

Fusarium species (10) 1331, 138

GC/MS (2-3) 279, 24; (11) 1397, 144
geostatistics (7) 817, 79

glassy fertilisers (9) 1127, 113
Gliocladium catenulatum (9) 1161, 118
glutathione (1) 65, 7

glycoalkaloids (6) 717, 70

goat’s rue (7) 757, 72

granulosa cells (1) 107, 12

grass (4-5) 377, 33

gravitational sewer system (11) 1483, /52
gravitational sewer systems (12) 1645, 169
greenhouse (9) 1069, 105; (9) 1103, 110
ground (4-5) 377, 33

ground probe (11) 1473, 151

groundwater (4-5) 499, 46; (7) 805, 78; (7) 827, 80
growing mediums (9) 1103, /70
growing-finishing pigs (6) 657, 63; (6) 671, 65
GUS index (2-3) 249, 21

gyttja-muck soils (7) 805, 78

habitat conditions (7) 805, 78

hard coal fly ashes (7) 747, 71

health resorts (1) 73, 8

heavy metal ions (2-3) 313, 28

heavy metals (1) 17, 2; (1) 65, 7; (1) 97, 11; (4-5)
395, 35; (4-5) 423, 38; (4-5) 483, 44; (8) 907,
87; (8) 981, 96;; (8) 1013, 100 (10) 1241, 125;
(10 1323, 137; (11) 1415, 146; (11) 1451, 149;
(12) 1543, 156

herbivore (2-3) 261, 22

hot water preparation (11) 1461, 150

human food chain (1) 143, 76

humus (12) 1585, 161

hydrobotanical treatment plant (2-3) 297, 26

hydrochemical conditions (10) 1369, 143

hydro-engineering (2-3) 329, 30

hydrogen peroxide (11) 1423, 147

hydrometry (2-3) 329, 30

hydroperoxides (1) 119, 13

hydrophytes (2-3) 297, 26

hydroponics (10) 1315, 136

Impatiens (9) 1089, 108

in situ bioremediation (4-5) 405, 36
in vitro (9) 1171, 119
incineration ash (4-5) 359, 31
industrial wastes (9) 1111, /71
integral indices (2-3) 199, I8
intrafield pond (8) 885, 84
iodine (9) 1189, 121

ionic balance (10) 1315, 7136
iron (8) 919, 89

isotope 15N (7) 765, 73

Juncus (8) 885, 84

K 4-5) 461, 42

kinetics (2-3) 249, 21

kitchen biowaste (11) 1405, 145
Kuehneola (8) 885, 84

Lactuca sativa (2-3) 177, 17

lake intrafield (8) 885, 84

lakes (10) 1369, 143

land fallowing (4-5) 499, 46

land use (4-5) 415, 37; (10) 1309, 135
landfill (7) 827, 80

landscape of ice-dammed lakes (2-3) 217, 19
large-scale collector system (11) 1461, 150
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laser stimulation (2-3) 297, 26

lead (1) 107, 12; (4-5) 369, 32; (4-5) 377, 33,
(4-5) 491, 45; (4-5) 519, 48; (4-5) 541, 50; (8)
899, 86; (8) 1027, 102; (9) 1111, 1115 (9) 1203,
123

leaf formation (9) 1135, 1714

leakage (9) 1069, 105

legal regulations (8) 875, 83

Leptosphaeria (8) 885, 84

lettuce (7) 837, 81

light soil (4-5) 461, 42; (12) 1553, 157,

lime carbide (4-5) 359, 31

liming (4-5) 423, 38; (8) 919, 89

lithium content and uptake (4-5) 473, 43

lithium forms in soil (8) 1007, 99

loess soil (10) 1269, 129; (12) 1563, 158

loess-like soil (2-3) 249, 21

logistic function (10) 1275, 130

Lolium multiflorum Lam. (8) 919, 89

lyophilization (2-3) 313, 28

Macroelements (2-3) 217, 19; (2-3) 269, 23; (4-5)
461, 42; (8) 991, 97; (10) 1303, 134; (12) 1607,
164

macroelements content (9) 1117, 112

magnesium (6) 593, 54; (10) 1275, 130

maize (4-5) 473, 43

manganese (2-3) 323, 29

manure (6) 637, 60

maturing (1) 81, 9

meadow (12) 1563, 158

meadow sward (6) 709, 69; (8) 959, 93; (12) 1607,
164; (12) 1613, 165

mealworms (10) 1355, 141

measuring weirs (2-3) 329, 30

meat (1) 81, 9

Medicago sativa (2-3) 261, 22

medical sage (10) 1275, 130

medium (9) 1089, 108

mercury (4-5) 439, 40; (8) 973, 95

mesofauna (1) 17, 2

metabolic rate (10) 1355, 141

metabolites (11) 1397, 144

methane fermentation (11) 1405, 745; (12) 1635,
168

Mg (4-5) 461, 42

MIC (10) 1339, 139

microbial consortia (4-5) 405, 36

microbiological quality (1) 45, 5

microelement fertilisation (6) 665, 64

microelements (2-3) 217, 19; (8) 935, 91

micromophometric analyses (12) 1563, 158

microorganisms (1) 81, 9; (1) 89, 10; (8) 913, 88

microscopic fungi (1) 45, 5

Microsphaera alphitoides (9) 1141, 115

migration activity (10) 1349, 140

milk fat (1) 119, 13

mine tailings (2-3) 177, 17

mineral fertilization (6) 699, 68; (6) 709, 69

mineral nitrogen (6) 665, 64

mineral nitrogen forms (7) 781, 75

mineral wool (4-5) 377, 33

mineralization (7) 805, 78

minimal inhibitory concentration — MIC (10) 1331,
138

mixing (8) 965, 94

mixtures of heavy metals (12) 1571, 159

Mn (4-5) 359, 31

mobility (8) 1027, 102

mobility changes during plant growth (2-3) 177, 17

moisture level (7) 793, 77

molybdenum (1) 107, /2

morphology (9) 1053, 103

mortality (10) 1349, 140

mountain soils (6) 609, 56

muckous soil (12) 1591, 162

mucky soils (2-3) 217, 19

multiplication (9) 1171, 119

municipal and industrial sewage sludge (4-5) 369,
32

municipal landfill site (1) 129, 14

municipal sewage sludge (6) 631, 59

mycoestrogens (11) 1397, 144

mycotoxins (10) 1331, /38

Na (4-5) 461, 42

NaCl (9) 1171, 119

naked oat (6) 699, 68

nanofiltration (2-3) 289, 25

neutralising substances (4-5) 449, 41

nickel (4-5) 377, 33; (4-5) 519, 48; (4-5) 529, 49;
(4-5) 541, 50; (8) 899, 86

nitrate compounds (6) 643, 61

nitrate in soil (6) 651, 62

nitrate(V) (7) 817, 79

nitrate(V) nitrogen (7) 837, 81

nitrates (6) 637, 60, (7) 747, 71; (9) 1103, 110

nitrates(V) (6) 593, 54

nitrification potential (8) 943, 92

nitrogen (2-3) 233, 20; (6) 689, 67; (6) 699, 68; (6)
717, 70, (7) 747, 71;(7) 765, 73; (7) 787, 76; (7)
847, 82; (9) 1117, 112; (9) 1127, 113

nitrogen application method (6) 665, 64

nitrogen balance (6) 657, 63; (6) 671, 65

nitrogen emission (6) 567, 51

nitrogen excretion to the environment (6) 657, 63

nitrogen fertilization (6) 601, 55; (6) 677, 66; (7)
771, 74; (7) 837, 81; (12) 1597, 163

nitrogen fertilizers (7) 847, 82

nitrogen forms (6) 609, 56

nitrogen fractions (6) 585, 53

nitrogen transformation (7) 793, 77
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N-NO; maize (7) 847, 82

NPK fertilization (12) 1591, 162

nutritional composition (1) 45, 5

nutritional habits (1) 21, 3

nutritional status (9) 1095, 109

nutritive value (2-3) 269, 23; (8) 935, 97; (9) 1001,
98

0at (4-5) 369, 32; (4-5) 541, 50, (10) 1257, 127

odours (11) 1517, 155

oil spills (2-3) 279, 24

oilseed radish (6) 689, 67

old loaded areas (1) 143, 16

oligotrophic (8) 885, 84

oligotrophic and copiotrophic bacteria (12) 1597,
163

onion (2-3) 269, 23; (8) 935, 91

optimum harvest date (10) 1361, 742

ORC system (11) 1493, 153

orchard grass (4-5) 423, 38

organic and conventional farms (4-5) 509, 47

organic fertilization (4-5) 423, 38; (6) 637, 60

oxidation (11) 1423, 147

oxidative changes (1) 119, /3

P 4-5) 461, 42

packing (molders) (8) 1019, 101

PAHs (12) 1655, 170

Papaver somniferum L. (1) 97, 11
parameters of flow hydrodynamics (11) 1483, 152
Paraphaeosphaeria (8) 885, 84

parasitic fungi (8) 885, 84

partition coefficient (9) 1203, /23
pathogenic effect of asbestos (8) 875, 83
PCR (1) 9,

pedofauna (1) 17, 2

Penicillium (1) 135, 15
petroleum-derived contaminants (4-5) 405, 36
pH (9) 1117, 112

Phaeosphaeria (8) 885, 84

Phaseolus coccineus (9) 1161, 118
phenanthrene (8) 943, 92

phenolic compounds (9) 1189, 72/
phenols (9) 1103, 110; (9) 1147, 116
phosphatases (7) 787, 76

phosphorus (7) 787, 76

phosphorus fertilization (7) 847, 82
Phyllosticta (8) 885, 84

phytoestrogens (2-3) 289, 25
phytoremediation (2-3) 297, 26; (9) 1111, 111
pine needles (12) 1543, 156

plant availability (4-5) 483, 44

plant growth regulator (6) 699, 68

plant protection (9) 1141, 115
playgrounds (8) 907, 87; (10) 1241, 125
plum (9) 1197, 122; (10) 1361, 142

pollution (4-5) 439, 40; (8) 973, 95
polycyclic aromatic hydrocarbons (8) 943, 92
polyethylene films (12) 1619, 166
polyphenolics (9) 1197, 122

poppy (1) 89, 10

population dynamics (10) 1349, 740

porosity (12) 1563, 158

post-agricultural soil (4-5) 491, 45
post-culture liquids (9) 1153, 7117; (9) 1161, 118
potassium alkaline with silicon (10) 1283, /31
potassium fertilization (7) 847, 82

potato tubers (6) 593, 54; (6) 717, 70
powdery mildew (9) 1141, 115

precipitation water (2-3) 233, 20
pre-registration (12) 1673, 172

primary prevention (1) 21, 3

priority substances (11) 1435, 748
progesterone (1) 107, /2

proper black earth (12) 1591, 162

proper pseudogley soil (12) 1591, 162
protein digestibility (6) 657, 63

protein N (6) 593, 54

protein yield (6) 699, 68

Pseudomonas (9) 1153, 117

Puccinia (8) 885, 84

pyrene (8) 943, 92

pyrethroid (12) 1629, 167

pyrethroids (10) 1355, 141

quality (6) 623, 58; (12) 1613, 165; (12) 1619, 166
quality and nutritive value (8) 1001, 98

quality assessment (2-3) 199, /8

quality of grain (6) 601, 55

quartz sand (4-5) 461, 42

radish (7) 837, 81; (9) 1189, 121
rape (1) 89, 10

rape yield (6) 615, 57

Raphanus sp. (12) 1629, 167

REACH (12) 1673, 172

reclamation (4-5) 377, 33; (8) 893, 85
red fescue (6) 677, 66

reduction power (1) 97, 1/

registration (12) 1673, 172
relationships between macroelements (8) 991, 97
rendzina (4-5) 519, 48

renewable energy (12) 1635, 168
resistant cultivars (9) 1083, 107
Rhizobium galegae cultures (7) 757, 72
risky elements (1) 143, 16

river catchment (11) 1435, 148
Robinia pseudoacacia (12) 1585, 161
root yield (9) 1053, 103

Rosa ‘New Dawn’ (9) 1171, 119
roses (10) 1233, 124

runner bean (9) 1153, 117
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rusty soil (4-5) 519, 48
rye (4-5) 473, 43

S(IV) oxidation (2-3) 323, 29

salicylic acid (9) 1135, 114

salinity (10) 1315, 136

salinity stress (10) 1289, 132

Salix viminalis (10) 1289, 132; (10) 1315, 136

salt mine (1) 73, 8

salt stress (9) 1171, 119

sanatorium (1) 55, 6

schoolchildren (1) 33, 4

Scots pine (Pinus sylvestris L.) (10) 1249, 126

screening study (11) 1435, 748

seed extracts (9) 1077, 106

seed germination (6) 677, 66

seeds extracts (2-3) 305, 27

Septoria (8) 885, 84

sequential extraction (8) 1007, 99; (11) 1451, 149

sewage biodegradation in sewer conduits (12)
1645, 169

sewage sludge (4-5) 377, 33; (4-5) 385, 34; (4-5)
395, 35; (4-5) 529, 49; (6) 651, 62; (8) 919, 89;
(8) 1013, 100; (11) 1405, 145

sewage sludge foaming (11) 1405, 145

sewer biofilm (12) 1645, 169

sex ratio (10) 1349, 740

shading (12) 1619, 166

Si (4-5) 359, 31

silages (8) 1001, 98; (10) 1303, /34

Silesian Foothills (10) 1309, 735

silver (1) 107, 12

simulation (12) 1663, 171

Sitophilus granarius L. (10) 1349, 140

small ponds (4-5) 415, 37

sod-seeding rate (6) 709, 69

soil (4-5) 395, 35; (4-5) 439, 40, (6) 637, 60; (8)
973, 95; (9) 1069, 105 soil (10) 1249, 126; (11)
1451, 149

soil biological activity (10) 1309, /35

soil contamination (1) 143, 16; (4-5) 473, 43; (4-5)
541, 50

soil enzymes (6) 567, 51

soil moisture (10) 1275, 130

soil pollution (8) 981, 96; (12) 1571, 159

soil properties (4-5) 385, 34; (4-5) 473, 43; (4-5)
483, 44; (8) 1007, 99

soil sequential leaching (2-3) 177, 17

soilless culture (9) 1069, 105

soils (8) 927, 90; (12) 1543, 156

sol (12) 1663, 171

solar collectors (11) 1473, 151

solar thermal systems (11) 1461, 150

solubility (4-5) 395, 35; (4-5) 491, 45; (8) 927, 90,
(8) 981, 96; (9) 1127, 113

sorption (11) 1415, 146; (11) 1423, 147

sorption equilibrium (2-3) 313, 28

sources of vegetable protein (6) 657, 63

spatial variability (7) 817, 79

SPE (11) 1397, 144

Sphaerellopsis (8) 885, 84

Sphaerotheca pannosa (10) 1233, 124

Spinacia oleracea (6) 623, 58

spring barley (7) 757, 72

spring wheat (1) 129, 14; (6) 575, 52; (6) 601, 55

Stagonospora (8) 885, 84

statistics (12) 1673, 172

steroidogenesis (1) 107, 12

Stewartia pseudocamellia (9) 1117, 112

stinging nettle (9) 1061, 104

storage (1) 89, 10; (2-3) 269, 23; (8) 935, 91; (9)
1197, 122

storage conditions (1) 119, /3

storage in controlled atmosphere (6) 623, 58

straw (6) 575, 52

strongly and slightly silted peat-muck soils (2-3)
217, 19

stubble intercrop (6) 689, 67

substrates (9) 1147, 116

sugar beet (6) 575, 52

sulphur (7) 781, 75

sulphur and potassium fertilization (6) 615, 57

summer intercrop (6) 575, 52

sunflower (1) 89, 10

super phosphate (11) 1517, 155

surface water (7) 827, 80

swine manure (12) 1635, 168

Tagetes (9) 1089, 108

tansy phacelia (6) 689, 67

TBARS (1) 119, 13

technological parameters (7) 771, 74

term of cultivation (7) 837, 81

TGA (6) 717, 70

timothy grass (10) 1297, 133

titanium (12) 1607, 164

tolerant (10) 1257, 127

toposeqence (2-3) 217, 19

total antioxidant capacity (12) 1629, 167

total N (6) 593, 54; (6) 717, 70

total nitrogen (6) 665, 64; (7) 781, 75

total nitrogen content and uptake (6) 575, 52

trace elements (1) 65, 7; (8) 959, 93; (12) 1553,
157

transpiration (10) 1283, /31

treatment effectiveness (8) 1019, /01

tree clones (9) 1111, 7711

trend (2-3) 199, 18

Trichoderma harzianum (9) 1161, 118

Triticum aestivum L. (1) 135, 15

TSS (10) 1361, 142
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Ultrasounds (8) 965, 94

urban green (10) 1233, /24

urban soils (8) 907, 87; (10) 1241, 125
urea sprays (9) 1095, 109

usefulness (9) 1127, 113

utilization of macroelements (6) 689, 67

Vaccinium angustifolium AIT. (9) 1147, 116
VA-mycorrhiza (4-5) 541, 50

varieties (10) 1257, 127

Vicia faba L. (12) 1571, 159

vitamin C (9) 1103, 710

volatile organic compounds (11) 1517, 155

Waste sludge (11) 1415, 146
water activity (1) 119, 13

water analysis (11) 1397, 144
water balance (10) 1315, 136
water management (11) 1505, 154
water matrix (2-3) 289, 25

water pollution (2-3) 199, 18

water quality (4-5) 415, 37; (6) 643, 61; (11) 1505,
154

water reservoirs (11) 1505, 754

water treatment (2-3) 289, 25

wheat (1) 135, 15

white cabbage (9) 1083, 707

white mustard (7) 765, 73

wild strawberry fruits (6) 637, 60

winter wheat (7) 771, 74

wood waste (6) 585, 53

working fluid (11) 1493, 153

Yellow lupine (7) 765, 73
yield (6) 709, 69; (7) 757, 72; (9) 1147, 116; (12)
1607, 164; (12) 1613, 165; (12) 1619, 166

Zearalenone (11) 1397, 144

zinc (4-5) 369, 32; (4-5) 491, 45; (8) 919, 89; (9)
1111, 111; (9) 1203, 123

zinc content (4-5) 449, 41

zinc smelter (9) 1203, /23






INDEKS RZECZOWY

Sposdb zapisu odnosnikow haset — (nr zeszytu) pierwsza strona artykutu, nr artykutu

(w spisie tresci rocznika).

2,4-dihydroxytiobenzamidy (10) 1331, /38

absorpcyjna pompa ciepta (11) 1473, 1517

ABTS (12) 1629, 167

Acer platanoides L. (10) 1263, 128

Acyrthosiphon pisum (2-3) 261, 22

adsorpcja (2-3) 249, 21

aerozol bakteryjny (1) 55, 6

agregacja (8) 965, 94

agregatowos¢ (12) 1563, 158

aktywnos¢ antybakteryjna (1) 97, 11

aktywnos¢ antygrzybiczna (1) 97, 11

aktywnos$¢ antyoksydacyjna (2-3) 305, 27; (9)
1053, 103; (9) 1061, 104

aktywnos¢ biologiczna gleb (10) 1309, /35

aktywnos¢ celulolityczna (8) 913, 88

aktywnos$¢ dehydrogenaz (12) 1597, 163

aktywnos¢ fungistatyczna (9) 1077, 106; (10) 1339,
139

aktywnos$¢ migracyjna (10) 1349, 140

aktywnos$¢ przeciwgrzybicza (10) 1331, /38

aktywnos¢ wody (1) 119, 713

Al (4-5) 359, 31

alkalin potasowy z krzemem (10) 1283, /3!

alternatywne zrodta energii (11) 1473, 151

analiza wody (11) 1397, 144

analizy mikromorfometryczne (12) 1563, 158

Anas platyrhynchos (1) 81, 9

antagonizm pierwiastkow (10) 1303, 734

antocyjany (9) 1053, 103

antropometria (1) 21, 3;(1) 33, 4

antyoksydanty (9) 1103, 710

Apiaceae (2-3) 305, 27

Apium graveolens L. var. rapaceum (12) 1591, 162

arsen (8) 927, 90

Ascochyta (8) 885, 84

Aspergillus (1) 135, 15

asymilacja (10) 1283, 131

azbest (8) 875, 83

azot (2-3) 233, 20; (6) 689, 67; (6) 699, 68; (6)
717, 70, (7) 747, 71; (7) 765, 73; (7) 787, 76;
(7) 847, 82; (9) 1117, 112; (9) 1127, 113

azot azotanowy(V) (7) 837, 81

azot mineralny (6) 665, 64

azot ogoétem (6) 665, 64; (7) 781, 75

azotany (6) 637, 60; (9) 1103, 110

azotany(V) (6) 593, 54; (7) 817, 79

azotany(V) w glebie (6) 651, 62

Bacillus (9) 1153, 117

badania eksperymentalne (11) 1461, /50

badania screeningowe (11) 1435, 748

bakterie (1) 45, 5; (10) 1323, 137; (12) 1597, 163

bakterie Rhizobium galegae (7) 757, 72

barwa (10) 1361, 742

barwniki asymilacyjne (10) 1289, 7132; (12) 1591,
162

Basammon (6) 623, 58

bilans azotu (6) 657, 63; (6) 671, 65

bilans jonowy (10) 1315, 136

bilans wodny (10) 1315, 736

bioakumulacja (12) 1543, 156

bioaugmentacja (4-5) 405, 36

biodegradacja $ciekow w kanalizacji (12) 1645,
169

biodostgpne formy (9) 1203, 123

biogaz (11) 1405, 145; (12) 1635, 168

biologiczna redukcja azotu (7) 765, 73

biomarkery (2-3) 279, 24

bioodpady kuchenne (11) 1405, 745

biopreparaty (4-5) 405, 36

bioreaktor beztlenowy (8) 1019, 701

biorekultywacja ziemi (4-5) 405, 36

bioremediacja in situ (4-5) 405, 36

biotesty toksycznosci ostrej (4-5) 431, 39

btona biologiczna (12) 1645, 169

Brassica napus subsp. napus L. (1) 45, 5

budownictwo wodne (2-3) 329, 30

bulwy ziemniaka (6) 593, 54; (6) 717, 70
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burak cukrowy (6) 575, 52

Ca (4-5) 461, 42

CaCl, (9) 1171, 119

catkowita zdolno$¢ antyoksydacyjna (12) 1629,
167

Candida albicans (10) 1339, 139

Carex (8) 885, 84

cebula (2-3) 269, 23; (8) 935, 91

chelaty (4-5) 395, 35

chemia atmosfery (2-3) 323, 29

chitozan (2-3) 313, 28

choroby grzybowe (1) 129, 14

chrom (4-5) 377, 33

ChZT (8) 1019, 101

cieniowanie (12) 1619, 166

Co (4-5) 359, 31

Coniothyrium (8) 885, 84

cynk (4-5) 369, 32; (4-5) 491, 45; (8) 919, 89; (9)
1111, 1115 (9) 1203, 123

czarna ziemia wiasciwa (12) 1591, 162

czarne ziemie (2-3) 217, 19

czynnik roboczy (11) 1493, 153

czynniki abiotyczne (12) 1579, 160

czynniki ryzyka (1) 143, 16

czynniki $rodowiska (8) 959, 93

data zbioru (10) 1361, 142

Daucus carota L. (9) 1053, 103

degradacja (2-3) 249, 21; (9) 1069, 105

degradacja drzewostanéw (6) 609, 56

dehydrogenazy (10) 1309, 135

depozycja atmosferyczna (2-3) 233, 20

desorpcja (2-3) 249, 21

ditlenek wegla (8) 893, 85

DMPD (2-3) 305, 27

dodawanie zwiazkéw kompleksujacych (2-3) 177,
17

dojrzewanie (1) 81, 9

dolistne nawozenie mocznikiem (9) 1095, 7109

dostepnos¢ dla roslin (4-5) 483, 44

DPPH (12) 1629, 167

drobnoustroje autochtoniczne (4-5) 405, 36

dzieci szkolne (1) 33, 4

efektywnos¢ oczyszczania (8) 1019, 101
ekologia (9) 1103, 7110

ckosystemy lasoéw lisciastych (12) 1563, 158
ekosystemy takowe (12) 1563, 158
ekosystemy orne (12) 1563, 158
eksploatacja zbiornika (11) 1505, 754
ekstrakcja (12) 1655, 170

ekstrakcja sekwencyjna (11) 1451, 749
ekstrakt (10) 1361, 742

ekstrakty z nasion (2-3) 305, 27; (9) 1077, 106
ELISA (1) 9, 1

embriotest Lymnaea stagnalis (4-5) 431, 39
emisja (8) 893, 85

emisja azotowa (6) 567, 51

energia odnawialna (12) 1635, 168

enzymy glebowe (6) 567, 51

etylen (9) 1135, 114

eutrofizacja (2-3) 297, 26

facelia biekitna (6) 689, 67

Fe (4-5) 359, 31

fenantren (8) 943, 92

fermentacja metanowa (11) 1405, 745; (12) 1635,
168

fiolet krystaliczny (11) 1423, 147

fitoestrogeny (2-3) 279, 24

fitoremadiacja (2-3) 297, 26; (9) 1111, 111

flawonoid (2-3) 261, 22

flawonoidy (1) 97, 11

flokulacja (8) 965, 94; (12) 1663, 171

Fluridon (9) 1135, 114

folia polietylenowa (12) 1619, 166

formowanie lisci (9) 1135, 7114

formy azotu (6) 609, 56; (7) 827, 80; (7) 837, 81

formy litu w glebie (8) 1007, 99

fosfatazy (7) 787, 76

fosfor (7) 787, 76

Fragaria ananassa Duch. (10) 1283, 131

frakcje (8) 1027, 102

frakcje azotu (6) 585, 53

Fulica atra (1) 81, 9

funkcja logistyczna (10) 1275, 130

GC/MS (2-3) 279, 24; (11) 1397, 144

geostatystyka (7) 817, 79

gleba (4-5) 395, 35; (6) 637, 60; (9) 1069, 105;
(10) 1249, 126; (11) 1451, 149

gleba lekka (4-5) 461, 42; (12) 1553, 157

gleba lessowata (2-3) 249, 2/

gleba murszowa (12) 1591, 162

gleba opadowo-glejowa whasciwa (12) 1591, 162

gleby (4-5) 439, 40; (8) 927, 90; (8) 973, 95; (12)
1543, 156

gleby deluwialne (2-3) 217, 19

gleby gorskie (6) 609, 56

gleby gytiowo-murszowe (7) 805, 78

gleby kwasne (8) 1027, 102

gleby lessowe (12) 1563, 158; (10) 1269, 129

gleby lesne (6) 567, 51

gleby miejskie (8) 907, &87; (10) 1241, 125

gleby namurszowe (2-3) 217, 19

gleby porolne (4-5) 491, 45

gleby rdzawe (4-5) 519, 48

glikoalkaloidy (6) 717, 70

glin (10) 1257, 127

Gliocladium catenulatum (9) 1161, 118

glutation (1) 65, 7
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gnojowica swinska (12) 1635, 168

gorczyca biata (7) 765, 73

gospodarka wodna (11) 1505, 154

gospodarstwa ekologiczne i konwencjonalne (4-5)
509, 47

grochodrzew (12) 1585, 161

grunt (4-5) 377, 33

gryka (7) 847, 82

grzyby (1) 135, 15; (1) 73, &; (8) 885, 84; (10)
1323, 137; (12) 1597, 163

grzyby pasozytnicze (8) 885, 84

grzyby z rodzaju Fusarium (10) 1331, 138

huta cynku (9) 1203, 723
hydrofity (2-3) 297, 26
hydrometria (2-3) 329, 30
hydroponika (10) 1315, 736

Impatiens (9) 1089, 108
in vitro (9) 1171, 119
indeks GUS (2-3) 249, 21
izotop 15N (7) 765, 73

jab}ka odmiany ‘Elise’ (9) 1095, 109
jakos¢ (6) 623, 58; (12) 1613, 1655(12) 1619, 166
jakos¢ biomasy (4-5) 461, 42

jakos¢ 1 wartos¢ pokarmowa (8) 1001, 98
jakos¢ owocow (9) 1147, 116

jakos¢ wody (11) 1505, 154

jakos¢ wod (4-5) 415, 37; (6) 643, 61
jakos¢ ziarna (6) 601, 55

jeziora (10) 1369, 143

jezioro s$rodpolne (8) 885, 84

jeczmien jary (7) 757, 72

jedrmosé (10) 1361, 142

jod (9) 1189, 121

jony amonowe (7) 817, 79

jony metali cigzkich (2-3) 313, 28
Juncus (8) 885, 84

K 4-5) 461, 42

kadm (4-5) 529, 49; (4-5) 541, 50; (8) 899, 86; (9)
1111, 1115 (9) 1203, 123

kalibracja modelu hydraulicznego sieci kanaliza-
cyjnej (11) 1483, 152

kanalizacja grawitacyjna (11) 1483, 152; (12) 1645,
169

kapsaicyna (10) 1355, 141

kapusta glowiasta biata (9) 1083, /07

karbendazym (2-3) 249, 21

karoten (9) 1053, 103

katalaza (1) 65, 7

kataliza (2-3) 323, 29

kietkowanie nasion (6) 677, 66

kita (9) 1083, 107

kinetyka (2-3) 249, 21

kiszonki (8) 1001, 98; (10) 1303, /34

klasztor (11) 1461, 150

klony ‘Bjor’, ‘Jorr’, ‘Tora’ (10) 1289, 132

koagulacja (12) 1663, 171

kofermentacja (11) 1405, 145

kolektory stoneczne (11) 1473, 151

komorki ziarniste (1) 107, 12

kompleksowanie (4-5) 395, 35

kompost (4-5) 369, 32; (8) 1013, 100; (8) 899, 86;
(12) 1655, 170

kompost z kory (6) 637, 60

kompostowanie (4-5) 529, 49

kompostowanie odpadéw komunalnych (7) 793, 77

komposty (6) 585, 53

komposty z osadow $ciekowych (6) 631, 59

komputerowa analiza obrazu (4-5) 431, 39

komunalny i przemystowy osad scickowy (4-5)
369, 32

komunalny osad sciekowy (6) 631, 59

kontrolowane nawozenie (2-3) 269, 23; (8) 935, 91

kopalnia soli (1) 73, &

kostrzewa czerwona (6) 677, 66

krajobraz zastoiskowy (2-3) 217, 19

Kuehneola (8) 885, 84

kukurydza (4-5) 473, 43; (7) 787, 76, (7) 847, 82

kultury bezglebowe (9) 1069, 105

kupkowka pospolita (4-5) 423, 38

kwas abscysynowy (9) 1135, 114

kwas salicylowy (9) 1135, 114

Lactuca sativa 2-3) 177, 17

larwy macznika miynarka (10) 1355, /41
las (4-5) 519, 48

Leptosphaeria (8) 885, 84

liczebno$¢ populacji (10) 1349, 740
liofilizacja (2-3) 313, 28

lotne zwiazki organiczne (11) 1517, 155

lubin waskolistny (6) 671, 65
tubin zélty (7) 765, 73
tugowanie gleby (2-3) 177, 17
tuska kakaowa (9) 1089, 108

Mmagnez (6) 593, 54; (10) 1275, 130

mak polny (1) 89, 10

makro- i mikroelementy (2-3) 217, 19

makroelementy (2-3) 269, 23; (4-5) 461, 42; (12)
1607, 164

mangan (2-3) 323, 29

matematyczne modele roslin (12) 1579, 160

matryca wody (2-3) 279, 24

maczniak prawdziwy debu (9) 1141, 115

Medicago sativa (2-3) 261, 22

metabolity (11) 1397, 144

metale cigzkie (1) 17, 2; (1) 65, 7; (1) 97, 11; (4-5)
395, 35; (4-5) 423, 38; (4-5) 483, 44; (8) 1013,
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100; (8) 907, 87; (8) 981, 96; (10) 1241, 125,
(10 1323, 137; (11) 1415, 146; (11) 1451, 149;
(12) 1543, 156

metoda CULTAN (9) 1179, 120

mezofauna (1) 17, 2

Mg (4-5) 461, 42

MIC (10) 1331, 138

Microsphaera alphitoides (9) 1141, 115

miedz (8) 919, 89; (9) 1203, 123

mieszanie (8) 965, 94

mieszaniny metali cigzkich (12) 1571, 159

migdzyplon $cierniskowy (6) 689, 67

migso (1) 81, 9

mikotoksyny (10) 1331, /38

mikrobiologiczna jako$¢ (1) 45, 5

mikroelementy (1) 65, 7; (8) 935, 91

mikroflora grzybowa (1) 45, 5

mikroorganizmy (1) 81, 9; (1) 89, 10; (8) 913, 88

mineralizacja (7) 805, 78

mineralne formy azotu (7) 781, 75

mleko ludzkie (1) 65, 7

Mn (4-5) 359, 31

mobilnosé (8) 1027, 102

modele zywienia (1) 21, 3

molibden (1) 107, 12

morfologia (9) 1053, 103

mykoestrogeny (11) 1397, 144

Na (4-5) 461, 42

NaCl (9) 1171, 119

nadmierny osad czynny (11) 1405, /45

nadtlenek wodoru (11) 1423, 147

namnazanie (9) 1171, 119

N-amonowy (7) 747, 71

nanofiltracja (2-3) 279, 24

nawozy azotowe (7) 847, 82

nawozenie (4-5) 385, 34; (7) 781, 75; (7) 787, 76;
(8) 1001, 98; (8) 1013, 100

nawozenie azotem (6) 601, 55; (7) 771, 74; (7) 837,
81

nawozenie azotowe (6) 677, 66

nawozenie dolistne (6) 593, 54; (6) 717, 70; (9)
1179, 120; (12) 1613, 165

nawozenie fosforem (7) 847, 82

nawozenie mikroelementami (10) 1297, 133; (6)
665, 64

nawozenie mineralne (6) 699, 68; (6) 709, 69

nawozenie NPK (12) 1591, 162

nawozenie organiczne (4-5) 423, 38; (6) 637, 60

nawozenie potasem (7) 847, 82

nawozenie siarkg i potasem (6) 615, 57

nawyki zywieniowe (1) 21, 3

N-azotanowy (7) 747, 71

N-biatkowy (6) 593, 54

nieaktywne zrodia zanieczyszczen (1) 143, 16

nikiel (4-5) 377, 33; (4-5) 519, 48; (4-5) 529, 49,
(4-5) 541, 50; (8) 899, 86

N-ogélny (6) 593, 54; (6) 717, 70

norma podsiewu (6) 709, 69

Oberzyna (9) 1103, 710

obornik (4-5) 369, 32; (6) 575, 52; (6) 637, 60

oceny jakosci (2-3) 199, 18

ochrona (9) 1141, 115

oczka wodne (4-5) 415, 37

oczko $rodpolne (8) 885, 84

oczyszczanie wody (2-3) 289, 25

odcieki (7) 827, 80

odlogowanie i ugorowanie gleb (4-5) 499, 46

odmiany (6) 601, 55; (10) 1257, 127

odmiany odporne (9) 1083, 107

odory (11) 1517, 155

odpady drzewne (6) 585, 53

odpady kopalniane (2-3) 177, 17

odpady przemystowe (9) 1111, 711

odpady rolnicze (12) 1635, 168

odtluszczona maka sojowa (1) 9, 1

odzywienie mineralne (9) 1095, 109

ogrodki dziatkowe (8) 927, 90

oligotroficzne (8) 885, 84

oligotrofy i kopiotrofy (12) 1597, 163

otéw (1) 107, 12; (4-5) 369, 32; (4-5) 377, 33;
(4-5) 491, 45; (4-5) 519, 48; (4-5) 541, 50; (8)
1027, 102; (8) 899, 86; (9) 1111, 111; (9) 1203,
123

osad denny (4-5) 461, 42; (8) 991, 97; (12) 1553,
157

osad $ciekowy (4-5) 377, 33; (4-5) 385, 34; (6)
651, 62; (8) 1013, 100

osady $ciekowe (4-5) 395, 35; (4-5) 529, 49; (8)
919, 89; (11) 1415, 146

owady roslinozerne (2-3) 261, 22

owies (4-5) 369, 32; (4-5) 541, 50; (10) 1257, 127

owies nagoziarnisty (6) 699, 68

owoce poziomki (6) 637, 60

oznaczanie (11) 1397, 144

P (4-5) 461, 42

PAHs (12) 1655, 170

parametry ekotoksycznosci (8) 943, 92

parametry hydrodynamiczne przewodow kanaliza-
cyjnych (11) 1483, 152

parametry technologiczne (7) 771, 74

Paraphaeosphaeria (8) 885, 84

PCR (1) 9, 1

pedofauna (1) 17, 2

Penicillium (1) 135, 15

pH (9) 1117, 112

Phaeosphaeria (8) 885, 84

Phaseolus coccineus (9) 1161, 118

Phyllosticta (8) 885, 84
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piasek kwarcowy (4-5) 461, 42

pienienie osadu czynnego (11) 1405, 145

pierwiastki (10) 1263, 128

pierwiastki biogenne (2-3) 297, 26

pierwiastki sladowe (8) 959, 93; (12) 1553, 157

piren (8) 943, 92

place zabaw (10) 1241, 125; (8) 907, 87

plon (6) 709, 69; (7) 757, 72; (9) 1147, 116; (12)
1607, 164; (12) 1613, 165; (12) 1619, 166

plon biatka (6) 699, 68

plon korzeni (9) 1053, 103

plonowanie rzepaku (6) 615, 57

plyny pohodowlane (9) 1161, 718

pochodne 1,3,4-tiadiazoli (10) 1339, /39

podtoza (9) 1103, 110; (9) 1147, 116; (9) 1089, 108

pokrzywa zwyczajna (9) 1061, 104

pole uprawne (4-5) 519, 48

polifenole (9) 1147, 116; (9) 1197, 122

potaczenia chemiczne (8) 899, 86

popioty lotne z wegla kamiennego (7) 747, 71

popioty paleniskowe (4-5) 359, 3/

popiodt (4-5) 529, 49

popidt lotny (8) 893, 85

porowato$¢ (12) 1563, 158

potencjal nitryfikacji (8) 943, 92

powietrze (1) 55, 6; (1) 73, 8

poziom uwilgotnienia (7) 793, 77

preferencje zywieniowe (1) 21, 3; (1) 33, 4

profilaktyka (1) 21, 3

progesteron (1) 107, 12

promieniowce (10) 1323, 137

prochnica (12) 1585, 161

przechowywanie (1) 89, 10; (2-3) 269, 23; (8) 935,
91; (9) 1197, 122; (10) 1361, 142

przechowywanie w kontrolowanej atmosferze (6)
623, 58

przelewy miernicze (2-3) 329, 30

przemyst miedziowy (8) 981, 96

przydatnos¢ (9) 1127, 113

przygotowanie cieptej wody (11) 1461, 150

przyswajalny fosfor i potas (4-5) 509, 47

Pseudomonas (9) 1153, 117

pszenica (1) 135, 15

pszenica jara (1) 129, /4; (6) 575, 52; (6) 601, 55

pszenica ozima (7) 771, 74

Puccinia (8) 885, 84

pyt cementowy (10) 1249, 126

pylek kwiatowy (1) 97, 11

pytek pszczeli (1) 45, 5; (1) 89, 10

pytek pszczeli z Papaver somniferum L. (1) 97, 11

pyretroidy (10) 1355, 741; (12) 1629, 167

Raphanus sp. (12) 1629, 167
REACH (12) 1673, 172

regulacje prawne (8) 875, 83
regulator wzrostu (6) 699, 68

rejestracja wlasciwa (12) 1673, 172

rejestracja wstepna (12) 1673, 172

rekultywacja (4-5) 377, 33; (8) 893, 85

redziny (4-5) 519, 48

robinia akacjowa (10) 1269, /29

Robinia pseudoacacia (12) 1585, 161

Rosa ‘New Dawn’ (9) 1171, 119

roslinne oczyszczalnie $ciekdéw (2-3) 297, 26

rosliny (4-5) 449, 41

rosliny drzewiaste (9) 1111, 771

rosliny kwietnikowe (9) 1089, 108

rosliny selerowate (9) 1077, 106

rozlewy olejowe (2-3) 279, 24

rozpad (8) 965, 94

rozpuszczalno$¢ (4-5) 395, 35; (4-5) 491, 45; (8)
927, 90; (8) 981, 96; (9) 1127, 113

roztwory ekstrakcyjne (4-5) 483, 44

rownowaga sorpcyjna (2-3) 313, 28

réze (10) 1233, 124

roznorodnosé (1) 17, 2

rte¢ (4-5) 439, 40; (8) 973, 95

run takowa (6) 709, 69; (8) 959, 93 (12) 1607, 164,
(12) 1613, 165

rutwica wschodnia (7) 757, 72

rzepak (1) 89, 10

rzodkiew oleista (6) 689, 67

rzodkiewka (7) 837, 81; (9) 1189, 121

Saletra wapniowo-amonowa (6) 623, 58

Salix viminalis (10) 1289, 132; (10) 1315, 136

satata (7) 837, 81

satata mastowa (12) 1619, 166

sanatorium (1) 55, 6

sekwencyjna ekstrakcja (8) 1007, 99

seler naciowy (12) 1619, 166

Septoria (8) 885, 84

Si (4-5) 359, 31

siarka (7) 781, 75

silnie 1 stabo zamulone gleby torfowo-murszowe
(2-3) 217, 19

sity redukcyjne (1) 97, 11

Sitophilus granarius L. (10) 1349, 140

sktad chemiczny (6) 631, 59; (9) 1061, 104; (10)
1297, 133

sktadniki nawozowe (8) 1013, 700

sktadniki odzywcze (1) 45, 5

sktadniki przyswajalne (10) 1269, 129

sktadowiska (4-5) 359, 31

sktadowisko odpadow (7) 827, 80

sktadowisko odpadéow komunalnych (1) 129, 74

stoma (6) 575, 52

stonecznik (1) 89, 10

stonecznik zwyczajny (6) 689, 67

sonda gruntowa (11) 1473, 151

sorpcja (11) 1415, 146; (11) 1423, 147

sosna pospolita (Pinus sylvestris L.) (10) 1249, 126
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SPE (11) 1397, 144

Sphaerellopsis (8) 885, 84

Sphaerotheca pannosa (10) 1233, 124
Spinacia oleracea (6) 623, 58

sposob aplikacji azotu (6) 665, 64
sposOb nawozenia (9) 1179, 120

sposob uzytkowania (10) 1309, 135
spre¢zarkowa pompa ciepta (11) 1473, 151
srebro (1) 107, 12

Stagonospora (8) 885, 84

statystyki (12) 1673, 172

steroidogeneza (1) 107, 12

Stewartia pseudocamellia (9) 1117, 112
stezenie N-mineralnego (4-5) 499, 46
stosunki migdzy makroelementami (8) 991, 97
strawnos¢ (6) 671, 65

strawnos¢ biatka (6) 657, 63

stres solny (9) 1171, 719; (10) 1289, 132
stymulacja laserowa (2-3) 297, 26
substancja czynna PRP®FIX (6) 631, 59
substancje neutralizujace (4-5) 449, 41
substancje priorytetowe (11) 1435, 148
sucha masa (10) 1289, 132

superfosfat (11) 1517, 155

symulacja (12) 1663, 171

szatwia lekarska (10) 1275, 130

szklarnia (9) 1069, 105; (9) 1103, 110
szkta nawozowe (9) 1127, 113

szpilki sosny (12) 1543, 156

Scieki mleczarskie (8) 1019, 101
sciotki lesne (8) 981, 96

sliwa (10) 1361, 142

sliwka (9) 1197, 122
$miertelnoé (10) 1349, 140
$wieza masa (10) 1289, 132

Tagetes (9) 1089, 108

TBARS (1) 119, 13

tempo metabolizmu (10) 1355, 1417

tendencja (2-3) 199, 18

termin uprawy (7) 837, 81

TGA (6) 717, 70

thuszez mleka (1) 119, 13

tolerancja (10) 1257, 127

toposekwencja gleb (2-3) 217, 19

transformacja azotu (7) 793, 77

transpiracja (10) 1283, 131

trawa (4-5) 377, 33

Trichoderma harzianum (9) 1161, 118

Triticum aestivum L. (1) 135, 15

trzcinnik piaskowy (Calamagrostis epigejos L.)
(4-5) 359, 31

tuczniki (6) 657, 63; (6) 671, 65

tymotka takowa (10) 1297, 133

tytan (12) 1607, 164

uktad ORC (11) 1493, 153
ultradzwigki (8) 965, 94
utlenianie (11) 1423, 147
utlenianie S(IV) (2-3) 323, 29
uzdrowiska (1) 73, &
uzytkowanie terenu (4-5) 415, 37
uzytkowanie zlewni (6) 643, 6/

Vaccinium angustifolium (9) 1147, 116
VA-mikoryza (4-5) 541, 50
Vicia faba L. (12) 1571, 159

Wapno pokarbidowe (4-5) 359, 31

wapnowanie (4-5) 423, 38; (8) 919, 89

wartos¢ biologiczna (9) 1179, 120

wartos¢ nawozowa (6) 631, 59

warto$¢ odzywcza (2-3) 269, 23; (8) 935, 91

warto$¢ paszowa (8) 991, 97

warunki atmosferyczne (10) 1233, 7124

warunki przechowywania (1) 119, 713

warunki siedliskowe (7) 805, 78

welna mineralna (4-5) 377, 33

wegiel aktywny (11) 1423, 147

weglowodory aromatyczne (8) 913, 88

wielkoskalowy system solarny (11) 1461, 150

wielopierscieniowe weglowodory aromatyczne (8)
943, 92

wilgotnos¢ gleby (10) 1275, 130

witamina C (9) 1103, 710

wlasciwosci antyoksydacyjne (1) 45, 5; (9) 1189,
121

wiasciwosci gleby (4-5) 385, 34; (4-5) 473, 43,
(4-5) 483, 44; (8) 1007, 99

wilasciwosci hydrochemiczne (10) 1369, 743

woda gruntowa (7) 805, 78

wodoronadtlenki (1) 119, 13

wody atmosferyczne (2-3) 323, 29

wody gruntowe (4-5) 499, 46

wody opadowe (2-3) 233, 20

wody podziemne i powierzchniowe (7) 827, 80

wsiewka migdzyplonowa (6) 575, 52

wskaznik plei (10) 1349, 140

wskazniki catkowity (2-3) 199, 18

wspotczynnik podziatu (9) 1203, 723

wyciagi: 0,01 mol CaCl, - dm™, 1 mol HCI - dm™
(12) 1553, 157

wyciek (9) 1069, 105

wydalanie azotu do $rodowiska (6) 657, 63

wymienne (9) 1203, /23

wypetnienie (8) 1019, 101

wzrost elongacyjny (10) 1275, 130

Zageszczenie (1) 17, 2

zagospodarowanie ciepta odpadowego (11) 1493,
153

zagospodarowywanie makrosktadnikéw (6) 689, 67
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zagrozenia zdrowotne (8) 875, 83

zakres wykrywalnosci (1) 9, /

zalesienia (4-5) 491, 45

zanieczyszczenia (1) 97, 11

zanieczyszczenia ropopochodne (4-5) 405, 36

zanieczyszczenia wod (2-3) 199, 18

zanieczyszczenie (1) 9, I; (4-5) 439, 40; (8) 973,
95

zanieczyszczenie arsenem (4-5) 449, 41

zanieczyszczenie gleb (8) 981, 96

zanieczyszczenie gleby (1) 143, 16, (4-5) 473, 43;
(4-5) 541, 50, (12) 1571, 159

Zaprawa Oxafun T (9) 1153, 117; (9) 1161, 118

zasolenie (10) 1315, 136

zawartos¢ (4-5) 461, 42

zawarto$¢ cynku (4-5) 449, 41

zawarto$¢ 1 pobranie azotu ogétem (6) 575, 52

zawarto$¢ 1 pobranie litu (4-5) 473, 43

zawarto$¢ makroelementow (9) 1117, 712; (10)
1303, 134

zawarto$¢ N-NOs (7) 847, 82

zawarto$¢ réznych form azotu (6) 615, 57

zbiorniki wodne (11) 1505, 154

zearalenon (11) 1397, 144

zielen miejska (10) 1233, 124

zlewnia rzeczna (11) 1435, 148

zmiany mobilno$ci podczas wzrostu roslin (2-3)
177, 17

zmiany oksydacyjne (1) 119, 13

zmiennos¢ przestrzenna (7) 817, 79

zol (12) 1663, 171

zroznicowanie odmianowe (2-3) 269, 23; (8) 935,
91

zwiazki azotu (6) 643, 61

zwiazki fenolowe (9) 1103, 710; (9) 1189, 121

zwyczaje zywieniowe (1) 33, 4

Zrédta biatka roslinnego (6) 657, 63

Zelazo (8) 919, 89

zycica wielokwiatowa (Lolium multiflorum Lam.)
(8) 919, 89

zyto (4-5) 473, 43

zywienie azotem (12) 1597, 163

zywnos¢ (1) 143, 16






INDEX OF LATIN, POLISH AND ENGLISH SPECIES NAMES
OF MICROORGANISMS, PLANTS AND ANIMALS
AND THEIR ANATOMICAL PARTS

WYKAZ EACINSKICH, POLSKICH I ANGIELSKICH NAZW
MIKROORGANIZMOW, ROSLIN I ZWIERZAT
I ICH CZESCI ANATOMICZNYCH

Meaning of the digits in the index entries — (no. of issue) first page, no. of the article

(in the volume contents).

Sposob zapisu odnosnikdw haset — (nr zeszytu) pierwsza strona artykutu, nr artykulu

(w spisie tresci rocznika).

Acer platanoides L. (10) 1263, 128
Acyrthosiphon pisum (2-3) 261, 22

Anas platyrhynchos (1) 81, 9

Apiaceae (2-3) 305, 27

Apium graveolens L. var. rapaceum (12) 1591, 162
Ascochyta (8) 885, 84

Aspergillus (1) 135, 15

Bacillus (9) 1153, 117

bacteria (1) 45, 5; (10) 1323, 137; (12) 1597, 163
bakterie Rhizobium galegae (7) 757, 72

btona biologiczna (12) 1645, 169

Brassica napus subsp. napus L. (1) 45, 5
bulwy ziemniaka (6) 593, 54; (6) 717, 70
burak cukrowy (6) 575, 52

butterhead lettuce (12) 1619, 166

Cualamagrostis epigejos L. (bushgrass) (4-5) 359,
31

Candida albicans (10) 1339, 139

Carex (8) 885, 84

cebula (2-3) 269, 23; (8) 935, 91

clones ‘Bjor’, ‘Jorr’ and ‘Tora’ (10) 1289, 132

Coniothyrium (8) 885, 84

corn (7) 787, 76

Daucus carota L. (9) 1053, 103
drobnoustroje autochtoniczne (4-5) 405, 36

‘Elise’ apple (9) 1095, 109

embriotest Lymnaea stagnalis (4-5) 431, 39

facelia biekitna (6) 689, 67

flower bed plants (9) 1089, 108

flower pollen (1) 97, 11

Fragaria ananassa Duch. (10) 1283, 131

Fulica atra (1) 81, 9

fungal diseases (1) 129, 14

fungi (1) 135, 15; (1) 45, 5; (1) 73, 8; (8) 885, 84;
(10) 1323, 137; (12) 1597, 163

Fusarium species (10) 1331, 138

Gliocladium catenulatum (9) 1161, 118

gorczyca biata (7) 765, 73

grass (4-5) 377, 33

grochodrzew (12) 1585, 161

gryka (7) 847, 82

grzyby (1) 135, 15; (1) 73, &; (8) 885, 84; (10)
1323, 137; (12) 1597, 163

grzyby pasozytnicze (8) 885, 84

grzyby z rodzaju Fusarium (10) 1331, 138

hydrofity (2-3) 297, 26
Impatiens (9) 1089, 108
jablka odmiany ‘Elise’ (9) 1095, 109

jeczmien jary (7) 757, 72
Juncus (8) 885, 84
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Klony ‘Bjor’, ‘Jorr’, ‘Tora’ (10) 1289, 132
komorki ziarniste (1) 107, 12

kostrzewa czerwona (6) 677, 66

Kuehneola (8) 885, 84

kukurydza (4-5) 473, 43; (7) 787, 76; (7) 847, 82
kupkéwka pospolita (4-5) 423, 38

Lactuca sativa (2-3) 177, 17

larwy macznika mtynarka (10) 1355, 141
Leptosphaeria (8) 885, 84

lettuce (7) 837, 81

hubin waskolistny (6) 671, 65
tubin z6lty (7) 765, 73
tuska kakaowa (9) 1089, 108

IMaczniak prawdziwy debu (9) 1141, 115

maize (4-5) 473, 43

mak polny (1) 89, 10

meadow sward (6) 709, 69; (8) 959, 93; (12) 1607,
164; (12) 1613, 165

Medicago sativa (2-3) 261, 22

Microsphaera alphitoides (9) 1141, 115

mykoestrogeny (11) 1397, 144

Oberzyna (9) 1103, 110

oil spills (2-3) 279, 24

oilseed radish (6) 689, 67

oligotrofy i kopiotrofy (12) 1597, 163

onion (2-3) 269, 23; (8) 935, 91

owady roslinozerne (2-3) 261, 22

owies (4-5) 369, 32; (4-5) 541, 50, (10) 1257, 127
owies nagoziarnisty (6) 699, 68

owoce poziomki (6) 637, 60

Papaver somniferum L. (1) 97, 11
Paraphaeosphaeria (8) 885, 84
pedofauna (1) 17, 2

Penicillium (1) 135, 15
Phaeosphaeria (8) 885, 84

Phaseolus coccineus (9) 1161, 118
Phyllosticta (8) 885, 84

pokrzywa zwyczajna (9) 1061, 104
potato tubers (6) 593, 54; (6) 717, 70
promieniowce (10) 1323, 737
Pseudomonas (9) 1153, 117

pszenica (1) 135, 15

pszenica jara (1) 129, 14; (6) 575, 52; (6) 601, 55
pszenica ozima (7) 771, 74

Puccinia (8) 885, 84

radish (7) 837, 81; (9) 1189, 121
Raphanus sp. (12) 1629, 167
Rhizobium galegae cultures (7) 757, 72
robinia akacjowa (10) 1269, 129
Robinia pseudoacacia (12) 1585, 161
Rosa ‘New Dawn’ (9) 1171, 119

roses (10) 1233, 124

roslinne oczyszczalnie $ciekow (2-3) 297, 26

ro$liny (4-5) 449, 41

ro$liny drzewiaste (9) 1111, 171

rodliny kwietnikowe (9) 1089, 108

ro$liny selerowate (9) 1077, 106

roze (10) 1233, 124

run takowa (6) 709, 69; (8) 959, 93 (12) 1607, 164;
(12) 1613, 165

runner bean (9) 1153, 7117

rutwica wschodnia (7) 757, 72

rzepak (1) 89, 10

rzodkiew oleista (6) 689, 67

rzodkiewka (7) 837, 81; (9) 1189, 121

Satata (7) 837, 81

satata mastowa (12) 1619, 166

Salix viminalis (10) 1289, 132; (10) 1315, 136
Scots pine (Pinus sylvestris L.) (10) 1249, 126
seler naciowy (12) 1619, 166

Septoria (8) 885, 84

Sitophilus granarius L. (10) 1349, 140
stonecznik (1) 89, 10

stonecznik zwyczajny (6) 689, 67

sosna pospolita (Pinus sylvestris L.) (10) 1249, 126
Sphaerellopsis (8) 885, 84

Sphaerotheca pannosa (10) 1233, 124

Spinacia oleracea (6) 623, 58

Stagonospora (8) 885, 84

Stewartia pseudocamellia (9) 1117, 112

szatwia lekarska (10) 1275, 130

szpilki sosny (12) 1543, 156

Sliwa (10) 1361, 142
sliwka (9) 1197, 122

Tagetes (9) 1089, 108

trawa (4-5) 377, 33

Trichoderma harzianum (9) 1161, 118

Triticum aestivum L. (1) 135, 15

trzcinnik piaskowy (Calamagrostis epigejos L.)
(4-5) 359, 31

tuczniki (6) 657, 63; (6) 671, 65

tymotka takowa (10) 1297, 133

Vaccinium angustifolium (9) 1147, 116
VA-mikoryza (4-5) 541, 50
Vicia faba L. (12) 1571, 159

wild strawberry fruits (6) 637, 60
winter wheat (7) 771, 74

Zycica wielokwiatowa (Lolium multiflorum Lam.)
(8) 919, 89
zyto (4-5) 473, 43
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UNIA EUROPEJSKA **x
IGNONS%\évéAcgf(NAA EUROPEJSKI FUNDUSZ *; :
NARODOWA STRATEGIA SPOINOSCI ROZWOJU REGIONALNEGO * ok K

INFORMACJA O PROJEKCIE
»WYKORZYSTANIE KAPUSTY BIALEJ
NA POTRZEBY FITOREMEDIACJI I BIOFUMIGACJI GLEBY
(AGROBIOKAP)”

Projekt nr UDA-POIG.01.03.01-00-138/09
wspolfinansowany przez Uni¢ Europejska
ze Srodkow Europejskiego Funduszu Rozwoju Regionalnego
w ramach Programu Operacyjnego Innowacyjna Gospodarka, 2007-2013

O$ priorytetowa 1.: Badania i rozw6j nowoczesnych

technologii
Dziatanie 1.3.: Wsparcie projektow B+R na rzecz

przedsigbiorstw realizowanych przez
jednostki naukowe

Poddziatanie 1.3.1.: Projekty rozwojowe

Rekomendowana kwota dofinansowania: 3 391 950,00 PLN
Termin realizacji projektu: 01.07.2007-01.07.2013

Cele projektu:
O opracowanie innowacyjnej i ekonomicznej technologii fitoremediacji terenéw zdegra-
dowanych;
O produkcja naturalnego $rodka do biofumigacji gleb uzytkowanych rolniczo i ogrodniczo.

Zadania badawcze projektu:

O przeprowadzanie badan fizjologicznych kapusty z upraw prowadzonych w réznych
warunkach;

O opracowanie technologii uprawy kapusty;

O badania analityczne w celu okreslenia wptywu warunkéw uprawy kapusty na zawartos$é
zwigzkow bioaktywnych i biokumulacj¢ metali cigzkich w kapuscie;

O statystyczne opracowanie wynikéw pomiardw;

O opracowanie technologii otrzymywania biopreparatu zgodnie z wymogami przemystu;

O zaproponowanie metod zagospodarowania odpadu po produkcji biopreparatu.

Kontakt:

Wydziat Chemiczny Politechniki Gdanskiej
ul. G. Narutowicza 11/12, 80-233 Gdansk
tel./fax.0048 58 347 26 25
e-mail: agrobiokap@chem.pg.gda.pl
http://www.chem.pg.gda.pl/agrobiokap/
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Invitation for ECOpole 11 Conference

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part in the 20th annual Central European
Conference ECOpole ’11, which will be held in 12-15 X 2011 (Thursday—Saturday) at
the Conference Center “Rzemieslnik” in Zakopane, PL.

The Conference Programme includes oral presentations and posters and will be
divided into five sections:

— SI Chemical Pollution of Natural Environment and Its Monitoring

— SII Environment Friendly Production and Use of Energy

— SIHI Risk, Crisis and Security Management

— SIV Forum of Young Scientists and Environmental Education in Chemistry

— SV Impact of Environment Pollution on Food and Human Health

The Conference language is English.

Contributions to the Conference will be published as:

— abstracts on the CD-ROM (0.5 page of A4 paper sheet format)

— extended Abstracts (4-6 pages) in the semi-annual journal Proceedings of ECOpole

— full papers will be published in successive issues of the Ecological Chemistry and

Engineering/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. A or S.

Additional information one could find on the Conference website:
ecopole.uni.opole.pl

The deadline for sending the Abstracts is 15.07.2011 and for the Extended Abstracts:
1.10.2011. The actualised list (and the Abstracts) of the Conference contributions
accepted for presentation by the Scientific Board, one can find (starting from
15.07.2011) on the Conference website.

The papers must be prepared according to the Guide for Authors on Submission of
Manuscripts to the Journals.
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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 11 Conference

University of Opole

email: Maria.Waclawek@o02.pl

and mrajfur@o2.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 11
w dniach 12-15 X 2011

SUBSTANCJE CHEMICZNE
W SRODOWISKU PRZYRODNICZYM

Bedzie to dziewigtnasta z rzgdu konferencja po$wigcona badaniom podstawowym
oraz dziataniom praktycznym dotyczaca réznych aspektéw ochrony srodowiska przy-
rodniczego. Odbedzie si¢ ona w Osrodku Konferencyjno-Wypoczynkowym ,,Rze-
mieslnik” w Zakopanem.

Doroczne konferencje ECOpole majg charakter migdzynarodowy i za takie sg uznane
przez Ministerstwo Nauki i Szkolnictwa Wyzszego.

Obrady konferencji ECOpole *11 beda zgrupowane w pigciu sekcjach:

— SI Chemiczne substancje w §rodowisku przyrodniczym oraz ich monitoring

— SII Odnawialne zrodla energii i jej oszczgdne 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.

Materialy konferencyjne bgda 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;

— artykulow: 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 15 lipca
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2011 r. Lista prac zakwalifikowanych przez Rad¢ Naukowa Konferencji do prezentacji
bedzie sukcesywnie publikowana od 15 lipca 2011 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
mogta by¢ opublikowana, jej tekst winien by¢ przygotowany zgodnie z wymagania-
mi stawianymi artykutom drukowanym w czasopismach Ecological Chemistry and
Engineering ser. A oraz S, ktore jest dostepne w wielu bibliotekach naukowych w Pol-
sce 1 za granica. Sa one takie same dla prac drukowanych w potroczniku Chemia — Dy-
daktyka — Ekologia — Metrologia. Zalecenia te sa rdwniez umieszczone na stronie we-
bowej konferencji.

Po konferencji zostang wydane 4—6-stronicowe rozszerzone streszczenia wystapien
w potroczniku Proceedings of ECOpole. Artykuly te winny by¢ przestane do 1 pazdzier-
nika 2011 r. Wszystkie nadsytane prace podlegaja zwyklej procedurze recenzyjne;j.
Wszystkie streszczenia oraz program Konferencji zostang wydane na CD-ROM-ie, ktory
otrzyma kazdy z uczestnikéw podczas rejestracji. Program bedzie takze umieszczony na
stronie webowej Konferencji.

Prof. dr hab. Maria Wactawek
Przewodniczaca Komitetu Organizacyjnego
Konferencji ECOpole ’11

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

lub mrajfur@o?2.pl

tel. 77 401 60 42 i 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 miesi¢czniku Ecological Chemistry and Engineering
A/Chemia i Inzynieria Ekologiczna A powinna by¢ przestana na adres Redakc;ji:

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 wzorowaé si¢ na postaci
najnowszych artykuléw opublikowanych w Ecological Chemistry and Engineering, na
przyktad zamieszczanych na stronie webowej Towarzystwa:

http://tchie.uni.opole.pl/

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

Zalecamy, azeby artykut zawieral adresy i emaile oraz numery telefondw i faksow
wszystkich autoréw danej pracy, szczegdlnie gtdéwnego autora, ktérego nazwisko wy-
rézniamy gwiazdka.

Usilnie prosimy o stosowanie uktadu jednostek SI. Zwracamy uwage, 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 trudnos$ci z wypehieniem tego warunku Redakcja
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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
tytul 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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