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Abstract

In the years 2000-2002, a possibility was investigated of the seed production of a tomato cultivar
,2Etna F;”. The experiments were carried out in the southern and middle Poland. Fruits were
collected one, two and many times. The seeds from the collected fruits were extracted directly after
harvest or one week after their maturing. It was proved that in the conditions of the middle and
southern Poland, it is possible to produce tomato seeds of the cultivar ,Etna F;” in the field
conditions. Despite a big variability in the seed yield per plant amongst the years, the received seed
yield was satisfied. The production place affected seed yield, 1000 seeds weight and seed germination
capacity of the cultivar. The seeds produced in the middle Poland germinated better (89.0%) than the
ones from the southern Poland (85.8%). The fruit harvesting method in the middle Poland conditions
did not affect the seed yield, 1000 seeds weight and their germination. When producing seeds in the
southern Poland, it is better to harvest fruits from the field successively (many times). The seeds
received from the fruits of the tested cultivar, when maturing for 7 days, germinated worse than the
ones extracted from fruits directly after their harvesting. The way of extracting seeds did not affect
their seed yield per plant and 1000 seeds weight.
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Abstrakt

W latach 2000-2002 zbadano mozliwo$¢ produkeji nasion pomidora odmiany Etna F;. Badania
przeprowadzono w Polsce potudniowej i §rodkowej. Owoce zbierano jedno-, dwu- i wielokrotnie.
Nasiona pozyskiwano natychmiast po zbiorze owocéw lub po tygodniu ich lezakowania. Wykazano,
ze w warunkach Polski §rodkowej i poludniowej mozliwa jest polowa produkcja nasienna pomidora
odmiany Etna F;. Pomimo stwierdzonej duzej zmiennoS§ci miedzy latami, uzyskany plon nasion byt
zadowalajacy. Rejon produkcji mial wplyw na plon nasion z rosliny, mase 1000 nasion i zdolno§é
kielkowania badanej odmiany. Nasiona wyprodukowane w Polsce Srodkowej kielkowaly lepiej
(89,0%) niz uzyskane z Polski potudniowej (85,8%). Metoda zbioru owocéw w warunkach Polski
Srodkowej nie miata wplywu na plon nasion, mase 1000 nasion i ich zdolno§¢ kietkowania. Produkujac
nasiona w Polsce poludniowej, lepiej jest natomiast prowadzié sukcesywny (wielokrotny) zbidr
owocow z pola. Nasiona uzyskane z owocéw badanej odmiany po lezakowaniu przez 7 dni kietkowaly
gorzej niz uzyskane z owocow bezposrednio po zbiorze. Sposob ich pozyskania nie wplynal na plon
nasion z roéliny i mase 1000 nasion.

Introduction

Tomato has been the most important vegetable species in the world. Its
area and production have been constantly increasing (FAO 2006). The market
has been dominated by hybrid cultivars despite their high seeds costs due to
their expensive production. Introduction of the cultivars changed the calcula-
tion of transplants costs. The field tomato growers started to limit amount
of seeds used for sowing. They also started to look for seeds with the highest
quality, enhanced (HILL et al. 1989) and preferred cultivars which could be
grown through sowing seeds directly in the field. Tomato seed producers, on
the other hand, maximally simplified production lowering its costs and used
systems of promotion and discounts (BRALEWSKI, HotuBowICZ 2006). For this
reason, most of field tomato seeds is nowadays produced in China and India
(BRALEWSKI, Hor.uBowiIcz 2005).

However, still one faces problems when producing seeds of this species.
Some authors referred to store tomato fruits after harvesting, whereas others
recommended to process them immediately after collecting. Also contradictory
reports confirm the way of harvesting fruits: completely in one time or as
practiced by many growers, gradually in 2-3 times. The time of fruit ripening
depends on the cultivar but can be also affected by the place of reproduction
and weather: higher temperature speeds up the ripening of tomato fruit (NAIK,
SRINIVAS 1989, VALDES, GRAY 1998, ADAMS et al. 2001).

The main purpose of this experiment was to find out how seed plantation’s
location and the way of fruit harvesting affect tomato seed quality.
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Material and Methods

The used in the experiments cultivar ,Etna F;” was developed in Plant
Breeding and Seed Production Co. ,,PlantiCo — Swietoslaw, Ltd.” in Poland. It
was developed by using two lines: female (R,, ) — PH 1102 SWE with functional
male sterility received from the Polish Vegetable Institute in Skierniewice and
male (R, ) - SWO 1. The cultivar was registered in Poland in 1994. It is a field
early, determinate cultivar with red, round fruit of 70-100 g. It is resistant to
both chill and drought. It is suitable for direct seeds sowing technology. In the
90s, the cultivar had been widely used in Poland with the commercial
production area of about 3.000 ha per year. Moreover, it had started a series of
breeding sister lines followed then by new cultivars with the use of male sterile
(MS) lines.

The experiment was carried out in the years 2000-2002 in two different
locations: Kutno (middle Poland) and Krzeszowice near Cracow (southern
Poland). The seeds of parent lines used in the experiment came from the seed
company Plant Breeding and Seed Production Co. ,,PlantiCo — Golebiew, Litd.”.
The two factors of the experiments included 3 ways of fruit harvesting: many
times during fruit ripening, twice or once when the majority of fruits was
ripen, and two ways of getting seeds from fruits: directly after harvesting them
and 7 days after stocking them. The transplants were planted in the 50 cm and
80 cm spacing on the field of fertile, heavy glay soils with routine fertilizing.
Each treatment included 8 plants. The experiment was run in 3 replications.
The pollen from R, was collected mechanically. The flowers of R,, were hand-
-emasculated and artificially pollinated. Then, the fruits were collected, extrac-
ted, fermentated, rinsed with water and dried. Seed quality was evaluated
using routine ISTA methods. The received data was statistically processed.
The variance was calculated, significant differences were counted using the
Duncun’s test for o = 0.05.

The weather conditions in the year 2000 were medium good for tomato seed
production in Poland. After cold May, the weather in June was suitable (dry
and hot) for hand pollination of flowers in the field. The spring of 2001 was
colder than usually with night frosts. High precipitation in June and July
created problems with successful flower pollination in the field. However, hot
August helped good ripening of fruits and resulted in high seed production.
The year 2002, although hotter than usually, was difficult for seed production.
Heavy rains in June and July made problems in emasculating and hand-
-pollinating of flowers in the field. Still, eventually the year was good due to
high fruit yields.
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Results and Discussion

The carried out experiment proved, that in the climatic conditions of the
middle and southern Poland, it was possible to produce in the field tomato
seeds of the hybrid cultivar ,,Etna F;”. The received seeds germinated between
85.8 and 89.0% (Table 1). The production place affected seed yield, 1000 seeds
weight and seed germination capacity (Table 1). The fruit collected in the
middle Poland gave bigger seed yield per plant, their seeds were heavier and
germinated better than the fruits and seeds collected in the southern Poland.
This was received despite different weather conditions, sometimes not so
favourable for seed production of hybrid seeds in the field.

Table 1
Effect of production location of the field tomato hybrid cultivar , Etna F,” grown for seeds on their
seed yield and quality

Production location Seed yiglld 1000 seeds weight | Germination capacity
(g plant™) (8 (%)
Middle Poland 3.07%* 4.39° 89.0°
Southern Poland 1.89¢ 4.06° 85.8°

* means in a column followed by the same letter are not significantly different according to the
Duncan’s test for = 0.05

The fruit harvesting way affected their seed yield per plant, 1000 seeds
weight but did not affect their germination capacity (Table 2). In the middle
Poland conditions, the seed yield per plant was higher if fruits were harvested
many times than with a single harvest, however their 1000 seed weight was
bigger with a single harvest than with a multiple one (Table 2). Thus, the
way of fruits harvesting did not affect their seeds quality. In the southern
Poland though, the way of fruit harvesting did not affect the first
two parameters, i.e. seed yield per plant and 1000 seeds weight. It did affect,
however, their germination capacity. If the fruits were harvested gradually
(many times), their seeds germinated in 88.1%, whereas if in two times
or one time, they germinated in 84.7% and 85.0%, respectively (Table 2). The
way of processing fruits after their harvesting affected germination capacity
of the seeds extracted from them (Table 3). When extracted just after
harvesting, they germinated in 91.2%, whereas if the fruits were stocked for
7 days, their seeds germinated only in 83.5% (Table 3). Neither seed yield per
plant nor 1000 seed weights were affected by the way of processing the fruits
(Table 3).
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Table 2

Effect of production location and way of fruits harvesting of the field tomato hybrid cultivar
»2Etna F;” grown for seeds on their seed yield and quality

1 .
- . Way of fruit Seed yield OOO. Germmz.;ltlon
Production location . o seeds weight capacity
harvesting (g plant™)
(g (%)
many times 3.53%* 4.34° 88.3¢
Middle Poland two times 2.837 4.40 88.0°
one time 2.55% 4.44° 91.1°
many times 2.04¢ 4.07¢ 88.1°
Southern Poland two times 1.84¢ 4.06° 84.7¢
one time 1.81° 4.05° 85.0%
many times 2.79¢ 4.21¢ 88.2¢
Mean for the two times 2.34° 4.23° 86.3°
production location
one time 2.18¢ 4.25% 88.1¢

*

significantly different according to the Duncan’s test for = 0.05

means in a column for a given location and character followed by the same letter are not

Table 3

Effect of production location and way of fruit processing of the field tomato hybrid cultivar ,,Etna F,”

grown for seeds on their seed yield and quality

1 .
- . Way of fruit Seed yield OOO. Germmz.;ltlon
Production location . o seeds weight capacity
harvesting (g plant™)
(g (%)
just after - " "
Middle Poland harvesting 3.24%* 4.43 91.0
after stocking 2.89¢ 4.36° 86.8¢
just after " "
Southern Poland harvesting 1.90 4.09 91.3°
after stocking 1.89¢ 4.03° 80.2*
just after " " 5
Mean for the harvesting 2.57 4.26 91.2
production location ™, e stocking 2.39° 4.20° 83.5°

* means in a column for a given location and character followed by the same letter are not

significantly different according to the Duncan’s test for ¢ = 0.05

In terms of the world’s production area, tomato is today the third most
important (after lemon-like species and grapes) horticultural crop in the world.
The tomato commercial production area worldwide has been constantly
growing for the last 10 years (FAO 2006). No wonder that at the moment,
tomato is a leading species in breeding works in many seed companies and
there has been a need to lowering its seeds production costs. One of the
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possible ways to solve this problem is to place the hybrid greenhouse cultivars
seed production in the countries with the climatic conditions for such produc-
tion close to optimal, e.g. in China. With the field tomato though, the seed price
has always been much lower and other ways of solving this problem should be
found. The carried out experiments proved, that in the conditions of Poland, it
is possible to produce high quality tomato seeds of hybrid field cultivars in the
field. Moreover, hand-carried emasculation and artificial pollination of flowers
in the field resulted in satisfactory but variable seed yield per plant, what is in
an agreement with earlier findings of ATANASSOVA, GEORGIEV (1986), POTAC-
ZEK (1995, 1999) and ATANASSOVA (1999). The crucial point here was the
weather during the period of flowers hand-emasculation and pollination. The
dominating effect of weather in tomato seed production refers not only to high
production of viable pollen but could make difficult or even impossible hand
flower emasculation and pollination. A tomato pollen grain in order to germi-
nate and pollinate needs not only a proper humidity and temperature but
firstly set of conditions which will enable it to stay on a pistil’s stigma. These
observations were confirmed by FERNANDEZ-MUNOZ et al. (1995, 2002a,b),
PEET, BARTHOLEMEW (1996), JANKULOVSKI et al. (1997), GROOT (2002). The
weather factor in the field production of hybrid tomato cultivars should always
be taken under consideration and undoubtedly in seed production of tomatoes
it creates a certain risk. Hand emasculation and pollination of tomato flowers
is the most labour-consuming part in its hybrid seeds production. For this
reason, its profitability may be related not only to quantity of quality of the
received seed yield, but also the cost of work of people employed to pollinate
(JANKULOVSKI et al. 1997). In terms of labour costs, the best conditions at
present for hybrid tomato seed production are in China. However, to measure
and compare this another study is needed.

Direct extraction of seeds from fruits was found to be better than keeping
them for 7 days. This is due to the fact that in fruit seeds may lose their
germinability. In practice, it is also easier to eliminate small, ungerminated
seeds from a seed lot than already germinated and dried back seeds from
stocked fruits too long kept (HILL et al. 1989).

Conclusions

1. In the field conditions of the middle and southern Poland one can get
satisfactory seeds yield of tomato hybrid cultivar ,Etna F,”.

2. The place of production of the seeds of the cultivar affected their quality.
The seeds produced in the area of middle Poland germinated better than the
ones produced in the southern Poland.
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3. When producing seeds of the cultivar in the middle Poland, the method
of fruits collection did not affect the germination capacity of the seeds
extracted from them.

4. When producing seeds of the cultivar in southern Poland, the best is to
harvest fruits many times from the field.

5. Seeds extracted from fruits of the cultivar after stocking the fruits
germinated worse then when they were extracted directly after their harvest.

Translated by Roman HoruBowicz
Accepted for print 22.01.2008
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Abstract

Decadal sums of real insolation in October-March of the years 1976-2000 at 46 meteorological
stations operated by the Institute of Meteorology and Water Management (IMWM) were used to
identify temporal and spatial characteristics of real insolation deficiency (i.e., daily insolation of less
than 4 h). Three periods of real insolation deficiency-induced discomfort were identified in the cool
half-year: period of high discomfort, from the first decade of October to the third decade of November;
period of medium discomfort, from the first decade of December to the first decade of January; and
period of low discomfort, from the second decade of January to the third decade of March.
The duration of periods with daily real insolation less than 4 h in was found to vary spatially in
Poland, the difference exceeding one month (170-200 days on the average). The duration of insolation
deficiency was found to decrease southwards, except for a zone extending from Racibérz to Tarnéw
where, because of the excessive air pollution and cloudiness, the deficiency period is by about 20 days
longer than in the adjacent areas. The northern part of the country features frequent (more than
40%) long-lasting deficiency periods with the mean daily insolation not longer than 1 h. Under the
climatic regime of Poland, the frequency of years with real insolation <1 h stretching for > 6 decades
in the cool half-year was found to range from 4 to 16%, the frequency in the area of Suwalki being as
high as 20%. No such long-lasting periods of real insolation < 1 h are experienced in the mountainous
areas. Using the real insolation deficiency index Wy, the area of Poland was divided into 4 insolation
deficiency zones, the deficiency ranging from low to very high.
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W POLSCE
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Stowa kluczowe: trendy uslonecznienia, wskaznik niedoboréw, okresy dyskomfortu, strefy.

Abstrakt

Wykorzystujac dekadowe sumy uslonecznienia rzeczywistego z 46 stacji meteorologicznych
IMGW od pazdziernika do marca, za lata 1976-2000, opracowano czasowa i przestrzenng charak-
terystyke jego niedoboréw, trwajacych ponizej 4 godz. dziennie. W chtodnej porze roku wydzielono
3 okresy dyskomfortu ustonecznienia rzeczywistego: od 1. dekady pazdziernika do 3. dekady listopada
— duzy dyskomfort, od 1. dekady grudnia do 1. dekady stycznia — §redni dyskomfort, od 2. dekady
stycznia do 3. dekady marca — maly dyskomfort. Przestrzenne zréznicowanie dlugosci okresu
z uslonecznieniem rzeczywistym ponizej 4 godz. dziennie wynosi w Polsce ponad miesiac (§rednio
170-200 dni), zmniejszajac sie ku potudniowi, za wyjatkiem strefy rozciagajacej sie od Raciborza po
Tarnéw, gdzie z powodu nadmiernego zanieczyszczenia powietrza i zachmurzenia okres ten jest
dluzszy o ok. 20 dni w poréwnaniu z sasiednimi terenami. Na péInocy kraju czesto wystepuja (ponad
40%) dlugotrwale okresy ze Srednim dziennym uslonecznieniem nie przekraczajacym 1 godz.
W klimatycznych warunkach Polski, w pélroczu chlodnym, czestos¢ lat z ciggami trwajacymi
> 6 dekad z uslonecznieniem rzeczywistym < 1 godz. wynosi od 4 do 16%, a jedynie w rejonie Suwatk
—20%. Na obszarze gor nie notuje sie tak dtugich okreséw z uslonecznieniem. Uwzgledniajgc wielko§é
wskaznika niedoboru ustonecznienia rzeczywistego W,,, wydzielono w Polsce 4 strefy niedoboréw — od
malych do bardzo duzych.

Introduction

In central and northern Europe, winter is characterised by a high insola-
tion deficiency, relative to the insolation level necessary for human well-being
and health (KOZLOWSKA-SZCZESNA et al. 2004, KOZMINSKI, MARTYN 2004).
Moreover, the heating season induces a considerable increase in concentration
of air pollutants and in the number of days with precipitation; that season is
also accompanied by wide variations in atmospheric pressure as well as by high
prevalence of fog and strong wind. All those factors, combined with the low real
insolation, create bioclimatic conditions which are highly adverse for human
life, work, and recreational activities (BEAZEJCZYK 2004, CZARNECKA,
KozMmINSsKI 2006). The consequences of such conditions include increased rate
of diseases and elevated job absenteeism; in extreme circumstances, the
conditions described contribute to increased incidence of depression and raised
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suicide rate (KUCHCIK, BLAZEJCZYK 2001, TREPINSKA et al. 2006). Particularly
uncomfortable are the months featuring days with complete cloud cover or
with insolation lasting less then 2 h, which is frequently the case in November,
December, and January in Poland. During those months, the mean daily
relative insolation ranges from 12 to 22% (KOZMINSKI, MICHALSKA 2005a, b).
The physiological and biometeorological standards set the minimum real
insolation level at 4 h a day (BEAZEJCZYK 2004, PAPIERNIK 2004).

Assuming the daily real insolation shorter than 4 h is an important factor
adversely affecting human performance and comfort, this work was aimed at
assessing temporal and spatial variability of the real insolation deficiency in
Poland. Knowledge of the insolation regime in the cool season of the year is
important not only for climatological reasons, but also for tourism and
recreastion, particularly with respect to planning of and investing in the
development of tourism (FREITAS 2003).

Materials and Methods

The paper analyses data on decadal sum of real insolation in the cool
half-year (October-March) of 1976-2000, collected at 46 meteorological sta-
tions operated by the Institute of Meteorology and Water Management
(IMWM) (Biuletyny IMGW). The data allowed to extract temporal trends
(in the decadal system) as well as dates of the onset and termination of periods
of daily real insolation shorter than 4 h and the duration of those periods.
Average daily real sunshine was determined by dividing a ten day period total
with sunshine by the number of days in a given ten day period. The probability
that the daily real insolation would be shorter than 1, 2, 3, and 4 h in
consecutive decades within October-March was calculated for some stations
representing different climatic regions of Poland. Next, per cent differences in
real insolation between the bioclimatological standard of 4 h minimum daily
human requirement and the actual insolation occurring during the cool season
were calculated. It was assumed that the longer the period with real insolation
deficiency (daily insolation < 4 h) and the higher the deficiency, the worse the
biometeorological conditions at the station concerned, compared to the coun-
try-wide average. Spatial variability of insolation during the cool season was
described using the real insolation deficiency index (W,,), calculated as in the
formula below:
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where:

D, - duration of period with daily real insolation < 4 h at a station;

2N, - sum of differences between daily insolation of 4 h a and actual
insolation at a station;

D, - country-wide mean duration of the deficiency period;

¥ N, - country-wide mean sum of insolation deficiency.

Results and Discussion

The cool half-year (October-March) in Poland may be divided into 3 charac-
teristic periods differing in the daily real insolation (Figure 1). The first, from
the first decade of October to the third decade of November, is characterised by
a very distinct decrease of the number of hours of sunshine a day, averaging
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Fig. 1. Mean daily real insolation (hours) by decades at selected stations in 1976-2000

from about 4 to about 1 h. This is a result of the days becoming shorter, and
of extensive cloud cover associated with the increasing frequency of cyclonic
weather types over Poland, from 42.4% in October to 52.9% in November,
accompanied by a marked decrease of anti-cyclonic types, from 54.2 to 43.2%,
respectively (OSUCHOWSKA-KLEIN 1991). The second period, from the first
decade of December to the first decade of January, shows a relatively stable
insolation period of short duration, from about 0.5 to about 1.5 h a day,
depending on the station. This is a result of the highest overall frequency
of cyclonic weather types in December (55.4%) and the lowest frequency
of anti-cyclonic types (42.4%). The third period, from the second decade
of January to the third decade of March, features a slow and non-uniform
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increase in the number of hours of real insolation during the day, from about
1 to about 4 h. The increase is associated with, i.a., a reduction of frequency
of cyclonic weather types, from 50.3% in January to 48.2% in March. During
the third period, duration of daily real insolation distinctly drops in the second
decade of February and in the first decade of March, which is related to an
increased intensity of westerly advections (DEGIRMENDZIC 2004). In autumn,
the reduction in the duration of daily real insolation is accompanied by
a substantial decadal variability of that factor, from about 40% in early
October to 60-70% in November and December (and even to above 100% in the
north-western part of the country). In March, the variability in the duration
of insolation drops again to about 40% (Figure 2).
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Fig. 2. Coefficient of variation (%) of real insolation by decades at selected stations in 1976-2000

The first period of insolation deficiency identified during the cool half-year
is, from the bioclimatic standpoint, the most adverse. The rapid decline in the
duration of daily real insolation in autumn, coupled with wide variations in the
atmospheric pressure, frequent fogs, strong winds (including the foen in the
mountains), and an increased level of air pollution due to house heating, exerts
a considerable stress on the human performance (TREPINSKA et al. 2006). As
reported by Markham and Markham (2005), extreme biometeorological factors
such as temperature, precipitation, atmospheric pressure, and snowfall signifi-
cantly increased the plant-wide worker absenteeism rate. From the standpoint
of daily life requirements, it is important to know not only the mean daily
duration of insolation, but also the magnitude of changes in the extent
of insolation deficiency in consecutive decades of the cool half-season. Re-
gression coefficients illustrating positive and negative changes in the daily real
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insolation deficiency in consecutive decades, relative to the bioclimatological
standard of 4 h, were calculated for selected stations representing different
regions of Poland (Figure 3). A decrease in the deficiency is particularly
distinct in the central (Kolo) and south-western (Opole) parts of the country,
particularly from the third decade of December to the third decade
of January. Noteworthy is the worsening of the daily insolation regime in the
second and third decades of February in the eastern part of Poland
(Bialystok, Terespol). During the 25-yr period examined, the highest reduc-
tion in the daily real insolation deficiency occurs in Poland in the third decade
of January (Figure 4), particularly in the central-western part where the
trend calculated proved highly significant (¢ = 0.01). The least distinct
reduction of insolation deficiency during that decade was visible in the
south-western part of Poland.

To illustrate the particularly adverse insolation regime in the cool season
of the year, diagrams showing frequencies of years with daily real insolation
< 2 h stretching for at least three decades and frequencies of years with
daily real insolation < 1 h extending for at least two decades were plotted
(Figure 5). The ten day periods with sunshine values below an accepted
threshold, for example below 1.0, 2.0, 3.0 and 4.0 hours daily, were recognized
as the sequences involving 2, 3 and more successive ten day periods. Such
decadal series occurred most often from late November to early January. The
highest frequencies (above 80%) of the minimum 3 decade-long series were
detected in the northern part of Poland, the lowest frequencies (below 60%)
being observed in the mountain areas. Particularly adverse for the human
health and performance are those periods when daily insolation does not
exceed 1 h, which are particularly frequent in the north-eastern part of the
country (years with such periods showed frequency of above 60%) (Figure 5).
There were years during which daily real insolation did not exceed 1 h for 7
or 8 consecutive decades; this was the case in Suwalki during winters
of 1976/77, 1982/83, 1983/84, 1985/86, and 1993/94. As shown in Figure 6, the
minimum 6 decade-long series of days with real insolation below 1 h did not
occur at all in the Sudety Mountains and in the Carpathians; on the other
hand, the frequencies of years with such temporal insolation series were about
8, 16, and even above 20% in the central part of the country, in uplands of the
Pomeranian and Masurian Lake Districts, and in the vicinity of Suwatki,
respectively.



554 Czestaw Kozminski, Bozena Michalska

11IPE
11IpPT
1IPT
1Ipe
1IPT
1IP1
1pE
1pT
IP1
1IXP¢
1IXPC
IIXP1
IXPE
IXPT
IXP1
Xpe
XpPT
XP1

decades
Krakow

Loy oo

decades
Terespol
decades

Biatystok

11IPE 11IpE
111pT 11IpT
1IIPT IIIPT
1P 1Ipe
1IPT 1IPT
1IP1 1IP1
pe 1pE
1pT 1pT
1 P1
1IXPE 1IXPE
1IXPT 1IXPC
IIXP1 IIXPI
IXPE IXPE
IXPT IXPT
IXPI1 IXP1
Xpe Xpe
XpPT XpPT
XP1 XP1

(=]

0.08
0.06
0.04
0.02
-0.02
-0.04
-0.06
-0.08
0.08
0.06
0.04
0.02

o <
S <o
S<

-0.06
-0.08
0.08
0.06
0.04
0.02
-0.02
-0.04
-0.06
-0.08

smoy smoy smoy

1I1PE 1I1PE
111PT 11IPT
1IIPI IIIPI
1P 1Ipe
1Ipe 1Ipe
1IP1 1IP1
pe pe
1PT 1PT
P1 P1
1IXPE 1IXPE
1IXPC 1IXPC
IIXPI IIXPI
IXP¢ IXP¢
1XPT IXPT
IXPI IXPI
XpP¢ XpP¢e
XPT XPT
XP1 XP1

(=]

11pe
11IPT
IIIPI
1Ipe
11pe
1p1
pe
14
P1
1IXPe
1IXPT
IIXPI
IXpe

decades
Koto

IXPI
XP¢
XpPT
XP1

Szczecin
decades
Opole
%
o

©
<
S

0.06
0.04
0.02
0.02

-0.04

-0.06

-0.08
0.04
0.02

[a\Iy
S o
OO

-0.06
-0.08
-0.1
0.08
0.06
0.04
0.02
-0.02
-0.04
-0.06
-0.08

T
sInoy sImoy sInoy

decades
Fig. 3. Mean annual variability in insolation deficiency (h) in 1976-2000 relative to the minimum required daily real insolation of 4 h
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Fig. 4. Correlation coefficients of negative linear trend of real insolation deficiency in the third decade
of January in 1976-2000

Important for evaluation of Poland’s bioclimatic conditions in terms
of daily real insolation is the probability that the daily real insolation during
the cool half-year decades would be shorter than a certain number of hours
(Table 1). As shown by the data in Table 1, the factor analysed varies
extensively from decade to decade, particularly in the second half of November
and in the second half of February. The probability that the sun will shine for
less than 4 h a day may be even 100% for the period from the first decade
of November to the third decade of January, particularly in the Pomeranian
and Masurian Lake Districts. Moreover, the probability that the daily duration
of sunshine will be even shorter than 1 h ranges, in the period mentioned, from
50 to 60% in northern part of Poland and from 30 to 50% in the southern and
central parts of the country.
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Fig. 6. Frequency (%) of years with >6 decade-long series of daily real insolation <1 h in 1976-2000

Table 1
Probability (%) that the daily real insolation would be: shorter than 1, 2, 3, and 4 h in
consecutive decades of the cool half-year in minimum 3-decades long series, and shorter than
1 h minimum 2-decades long series

October November | December January February March
11213112 |3|1|2|3|1|2 3|12 3 |1|2]|3
34|56 |7[8]|9|10|11(12|13|14|15(16|17(18|19 20

312 |7 |18|37|55|50|50|50|66|26|37(28(20(12|7 |6 |3
12112125 |50 |78 92|98 |92 |84 |99 |61 |78 |60 |47 35|24 |17 |11
30|39 |57 |82 |97 |100{100|100( 98 |100| 88 |97 |86 | 76 | 65 | 53 | 36 | 27
55 (74|84 |97 (100{100{100{100{100{100{ 98 {100{ 97 {93 | 88 [ 80 |59 | 50

8|3 |14|34|46|60|61|62|58|67(32(39(31|25|19|10| 7 |5
2016 |43 |73 |84 93|96 |97 |88 |97 |68 |87 |58 |48 |38 |27 |16 |15
39 (46 |77 |95 |98 [100({100{100{ 99 {100{91 {99 (82 |71 |62 |53 |31 |31
61 |79 |95 (100({100{100{100{100{100{100{ 99 (100{95 |88 |81 | 77 | 50 | 52

414 |10|129|50|63|66|63|61|77|38|44|31|20|16|13| 6 | 4
13|18 |36 |71192|98 (99|98 |96 (100|76 |90 |69 |50 |37 |32 |19 |13
3247|7195 [100{100{100{100{100{100{ 96 {100{93 [ 80 (63 | 58 |42 | 31
58 | 77 193 [100({100{100{100{100{100{100{100({100{99 [ 95 | 84 |81 | 68 | 55

515 |8 (12|40 (50|37 (50|41 (43|27 (27|21(16|6 [8 |3 |2
1518 |27 (42|84 (95|91 (95|81 |93 |66 |66 |54 (41|22 (24|11 8
31 (42|56 |79 |99 [100{100{100{ 98 {100{91 {91 {84 [ 70 [ 50 [ 50 | 30 |22
52169 |82 |96 [100({100{100{100{100{100{99 {99 {97 [90 |78 | 76 | 55 | 43

9|5 |10({18|26 (45|39 (50|44 (39|18 (20|20(16|11|(8 |3 |3
12 {16 |30 |50 |61 |87 |87 |89 |73 |87 |47 |72 |44 (41|26 (27|11 |10
28 |57 |59 |81 88|99 |99 (99|92 |99 |77 |98 |72 |70 |48 |56 |27 |24
50 (63 |84 |97 |98 [100{100{100{ 98 {100| 94 {100{90 {90 | 70 | 82 | 50 |45

6 (2|59 |18|27|25(40(33|33 (20|21 |14 |11| 7 |7 |3 |2
1511018 32|54 |73|67|84|75|84|50|58(38(34|21|21|13| 8
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cont. table 1

34|56 |7(8]9(10|11(12|13|14|15(16|17(18|19 |20
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The high insolation deficiency in the northern part of Poland during the
cool half-year is illustrated also by Figure 7 which shows that the mean
number of decades with daily insolation of at least 1 h is 4-5, 1-3 decades being
typical of other areas except the mountains where periods of such short
insolation were not recorded. This is thus a confirmation of the winter
insolation regime being more favourable in the piedmont and mountainous
areas compared to that in lowlands.

Fig. 7. Number of decades with mean daily real insolation < 1 h in October-March in 1976-2000
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The period of days with real insolation shorter than 4 h is a measure
of bioclimatic conditions in an area. The earliest onset of such period in Poland
(before 15 September) is recorded in higher-lying areas of the Pomeranian
Lake District, the latest onset (after 5 October, and locally even after 10
October) being typical of the eastern part of the country and of the Silesian
Lowland. The period terminates before 25 March in areas extending along the
central part of the River Bug valley, in the Sandomierz Valley, and in the
Wielkopolska Lake District, the latest termination (after 10 April) being
recorded in the Sudety Mountains and in the Carpathians (KOZMINSKI,
MICHALSKA 2006).

As seen in Figure 8, the shortest (less than 170 days) periods of days with
insolation shorter than 4 h prevailed in the central part of the Silesian Lowland
and in the region of Polesie Podlaskie, followed by the central, lowland part of
Poland (less than 180 days). The longest (more than 200 days) duration of the
periods with insolation deficiency was typical of a narrow band extending from
Racibérz to Tarnéw, mainly due to the extensive cloud cover and high level of
and air pollution originating from the agglomerations of Ostrava, Rybnik,
Katowice, and Cracow (CZARNECKA, KOZMINSKI 2006). The net result of those
factors is an earlier onset and later termination of the period with daily real
insolation shorter than 4 h.

Fig. 8. Mean duration of periods with daily real insolation shorter than 4 h in cool seasons
of 1976-2000

Another characteristics used in the analysis of cold season insolation is the
per cent deficiency, i.e., a difference, expressed as a percentage, between the
bioclimatic daily real insolation minimum of 4 hours and actual insolation in
a locality (Figure 9). The per cent deficiency showed a south-north increase
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Fig. 9. Per cent difference between minimum standard daily insolation of 4 h and real insolation
in 1976-2000

in Poland, from less than 34% in the mountains to more than 49% in
higher-lying areas of the Pomeranian Lake District. The isarythms show
a latitudinal pattern resulting from, i.a., a southward increase in the day
length in the cool half-year.

The real insolation deficiency index W,, calculated for individual sta-
tions throughout Poland allowed to identify 4 zones of real insolation
deficiency in cool season (Figure 10). Low deficiencies (zone 1) prevail in
the mountains and in the central part of the Silesian Lowland, where the
period of daily real insolation less than 4 h is at its shortest (less than 170
days) and the mean daily insolation is high (2.4-2.6 h), compared to the
remaining parts of the country. Zone 2, with medium insolation deficiency,
covers the largest, central part of the country characterised by an inter-
mediate duration of the deficiency period (170-180 days) and medium-long
(about 2.2 h) daily real insolation. Zone 2 includes the Carpathian Piedmont
where the deficiency period is longer (about 190 days), but the mean daily
insolation is higher (about 2.5 h). Zone 3, characterised by a high insolation
deficiency, covers the Pomeranian Lake District (except for its higher parts)
in the north and a small area in the south, from Racib6rz to Przemys$l,
except for the vicinity of Cracow. Zone 4, with very high real insolation
deficiencies in the cool season compared to the bioclimatic standard, en-
compasses higher elevations of the Pomeranian Lake District as well as the
Suwatki Lakeland. The adverse insolation regime prevalent in zone 4 is
a net result of a long-lasting (more than 190 days) period of days with daily
insolation shorter than 4 h and the shortest duration of real insolation
(about 2 h). Zone 4 includes also the vicinity of Cracow, with its longest
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(more than 200 h) period of insolation deficiency and the relatively high
(about 2.4 h) daily duration of insolation.

insolation deficiencies

1 —low

2 —medium
3 — high

4 — very high

Fig. 10. Zones of real insolation deficiencies in the cool season in Poland

Conclusions

1. During the 25-yr-long period examined, a significant reduction in the
real insolation deficiency was observed to extend from the third decade
of December to the third decade of January, with respect to the bioclimatologi-
cal daily insolation minimum of 4 h.

2. Under the climatic regime of Poland, the cool season shows three
characteristics periods of real insolation deficiency-induced discomfort: from
the first decade of October to the third decade of November: high discomfort;
from the first decade of December to the first decade of January: intermediate
discomfort; from the second decade of January to the third decade of March:
low discomfort.

3. The duration of periods with daily real insolation shorter than 4 h differs
by more than one month (170-200 days on the average) between various
areas in Poland; the difference decreases southward, except for a zone
extending from Racibérz to Tarnéw where, due to excessive air pollution
and high cloudiness, the period is by about 20 days longer than in the
neighbouring areas.

4. Long-lasting periods with mean daily insolation not longer than 1 h are
frequently (with frequencies exceeding 40%) experienced in the northern part
of the country.
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5. Calculations of the real insolation deficiency index, Wy, for various areas
of Poland allowed to identify 4 deficiency zones, the insolation deficiency
changing from low to very high.

Translated by ANDRZEJ KALUSZYNSKI
Accepted for print 28.10.2007
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Abstract

The effects of growth regulators, applied alone or in combination with magnesium sulfate, on oat
yield components were studied in a three-year field experiment. Growth regulators: ben-
zylaminopurine (BAP), a-naphthylacetic acid (NAA), 3-indolebutyric acid (IBA), triacontanol (TRIA),
and gibberellic acid (GA;) were applied to leaves, alone or in combination with a 5% aqueous solution
of magnesium sulfate, twice during the growing season of oat — at the panicle emergence stage and
before flowering.

It was found that the total aboveground biomass of oat increased significantly following the
application of BAP and GAj, while decreased as the plants were sprayed with IBA, TRIA and NAA.
As regards the combinations of growth regulators with magnesium sulfate, only IBA+Mg caused
a significant increase in aboveground biomass, whereas the other combinations had the opposite
effect. The applied growth regulators (except for IBA) increased the proportion of grain in the total
aboveground biomass of oat. This influence was more noticeable when magnesium sulfate was added
to the growth regulators. The obtained results indicate an ambiguous, often contradictory impact
of growth regulators, applied alone or combined with magnesium sulfate, on the morphometric
characters of oat plants, their mass and the share of the analyzed organs in total aboveground
biomass.
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WPELYW REGULATOROW WZROSTU ORAZ ICH MIESZANEK Z SIARCZANEM(VI)
MAGNEZU NA PLONOWANIE OWSA

Anna Nogalska, Jerzy Czapla, Lidia Stasiulewicz, Andrzej Klasa

Katedra Chemii Rolnej i Ochrony Srodowiska
Uniwersytet Warminsko-Mazurski w Olsztynie

Stowa kluczowe: owies, plonowanie, regulatory wzrostu.

Abstrakt

W trzyletnim do$wiadczeniu polowym badano wplyw regulatoréw wzrostu i ich mieszanek
z siarczanem(VI) magnezu na sktadowe plonu owsa. Regulatory: benzyloaminopuryne (BAP), kwas
o-naftylooctowy (NAA), kwas indolilo-3-mastowy (IBA), triacontanol (TRIA) oraz kwas giberelinowy
(GA;) stosowano dolistnie, samodzielnie lub tacznie z 5-procentowym wodnym roztworem siarczanu
magnezu, dwukrotnie w okresie wegetacyjnym owsa — w fazie wysuwania wiech oraz przed kwit-
nieniem.

Stwierdzono istotny przyrost calkowitej masy nadziemnej owsa pod wplywem BAP i GAj;,
natomiast ograniczenie jej przyrostu po oprysku IBA, TRIA i NAA. Sposréd zastosowanych
mieszanek regulatoréw wzrostu z siarczanem(VI) magnezu jedynie IBA+Mg spowodowal istotne
zwiekszenie masy nadziemnej, pozostale ja zmniejszaly. Aplikowane preparaty wzrostu (oprécz IBA)
zwiekszaly udzial ziarna w catkowitej masie nadziemnej owsa, a dodatek siarczanu magnezu do nich
powodowal na ogét wzrost tego udzialu. Uzyskane wyniki wskazujg na niejednoznaczny, czesto
sprzeczny, wplyw regulatoréw wzrostu, stosowanych samodzielnie lub Iacznie z siarczanem mag-
nezu, na cechy morfometryczne owsa, jego mase oraz udzial badanych organéw w catkowitej masie
nadziemnej.

Introduction

One of the key yield-forming factors is adequate cultivation regime,
including balanced fertilization. Fertilization efficiency is limited by the
biological capabilities of plants. Biological barriers to the optimum crop
productivity may be partially removed by the application of growth regulators,
in particular natural phytohormones. Research results show that growth
regulatory can significantly modify crop yield (AUFHAMMER, FEDEROLF 1992,
CZAPLA et al. 2005, HARMS, NOWAK 1990).

Growth regulators, applied at adequate concentrations and growth stages
of spring wheat, contribute to root system development, which in turn
increases nutrient uptake from the soil (NOWAK, WIERZBOWSKA 1991). Other
authors (PATEL 1993, RAKESH et al. 1995) demonstrated that triacontanol
intensifies the growth and increases the yield of cereals. It also affects some
basic metabolic processes, including photosynthesis, nutrient assimilation and
enzymatic activity. According to WOJCIESKA (1992), gibberellic acid (GA3) and
indole-3-acetic acid (IAA) have an insignificant effect on the number



Effects of Growth Regulators... 565

of spikelets in oat panicles and — usually — a negative impact on their
productivity. However, their influence on the weight of a single kernel was
positive and stronger when the above hormones were applied at an early
growth stage.

The aim of this study was to determine the effects of selected growth
regulators, applied alone or in combination with magnesium sulfate, on
changes in oat yield.

Materials and Methods

A three-year two-factorial field experiment was conducted during the years
1999-2001 at the Experimental Station in Tomaszkowo near Olsztyn. Oat cv.
Borowiak was grown on brown soil of quality class IIIb, on microplots covering
an area of 2 m2. The soil had a slightly acid reaction (pH = 6.3 in 1 mol KCI dm)
and was relatively abundant in available phosphorus and potassium, but poor
in available magnesium.

Table 1
Meteorological data provided by the Meteorological Station in Tomaszkowo near Olsztyib ‘
Mean daily temperature, °C Precipitation total (mm)
Month years years
1999 | 2000 | 2001 | 19702090 999 T 2000 | 2001 | 197072000
April 8.4 4.4 7.2 6.9 99.3 19.6 54.9 36.1
May 10.9 13.2 12.8 12.7 75.8 53.5 33.2 51.9
June 17.2 15.6 13.9 15.9 1135 | 34.8 77.9 79.3
July 19.5 15.3 20.0 17.7 44.3 98.7 148.6 73.8
August 16.9 17.1 18.1 17.2 734 110.8 | 53.0 67.1
September 14.8 12.7 114 12.5 14.0 49.6 110.4 59.0

Weather conditions over the experimental period are presented in Table 1.
The average temperature during the growing seasons (13.86°C) was close to
the mean multiannual temperature of the 1970-2000 period (13.82°C). Rainfall
total was higher in some months (June 1999, August 2000, July and September
2001), so the precipitation total for the growing seasons (70.3 mm) was by about
15% higher than the mean precipitation for a thirty-year period (61.2 mm).U
Therefore, it may be assumed that the present three-year field experiment was
carried out under humidity and temperature conditions typical of the region
of Warmia and Mazury, and the obtained results may be considered reliable.

The response of oat to five growth regulators: benzylaminopurine (BAP),
o~-naphthylacetic acid (NAA), 3-indolebutyric acid (IBA), triacontanol (TRIA),



566 Anna Nogalska et al.

and gibberellic acid (GA3), applied alone or in combination with a 5% aqueous
solution of magnesium sulfate (MgSO, - 7H,0), was studied.
Experimental design:

Treatments: Concentration of growth regulators (mg dm™)
1. Control H,0
2. IBA 20
3. IBA + Mg 20
4. TRIA 0.3
5. TRIA + Mg 0.3
6. BAP 40
7. BAP + Mg 40
8. NAA 50
9. NAA + Mg 50

10. GA; 40

11. GA; + Mg 40

The growth regulators and their mixtures with magnesium sulfate were
applied to leaves twice during the growing season of oat — at the panicle
emergence stage and before flowering. The experimental plants were sprayed
with growth regulator solutions until visibly wet, using 300 dm? liquid per
hectare. The control plants were sprayed with distilled water.

The effects of growth regulators and their combinations with magnesium
sulfate were studied in relation to a constant level of NPK fertilization: nitrogen
— 10040 + 60y kg N per ha (ammonium salpeter), phosphorus — 20 kg P per ha
(triple superphosphate), potassium — 74.7 kg K per ha (57% potash salt).
Phosphorus and potassium were applied before sowing, whereas nitrogen was
applied at two rates, before sowing and as top-dressing. The remaining agricul-
tural practices were carried out in accordance with oat requirements.

Oat plants, 20 of each plot, were collected at the full maturity stage.
They were divided into organs and weighed, and biometric measurements
were taken.

The results were processed statistically by a two-factorial analysis
of variance in a randomized block design. Experimental factor a was the type
of growth regulator, and experimental factor & was a combination of a growth
regulator with magnesium sulfate. The least significant difference was deter-
mined at a significance level p = 0.05.

Results and Discussion

The data in Table 2 show that growth regulators and their mixtures with
magnesium sulfate, used in a three-year field experiment, had no significant
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effect on the morphometric characters of oat plants in the majority of cases.
In the first year of the study (1999) growth regulators applied with magnesium
sulfate significantly reduced length increment of oat culms, compared to the
control treatment and plots sprayed with pure solutions of growth regulations.
Culm length decreased by around 3.5 cm on average. A significant decrease
in the number of grains per panicle was also recorded following the application
of growth regulators mixed with magnesium sulfate, except for the BAP+Mg
combination. This decrease reached 8.5% on average, compared to the treat-
ments where growth regulators were applied alone. In the second year (2000)
gibberellic acid (GAj) caused significant culm elongation, in comparison with the
control plots and plots sprayed with triacontanol (TRIA) and ben-
zylaminopurine. Similar results were obtained in previous studies involving
barley and triticale (NOGALSKA, CzAPLA 2002, 2005). Also other authors
(KUBICKA, DEC 1998, WOODWARD, MARSCHALL 1988) observed an increment in
culm length resulting from the application of GAs. CZAPLA and NOGALSKA (2000)
found that oat plants sprayed with triacontanol were characterized by the
longest culms, while CZAPLA et al. (2000) noted a significant decrease in oat culm
length under the influence of GA3; and NAA.

Mean values obtained during a three-year experiment indicate that the
morphological characters of oat were significantly affected neither by pure
solutions of growth regulators nor by their mixtures with magnesium sulfate.
Similar results were obtained when growth regulators and their mixtures with
magnesium sulfate were applied to spring triticale under field conditions
(CzAPLA et al. 2005).

In the present study (Table 3) the greatest changes in the mass
of particular oat organs were observed in the first year (1999). Compared to the
control treatment, growth regulators applied alone (except for a-naph-
thylacetic acid NAA) caused an increase in grain weight, which reached the
highest (though statistically non-significant) level of 5.6% in the case
of triacontanol. Growth regulators combined with magnesium sulfate (except
for BAP+Mg) significantly reduced grain weight, culm weight and total
aboveground biomass, compared with plants collected from the control plots
and plots sprayed with pure growth regulators. The average decrease in the
weight of grain and culms, in comparison with the control treatment, was
11.5%. In a previous experiment conducted by NOGALSKA and CZAPLA (2002),
growth regulators increased grain weight in barley, but decreased in oat and
triticale (CZAPLA, NOGALSKA 2000, NOGALSKA, CzZAPLA 2005). Other authors
(CHAPLOT et al. 1992, MEHRA, KAMAL 1995) demonstrated that o-naph-
thylacetic acid contributed to a higher seed yield.
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In the second and third year of the study (2000 and 2001) growth
regulators and their mixtures with magnesium sulfate significantly affected
only the total aboveground biomass of oat. In 2000 benzyloaminopurine and
co-naphthylacetic acid caused a statistically significant increase (by 4.2 and
3.3% respectively) in total aboveground biomass, compared to the control
treatment. On the other hand, 3-indolebutyric acid (IBA) and triacontanol
reduced total aboveground biomass by 4 and 10% respectively. In 2001 the
interaction between growth regulators and magnesium sulfate resulted in
a significant increase in the total mass of oat organs in the IBA+Mg and
NAA+Mg treatments (by 17.1 and 2.8% respectively), as well as a significant
decrease in this parameter in the BAP+Mg and GA;+Mg treatments (by 11.6
and 7.1% respectively).

Mean values recorded over a three-year period point to a significant
increment in total oat mass under the influence of BAP and GAs, in compari-
son with the control treatment, as well as to a significant decline in total oat
mass after the application of the other growth regulators, i.e. IBA, TRIA and
NAA. Growth regulators combined with magnesium sulfate caused a signifi-
cant decrease in the aboveground biomass of oat. The only exception was the
IBA+Mg treatment, where aboveground biomass increased by 5%.

Figure 1 shows that changes in the percentages of particular organs in the
total aboveground biomass of oat plants were slight. Compared to the control
plots, the proportion of grain in oat biomass increased under the influence
of TRIA, BAP, NAA and GAs;. The effect of growth regulators (IBA, BAP and
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Fig. 1. Perticipation of individual organs in biomass of oats (1999-2001)
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GA;) applied together with magnesium sulfate was found to be more beneficial.
Similar results were obtained in a field experiment with spring triticale
(CzAPLA et al. 2005). Also SIVAKUMAR et al. (2001) reported a substantial
increase in the number of grains per spike following the application of BA,
compared to control plants. The opposite trend was noted during a pot
experiment (NOGALSKA, CZAPLA 2005), where growth regulars reduced the
proportion of grain in the total aboveground biomass of spring triticale,
particularly if mixed with magnesium sulfate.

Conclusions

1. The total aboveground biomass of oat increased significantly following
the application of BAP and GAj, while decreased as the plants were sprayed
with IBA, TRIA and NAA. As regards the combinations of growth regulators
with magnesium sulfate, only IBA+Mg caused a significant increase in above-
ground biomass, whereas the other combinations had the opposite effect.

2. The applied growth regulators (except for IBA) increased the proportion
of grain in the total aboveground biomass of oat. This influence was more
noticeable when magnesium sulfate was added to the growth regulators.

3. The obtained results indicate an ambiguous, often contradictory impact
of growth regulators, applied alone or combined with magnesium sulfate, on
the morphometric characters of oat plants, their mass and the share of the
analyzed organs in total aboveground biomass.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 28.10.2007
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Abstract

The aim of this study was to determine relationships between the density of first-milking
colostrum (collected within the first hour after calving), the composition of colostrum from subse-
quent milkings on the first day after birth and the performance of calves until 120 days of age. Cows
that delivered bull-calves in the fall (October, November) were divided into three groups, depending
on the specific gravity of first-milking colostrum: group I — below 1.047 g/cm? (6 head), group II
— 1.048 g/em?® to 1.054 g/cm?® (6 head), group III — above 1.054 g/cm® (7 head). Higher density of
first-milking colostrum (cows of groups II and III) was correlated with higher concentrations of total
whey protein and immunoglobulins. This correlation was observed until the second milking (6 to
9 hours after calving). Bull-calves fed colostrum of higher specific gravity were characterized by
a faster growth rate, higher daily gains and greater body measurements, compared with those fed
colostrum of lower density.
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Abstrakt

Analizowano zaleznoSci miedzy gestosécig siary z doju wykonanego w pierwszej godzinie po
wycieleniu a jej skladem w kolejnych dojach w pierwszej dobie oraz efektami odchowu cielat do 120
dnia zycia. Krowy, ktére urodzily buhajki jesienia (w pazdzierniku, listopadzie) podzielono na trzy
grupy w zalezno$ci od ciezaru wiasciwego siary w pierwszym doju: I grupa —do 1,047 g/em?® (6 szt.), IT
grupa 1,048 g/cm?® - 1,054 g/cm? (6 szt.), III grupa powyzej 1,054 g/cm?® (7 szt.). U kréw, ktérych siara
miala wieksza gestoS¢é w pierwszym doju (grupa II i III) stwierdzono wyzszg ilo§¢ bialka serwat-
kowego i immunoglobulin. Zaleznosc¢ ta utrzymywala sie do drugiego doju (6-9 godz. po porodzie).
Buhajki odpajane siara o wiekszym cigzarze wlasciwym intensywniej przyrastaly i uzyskaty wieksze
wymiary ciala w poréwnaniu z odpajanymi siarg o mniejszej gestosci.

Introduction

Colostrum produced by cows during the first few days after calving differs
significantly from milk with respect to composition — it is yellow, alkaline, thick
and sticky. Colostrum contains more proteins and has a higher concentration
of lipids than milk. Other distinguishing features of colostrum include a fat
content of around 7%, a very high content of fat-soluble vitamins, vitamin B12
and iron (SzZULC, ZACHWIEJA 1998). Due to the presence of large amounts
of other bioactive components, colostrum has a positive effect on calves not
only on the first day postpartum, but over the entire period of its secretion
(SKRzZYPEK 2000). The activity of compounds released in the process of diges-
tion of major milk proteins may be higher than that of the precursor protein
(BERNATOWICZ, REKLEWSKA 2003).

The rate of immunoglobulin absorption by calves is directly proportional
to their concentration in colostrum - at first it is very fast, but then gradually
slows down as their serum content increases. The time of absorption
of immunoglobulins of particular classes is different, ranging from 16 to about
27 hours postpartum (BAREJ 1986). The possibility of colostral immunog-
lobulin transfer to calf’s blood reduces within successive hours after calving.
The period of time between birth and receiving colostrum is crucial to meeting
the immunological requirements of calves (BIELECKA 1987a, b, Mc CoY et al.
1984, NOCEK et al. 1984, STOTT et al. 1979 a, b, ¢, SZULC, ZACHWIEJA 1998).

First- and second-milking colostrum is of the greatest significance, because
the ability to absorb unmodified colostral components by the intestinal epi-
thelium of newborn calves decreases rapidly after birth and is practically
non-existent at 16 to 36 hours. After that time even large quantities
of high-quality colostrum cannot provide the newborn calf with the necessary
antibodies for early immune protection (BIELECKA 1987 a, b, SZULC, ZACHWIEJA
1998). It is estimated that a calf requires around 12 g of immunoglobulins
in 100 cm? of colostral whey to achieve adequate immunity (BALBIERZ et al.
1983). A positive correlation was also observed between colostral immunity
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and daily body weight gains of calves aged 6 to 7 months (JARMUZ et al. 2001,
ROBINSON et al. 1988).

The aim of this study was to determine relationships between the density
of first-milking colostrum, the composition of colostrum from three subse-
quent milkings and the performance of calves until 120 days of age.

Materials and Methods

The study was conducted on a dairy farm where the average stocking density
was 220 Polish Holstein-Friesian cows. The animals were housed in free stalls
and fed a partly mixed ration (PMR). Cows that delivered bull-calves in the fall
(October, November) were divided into three groups, depending on the specific
gravity of first-milking colostrum: group I — below 1.047 g/cm? (6 head), group II
— 1.048 g/cm?® to 1.054 g/em?® (6 head), group III — above 1.054 g/ecm?® (7 head).

On the first day postpartum the amount of colostrum obtained from cows
was determined by weighing it to an accuracy of 0.1 kg, and samples were
taken for analysis. Colostrum density was determined with a lactodensimeter
graduated for 18°C, and active acidity was measured with the use of a Piccolo
Plus pH-meter with a HF-1295 electrode. Next the samples were cold-stored
for around 4 hours (+ 4°C). The collected colostrum samples were marked for
thermostability — by titration with 96% ethanol, and coagulability — by
measuring the time of casein curd formation following the application of a 1%
rennet solution (PIJANOWSKI 1984). Whey was assayed for protein content by
the biuret method of Weichselbaum (ANGIELSKI 1980). Whey proteins were
divided into fractions by agarose gel electrophoresis (Biosciences Europe-
-SAS-Mx Serum Proteinum Kit). The percentages of immunoglobulins,
B-lactoglobulins and o-lactoalbumins were determined with a Marcel Mini
densitometer. The content of total protein, fat, lactose and dry matter
in colostrum was measured with the use of a Combi Foss 6200 apparatus.

Newborn calves were separated from their mothers and placed in disinfec-
ted pens, on litter. The first four milkings and colostrum feedings were
performed as follows: first colostrum feeding — one hour postpartum, second
colostrum feeding — 6 to 9 hours postpartum, third colostrum feeding — 14 to 17
hours postpartum, fourth colostrum feeding — 22 to 25 hours postpartum.
Starting from the second day after calving, calves received colostrum twice
daily, and starting from the fourth day they were fed a milk replacer from
nipple buckets. In the second week, in addition to the milk replacer, calves had
free access to good-quality meadow hay and concentrated feed. All calves were
weighed using a livestock scale, to an accuracy of 0.5 kg, at birth and at four
months of age. Zoometric measurements were taken on day 120.
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The results were processed statistically with the use of STATISTICA 6.0
software, by a one-factorial analysis of variance in a non-orthogonal design.
The significance of differences was estimated with the use of Duncan’s test.

Results and Discussion

The density of bovine colostrum is closely related to its composition and
provides information on its overall quality. FLEENOR and STOTT (1980) demon-
strated that due to a high correlation coefficient, density measurement permits
accurate determination of the immunological value of colostrum. The specific
gravity of colostrum above 1.047 g/ecm? is indicative of its high quality, between
1.037 g/em?® and 1.045 g/cm? — of average quality, and below 1.035 g/cm3 — of
poor quality. None of the examined cows had colostrum with specific gravity
below 1.036 g/cm?®. Higher specific gravity of colostrum was correlated with
a lower colostrum yield as well as with higher concentrations of fat, protein
and dry matter (Table 1). An increase in colostrum density was accompanied
by a decrease in lactose content and coagulation rate. No relationships were
observed between the other analyzed parameters and colostrum density. The
basic composition of colostrum, determined in the present study, was compar-
able to that reported by other authors (PODKOWKA 2002, SZULC et al. 1990,
ZACHWIEJA 1995 a,b).

In group I (density of first-milking colostrum below 1.047 g/ecm?) the
density of second-milking colostrum decreased to 1.032 g/cm?® and it was
statistically significantly lower than the values recorded in the remaining two
groups. The density of third-milking colostrum was also the lowest in group I.
The average density of colostrum obtained within eight hours after calving
(the first two milking runs) was as follows: group I — 1.036 g/cm?, group II
— 1.048 g/cm?, group III — 1.055 g/cm?. The respective mean values for four
milking runs performed on the first day postpartum were 1.035, 1.042 and
1.045 g/cm®. It was found, based on density measurement, that in group
I colostrum from the second and subsequent milkings was marked by poor
quality, whereas in groups II and III good-quality colostrum was obtained
during the first three milking runs.

A decrease in the concentrations of fat, protein and dry matter, as well as
an increase in lactose content, were noted at subsequent milkings in all groups
of cows. These changes were related to colostrum density. No correlations were
found between colostrum density and acidity, thermostability and coagulabil-
ity. Higher density of first-milking colostrum was correlated with higher
concentrations of total whey protein and immunoglobulins (Table 2). This
correlation was observed until the second milking (6 to 9 hours after calving).
The highest whey protein content of first-milking colostrum was recorded
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in group III, while the lowest — in group I. A substantially lower whey protein
content of first-milking colostrum was reported by SzZULC et al. (1989) and
RzEDZICKI, MIKUCKI (1983). According to BAREJ (1986), the initial protein
content of colostrum is highly dependent on the diet of in-calf-cows, especially
in the second half of gestation. The content of both whey proteins and
immunoglobulins in colostrum decreased at subsequent milkings. Whey pro-
tein concentration in second-milking colostrum was nearly twofold lower than
in first-milking colostrum. Immunoglobulin concentration decreased from
around 6 percentage points (group III) to over 8 percentage points (group II).
A further (although slighter) reduction in the content of protein and immunog-
lobulins in colostral whey was observed during successive milking runs. The
whey protein content of fourth-milking colostrum was over fourfold (group I)
to over fivefold (group III) lower, compared to first-milking colostrum. During
successive milking runs, the concentrations of whey protein and immuno-
globulins decreased faster in colostrum marked by higher density at first
milking than in colostrum characterized by lower density at first milking.
SZULC, ZACHWIEJA (1998) cited the results obtained by other authors which
indicate that the absorption capacity of the calf with respect to particular
immunoglobulin classes falls from 80-90% within the first two hours postpar-
tum to less than 15% at 24 hours. The absorption period may be somewhat
longer provided that nutrient concentrations in colostrum are lower.

At the beginning of calf’s life colostrum is the only source of immuno-
globulins. The blood levels of immunoglobulins from colostrum considerably
affect the health status and survival rates of calves within the first weeks
of their life. Immunoglobulins are absorbed from colostrum, in biologically
active form, only on the first day after birth. The calf’s ability to absorb
colostral immunoglobulins decreases gradually within 5 to 6 hours post-
partum. It follows that colostrum timing and quantity on the first day
are the main factors affecting the blood concentrations of immunoglobulins
in newborn calves.

An analysis of the body measurements and weight revealed that the
quality of colostrum fed to calves on the first day of their life had a significant
effect on their performance traits (Table 3). Calves that received colostrum
with the highest density had the highest body weights on day 120. In
this group average daily gains for 120 days reached 0.72 kg, and were
by approximately 0.1 kg higher than in the group of calves fed colostrum
with the lowest density. At 120 days of age, the body weights and daily
gains of calves were significantly higher (P < 0.05) in group III, in comparison
with the other two groups. Other authors reported similar daily gains
of calves during the first four months of their life (Czaja et al. 2002,
GRADOMSKA et al. 2002, SZEWCZUK, KAMIENIECKI 2003). The fact that the
birth weights of calves increased threefold over the first 120 days of their life
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in almost all groups testifies to a successful calf raising program (PODKOWKA
2002). An increase in the density of colostrum fed to calves on the first day
after parturition was followed by an increase in their body measurements.

Table 3
Body weights, daily gains and body measurements of calves depending on its density at first milking

) ) Groups of calves
Specification I I I
Birth weight (kg) x 39.8 38.8 40.9
v 10.55 19.38 14.78
Body weight on day 120 (kg) X 114.4¢ 116.6° 127.7°
v 12.10 11.16 7.23
Daily gains over a period x 0.622¢ 0.647 0.721°
from birth to day 120 (kg) v 17.66 13.40 10.66
Body measurements on day 120 (cm):
— height at withers X 92.3 94.3 95.7
v 4.20 5.56 2.94
— height at sacrum X 96.7 97.5 99.1
v 3.38 3.16 4.34
— shoulder width x 22.8 22.3 24.0
v 14.24 4.62 6.80
— depth of forechest X 38.2 41.5 43.3
v 23.52 3.65 2.2
— rump length X 32.0 32.2 33.3
v 5.23 4.98 4.15
— oblique length of trunk X 94.7 94.3 98.7
v 5.07 6.06 5.72
— chest girth x 109.3¢ 112.8 114.9°
v 4.35 3.52 3.60
— oblique thigh circumference X 98.8 100.0 102.4
v 4.12 4.90 3.38
— spiral thigh circumference X 105.0 105.7 108.1
v 4.93 4.58 4.12

within a row, mean values with differing superscript letter are significantly different; small
letters - P < 0.05

As demonstrated by SzULC et al. (1991), 70 to 80% of all diseases occur
within the first 14 days of calf’s life. According to SZAREK et al. (1994), 90%
of all deaths are recorded in calves aged up to 3 months. Since no cases
of illness or culling were reported over the experimental period, it seems that
the serum concentrations of antibodies were high enough to protect the calves
against infection.

It may be concluded that higher density of colostrum obtained within the
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first hour after calving was correlated with higher concentrations of whey
protein and immunoglobulins as well as with a shorter time required for curd
formation. A considerable decrease in colostrum density, observed during
subsequent milking runs in all groups, was accompanied by a reduction in the
content of total protein, whey protein and immunoglobulins. Differences in
colostrum density and composition noted at third milking (approx. 16 hours
postpartum) were not linked to the density of first-milking colostrum. A sig-
nificant correlation was found between the quality of colostrum from the first
two milkings (1 and 8 hours after birth) and the growth rate of calves. The
specific gravity of colostrum obtained within the first hour after parturition is
a good indicator of its quality.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 12.12.2007
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Abstract

In the years 2002-2003 the zooplankton collected by the Plonia river waters from the standing
freshwater reservoirs it passed through was analysed. The reservoirs represented different trophic,
biological and morphological conditions. The species composition and densities of zooplankton and
changes taking place in these parameters with increasing distance from the reservoir were deter-
mined. Significant differences in the qualitative and quantitative composition of the zooplankton
were noted at different sites of observation. In the samples collected at the majority of sites the
Cladocera were represented by the greatest number of taxa, while Rotifera were represented by the
largest number of individuals.
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Abstrakt

W latach 2002-2003 badano zooplankton wynoszony przez rzeke Plonie ze zbiornikow o réznych
warunkach troficznych, biologicznych i morfologicznych. Okreslono jego sklad jakosciowy i iloSciowy,
jak réwniez zmiany w nim zachodzgce w miare oddalania sie od zbiornika stojgcego. Zaobserwowano
istotne réznice w skladzie jakosciowym i iloSciowym zooplanktonu na poszczegdlnych stanowiskach.
Na wiekszoéci z nich pod wzgledem taksonomicznym dominowaly Cladocera, natomiast ilociowo
zdecydowanie przewazaly Rotatoria.
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Introduction

Outflows of natural freshwater reservoirs carry out large amounts
of zooplankton (SZLAUER 1977, EJSMONT-KARABIN, WEGLENSKA 1996, CZER-
NIAWSKI 2004). This phenomenon can be directly confirmed by the observa-
tions of fry, feeding on zooplankton, accumulating at the outflows. According
to the above-mentioned authors the higher the level of trophy in the water
of a given reservoir the greater densities of zooplankton in its outflows.

Lake zooplankton is characterised by relatively high species diversity. The
number of species living in lakes is much greater than that noted in small
water reservoirs, which is a consequence of the diversity of available ecological
niches and the intensity of intra- and interspecies competition (MLOCICKI,
GORNIAK 2003). Depending on the trophy, the numbers can vary from a few to
a few thousand individuals in dm® (SELIN, HAKKARI 1982, KARABIN 1985,
WEGLENSKA, RYBAK 1998, ROMANOWICZ 1998, LINK, KEEN 1999). Regarding the
numbers and biomass of zooplankton in natural and artificial water reservoirs,
is probable of its proportional representation in the outflows from the reser-
voirs. According to EJSMONT-KARABIN, WEGLENSKA (1996), the qualitative and
quantitative structure of river plankton is mainly determined by the lakes
through which a given river flows. In particular, high similarity of zooplankton
in the river and in the reservoir is observed in the river zone near the outflow
from the reservoir.

The aim of study

The study was undertaken to establish the effect of the freshwater
reservoirs through which the river flows on the river zooplankton and
to make a comprehensive analysis of the phenomenon of the carrying
out of the zooplankton from the lakes and a shallow reolimnic reservoir
by the river waters. In particular, our aim was to determine the species
composition of zooplankton carried out from the reservoirs, its amount,
the seasonal and distance changes in its amount and composition, and
to compare the zooplankton carried out from the reservoirs characterised
by different degrees of trophy.

The study area
The study was performed on the Plonia river (NW Poland). The river flows

out of Lake Barlineckie and through the few lakes in the north-western
Poland: Lake Plon, Lake Miedwie and Lake Zelewko, then it joins the Odra
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river through Lake Dabie. The catchment area of the river Plonia is mostly
covered by meadows and arable land. According to SZYPER, GOEDYN (1990), the
Plonia river waters in the section between Lake Plon and Lake Miedwie in
1986 represented the second class of purity. Zooplankton was sampled at four
study sites.

Site 1 (St. 1) was localised near the village Lubiatowo, at nearly 100 m
from the river outflow from the Lake Plon (covering 790.7 ha), at the bridge
over the narrowed fragment of the river course. The river Plonia flows out
of the eutrophic Lake Plon (FILIPIAK, RACZYNSKI 2000) through an artificial
channel of soft bottom, sporadically grown with submerged plants.

Site 2 (St. 2) was localised near the village Zelewo, at about 300 m from
the river outflow from the mesotrophic Lake Miedwie (covering the area
of 3500 ha) (FILIPIAK, RACZYNSKI 2000), also at a bridge over the narrowed
section of the river. Above this site there is a dam.

Site 3 (St. 3) was localised at the bridge in the village Jezierzyce, below the
reolimnic reservoir densely grown with submerged and emergent plants. The
reservoir covers an area of about 3 ha and its mean depth is close to 1m.
In March 2003 above this site a stone dam was made.

Site 4 (St. 4) was localised in Szczecin Dgbie, below a bridge near the
railway track, at about 6 km from site 3. Throughout the year 2003 road work
was conducted above this site and directly along the river. The measurements
at the site provided data on the qualitative and quantitative structure of the
river zooplankton at the end section of the river Plonia, directly before its
inflow into Lake Dabie.

The watercourse of the Plonia river and the localisation of the measuring
sites are presented in Figure 1.

Floodplain
River Plonia

N River

Plonia

River Plonia

Fig. 1. Location of sites of zooplankton sampling on the River Plonia: 1 - Lubiatowo (site 1),
2 — Zelewo (site 2), 3 — Jezierzyce (site 3), 4 — Dabie (site 4)
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Material and Methods

Samples were collected in the years 2002-2003 every month (except
February 2002) at all four sites. At each site two samples were collected: one
for a quantitative study — 100 dm? of filtered water and another one for
qualitative study. The former sample was collected on the bolting-cloth
of 50 um mesh size kept vertically in the river for 10 minutes. The number
of individuals representing systematic groups of the crustaceans, the species
of the rotifers and their numbers were established. In each sample the lengths
of at least 30 individuals at each species were measured to be able to estimate
the zooplankton biomass. The conversion of the animals; lengths into their
mass was made using the tables proposed by MORDUCHAJ-BOLTOWSKA (1954),
STARMACH (1955). The qualitative analysis of the zooplankton was made using
the keys for identification of the species prepared by WAGLER (1937), KUTIKOVA
(1970), KIEFER, FRYER (1978), RYBAK (1996, 2000). The taxonomic similarity
between the sites was calculated using the formula derived by MARCZEWSKI,
STEINHAUS (1959):

S =%ap-W

where:

S - the statistical similarity of the two sites compared,
A - the number of elements of set A,

B - the number of elements of set B,

W - the number of elements shared by sets A and B.

The results, that were the numbers of individuals and the biomass of
species, were subjected to statistical analysis by the programs Excel and
Statistica. The statistical significance of the differences was estimated by the
Scheffe test (p < 0.05) and variance analysis (W) (for many samples) (STANISZ
1998). In order to illustrate the differences in selected features between
particular groups of the zooplankton the hierarchic agglomeration method
(agglomeration analysis) was applied, based on the Euclidean distance cal-
culated according to the formula:

x,y) = [Z (x; - y)?"2

where:
X, y — the objects whose distance is analysed; the value of this parameter
is the geometrical distance between the objects analysed in a multidimensional
space.
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Results

The character of the lakes and the reolimnic reservoir through which the
river flew influenced the taxonomic composition of the zooplankton carried by
the river, the pattern of the zooplankton dominants and its amount. Over the
Plonia river section between Lake Plon and the site in Szczecin Dabie, the
zooplankton samples collected contained representatives of 62 taxa, of which
16 represented Copepoda, 25 — Cladocera and 21 — Rotifera (Table 1). The most
important zooplankton representatives showing seasonal variations were:
Acanthocyclops robustus, Eucyclops serrulatus, Mesocyclops leuckarti, Ther-
mocyclops crassus, Thermocyclops oithonoides, Ceriodaphnia quadrangula,
Brachionus angularis, Brachionus variabilis appearing in greater amounts in
the warm season and Cyclops strenuus, Cyclops vicinus, Notholca acuminata
appearing in greater amounts in the cool season.

Table 1
Taxonomic composition and frequency* of zooplankton in examined sites
Sites
Taxons River Plonia
Site 1 Site 2 Site 3 Site 4
1 2 3 4 5
Copepoda
Nauplii Cyclopoida +++++ +++++ +++++ ++++
Copepodites Cyclopoida tHtt | At | At |+
Nauplii Calanoida ++ + +
Copepodites Calanoida +++ ++ + +
Acanthocyclops robustus (Sars) + ++
Cyclops strenuus Fischer + +
Cyclops vicinus Uljanin ++ +
Diacyclops bicuspidatus (Claus) + +
Eucyclops macrurus (Sars) +
Eucyclops serrulatus (Fischer) ++ ++ +
Mesocyclops leuckarti (Claus) ++ +
Thermocyclops oithonoides (Sars) + ++ +
Thermocyclops crassus (Fischer) + +
Eudiaptomus gracilis (Sars) ++ +
Eudiaptomus graciloides (Lilljeborg) + + +
Harpacticoida + +
Cladocera
Acroperus harpae (Baird) +
Alona affinis (Leydig) + + +
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cont. table 1

1 2 3 4 5
Alona quadrangularis (O. F. Muller) + +
Alona rectangula Sars ++ +
Alona costata Sars + + + +
Alona guttata Sars + + +
Alonella nana (Baird) ++ + +
Bosmina coregoni Baird ++4++ ++++ +++ ++
Bosmina longirostris (O. F. Miiller) ++ +++ +4++ ++
Ceriodaphnia quadrangula (O. F. Miiller) + + + +
Chydorus sphaericus (0. F. Miiller) ++++ ++ ++++ +
Chydorus gibbus (Lilljeborg) + + +
Daphnia cucullata Sars +++ ++ +
Daphnia longispina O. F. Miiller ++ + +
Daphnia magna Straus + +
Graptoleberis testudinaria (Fischer) + +
Leptodora kindtii (Focke) +
Monospilus dispar Sars +
Pleuroxus aduncus (Jurine) + +
Pleuroxus striatus Schoedler +
Pleuroxus trigonellus O. F. Miller + + +
Scapholeberis mucronata (O. F. Miiller) +
Simocephalus sp. +
Peracantha truncata O. F. Miiller +
Rhynchotalona rostrata (Koch) + + +

Rotifera

Asplanchna sp. +++ ++++ +4+++ ++
Brachionus angularis Gosse + + + ++
Brachionus budapestinensis Daday +
Brachionus calyciflorus Pallas ++ +++ ++++ +++
Brachionus quadridentatus Hermann +
Brachionus rubens Ehrenberg +
Brachionus urceus (Linnaeus) +
Brachionus variabilis Hempel + + +
Brachionus sp. +
Filinia longiseta (Ehrenberg) ++ +++ ++ +++
Kellicottia longispina (Kellicott) ++++ ++++ +++ +
Keratella cochlearis (Gosse) +++4+4+ | A+ | A | A
Keratella irregularis (Lauterborn) +
Keratella quadrata (Miller) +++++ ++++ ++++ +++
Notholca acuminata (Ehrenberg) + +
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cont. table 1

1 2 3 4 5
Notholca foliacea (Ehrenberg) + + + +
Notholca squamula (Miiller) + + + +
Notholca labis + +
Polyarthra sp. FH+++ | Htttt | A | A+
Synchaeta sp. ++ +++ +++ +++
Rotatoria non det. +4++++ | FH+++ | | 4

*Attendance:
+++++ 80-100%
++++ 80-60%
+++ 60-40%

++ 40-20%

The most frequent taxa in the river water were: nauplii of Cyclopoida,
copepodites of Cyclopoida, Eucyclops serrulatus, Daphnia cucullata, Daphnia
longispina, Bosmina longirostris, Bosmina coregoni, Chydorus sphaericus,
Asplanchna, Brachionus calyciflorus, Kellicottia longispina, Keratella coch-
learis, Keratella quadrata, Polyarthra sp.

The number of species found in the samples was higher in summer months.
The highest taxonomic similarity index (MARCZEWSKI, STEINHAUS 1959) value
of 0.73 was found between sites 1 and 2. The sites shared 40 taxa per 49
identified ones. The similarity index between the zooplankton communities at
sites 3 and 4 was 0.63, the samples shared 29 taxa per 49 identified ones. This
result points to a significant influence of the character of the reservoirs on the
zooplankton carried by the river, observed even over a distance of a few km
below the outflow. The lowest similarity index was found for the zooplankton
communities at sites 1 and 4, so at the most distant ones. The samples
of zooplankton collected there shared 21 taxa per 48 identified ones (Table 2).

Table 2
Taxonomic similarity between compared sites in the river Plonia
Site 1 Site 2 Site 3 Site 4
Site 1 X x X X
Site 2 0.73 X X X
Site 3 0.53 0.6 X x
Site 4 0.49 0.52 0.63 X

The mean numbers and biomass of the zooplankton collected at the sites
studied are presented in Table 3. The mean number of plankton animals in the
Plonia river water was 277.3 ind. dm® and varied from 1.6 ind. dm?
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in November 2002 in the sample collected at site 4 to 2225.9 ind. dm™ in
August 2002 in the sample collected at site 1, below the eutrophic Lake Plon
(Figure 2). The highest mean number of animals of 732.6 ind. dm™ was found
in the sample collected at site 1. In the samples collected at all sites a strong
dominance of the representatives of Rotifera was established, up to 89% in the
sample collected at site 4. The domination of the Rotifera representatives was
a consequence of a rather high abundance of Keratella cochelaris, found in the
greatest number of 1791.6 ind. dm™ (i.e. 91% of total number) in the sample
collected in August 2002 at site 1.

2500
2000

1500

ind. dm?

1000

— site |
— site 2
—_ — site 3
— Site 4

500

Fig. 2. Numbers (ind. dm) of zooplankton in the river Plonia in 2002-2003

The highest abundance of the Crustacea was found at site 1, similarly as
that of Rotifera. The mean value of Cladocera individuals at the site was 70.5
ind. dm3, while that of Copepoda was 119.6 ind. dm*. The maximum abun-
dance of Cladocera was noted in Sept. 2002 (590 ind. dm™), with a profound
dominance (93%) of Chydorus sphaericus. This species was abundantly repre-
sented only at site 1, at other sites no specific Cladocera species was particular-
ly abundant. High abundance of Copepoda was a consequence of a large
number of the larvae forms of Nauplii and Copepodites, making in the samples
collected at each site over 60% of the density of Copepoda individuals. Low
numbers of Copepoda were noted below the reolimnic reservoir (site 3) and the
ones collected at site 4. With regard to the abundance of the zooplankton,
statistically significant differences were found between the river water
samples collected at different sites (p < 0.05).
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The mean biomass of the zooplankton in the Plonia river was 0.7809 mg dm,
and varied from 0.0029 mg dm at site 4 in Nov. 2002 to 8.7856 mg dm at site
1in Nov. 2003, below Lake Plon (Figure 3). In the samples collected below the
river outflows from the lakes and the reservoir the main contribution to the
biomass came from Cladocera. It was particularly pronounced in the sample
collected in Nov. 2003 at site 1, in which the contribution of Bosmina coregoni
in the biomass of the total zooplankton was slightly over 77%. As regards the
zooplankton biomass, the samples collected at different sites were found
statistically significantly different (p < 0.05), except for those collected at sites
1 and 2. According to the agglomeration analysis the most similar in the
zooplankton abundance and biomass were the samples collected at sites 3 and
4 (Figure 4 and Figure 5).
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Fig. 3. Biomass (mg dm™) of zooplankton in the river Plonia in 2002-2003
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Fig. 4. Agglomerative analysis of zooplankton numbers in examined sites
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Fig. 5. Agglomerative analysis of zooplankton biomass in examined sites

Discussion

According to the number of taxa the dominant were Cladocera, while
Rotifera dominated in numbers. Similarly, by SZLAUER (1977) reported 43 taxa,
including 17 Cladocera, 10 Copepoda and 16 Rotifera in samples collected at
the outflow of the river Plonia from Lake Plon and Lake Zelewko. Similar
results were reported by KARABIN and EJSMONT-KARABIN (1999), for the
zooplankton from Lake Wigry. They found a relatively poor in species repre-
sentation of the Rotifera, and rich of Crustacea. The species composition
of communities collected at particular sites correlated to the trophic status
of the reservoirs from which the zooplankton was carried out. In the studies
of the zooplankton in the water of different trophic status, SZLAUER (1977),
KARABIN (1985), GORNIAK, CHOCIAN (1999), EJSMONT-KARABIN1, KUCZYNSKA-
KIPPEN (2001), Bowszys (2004), CZERNIAWSKI (2004), reported finding species
typical of a given trophic status. The zooplankton carried out of Lake Miedwie
was characterised by a relatively high number of taxa and relatively small
number, which can indicate a low but increasing eutrophication.

Below the river outflow from the reolimnic reservoir (i.e. site 3), according
to the number of taxa represented the dominant were Cladocera, while
according to the number of representatives the dominant were Rotifera.
A considerable area of this reservoir is overgrown with both submerged and
emerging macrophytes, creating conditions for habitation and reproduction
of zooplankton species, particularly those typical of littoral, like Alona sp.,
Bosmina sp., Chydorus sp., Brachionus sp., and Notholca sp.. Few years ago
domestic sewage was dumped directly into this reservoir (oral comm.), which
has significantly increased the level of nutrients and zooplankton. CZERNIAW-
SKI (2004) reported the presence of the Cladocera species found in the Plonia
river in the water carried out from the Drawa river floodplains. The river
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floodplains and similar reolimnic reservoirs in their course are characterised
by considerable coverage of their bottom with vegetation. According to many
authors, the zones of reservoirs densely grown with macrophytes create
favourable conditions for habitation and reproduction of zooplankton (KOWAL-
CZYK 1998, KUCZYNSKA-KIPPEN, NAGENGAST 2003, CZERNIAWSKI, PIASECKI
2004). The samples collected at site 4 were characterised by the lowest number
of taxa and the lowest number of individuals. This site is not localised in the
vicinity of any reservoir. This site the number of taxa representing Rotifera
was higher than that representing Cladocera, which may be related to the food
selection of the fish between site 3 and site 4. In the samples collected at site 4,
the mean number of taxa, the mean abundance and biomass of all systematic
groups analysed were lower than those characterising the samples from site 3.
The differences in the zooplankton abundance between these two sites reached
406.5 ind. dm™. According to SZLAUER (1977), EJSMONT-KARABIN, WEGLENSKA
(1996), CZERNIAWSKI (2004), the abundance of the zooplankton carried out
from a reservoir decreases significantly with the distance from this reservoir.
A similar correlation was reported by RoMANOWICZ (1998) who studied the
zooplankton of the rivers in the area if the Drawienski National Park, at the
sites much distant from the river outflows. CHIA et al. (1984), EJSMONT-
-KARABIN, WEGLENSKA (1996) reported that the zone near the river outflow is
the region in which the abundance of the littoral zooplankton strongly
decreased. The same situation was observed in this study.

Other reasons for the differences in the composition of the large size
zooplankton between the sites could be the tendency to hide among the
vegetation to avoid the feeding fry (SZLAUER 1977, JEPPESEN et al. 1997,
LAURIDSEN et al. 1998, CZERNIAWSKI 2004) or the phenomenon of reotaxy
(SZLAUER 1965, KAZMIERCZUK, SZLAUER 1984). The above hypotheses seem to
be confirmed by the abundance and taxonomic composition of the zooplankton
in the samples collected at all the sites studied. The most abundantly represen-
ted were the Rotifera, while large size species occurred in small amounts.

The distance from the river outflow was also found to affect the taxonomic
composition of the zooplankton, which was evidenced by the lowest taxonomic
similarity index determined for comparison of the samples collected at site
1 and the most distant and different from it site 4.

It is expected that the density and taxonomic composition of the zooplan-
kton is also related to the seasonal changes in the community in the reservoirs
through which the river flows. This opinion is shared by KAZMIERCZUK,
SZLAUER (1984). Moreover, the composition, numbers and biomass of the
zooplankton carried out by the river are also determined by the vertical
distribution of the animals in the reservoirs. It is known that during the day
zooplankton enters into deeper layers of the reservoirs, which has been
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confirmed among others by the study of (SZLAUER 1960, 1977, PATALAS 1963).
The samples studied were collected during the day, so taking into regard the
fact that the river outflow collects mainly the surface layer of the water from
the reservoir it passes through, (SZLAUER 1977), the amount of the zooplan-
kton found in the samples was smaller than it would be if the samples were
collected at night.

Translated by MARIA SPYCHALSKA
Accepted for print 9.11.2007
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Abstract

A population of Trollius europaeus whose locality was found near the town of Barczewo (NE
Poland) was analyzed in the study. This species is a very rare component of flora in the Olsztyn
Lakeland. The aim of the population survey conducted in 2005 and 2007 was to determine the
abundance and density of the tested population, the type of its spatial structure, as well as selected
characteristics of specimen architecture, such as the height and width of clumps of the European
globeflower, and the number of vegetative and fertile shoots. The survey was carried out in three
areas differing in terms of habitat conditions. In order to determine the spatial pattern of the
population, the index of concentration was calculated as the variance-to-mean ratio. The following
statistical measures were determined: arithmetic mean, standard deviation and mode.

The mean ecological concentration was 4.76. The highest number of specimens per m? was
recorded in an open meadow, and the lowest — at the edge of a forest. The analysis of the spatial
structure of the population showed that all three research areas were characterized by a uniform
distribution of specimens, with a tendency towards a clustered distribution.

Differences in clump size between particular research areas were slight. The height of flowering
plants ranged from 22 to 60 cm. The average number of vegetative shoots per clump was 21.34, while
the number of fertile shoots varied from 0 to 15. Vegetative reproduction was predominant, as
confirmed by the number of vegetative rosettes per fertile shoot in a clump. The most flowering
specimens were recorded near a ditch, under high humidity conditions, whereas the fewest — in an
open meadow.
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STRUKTURA POPULACJI TROLLIUS EUROPAEUS L. NA STANOWISKU W OKOLICY
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Abstrakt

Przedmiotem badan byla populacja Trollius europaeus wystepujaca na stanowisku w okolicy
Barczewa. Gatunek ten jest bardzo rzadkim elementem flory Pojezierza Olsztynskiego. Badania
populacyjne przeprowadzono w roku 2005 i 2007. Zakres pracy obejmowal okreslenie liczebnosci
i zageszczenia ekologicznego populacji, typu struktury przestrzennej oraz analize wybranych cech
architektury osobnika — wysoko$¢ i szeroko$¢ kep pelnika europejskiego, a takze liczbe pedow
wegetatywnych i generatywnych. Badania przeprowadzono na trzech powierzchniach r6znigcych sie
warunkami siedliskowymi. W celu okreslenia typu struktury przestrzennej populacji wyznaczono
wskaznik skupiskowoS$ci jako stosunek wariancji do éredniej. W opracowaniu statystycznym
uwzgledniono §rednig arytmetyczna, odchylenie standardowe oraz srednig modalna.

Srednie zageszczenie ekologiczne wynosilo 4,76. Najwieksza liczbe osobnikéw na powierzchni
1 m? stwierdzono na otwartej lgce, a najmniejsza na powierzchni pod lasem. Analiza struktury
przestrzennej populacji wykazala, ze wszystkie trzy powierzchnie badawcze cechujg sie rownomier-
nym rozkladem osobnikéw z tendencjg do rozkladu skupiskowego.

Wielko$¢ kep na poszczegdlnych powierzchniach byla zréznicowana w niewielkim stopniu.
Wysoko$§é roslin kwitngcych wahala sie od 22 do 60 cm. Srednia liczba pedow wegetatywnych w kepie
wynosila 21-34, a liczba pedéw generatywnych — 0-15. Stwierdzono, ze dominowal wegetatywny typ
reprodukcji, o czym Swiadczyla liczba rozet wegetatywnych przypadajaca na jeden ped generatywny
w obrebie kepy. Najwiecej osobnikéw kwitnacych odnotowano na powierzchni przy rowie, cechujacej
sie najwiekszg wilgotno$cia, natomiast najmniej — na otwartej tace.

Introduction

The European globeflower (Trollius europaeus) grows wild across Europe,
but in the south it can be found only in the mountains. It occurs also
in the region of Caucasus and Arctic America (Stownik botaniczny. 2003).
This species is widely distributed in Poland, both in the lowlands and
highlands, where it occurs as an alpine subspecies, usually with greenish
flowers (RUTKOWSKI 2005). Localities of the European globeflower are scat-
tered across Poland. This species is very rare in some regions, reaching
the greatest abundance in the south-eastern part of the country (Atlas
rozmieszczenia... 1997).

The European globeflower prefers moist, eutrophic soils, such as peat
(lowland moors), muck, steppe black, ground-gley and brown soils, whose
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reaction is alkaline through neutral to slightly acid (HEGI 1975). It can be
found at places protected against overdrying, but avoids too wet and frequently
flooded sites. In the European Lowland this species typically occupies dump,
fertile peaty meadows (often referred to as “globeflower meadows”), forest
margins, peatlands, mid-forest clearings, well-lit shrub communities, head-
stream habitats fed by seepage or small springs. Although in the Polish
Lowland the largest populations of globeflowers have been reported from
headwater areas, in the Bialowieza Forest they are components of the herba-
ceous layer in oak woods. In the mountains globeflowers can be found in the
alpine belt, where they grow in wet grasslands and on slopes (Atlas rozmiesz-
czenia... 1997).

This species is characteristic of humid meadows classified as Polygono
bistortae-Trollietum europaei (Hundt 1964) Bal.-Tul. 1981, belonging to the
order Molinietalia (CWIKLINSKI, JASNOWSKI 1997, MATUSZKIEWICZ 2001). It is
also encountered at the edge of thermophilous forests and scrubs of the order
Quercetalia pubescentis. The European globeflower is also a component of the
following plant communities: Angelico-Cirsietum oleracei R.Tx. 1937 em.
Oberd. 1967 (Cirsio-Polygonetum bistortae R.Tx. 1951) (MATUSZKIEWICZ 2001),
Filipendulo-Geranietum palustris Koch 1926 (NOWINSKI 1967) and Juncetum
subnodulosi Koch 1926 (BACIECZKO 1996).

Under natural conditions this species usually forms numerous clusters
covering large areas. Its populations consist of several to a few hundred
specimens. The plant is protected and was recognized as a retreating species
within the area of Wielkopolska, Western Pomerania and Kujawy. Investiga-
tions into the population structure of Trollius europaeus have been conducted
to date only in the Wielkopolska-Kujawy Plain and in the Krajenska Upland
(Wysoczyzna Krajeniska) in the Pomeranian Lakeland. The localities of this
species were characterized in view of population density, spatial distribution of
clumps, number of flowering shoots and seed mass (ANTKOWIAK 1999), as well
as the structure and morphological variation of flowers (ANTKOWIAK,
MACIEJEWSKA 1999). The inter-population variation of vegetative organs was
also analyzed (ANTKOWIAK 2002).

In the Olsztyn Lakeland the European globeflower is very rare. This is
a boreal species of European-Asian origin, which appeared in East Pomerania
in the Tertiary period, together with a group of other boreal taxa (POLAKOWSKI
1963). Currently there are only two natural localities of this species in the
Olsztyn Lakeland (Forest Division Wipsowo). The first of them is situated in
the commune of Barczewo (Forest Administration Region Maruny). The
population of Trollius europaeus at this locality is very abundant, in June 2007
it was composed of 648 clumps. The second locality is situated in the Forest
Administration Region Cisy, in the ecological area “Klasztorne Lgki”. The local
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population consists of 32 clumps of Trollius europaeus. According to Professor
Korniak (personal information), another locality of the European globeflower,
most probably of anthropogenic origin, was found in 2004 in the village of Ru§
located 10 km from Olsztyn. However, there are no detailed data on this
locality and its existence has never been officially confirmed; it might have
been destroyed by the owner of the local grassland.

Studies conducted in the past at the localities of the European globeflower
in the Olsztyn Lakeland were fragmentary and focused primarily on estima-
ting the population size at the locality near the village of Maruny (KLAROWSKI
1983). A more extensive survey was conducted in 2005 at a locality nearby the
village of Maruny, commune of Barczewo, NE Poland (SzZCZESNA 2006). The
present paper completes earlier studies conducted on this locality in 2005. It
was aimed at determining the abundance and density of the tested population,
the type of its spatial structure, as well as selected characteristics of specimen
architecture, such as the height and width of clumps of the European globe-
flower, and the number of vegetative and fertile shoots.

Characteristics of the study area

The research station is located in the commune of Barczewo (Forest
Division Wipsowo, Forest Administration Region Maruny) — Figure 1. It has
been registered as a nature monument, no. 527 (DABROWSKI et al. 1999).
According to the physico-geographical regionalization of Poland (KONDRACKI
1998), the research area is situated in the mesoregion of Olsztyn Lakeland,
western part of the macroregion of the Masurian Lakeland, province of
East-Baltic Lowland, subprovince of Baltic Coastland. From the geobotanical
perspective (MATUSZKIEWICZ J .M. 2001), the research area is located within the
Northern Masurian-Belarussian Division, in the Masurian Region, West
Masurian Subregion.

The analyzed locality of Trollius europaeus is situated in a mid-forest semi-
-natural meadow, covering an area of 2.25 ha, composed of the communities
Cirsio-Polygonetum bistortae and Polygono bistortae-Trollietum europaei. The
meadow developed spontaneously and for many years has been used extensive-
ly, which means that it has been mown sporadically and no mineral fertilizers
have been applied. The meadow is located at a certain distance (approx. 3 km)
from the village of Maruny and the access to this area is constrained due to
steep slopes, which considerably limits human penetration and impact on the
vegetation cover. In the west the meadow is surrounded by erosional hilly
country, with mixed dry-ground forests composed of spruces, pines, birches,
lindens, maples, hornbeams, ashes, trembling poplars and oaks. In the east
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0 location of Trollius europaeus

Fig. 1. Location of the study area

the country is undulating, with slightly podzolized soils. The slopes are
overgrown with a deformed forest dominated by spruces, oaks and birches,
with lindens and larches as admixture species. A nameless stream, approxi-
mately 10 km in length, cuts through the meadow and flows into the Pisa
Warminska River 1 km west of Barczewo (KLAROWSKI 1983).

Material and Methods

An important question in population surveys is the definition of the term
“specimen”. From the genetic-evolutionary perspective, an organism (genet) is
an individual that descends from a zygote (HARPER 1977). According to this
approach, a genet may be a seedling, but also a monocormonal (one-shoot),
polycormonal (multi-shoot) and clonal individual. From the ecological perspec-
tive, a specimen is a separate organism, morphologically and physiologically
integrated, consisting of a single rooted shoot or many shoots. Giving the
status of a single specimen to clusters of shoots (clumps) is justified, since such
an individual occupies a certain place in space, enters into various relations
and interactions with other individuals of the same or other species, and
produces generative and vegetative propagules, thus participating in reproduc-
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tion. It follows that in this way single shoots as well as their clusters and
clumps affect the structure and dynamics of a population (FALINSKA 1996).

Under natural conditions Trollius europaeus forms clumps. Their forma-
tion starts with the appearance of the first fertile shoot. Vegetative lateral
shoots develop at the base of the fertile shoot, from perennating buds formed in
the fall of the season preceding blooming. Further pre-generative tillering at
the base of the shoot leads to the formation of clumps (TARANT 1997).

For the purposes of the present work it was assumed that a specimen is
a clump composed of numerous vegetative and sterile shoots, morphologically
distinct.

Field investigations were carried out in May and June of 2005 and in 2007,
at the stage of full blooming within three research areas differing in terms
of light and humidity conditions (Figure 2). Research area 1 (2 m x 5 m) was
situated along a drainage ditch, research area 2 (4 m x 5 m) was located in the
central part of the meadow, and research area 3 (2 m x 6 m) was located at the
edge of a forest, under trees. The areas were divided into 1 m x 1 m squares
using stakes. The number of specimens and their distribution were determined
within each square. The density and spatial structure of population were
estimated. Ecological concentration was determined as the number of clumps
on the area of 1 m2 In order to determine the spatial pattern of the population,
the index of concentration was calculated as the variance-to-mean ratio (VMR),
using the following formulas:

2
T )% - (ZNx)
variance
N-1
mean x = 2 (@)
N
where:
x — the number of individuals

N - the number of samples

According to Svedberg (KERSHAW 1978), VMR higher than 1 denotes
a clustered distribution, while VMP lower than 1 denotes a uniform dis-
tribution.

A specimen architecture was also investigated. The analysis of the struc-
ture of Trollius europaeus clumps included the determination of the number
of vegetative and fertile shoots, as well as the height and width of clumps,
accurate to 0.5 cm. The measurements wee performed on 200 clumps growing
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Fig. 2. Location of research areas at the locality of Trollius europaeus near Barczewo in the Olsztyn
Lakeland

within the above research areas. The following statistical measures were
determined: the minimal value, the maximal value, arithmetic mean, standard
deviation and mode.
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Results

Characteristics of the spatial structure of a population
of Trollius europaeus

The estimation of the size of a population is a key methodological
requirement in plant demography. Sometimes it is difficult to precisely
determine the actual number of individuals forming a given population.
Even when it is possible to single out all specimens and to set the range
limits of a population, it is still necessary to estimate the number of
plants per area unit, since plant density provides a basis for evaluating
the properties of a population (FALINSKA 2002).

Ecological concentration was determined in distinct phytocenoses within
plant communities, at selected sites within the area occupied by the tested
population. 200 specimens were recorded over an area of 42 m% The mean
ecological concentration was 4.76. Particular research areas differed slightly
with regard to this parameter (Table 1). The highest number of specimens per
m? was encountered in research area 2 (open meadow), while the lowest in
research area 3 (edge of the forest).

Table 1
Spatial structure of the tested population of Trollius europaeus
Number of research Total n}lmber Number of 1 m? Ecological Index
of specimens 5 . .
area . x 1 m?® squares concentration of concentration
in the study area

51 10 5.10 0.93

105 20 5.25 0.96

44 12 3.67 0.31

The analysis of the spatial structure of the population, with the use of the
index of concentration, showed that all three research areas were character-
ized by a uniform distribution of specimens. However, in research areas 1 and
2 the index of concentration was close to 1, which indicates a tendency towards
a clustered distribution (Table 1). A detailed distribution pattern of Trollius
europaeus clumps in particular research areas is presented in Figure 3. The
number of specimens per m? ranged from 2 to 11 on research area 1, from 3
to 11 in research area 2, and from 2 to 5 in research area 3.
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area 1

area 2

area 3

Fig. 3. Distribution of Trollius europaeus specimens in research areas

Characteristics of the architecture of Trollius europaeus

specimens

Differences in clump size between particular research areas were slight.
The height of flowering plants ranged from 22 to 60 cm, usually reaching 34 cm
in research areas 1 and 3 and 40 cm in research area 2 (modal value), which
gave an average of 38.18 cm (Table 2). The greatest differences in width of
clump was noted in area 2, where it varied from 5 to 50 cm. In most cases
clump diameter reached 30 cm in research areas 1 and 2, and 40 cm in area 3

(Table 2).
Table 2
Features of the architecture of specimens of Trollius europaeus in research areas
Number 1 9 3
of research area
Characteristics |min|max| X |Mo| s |minlmax| ¥ |Mo| s |min|max| X |[Mo| s
Clump height (cm) | 24 | 60 (38.39| 34 |7.565| 22 | 50 [37.44| 40 |5.80 | 28 | 52 |38.70| 34 [6.27
Clump width (em) | 15 | 45 |27.63| 30 [6.09| 5 | 50 |29.73| 30 [8.73 | 17 | 45 (30.39| 40 |8.33
Number 7 | 50 |20.59] 15 |9.90| 1 | 66 [20.85 15 [13.09| 11 | 42 [22.57 23 |7.67
of vegetative shoots
Number 0 |15(224| 0 [3.37| 0 |14 |237| 0 [294] 0 | 7 |1.80| 0 [2.05
of fertile shoots

X — arithmetic mean, Mo — mode, s — standard deviation
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The average number of vegetative shoots per clump was 21.34, ranging
from a minimum of 1 to a maximum of 66. The modal value (denoting the most
common number of vegetative shoot) was 15 in research areas 1 and 2, and 23
in area 3 (Table 2).

Following the assumption that the number of fertile shoots is a relative
indicator of biotic potential, the populations of Trollius europaeus with the
highest number of fertile shoots may be expected to have the greatest biotic
potential (ANTKOWIAK 1999). The number of fertile shoots varied from 0 to 15
in particular research areas. The most flowering specimens were recorded in
research areas 1 and 2, whereas the lowest number of fertile shoots was
observed in area 3 (Table 2).

Discussion

Few studies have examined the structure of Trollius europaeus populations
in Poland. The locality in the commune of Barczewo, in the vicinity of the
village of Maruny in the Olsztyn Lakeland, has been observed since 1979
(KLAROWSKI 1983). However, the data on the population size published to date
were approximate only, and varied within a wide range of a few hundred to
a thousand individuals (KLAROWSKI 1983). Current observations performed by
the authors in 2007 confirmed the presence of 648 clumps of Trollius euro-
paeus at this locality. The rare occurrence of this species in the Olsztyn
Lakeland as well as its high abundance at the examined locality were import-
ant reasons for launching the present population survey.

The development of a certain spatial structure of population is dependent,
to a great extent, on the biological properties of species and on the diversity of
environmental conditions (FALINSKA 2002). Many authors, e.g. KWIATKOWSKA
(1972), WILKON-MICHALSKA (1976) and SYMONIDES (1979), share the opinion
that a clustered distribution pattern is typical of the majority of plant species.
A clustered distribution means that individuals occur in groups, so such
a spatial pattern is characterized by a high number of empty squares, i.e.
samples containing no specimens at all, as well as by a high number of squares
within which plant density is considerable. A uniform distribution means that
individuals are evenly scattered across the entire area (KERSHAW 1978). Under
natural conditions, Trollius europaeus forms clumps that can be treated as
elementary clusters of plants in a population (ANTKOWIAK 1999), which
supports the hypothesis of hierarchical structure of clusters (KERSHAW 1978).
Such a phenomenon is particularly noticeable in populations composed of
a high number of plants, as observed by ANTKOWIAK (1999). Its occurrence was
also confirmed by the results obtained in the Olsztyn Lakeland, where a strong
tendency towards clustering was noted.
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In the analysis of the group characteristics of the populations of Trollius
europaeus found in the Wielkopolska-Kujawy Plain (ANTKOWIAK 1999) it was
assumed, following RABOTNOV (1964), that a specimen is a shoot and not
a clump. According to the definition adopted in the present study, a specimen is
a morphologically distinct clump. Giving the status of a specimen to single
shoots or clusters of shoots is justified (FALINSKA 1996), but the results
concerning the ecological concentration of plants obtained in the Wielkopolska-
Kujawy Plain and in the Olsztyn Lakeland are incomparable.

The European globeflower belongs to species that reproduce both gen-
eratively and vegetatively. The biotic potential of the European globeflower
may be expressed as the number of flowering shoots in a sampling area
(or in a clump) and as the number of vegetative lateral shoots that develop
from perennating buds formed in the fall of the season preceding blooming
(ANTKOWIAK 1999). According to FALINSKA (1977), the biotic potential of
a population is the outcome of either genetic conditions or the limiting
or stimulating impact of the natural environment. At the locality near
Barczewo this potential was found to be different in particular research
areas. Vegetative reproduction was predominant, as confirmed by the number
of vegetative rosettes per fertile shoot in a clump. The most flowering
specimens were recorded near a ditch, under high humidity conditions,
whereas the fewest — in an open meadow. There was no correlation between
the number of flowering shoots and clump size.

The size of specimens is of primary importance for the population because
it may be a measure of living conditions (ANDRZEJEWSKI, FALINSKA 1986).
FALINSKA (1990) demonstrated that adverse environmental conditions may
result in poor development of specimens and in a uniform population size
structure, while favorable environmental conditions may contribute to high
variation in this parameter. The domination of medium-height plants in
a population testifies to its stabilization. In the present study medium-sized
specimens dominated in all research areas.

According to RABOTNOV (1950), habitat conditions can be considered
favorable for population development if the growth rate of individuals is fast.
The rate of development can be measured by the domination of specimens at
the generative stage. This criterion of optimal development was not satisfied in
the current study, since the numerical superiority of fertile shoots over
vegetative ones was not observed in any of the research areas. The analyzed
population shows features of a stable population.

Studies conducted in the Wielkopolska-Kujawy Plain revealed population
variability related to habitat conditions (ANTKOWIAK 1999, 2002). The present
observations were limited to one population, and testified to ecotype variation
only, resulting from different light and humidity conditions at the examined
locality.



Structure of a Population... 609

Conclusion

1. The population of Trollius europaeus at the locality near Barczewo is
a very rare and valuable component of flora in the Olsztyn Lakeland.

2. Observations concerning the population size, followed by an analysis
of specimen architecture, shows that the tested population is stable.

3. Further population surveys, including an analysis of the chemical
properties of soil, are necessary.

4. In order to preserve the analyzed locality of Trollius europaeus, it should
be given the status of an ecological area and principles of sustainable land
management should be established.

5. The meadow in which the locality of Trollius europaeus was found
should be mowed periodically. Trees and shrubs should be removed, and the
current water relations should be maintained.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 8.11.2007
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Abstrakt

W przedstawionym opracowaniu autorzy prezentujg sklad gatunkowy i liczebno§é zgrupowan
epigeicznych biegaczowatych (Col., Carabidae) rezerwatu torfowiskowego ,,Redykajny” (UTM DEG65).
Jest on czescig jednego z najwiekszych w Europie kompleksow lesnych zlokalizowanych w obrebie
aglomeracji miejskiej. Odlowy Carabidae prowadzono w latach 2004-2005 w trzech stanowiskach
rezerwatu: w strefie brzegowej torfowiska wysokiego, w brzezinie bagiennej wystepujacej w §rod-
kowej czeSci torfowiska oraz w borze §wierkowym na siedlisku lasu mieszanego wilgotnego. W pracy
przedstawiono probe oceny kondycji badanego siedliska na podstawie analizy jakoSciowej i iloSciowej
zgrupowan Carabidae. Uzyskane wyniki sa tez pierwsza préba inwentaryzacji epigeicznych
Carabidae zasiedlajacych rezerwat ,Redykajny”.

Introduction

Urban areas are a permanent and important component of landscape.
In the present-day spatial zoning, the main function of urban areas is to fulfill
all needs of local residents as well as to provide good care of green areas.
According to forecasts and current trends, the number of people living in towns
and cities will continue to grow. Thus, the total area of urbanized land will also
increase. This usually means inclusion of lands, often forested ones, which in
proximity to urban areas. The current principles of spatial zoning for urban
areas, which combine aspects of urbanization and ecology, presume that while
such lands will be developed to provide man with housing, recreational and
other facilities, great care will be taken to protect valuable plant assemblages
(NIEMELA 1999). Implementation of such development plans will lead to the
creation of small wooded areas, which will be like small oases and become
a natural haven for many species, which will find suitable conditions for
growth and expansion to nearby areas. Preservation of wooded areas in an
urban spatial structure is often associated with an attempt to maintain the
original character of a given area and to conserve valuable natural habitats.

Redykajny Peatbog Nature Reserve, which lies within the urban area of
Olsztyn, is a part of the largest forest complexes in Europe located in town
(DzIEDZIC 1998). Close vicinity of a town means that both plant and animal
assemblages present in the reserve are under strong man-made pressure. The
presence of transportation trails, forestry management, pollution of water and
air — they all have an adverse effect on the peatbog habitat and can disturb its
natural balance. Evaluation of the conditions and changes which occur in such
natural areas can be based on the analysis of index species (RAINIO, NIEMELA
2003). Such species should reflect the intensity of abiotic and biotic factors
which affect the habitat and should indicate the environmental changes which
influence the habitats, the local species and the whole ecosystem (MCGEOCH
1998). Carabid beetles (Col., Carabidae) are often regarded as such index
species (CZECHOWSKI 1981, SKLODOWSKI 2001, SzyszkKO 2002). The objective
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of the present study has been to assess the species composition and structure
of land assemblages of carabid beetles dwelling in Redykajny Peatbog Nature
Reserve. Another aim has been to assess the state of this assemblage of beetles.
The results obtained during our tests will also be an initial attempt at creating
an inventory of epigeic Carabidae which inhabit Redykajny Reserve.

Study Area and Methods

The carabid beetles were captured in the peatbog nature reserve located in
the area of Olsztyn called Redykajny, which is situated in the south-western part
of the Municipal Forest, on the northern outskirts of the town (UTM DE 65).
The study covered three sites within the reserve:

Site I (S-I) — the marginal zone of high bog;

Site IT (S-II) — a bog birchwood (assemblage of Betula pubescens — Telypteris
palustris) growing in the middle of the peatbog. This wooded area is subboreal
in character, which lies in north-eastern Poland;

Site IIT (S-IIT) — a spruce wood in a mixed humid forest.

Specimens of epigeic carabid beetles were captured in Redykajny Nature
Reserve in the years 2004 (from 24'* May to 24" October — 153 days) and 2005
(from 16* May to 25" October — 163 days). The beetles were caught into
Barber traps. In each year, at three different sites in the reserve, 9 traps
(3 traps at each site) were placed. Every trap, a plastic container measuring
90 mm in diameter and 1300 mm in height, was placed in ground so that the
opening was at the level of undergrowth. The containers were half filled with
4% solution of formalin. The insects were removed from the traps every
10 days and preserved in 75% alcohol. The material was determined using
species identification keys (HURKA 1996, PAWEOWSKI 1974). The dominance
structure was presented according to the model suggested by GORNY, GRUM
(1981), in which the following dominance classes were distinguished: super-
dominants (> 30%), eudominants (30-10%), dominants (10-5.1%), sub-
dominants (5-2.1%), recedents (2-1.1%) and subrecedents (= 1%).

Results and Discussion

The peatog in Redykajny, an ecologically valuable habitat, has been given
a complex description of its floral composition in the works of STEFFEN (1931),
KOBENDZA (1949), POLAKOWSKI (1968), DzIEDZIC (1998). Studies on the fauna
inhabiting this area were carried out in the 1950s and 1960s by WENGRIS
(1962) and MIKOLAJSKI (1962), and focused on the presence of ants and true
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bugs (Heteroptera). Recognition of the species composition of other taxonomic
groups of insects living on the bog at Redykajny will certainly be a valuable
contribution to our knowledge on the presence of rare species, which will
accord with the guidelines of the UE programme Nature 2000.

During our two-year-long observations, we captured 1905 specimens
of Carabidae, which belonged to 49 species and 20 genera (Table 1). The
number of the species caught was not very high as it represented about 20% of
the species of this family which occur in north-eastern Poland (BURAKOWSKI et
al. 1973, 1974, ALEKSANDROWICZ et al. 2003). This may have been due to two
reasons: firstly, the insects were caught exclusively into ground traps and
secondly, the sites were characterized by low natural diversity. The highest
number of carabids (1223 specimens) were captured at a spruce forest. This
site was adjacent to the high bog, yet it lay at a higher elevation and the
undergrowth was less moist. This site was also the place were the biggest
number of Carabidae species was captured (Table 1). A slightly smaller
number of species was obtained from the marginal zone of high bog. However,
the number of Carabidae specimens caught here was half the number
of species obtained from a spruce wood in a mixed humid forest. The lowest
species richness as well as the smallest number of individuals were determined
at the area overgrown with a bog birchwood, situated in the centre of the
nature reserve. This was most likely caused by the character of the site, where
groundwater remained on a high level throughout the whole vegetative season.

Table 1
Species composition and number of specimens of Carabidae in Redykajny Nature Reserve
in 2004-2005

) 2004 2005
Species ST | SII[sI| ST |8 |sIm
1 2 3 4 5 6 7 8
1 | Amara aenea (De Geer, 1774) 0.13
2 | Amara brunnea (Gyllenhal, 1810) 0.25 5.78 | 0.47 0.26
3 | Amara communis (Panzer, 1797) 0.13
4 | Amara plebeja (Gyllenhal, 1810) 3.23
5 | Amara similata (Gyllenhal, 1810) 0.25
6 | Bembidion lampros (Herbst, 1784) 0.13
7 | Calathus fuscipes (Goeze, 1777) 0.47
8 | Calathus micropterus (Duftschmid, 1812) 0.25 0.67 0.39
9 | Carabus arvensis Herbst, 1784 1.56 | 0.47 0.39
10 | Carabus cancellatus Illiger, 1798 2.33
11 | Carabus convexus Fabricius, 1775 0.50 2.22 0.65
12 | Carabus glabratus Paykull, 1790 3.27 |12.90 | 4.89 | 2.84 | 2.33 | 5.17
13 | Carabus granulatus Linnaeus, 1758 16.62 | 3.23 | 9.11 [16.59 1.29
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cont. table 1

1 2 3 4 5 6 7 8
14 | Carabus hortensis Linnaeus, 1758 17.88 | 3.23 |26.89 | 35.55 63.78
15 | Carabus nemoralis O.F. Miiller, 1764 0.22 | 0.47 0.39
16 | Carabus violaceus Linnaeus, 1758 1.26 | 3.23 | 1.56 | 1.42 | 6.98 | 1.16
17 | Cychrus caraboides (Linnaeus, 1758) 1.51 | 3.23 | 1.56 | 1.90 0.78
18 | Dyschirius globosus (Herbst, 1784) 0.95
19 | Epaphius secalis (Paykull, 1790) 0.47
20 | Europhilus fuliginosus (Panzer, 1809) 3.27 0.89 | 2.37
21 | Harpalus griseus (Panzer, 1797) 0.25
22 | Harpalus latus (Linnaeus, 1758) 3.23 | 0.22 2.33
23 | Harpalus quadripunctatus Dejean, 1829 0.25 | 3.23 0.47 0.26
24 | Harpalus rufipes (De Geer, 1774) 0.91
25 | Leistus ferrugineus (Linnaeus, 1758) 0.22
26 | Leistus terminatus (Hellwig, 1973) 0.22
27 | Loricera pilicornis (Fabricius, 1775) 0.25 0.47 0.13
28 | Microlestes maurus (Sturm, 1827) 0.26
29 | Nebria brevicollis (Fabricius, 1792) 0.25 1.11 1.16
30 | Notiophilus bigutatus(Fabricius, 1779) 0.22 0.26
31 | Notiophilus palustris (Duftschmid, 1812) 0.22
32 | Oxypselaphus obscurus (Herbst, 1784) 3.27 3.32
33 | Patrobus atrorufus (Stroen, 1768) 8.06 0.67 | 3.32 1.81
34 | Platynus assimilis (Paykull, 1790) 0.00 | 0.47
35 | Poecilus cupreus (Linnaeus, 1758) 6.45 | 0.44
36 | Poecilus versicolor (Sturn, 1824) 0.22 0.13
37 | Pterostichus aethiops (Panzer, 1797) 0.22 | 2.84 | 4.65 | 0.39
38 | Pterostichus anthracinus (Illiger, 1798) 0.25 0.47
39 | Pterostichus diligens (Sturm, 1824) 0.47 | 2.33 | 0.13
40 | Pterostichus melanarius (Illiger, 1798) 13.10 3.11 | 2.37 2.33
41 | Pterostichus minor Gyllenhal, 1827 0.25 0.47
42 | Pterostichus niger (Schaller, 1783) 18.39 | 51.61 | 20.00 [ 10.90 | 62.79 | 11.77
43 | Pterostichus nigrita (Paykull, 1790) 0.50 0.22 | 0.47 0.39
44 | Pterostichus oblongopunctatus (Fabricius, 1787) | 6.55 12.89 | 4.27 4.14
45 | Pterostichus quadrifoveolatus Letzner, 1852 1.76 | 3.23 | 2.89 | 0.95 | 4.65 | 1.16
46 | Pterostichus rhaeticus Heer, 1838 0.47
47 | Pterostichus strenuus (Panzer, 1797) 1.01 | 3.23 | 1.56 | 4.27 [11.63| 0.13
48 | Pterostichus vernalis (Panzer, 1796) 0.50
49 | Stomis pumicatus (Panzer, 1796) 0.25 0.22
Number of species 26 12 28 28 9 29
Number of individuals 397 31 450 | 211 43 3
878 1027
Shannon’s coefficient J’ (Pielou) 0.72710.716 | 0.703 | 0.701 | 0.621 | 0.457
Simpsons Diversity (D) 0.123|0.273 |0.145 | 0.171 | 0.405 | 0.426
Shannon Wiener’s coefficient H’ 2.368 [ 1.779 [ 2.342 [ 2.336 | 1.363 | 1.538
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The biggest divergence between the contribution of dominant species and
the whole assemblage, as determined through an analysis of the dominance
structure, was found at a bog birchwood (Table 1). The heavily moist surface
of the highmoor bog was penetrated by 16 species of Carabidae, dominated,
in both years of the study, by Pterostichus niger, which was classified as
a superdominant species. In 2004, the second most numerous species in the
birchwood was Carabus glabratus (12.9%), which was the only representative
of the eudominant class. The group of dominants also consisted of a single
species — Poecilus cupreus. The remaining 9 species belonged to subdominants.
In the second year of the study, large disproportions were found between the
dominance classes of Carabidae. Apart from Pterostichus niger mentioned
above, Pterostichus strenuus (a eudominant) and Carabus violaceus (a domi-
nant) occurred in large numbers. The class of dominants consisted of 6 species.
In neither of the years was it possible to distinguish the class of recedents and
subrecedents, which was most probably due to a small number of Carabidae
specimens captured in this area. The edge of the highmoor bog was character-
ized by a uniform distribution of the dominance classes in both years, which is
typical of properly developed ecosystems (TROJAN 1998). In 2004, the eu-
dominants consisted of 4 species (Pterostichus niger, Carabus hortensis,
Carabus granulatus and Pterostichus melanarius) and the dominants com-
prised 2 species (Patrobus atrorufus and Pterostichus oblongopunctatus). The
remaining species caught in that year were classified as subdominants (3
species), recedents (4 species) and subrecedents (13 species). In the subsequent
year, certain changes occurred in the pattern of dominance classes observed in
the marginal zone of the bog. A superdominant species was found (Carabus
hortensis — 35.55%). On the other hand, no species belonging to the dominant
class were identified.

In 2004, the class of eudominants in the spruce wood consisted of three
species: Carabus hortensis (26.89%), Pterostichus niger (20.00%) and Ptero-
stichus oblongopunctatus (12.89%). The two former species were also classified
as eudominants in the marginal zone of the high bog. The distribution of the
other dominance classes of carabid beetles captured in the spruce wood was
quite even — there were dominants (Carabus granulatus and Amara brunnea),
subdominants (Carabus glabratus, Pterostichus melanarius, Pterostichus
quadrifoveolatus, Carabus convexus), recedents (5 species) and subrecedents
(15 species). The assemblages of carabids inhabiting this area in the following
year were characterized by uneven distribution of dominance classes. This
could have been caused by some forest care measures (tree felling), which were
undertaken to protect the habitat from Ips typographus. This was the most
likely reason why Carabus hortensis dominated (at 63.78% it became a super-
dominant species). The classes of eudominants and dominants were represen-
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ted by single species: Pterostichus niger (11.77%) and Carabus glabratus
(5.17%). Absence of P. melanarius on the high bog and its lower contribution,
as a dominant species, at the other two sites may suggest that, unlike P. niger,
this species prefers more abundant habitats (SKLODOWSKI, POROWSKI 2000). At
sites in the marginal zone of the high bog and in the spruce forest, situated
higher than the bog, Carabus hortensis was a dominant species. This large
zoophagous insect is one of the most frequently occurring species in European
forests. In the marginal zone of the bog, other commonly captured carabids
were Carabus granulatus, Patrobus atrorufus and Pterostichus oblongopun-
ctus. Besides, in the spruce forest surrounding the bog, the dominant species
also comprised Carabus glabratus, a mesophilous species, typical of various
types of forests (ALEKSANDROWICZ 1991). ALESKANDROWICZ, KRZETOWSKI
(2004), who studied assemblages of beetles on the banks of the Lyna River in
close vicinity to Redykajny Nature Reserve, determined a similar composition
of dominant carabid species.

Our analysis of the trophic structure and habitat penetration by carabids at
the three sites suggests that the investigated habitats are in good condition.
Zoophagous species dominated, both in terms of the quality (over 80%) and
quantity (over 94%) — Table 2. Over 60% of the carabid species captured during
the study were represented by the forms specific to forested and boggy areas,
and the percentage of such species tended to be higher when the counts of
specimens captured were analysed (Table 2). What may give rise to some
concern is a rather high numerical proportion of (27.78%) of the species
specific to open land determined at a spruce wood in a mixed humid forest,
even though those species constituted barely 2.78% of the total count of the
captured Carabidae. The occurrence of open land species at a spruce wood was
most likely caused by the vicinity of felling areas in the forest, where those
insects found favourable growth and development conditions. What is interest-
ing in our study is the lack of tyrphobiontic species, typical of high moors
(ALEKSANDROWICZ 2004). The hygrophilous species we found are actually
tryphophilous, i.e. species specific for moist areas, which also occur in peat
bogs. The three sites at Redykajny Reserve which we studied were different
from one another in the soil moisture content. The moisture gradient ran from
a bog birchwood, where the groundwater level was very high, through the
marginal zone of the high bog, to the highest site — a spruce wood. As THIELE
(1977) suggests, soil moisture content is one of the major abiotic factors that
affect the species composition and structure of carabid assemblages. The area
we analysed was dominated, both in terms of species composition and counts
of beetles, by mesophilous species characterised by a wide range of tolerance to
changeable moisture conditions (Table 2). A small percentage, both quantitat-
ively and qualitatively, was made up of species associated with dry habitats.
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Typical xerophilous species, such as Amara aenea and Harpalus griseus,
occurred incidentally, most probably because of their ability to fly (ALEKSAN-
DROWICZ 1991, HURKA 1996). Quite a numerous group of beetles in the whole
assemblage of carabids comprised species which come in direct contact with
water habitats (hygrophilous species) and species which prefer high moisture
content habitats albeit not wet ones (mesohygrophilous species). In the high
bog and the adjacent marginal zone, these species represented 37.14% and

Table 2
Ecological description of epigeic Carabidae captured in Redykajny Nature Reserve in 2004-2005
Qualitative aspect Quantitative aspect
Ecological description S-1 S-11 S-I1T S-I S-11 S-11T
n % n % n % n % n % n %

Trophic structure

Large zoophages 11 |31.43| 7 |43.75| 11 |30.56 | 442 |72.70 | 56 |75.68 |1012|82.75
Medium zoophages 13 |37.14| 4 |25.00| 12 |33.33|103|16.94| 7 | 9.46 |151|12.35
Small zoophages 6 |17.14| 2 |1250| 6 |16.67| 39 | 6.41 | 7 | 946 | 16 | 1.31
Hemizoophages 4 (11.43| 2 |1250| 6 |16.67| 23 | 3.78 | 3 | 4.05 | 43 | 3.52
Phytophages 1 /128 |1 (6251 (278 | 1 (016 1 |135 | 1 | 0.08
Total 35| 100 | 16 | 100 | 36 | 100 |608| 100 | 74 | 100 [1223| 100
Habitat preferences

Forest species 15 |42.86| 8 |50.00| 16 |44.44|351|57.73 | 59 |79.73 |1059]| 86.59
Open area species 6 (17.14| 3 |18.75| 10 |27.78| 16 | 2.63 | 4 | 541 | 34 | 2.78
Peatbog species 8 |22.86| 3 |18.75| 6 |16.67|161|2648| 8 |10.81| 79 | 6.46
Eurytopic species 6 |17.14| 2 |1250| 4 |11.11| 80 |13.16| 3 | 4.05 | 51 | 4.17
Total 35| 100 | 16 | 100 | 36 | 100 |{608| 100 | 74 | 100 [1223| 100
Hygropreferences

Xerophilic 1 |28 | 0 [000| 1 (278 1 (016 | O [0.00 | 1 |0.08
Mesoxerophilic 4 (1143| 1 | 625 | 4 |11.11|13 | 214 | 1 | 1.35 | 49 | 4.01
Mesophilic 17 |48.57| 10 |62.50 | 23 |63.89 | 388 |63.82 | 62 |83.78 |1086| 88.80
Mesohygrophilic 3 | 857 | 3 |18.75| 2 | 556 |116|19.08| 8 |10.81| 59 | 4.82
Hygrophilic 10 |28.57| 2 |12.50| 6 |16.67| 90 |14.80| 3 | 4.05 | 28 | 2.29
Total 35| 100 | 16 | 100 | 36 | 100 |608| 100 | 74 | 100 [1223| 100
Zoogeographical

elements

Holarctic 3 |857| 0 |000| 2 |556|24|395| 0 |0.00 |29 |2.37
Palaearctic 19 |54.29| 9 |56.25| 20 |55.56 104 |17.11| 20 |27.03 | 183 | 14.96
Euroarctic 2 | 571 | 2 |1250| 3 | 833 |29 | 477 | 6 | 811 | 76 | 6.21
Euro-Siberian 6 |17.14| 3 |18.75| 6 |16.67|296 |48.68 | 45 |60.81 | 298 | 24.37
Euro-Mediterranean 2 |571 (0 |000| 2 (556 2 |033 | 0 |0.00|15 | 1.23
European Forest

Province 3 | 857 | 2 |1250| 3 | 8.33 |153|25.16| 3 | 4.05 | 622 |50.86
Total 35| 100 | 16 | 100 | 36 | 100 |608| 100 | 74 | 100 [1223| 100
Phenology

Spring species 21| 60 | 10 | 62.5 | 21 |58.33 225 |37.01| 18 |24.32 (229 |18.72
Autumn species 14 | 40 6 | 375 | 15 |41.67|383|62.99| 56 |75.68 994 | 81.28

Total 35 | 100 | 16 | 100 | 36 | 100 |608| 100 | 74 | 100 [1223| 100
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31.25%, respectively, of all the species captured. Hygrophilous species were
most numerous (both the quality and quantity composition) in the marginal
zone of the high bog. The species which inhabited this ecotone zone are able to
migrate when the level of groundwater changes.

The fauna of Carabidae in Redykajny peatbog was represented by six
zoogeographical elements (LESNIAK 1987). The highest numbers of carabids
captured belonged to the Palaearctic and Euro-Siberian elements. They repre-
sented 55% and 18%, respectively, of all the species captured at the three sites
(Table 2). Similar results were reported by KOSEWSKA (2004), who studied
assemblages of epigeic Carabidae populating groups of trees on fields near
Olsztyn. The results reported by BROWARSKI (2005), who described ground
carabids beetles in Trofiaki Nature Reserve near Olsztyn, proved that such
assemblages were mainly composed of species representing the Euro-Siberian
and Holarctic types. However, the analysis of the quantity aspect shows that
the assemblages of carabids in Redykajny Nature Reserve were dominated by
individuals specific to the Euro-Siberian region and European Forest Province.
The Euro-Siberian species, which are associated with the sphere of coniferous
forests, occurred in Poland via migration from northern Siberia. A slightly
different set of species was discovered at a bog birchwood, where the most
numerous were the specimens which belonged to the Euro-Siberian (with
P. niger being a dominant species) and Palaearctic elements. The spruce wood
was most numerously inhabited by individuals which are specific to to the
European Forest Province, with the superdominant species — Carbus hortensis.

Some information on the state of biocensosis can be derived from
an analysis of the percentages of autumn and spring carabid beetles. GRUM
(1976) believes that autumn species are characterised by a higher contribution
of assimilated biomass built into their biomass, as well as a lower rate
of transmitting the biomass to higher trophic levels as compared to the species
which belong to the spring development type. At the three sites in Redykajny
Reserve, spring species were dominant (Table 2). However, the analysis of the
numbers of carabid species captured implied that autumn species prevailed.
In the marginal zone of the peatbog, autumn species represented 76%
of Carabidae specimens; this proportion grew to 76% at the high bog and up to
82% in the spruce wood. The dominance of autumn species is characteristic
of older woods and forests (FLIS, SKEODOWSKI 1998). Spring species are more
often encountered when beetles colonise new areas, including wooded lands,
while autumn species are more common in thick woods. The high percentage
of autumn species determined at the high bog, free from trees, resulted from
the mass occurrence of Pterostichus niger and Carabus glabratus. These
species are associated with wood habitats but can also be present in open areas
adjacent to forests (LINDROTH 1985, SKLODOWSKI 2002).
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The biocenotic diversity of assemblages of beetles can be evaluated by using
indices of the structure of assemblages (GORNY, GRUM 1981). The Shannon-
-Wiener index of diversity (H’) was the highest in both years for the carabids
captured on the edge of the highmoor bog (S-I) and in the spruce wood.
Compared to the data cited by other researchers, this index was rather high
(CzeECHOWSKI 1989, HURUK 1993). The species diversity determined for the bog
birchwood was lower (1.779 in 2004 and 1.363 in 2005). The Shannon-Wiener
index increases as the number of species in a given assemblage rises and the
species occur in similar numbers of individuals. Simpson index (D), on the
other hand, attaches less importance to rare species, infrequently found
in a sample. The highest values of D index were reported for the carabid
assemblages inhabiting the surface area of the birchwood (both years) and the
spruce wood (2005) — Table 1. Pielou index of evenness (J’) describes the ratio
of actual species diversity of a given assemblage to the maximum attainable
value. In 2004, all the examined assemblages of carabids were characterized by
similar values of the evenness index. In the following year, the value of this
index was similar to that obtained for the carabids inhabiting the marginal
zone of the high bog and the bog birchwood, but it went down in the case of the
spruce wood. This was most probably associated with the forest trimming
treatments carried out in the spruce wood to protect the tree stand.

The similarity between the assemblages of Carabidae at the three sites was
tested using Bray-Curtis formula, i.e. a group similarity dendogram (Figure 1).
The dendogram presented in this paper shows two major clusters (30%
similarity), which group the species living in the birchwood and on the edge
of the high bog or in the spruce wood. The first cluster comprises the
assemblages from the birchwood in both years of the research project, whereas

S-IT 2005

S-11 2004

S-111 2005

S-12005

S-I11 2004

S-12004

0 50 100
% similarity
Fig. 1. Dendogram of similarity for the Carabidae assemblages at the three sites in Redykajny Nature
Reserve analysed in 2004-2005
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the other one encompasses the margin of the highmoor bog and the spruce
wood. The first cluster reveals similarities between carabid assemblages
depending on the year of the study.

Conclusions

1. During our two-year-long observations we captured 1 905 specimens
of Carabidae, which were classified to 49 species. The highest number of carabid
individuals and species was caught in the spruce wood at mixed humid forest.

2. The group of dominant species (Carabus hortensis, Pterostichus niger,
C. granulatus and P. oblongopunctatus) made up 70% of all carabid species
captured at the three sites, which may be indicative of certain disproportion
between the most numerous species and the remaining carabid beetles in the
assemblages. Assemblages of epigeic Carabidae inhabiting Redykajny Nature
Reserve are characterised by a large proportion of wildly distributed species
(Palaearctic and Euro-Siberian ones).

3. Forest and peatbog zoophagous beetles were dominant in the area
of Redykajny Nature Reserve, and those are the species expected and preferred
to occur in boggy areas. In addition, a high proportion of autumn species was
discovered, which is characteristic of stable ecosystems.

4. Among the species of the family Carabidae discussed above, forest
species (specific for mixed and riparian forests) including some tryphophilous
species, characteristic for open wetlands, are dominant. Unfortunately,
there are no stentobiotic peatbog species, which are valuable in natural
environments.

5. The presence of a numerous group of mesophilous and mesoxerophilous
species (Harpalus rufipes, Harpalus griseus, Calathus fuscipes, Bembidion
lamparos, Poecilus cupreus, Poecilus versicolor, Microlestes maurus, Amara
aenea, Amara communis, Amara similata) in the area under the investigation
may suggest an early onset of anthropogenic succession, which causes degrada-
tion of the highmoor bog.

6. Several specimens of Carabus convexus, which in Poland is considered as
a threatened species, were captured in Redykajny Nature Reserve.
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Abstract

The populations of two indigenous Polish species, the noble crayfish (Astacus astacus) and the
narrow-clawed crayfish (Astacus leptodactylus), were gradually reduced over the 20th century by
extensive water pollution, the subsequent eutrophication over time of lakes and rivers, and the
epizooty plague caused by the fungus Aphanomyces astaci. The crayfish populations were also
adversely affected by the introduction of the American crayfish in 1890 (Orconectes limosus) and the
signal crayfish (Pacifastacus lenisculus) in the late 1960s.

This work aims at finding molecular markers that would permit objective identification
of crayfish species. This could facilitate monitoring the distribution and protection of crayfish species,
both in Poland and throughout the world. To this end, the PCR-RFLP technique was used for the
analysis of the mitochondrial coxl gene, using 5 restriction enzymes. The best molecular marker was
the restriction enzyme Alul, which proved efficient in differentiating all the studied crayfish. Five
unique genotypes that occurred in a single species were observed, with most of them in the enzyme
Alul, which therefore may be regarded as a species-diagnostic marker.
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Abstract

Rak szlachetny (Astacus astacus) i rak blotny (Astacus leptodactylus) naleza do rodzimych
gatunkéw rakow, ktorych populacje pod wzgledem iloSci i liczebnoéci ulegaja systematycznemu
zmniejszeniu od XIX w. Przyczyna tego jest postepujaca eutrofizacja wod i ich zanieczyszczenie,
powtarzajace sie epizoocje dzumy raczej oraz intensywne zasiedlanie stanowisk wystepowania rakow
przez dwa introdukowane z Ameryki Péinocnej gatunki, raka pregowatego (Pacifastacus leniusculus)
i sygnalowego (Orconectes limosus). Program ochrony i restytucji rakow w Polsce wymaga op-
racowania skutecznych metod ich identyfikacji gatunkowej na r6znych etapach rozwoju osobniczego.
Przeprowadzone w pracy analizy PCR-RFLP dla genu cox1 u czterech gatunkéw rakéw (A. astacus,
A. leptodactylus oraz P. leniusculus, O. limosus) pozwolily na opracowanie markeréw RFLP do
identyfikacji taksonomicznej. Najbardziej skuteczny okazal sie enzym restrykcyjny Alul, ktérego
efekt trawienia jest diagnostyczny dla analizowanych gatunkéw. Z czterech badanych gatunkéw
rakéw najlatwiejszy do identyfikacji okazal sie P. leniusculus posiadajacy najwieksza liczbe
genotypow unikalnych.

Introduction

Base on body size one of the largest groups of invertebrates in Poland are
the indigenous crayfish species, the noble crayfish, Astacus astacus (Linnaeus
1758), and the narrow-clawed crayfish, Astacus leptodactylus Eschscholtz
1823. They are very sensitive bioindicators of changes in the water environ-
ment due to their low tolerance to any alterations in environmental factors
(GONDKO et al. 1992). Over the last two decades they have diminished in
numbers in Polish lakes and rivers (STRUZYNSKI, SMIETANA 1999, MASTYNSKI,
ANDRZEJEWSKI 2001, SMIETANA 2001, SMIETANA et al. 2004, SCHULZ et al.
2006a). One of the reasons for the decrease in the crayfish populations is the
contamination of waters with the pathogenous fungus Aphanomyces astact,
which causes crayfish plague (LENKOWA 1962, MASTYNSKI, ANDRZEJEWSKI
2001). The situation is worsened by high pollution in waters and the subse-
quent increase in the eutrophication of lakes and rivers. Also, up until recently,
water bodies in Poland were intensely stocked with large amounts of eel,
a major predator of crayfish (LENKOWA 1962, MASTYNSKI, ANDRZEJEWSKI 2001,
SCHULZ et al. 2006a).

The gradual extinction of the crayfish was initially caused by the introduc-
tion of the non-indigenous spiny-cheek crayfish Orconectes limosus (Rafines-
que 1817) in 1890, then the signal crayfish Pacifastacus lenisculus (Dana 1852)
in the 1960s (KOSSAKOWSKI 1973, MASTYNSKI, ANDRZEJEWSKI 2001). Both
species, introduced from North America, are highly prolific, highly tolerant to
environmental changes, and, most significantly, are carriers of the A. astaci
fungus (PERSSON, SODERHALL 1983, PIEROZYNSKI 1951, STRUZYNSKI, SMIETANA
1999). Thus, both introduced species are very effective in the competitive
exclusion of indigenous crayfish from their habitats. (STRUZYNSKI, SMIETANA
1999, MASTYNSKI, ANDRZEJEWSKI 2001, SMIETANA 2001, MAIWALD et al. 2004,
SCHULZ et al. 2006a).
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Some scientists proposed that the protection of rare populations
of the indigenous crayfish should be carried out by restocking the species
and by inhibiting the spread of the epizooty crayfish plague, the latter
by preventing the introduction of spiny-cheek crayfish and signal crayfish
into new waters (LENKOWA 1962, STRUZYNSKI, SMIETANA 1999, SMIETANA
2001, SCHULZ et al. 2006a).

In order to monitor the distribution of species, it is necessary to be able to
quickly identify them, both adults and especially young individuals, as their
diagnostic characteristics are not fully developed yet. To that end, new
molecular methods have been used for a few years now in invertebrate
taxonomy (FOLMER et al. 1994, BALDWIN et al. 1996, FALNIOWSKI, WILKE 2001,
SOROKA, GRYGIENCZO-RAZNIEWSKA 2005).

The aim of this study is to determine the molecular markers for the
objective identification of various species of crayfish. This, in turn, should
facilitate their redistribution and protection, both in Poland and throughout
the world.

Material and Methods
Material

The study involved four crayfish species — the noble crayfish (Astacus
astacus), the signal crayfish (Pacifastacus leniusculus), the narrow-clawed
crayfish (Astacus leptodactylus) and the spiny-cheek crayfish (Orconectes
limosus) collected from Polish lakes, with the noble crayfish collected in
Norway. The collection sites, dates, and the collecting scientists are provided
in Table 1. A detailed description of the occurrence of the A. astacus in Graniczne
Lake can be found in the study by SCHULZ et al. 2006a. Five specimens were
considered for each species from Poland, apart from the narrow-clawed
crayfish (2 specimens) and A. astacus from Norway (3 specimens).

Table 1
Characteristics of the collection sites
Species Collection site N Collection date Collecting scientist
Astacus astacus | Poland, Pomeranian voivodship, |5 | August 2000 and P. Smietana and
Graniczne lake December 2001 A. Marczynski
Nowary, Haresjon lake 3 | August 2001 M. Swierczyr’lski
Pacifastacus Poland, Pomeranian voivodship, |5 | December 2001 A. Marczynski
leniusculus Graniczne lake
Astacus Poland, Wielkopolskie voivodship,| 2 | March 2002 M. Swierczynski

leptodactylus Gaj lake

Orconectes Poland, West Pomeranian 5 | September 2000 M. Soroka
limosus voidvodship, Spore lake
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DNA extraction

Genomic DNA was extracted from 3 mm x 3 mm muscle tissue fragments,
which were removed with a scalpel and transferred onto microscopic slides; the
tissue fragments were then placed in the homogenisation buffer solution STE
100 (0.1 M NaCl, 0.1 M EDTA, 0.05 M Tris-HCI, pH 8.0) and SDS (10% sodium
dodecyl sulphate). The nucleic acid was purified by standard phenol/chloroform
extraction. The DNA was precipitated in 96% ethanol; the precipitate was then
washed with 70% ethanol, dried, and dissolved in a TE buffer (1mM EDTA, 0.01
M Tris-HC], pH 8.0). The DNA extraction was carried out in sterile conditions.

Polymerase Chain Reaction (PCR)

DNA amplification was carried out with the primers LCO1490 and
HCO2198, complementary to the fragment of the coxl gene (FOLMER et al.
1994). These primers produce a fragment of DNA approximately 730 bp long.
The PCR reaction was carried out in a volume of 20 ul, consisting of: 0.8 to
1 ul of the isolated DNA as well as 0.5 units of Taq polymerase (Fermentas),
2 ul of 10 x buffer, 50 uM of nucleotide mixture, 5 pmol of each of
the two primers, and 12.1 ul of sterilized distilled water. The final con-
centration of MgCl; in the PCR reaction was 3 mM. After initial denaturation
(at 95°C for 90 secs), PCR was carried out for 5 cycles: denaturation
at a temperature of 95°C (for 30 secs), annealing primers at 45°C (for
1 min) and extension at 72°C (for 90 secs). Subsequently, 27 cycles were
run at the denaturation temperature of 95°C (for 30 secs), an annealing
temperature of 55°C (for 45 secs), and an extension temperature of 72°C
(for 1 min, but 7 min in the final cycle). PCR products were checked
by electrophoresis in 2% agarose gel containing ethidium bromide and
a TBE buffer (pH 8.0); the gels were visualized under UV.

Restriction endonuclease digestion

To perform the restriction analysis of the amplified cox1 gene fragment, the
following six restriction endonucleases were used: Alul, BamHI, BsiZI, Csp6l,
EcoRI and ScrFI. The restriction enzyme digests consisted of 3 ul of the PCR
product, 1 ul of 10 x buffer, 4 U of an enzyme, and 5.6 ul of sterilised distilled
water. The reaction was run for 12 h at temperatures appropriate for each
restriction enzyme. Subsequently, the whole reaction volume was loaded on 2%
agarose gel with ethidium bromide. Electrophoresis was carried out for 2 h at
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60 V in standard a TBE buffer. The gels were visualised under UV using
BioCapt MW (Vilber Lourmat, France). The results were analysed with the
computer programme BiolD (Vilber Lourmat, France).

Results

The applied primers amplified fragments of the coxl gene with identical
products, about 730 bp long, in all the analysed species. RFLP with different
restriction enzymes applied to the previously amplified coxI gene fragments
resulted in a similar total length of the restriction fragments, in terms of the
number of base pairs, to those obtained as a result of amplification (about 730 bp).
Certain discrepancies could have resulted from very small DNA fragments that
were formed as a result of DNA digestion with restrictases and did not appear
on the gel during visualization. When the endonuclease did not recognize any
restriction site in the analysed fragment of the cox1 gene, an identical genotype
A with a length of 730 bp was observed (Table 2, Figure 1).

Table 2
Approximate sizes (bp) of mitochondrial coxI gene fragments generated by five restriction enzymes,
and the obtained genotypes (letters) in four crayfish species

Species Al | BamHI | BsiZI EcoRI SerF1 | Multigenotype
number
Astacus astacus Genotype | Genotype | Genotype | Genotype | Genotype 1
K A A A B
350 730 730 730 640
200 100
130
Pacifastacus Genotype | Genotype | Genotype | Genotype | Genotype 2
leniusculus G D A I H
450 650 730 410 420
190 50 300 150
100
Astacus Genotype | Genotype | Genotype | Genotype | Genotype 3
leptodactylus C A D C B
600 730 650 600 640
110 50 110 100
Orconectes Genotype | Genotype | Genotype | Genotype | Genotype 4
limosus F E E A B
500 500 500 730 640
430 200 200 100
130
110
The sum
of genotypes 4 3 3 3 2
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AaP AaN Pl Al ol K+
600 _ I 730
450 — — 500
350 — —
200  — —
130 — — — — 130
— i 110

Fig. 1. Schematic diagram of fragment banding patterns generated by Alul. Species abbreviations:

AaP - Astacus astacus from Poland, AeN - A. astacus from Norway, Pl — Pacifastacus leniusculus,

Al - A. leptodactylus and Ol — Orconectes limosus, K+ — undigested PCR product. Numbers represent
base pair size. Note that the y-axis is nonlinear

RFLP involving five restriction enzymes did not reveal any variability
within any of the four analysed crayfish species, with 2-5 individuals per
species. Each species showed an enzyme-specific restriction pattern. The
A. astacus specimens from Poland and Norway always showed identical
endonuclease-specific restriction patterns.

Restriction analysis of the mitochondrial cox1 gene with the enzyme Alul
identified 4 different genotypes (C, F, G and K) within the four examined
crayfish species (Table 2, Figure 1). The endonuclease revealed from one in
A. leptodactylus to three restriction sites in the remainder of the analysed
crayfish species. The restriction enzyme BamHI recognized one restriction site
within the analysed fragment of the coxI gene only in P. leniusculus and
O. limosus, but located in different parts, hence different genotypes were
observed, respectively D and E (Table 2). Restrictase BsiZI digested the
fragment of the coxI gene only in A. leptodactylus and O. limosus in one site
which revealed genotypes D and E, respectively (Table 2). The analysed
fragments of the cox1 gene in two analysed crayfish species (A. leptodactylus.
and P. leniusculus) each have one sequence recognizable by the restriction
endonuclease EcoRI (G/AATT), but at different sites, and the obtained geno-
types were respectively C and I. The restriction enzyme ScrFI revealed only
two genotypes in the four analysed crayfish species. The genotype B (640 and
100 bp) was identical for all three species; P. leniusculus had a different
genotype H (Table 2). The restriction endonuclease Csp6l did not result in
characteristic patterns which may serve as molecular markers due to a large
number of short DNA fragments.

Restriction analysis involving 5 restriction enzymes revealed 10 different
genotypes (letter symbols) and certain genotypes reoccurred for more than one
enzyme (Table 2). The most frequent was the genotype A (0.3), present three
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times in A. astacus and once in each of the remaining species, however never
for the enzymes Alul and ScrFI1. Genotype B (400 and 100 bp) reoccurred three
times (0.15) and only for the enzyme ScrFI. Genotype C (600 and 100 bp) was
found only for A. leptodactylus and genotype E (500 and 200 bp) for O. limosus,
and both of them were observed twice in each of these species. Genotypes F, G,
H, I and K occurred only once (0.05) and were most numerous along with the
enzyme Alul and for species P. leniusculus. The combined analysis of the four
species, involving the 5 restriction enzymes, revealed 4 various multigenotypes
(Table 2).

Discussion

Genetic research of various crayfish species, especially the rare and endan-
gered ones, strikes immense interest among scientists. The aim of this
research is to determine the level of variability within a population, as well as
among different populations (BUSACK 1988, FEVOLDEN, HESSEN 1989, GRAND-
JEAN, SOUTY-GROSSET 1997, GRANDJEAN et al. 1997a, FETZNER, CRANDALL
1999, KRANE et al. 1999, SCHULZ 2000, SCHULZ et al. 2004, 2006b, ALARANTA et
al. 2006). Many scientists argue it is absolutely necessary to identify the
genetic structure of crayfish before any protection and restitution programme
is started. Inadequate restitution or illegal introductions may irrevocably
change the genetic pools of various species (FEVOLDEN et al. 1994, GRANDJEAN
et al. 1997b).

Molecular research is also applied to the identification of origins of A.
astacus and Austropotamobius pallipes in European countries. It is also used
for the preparation of population markers for these species (LARGIADER et al.
2000, EDSMAN et al. 2002, ALARANTA et al. 2006).

In the process of protection and restitution of a species, it is very important
to precisely identify the species at all stages of physical development. Molecular
analyses are the perfect tool for such identification.

Initial genetic research of diverse crayfish species based on protein elec-
trophoresis showed a low level of variability between European populations
of freshwater crayfish (BUSACK 1988, FEVOLDEN, HESSEN 1989, AGERBERG 1990,
FEVOLDEN et al. 1994). Studies on mitochondrial DNA carried out over the last
decade have revealed a higher degree of variability and are applied successfully
in population studies for several taxa of freshwater crayfish (CRANDALL et al.
1995, CRANDALL, FITZPATRIC 1996, GRANDJEAN, SOUTY-GROSSET 1997, SOUTY-
-GROSSET et al. 1997, FETZNER, CRANDALL, 1999, GRANDJEAN et al 2000).

Contemporary genetic studies on diverse species of crayfish involve analy-
sis of protein electrophoresis, microsatellite loci, fragments of the ITS1 and
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ITS2 regions and genes 18S and 28S rDNA (CRANDALL et al. 2000, GOUIN et al.
2000, HARRIS, CRANDALL 2000, LARGIADER et al. 2000, ALARANTA et al. 2006).
The studies on mitochondrial DNA involve RFLP (Restriction Fragment
Length Polymorphism) analysis of the 12S and 16S genes and their sequencing
(LARGIADER et al. 2000, GRANDJEAN et al. 2000, 2002).

In 1994, Folmer et al. devised universal primers for the amplification
of mitochondrial cytochrome c oxidase subunit I (gene coxI) in a polymerase
chain reaction (PCR) for 11 classes of invertebrates, including Decapoda. Since
then, the mitochondrial cox1 gene has been widely applied in phylogenetic
research and taxonomic identification of morphologically varied individuals at
various stages of development. The PCR-RFLP method for the coxI gene may
be efficiently used for both adult and young mussels of the species Dreissena
polymorpha and D. bugensis, and their larvae forms (CLAXTON et al. 1997,
CLAXTON, BOULDING 1998). This technique may be used in the systematic
identification and monitoring of distributions of various animals. This method
is easy to carry out in various laboratories and yields repeatable results, which
is an additional advantage (SOROKA, GRYGIENCZO-RAZNIEWSKA 2005).

PCR-RFLP analyses for the cox1 gene in four crayfish species enabled the
determination of molecular markers for their taxonomic identification. The
most effective marker was the enzyme Alul, which enabled identification of all
four species. The signal crayfish was easy to identify, as it had the highest
number of unique genotypes — three. Three enzymes (BamHI, BsiZl and
EcoRI) made it possible to identify two species: the signal crayfish (P. lenius-
culus) and the narrow-clawed crayfish (P. leptodactylus). The least effective
enzyme was ScrFI, which differentiated only the signal crayfish from the rest.
The greatest number of common genotypes (four) were in the noble and
spiny-cheek crayfish.

The crayfish A. astacus from Poland and Norway had identical restriction
patterns in all their analysed restriction enzymes. A similar lack of variability
was observed between the mussels Dreissena polymorpha from Poland and
Ukraine, as well as between D. bugensis var. shallow-water and var. profunda,
and identical endonuclease-specific restriction patterns were always observed
(BALDWIN et al. 1996, SOROKA, GRYGIENCZO-RAZNIEWSKA 2005). The mitochon-
drial cox1 gene examined with PCR-RFLP and 6 restriction enzymes in
9 species of freshwater bivalves showed an absence of individual variability
within each species (SOROKA, GRYGIENCZO-RAZNIEWSKA 2005).

The technique applied in this study did not detect any specimen variability
within the species, which only proved the validity of the PCR-RFLP method for
the cox1 gene to differentiate between species, and to identify crayfish species
both in Poland and throughout the world.
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Conclusions

One of the largest groups of invertebrates in Poland are the indigenous
crayfish species, the noble crayfish, Astacus astacus (L.), and the narrow-
-clawed crayfish, Pontastacus leptodactylus (Esch.). In many cases they have
diminished in numbers in Polish lakes and rivers over the last two decades.
Initially, the gradual extinction of the crayfish was caused by the introduction
of the non-indigenous spiny-cheek crayfish (Orconectes limosus Raf.) in 1890,
and then the signal crayfish in the 1960s (Pacifastacus lenisculus Dana). Both
species, introduced from North America, are highly prolific, highly tolerant to
environmental changes, and, most significantly, are carriers of the A. astaci
fungus that causes crayfish plague in our indigenous crayfish species. Both
of these introduced species are very effective in the competitive exclusion
of indigenous crayfish from their habitats. The aim this study was to deter-
mine molecular markers for the objective identification of four species
of crayfish. PCR-RFLP analyses for the coxl gene revealed that the most
effective marker was the enzyme Alul, which enabled identification of all the
studied species. The signal crayfish was easy to identify, as it had the highest
number of unique genotypes — three.

The technique applied in this study did not detect any variability within the
studied species, which suggest that the PCR-RFLP method for the coxI gene
could be useful to differentiate between species and identify crayfish species
both in Poland and worldwide.
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Abstract

Copper(II) chloride dihydrate was to the soil (heavy loamy dusty sand) in two doses until the total
copper content constituted weak (80 mg kg!) and strong (500 mg kg) soil contamination. Through-
out the experiment, a constant humidity of soil was maintained at the level of 50% of capillary water
capacity. Morphologically differentiated fungal colonies, a few dozen from each type of soil, were
isolated on day 1, 50, 100, 150, 250 and 350 after introducing copper chloride to the soil. These
microorganisms were later transplanted on microbiological medium contaminated with copper and
the same control medium. The growth of fungal colonies in both cultures was compared. Statistical
analysis of the results revealed highly significant differences in copper resistance of fungi originating
from soils of various degree of contamination with this metal. Generally, it can be assumed that the
highest resistance to copper in microbiological medium was demonstrated by fungi isolated from the
soil lightly contaminated with this metal and the lowest resistance by those that originated from
heavily contaminated soil. However, it should be noted that on the last date of measurement, the
origin of fungi (control soil or lightly contaminated soil) did not have any statistical effect on their
resistance. Increased resistance of these fungal isolates that had a previous contact with copper in soil
contaminated with a dose of 80 mg Cu?* kg! was observed from day 100 to day 250 day of the
experiment. Following this, fungal strains revealed a similar resistance, irrespective of their origin.
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Abstrakt

Do gleby (piasek gliniasty mocny pylasty) wprowadzono chlorek miedzi (dihydrat chlorku
miedzi) w dwoch dawkach, tak by catkowita zawarto§¢ miedzi odpowiadata stabemu (80 mg Cu®* kg?)
i silnemu (500 mg Cu?* kg!) zanieczyszczeniu gleby tym pierwiastkiem.

Przez caly okres trwania doSwiadczenia utrzymywano stala wilgotnos¢ gleby na poziomie 50%
kapilarnej pojemnosci wodnej. Zréznicowane morfologicznie kolonie grzybowe, po kilkadziesiagt
z kazdej gleby, izolowano w terminach: 1, 50, 100, 150, 250, 350 doby od wprowadzenia chlorku
miedzi do gleby. Mikroorganizmy te przeszczepiano nastepnie na podloze mikrobiologiczne zanie-
czyszczone miedzig i to samo podloze kontrolne. Poréwnywano wzrost kolonii grzybowych w obu
hodowlach. Analiza statystyczna wynikow wykazala wysoce istotne réznice miedzy odpornoScig
na miedZ grzyb6éw pochodzacych z gleb o réznym stopniu skazenia tym metalem. Ogélnie mozna
przyjac, ze najwieksza odporno§¢ na miedz w podlozu mikrobiologicznym wykazywaly grzyby
izolowane z gleby stabo zanieczyszczonej tym metalem, a najmniejsza pochodzace z gleby silnie
skazonej. Nie bez znaczenia jest jednak fakt, ze w ostatnim terminie pomiaru pochodzenie grzybéw
(gleba kontrolna czy stabo zanieczyszczona) nie wplywalo statystycznie istotnie na ich odporno$c.
Podwyzszona odpornosc izolatow grzybowych, majacych wczeéniej kontakt z miedzig w glebie
zanieczyszczonej dawka 80 mg Cu®* kg'!, utrzymywata sie od 100 do 250 doby do$wiadczenia, po tym
okresie szczepy grzybowe wykazywaly podobng odporno§é, niezaleznie od pochodzenia.

Introduction

When factors harmful to soil environment reach a very high level, biological
soil activity can be built only by those microorganisms that are resistant to
xenobiotics. Tolerance and adaptation of microorganisms to heavy metals is
a known phenomenon, particularly as regards certain strains of microorgan-
isms (DONMEZ, AKSU 1999, GREEN, CLAUSEN 2003, HASTRUP et al. 2005, SPAIN
2003). However, the amount of existing data concerning the impact of heavy
metals on soil microorganisms and referring to the whole population, to a given
systematic group or the metabolic potential of soil, still appears to be unsatis-
factory. Until now, it has not been definitively explained to what extent
microorganisms can adapt to various types of contamination and whether
certain systematic or physiological groups of microorganisms are capable
of developing their adaptation abilities (GONZALEZ-CHAVEZ 2002, NIKLINSKA,
CHMIEL 1997). Copper as a heavy metal has a destructive effect on microorgan-
isms, including fungi, therefore this element was used as a component of the
active substance of many fungicides, while on the other hand, copper is
a microelement that is necessary for the development of all living organisms
(BALAMURUGAN, SCHAFFNER 2006, GREEN, CLAUSEN 2003, GUILLEN, MACHUCA
2007, TOLER et al. 2005).

Fungal resistance to heavy metals results from various mechanisms,
among which there are: the ability to passively extract metals from the cell,
active transport of metal ions outside the cell, ability to mask metals by
chelating them, enzymatic transformation of metal ions, creating vacuoles
in which metal ions are gathered and immobilized in the form of polyphos-
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phates, increased production of melanin and other pigments, ability to produce
specific metal binding compounds inside the cell (BALAMURUGAN, SCHAFFNER
2006, GONZALEZ-CHAVEZ et al. 2002, OSTROWSKI, SKLODOWSKA 1996). The
ability to tolerate copper in the environment depends on many factors related
to the characteristics of the strain itself or of its form, metal concentration, or
pH of the environment (DONMEZ, AKSU 1999, GONZALEZ-CHAVEZ et al. 2002).
Several researchers have confirmed the genetic basis of the phenomenon of
developing resistance to heavy metals, when a gene providing
resistance can be transferred in a way of conjugation or even transformation to
susceptible strains (BIESZCZAD, SOBOTA 1999, CERVANTES, GUTIERREZ-
CORONA 1994, SPAIN 2003).

Currently, the interest of researchers studying the impact of copper
on soil fungi is related both to the positive and to the negative aspects
of this activity. Many studies deal with the effect of copper ions on
Glomeromycota (SILVA da et al. 2005, GONZALEZ-CHAVEZ et al. 2002, HOWE
et al. 1999, TOLER et al. 2005). Due to the above mentioned ability
of some copper resistant fungi to bioaccumulate this element (mainly in
the cell wall but also inside the cell), ectomycorrhiza prevents this metal
from penetrating into the plant tissues and as a result, to food. On the
other hand, since Glomerymycota penetrate the root cells of the plant,
they do not protect it against the accumulation, although this ability of
maintaining elevated concentration of metal in the plant is used in
phytoremediation (TOLER et al. 2005). A negative effect related to the
toxic influence of copper to susceptible fungi is related to those species,
the biomass of which is used for bioremediation of soil contaminated with
petroleum originated compounds and in sewage treatment (DONMEZ, AKSU
1999, TOLER et al. 2005), and to soil fungi forming a part of the organic
fraction of soil (KUCHARSKI et al. 2001, KUCHARSKI, WYSZKOWSKA 2004,
WyszkowsKA, KUCHARSKI 2003). Numerous studies have been dedicated
to the examination of fungi resistance to copper, in order to test the
effectiveness of this metal, which as a component of fungicidal agents,
is nowadays often replaced with more efficient ones. Wood decomposing
fungi acquire the resistance to impregnate containing copper compounds.
What is particularly widely described here is the ability of fungi (e.g.
strains that are exceptionally resistant to copper: Wolfiporia cocos, Laetiporus
sulfureus, Aureobasidium pullulans, Rhizopus stolonifer) to precipitate copper
in the form of insoluble, biologically inactive copper oxalate (CERVANTES,
GUTIERREZ-CORONA 1994, GUILLEN, MACHUCA 2007).

In the presented experiment, a simple microbiological parameter was
developed and used - the so-called resistance index (IR), related both to
individual fungal isolates and to the entire group of fungi (average IR). Based
on the value of the resistance index (IR), the specimens under examination
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were divided into four resistance groups (RG). Due to the complex system
of soil microbiocenosis interrelations, it seems to be particularly important to
acquire information on the effects of heavy metals, not on individual strains
but on the entire population, or on given systematic or physiological group.

The aim of the experiment was to determine the resistance of soil fungi to
copper contamination and to demonstrate whether fungi originating from
polluted soil are more resistant to the addition of copper to the solid medium
than fungi originating from uncontaminated soil.

Materials and Methods

Soil for analyses was collected from the humus horizon (0-10 cm). The soil
was composed of dusty heavy loamy sand (58% sand fraction, 25% dust fraction
and 17% fluming parts), and had a pHgyso level of 6.5 with an organic substance
content of 1.5%. Natural copper content in the soil was 6.1 mg kg!. The soil
was dried and sieved through a 2 mm mesh sieve in order to remove skeletal
parts and mechanical pollution. After determining the maximum water capac-
ity, it was brought to 50% and such a condition was maintained for the whole
experiment. Copper chloride was introduced into the soil in two doses, so that
the total copper content corresponded to weak and strong (KABATA-PENDIAS,
PENDIAS et al. 1993) contamination of the soil with this element. The terms
of weak (80 mg Cu?* kg!) and strong (500 mg Cu?* kg!) copper contamination
of soil were adopted after the Classification of Soils (according to IUNG)
concerning copper content. Research material was incubated in PVC con-
tainers in one-kilo portions at 20°C, in three replications.

Using the method of surface inoculation of soil dilutions, 40 diversified
fungal colonies (isolates) were isolated from soils (control, lightly and heavily
contaminated) using selective medium of Martin (1950) with Rose Bengal and
streptomycin. Afterwards, five-day old colonies were transplanted to the
Martin medium with the addition of copper in a dose of 100 mg Cu?* dm™ and
on the same substrate free of pollution (control), in four repetitions. After
seven-day incubation at 25°C, “twin” fungal colonies (originating from one
source or a “parent” colony) were obtained on two dishes.

HASTRUP et al. (2005) define the resistance to heavy metals as the ability
of an organism to grow and function in its presence. The growth of twin
colonies on the medium contaminated with copper and on the control medium
was compared by measuring their diameters (BLASZAK, NOWAK 2006). The
resistance index (RI) was determined for each isolate as a relation of the
diameter of the colony cultivated on the contaminated medium to the diameter
of the colony incubated on control medium. An average resistance index was
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related to all fungi isolated from the given soil. Four resistance groups (RG)
were created based on diverse RI results:

— group I, RI = 0, completely susceptible microorganisms (no growth on
the contaminated medium);

— group II, 0 < RI < 0.5, very susceptible microorganisms (growth on the
contaminated medium up to a half of the control colony size);

— group III, 0.5 < RI <1, microorganisms moderately susceptible (growth on
the contaminated medium exceeds a half of the control colony size, but is not
higher);

— group IV, RI > 1, resistant microorganisms (growth on the contaminated
substrate is the same as on control medium or even higher).

Analysis dates (isolation and measurement) were set for day 1, 50, 100, 150,
250 and 350 of the experiment.

In order to determine statistically significant differences in the resistance
of fungi originating from soils of a various degree of contamination and
differences resulting form measurement days, a Duncan multiple comparisons
test was applied at the significance level of 0.05 (STATSOFT, INC. 2007).

Results and Discussion

Statistical analysis revealed highly significant differences in copper resis-
tance as regards fungi originating from soils of a various degree of contamina-
tion with this metal (Figure 1). The degree of fungi resistance (expressed as the
average resistance index — RI and the percentage rate of fungi belonging to
individual resistance groups — RG) isolated from the control soil was main-
tained at a relatively constant level during the experiment (Figure 1, Figure 2).
No presence of fungi completely susceptible to copper (I group) was observed,
apart from one date — day 150, when they constituted 2.5% of the whole
isolated group. On the other hand, completely resistant fungi (group IV)
constituted 15% on average, and this group was not subject to significant
fluctuations as regards quantity (Figure 2). Moderately susceptible fungi
— which did not reach the size of the control colonies, but were at least half
of their size (III group) — prevailed in the total pool of the examined fungi of the
control group (Figure 2).

Unlike fungi originating from the control soil, strains isolated from soils
contaminated with Cu?* revealed significant fluctuations as regards resistance
to copper present in the microbiological medium (Figure 1). Light contamina-
tion of soil with copper immunized fungi for over half a year (up to day 250)
—while in the same period completely and very susceptible to fungi (group I, IT)
— was the smallest part in the whole examined pool (Figure 3). The share
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-contaminated medium to colony diameter of the same isolate cultured on control medium. Fungi
were isolated from control, weakly and strongly Cu-contaminated soil. There are averages of IR for all
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Fig. 2. Percentage participation of fungi from the control soil in particular resistance groups (RG).
The value of resistance index (RI) decides upon the affinity of fungi to one of the four resistance
groups (RG): I group, RI = 0 - completely sensitive; II group, 0 < RI < 0.5 — very sensitive; III group,

0.5 < RI < 1 — moderately sensitive; IV group, RI > 1 - resistant fungi

of susceptible fungi (group IV) gradually increased, and it was the greatest,
at the level of 42% on day 150 of the experiment (Figure 3). RAJAPAKSHA et al.
(2004) examined the effect of copper, among others, on the metabolic activity
of fungi (directly, on breathing processes). Initially, this activity grew with the
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increase in heavy metal concentration. After some time, the stimulating effect
on fungal activity fell, brought about by adding metal, but the activity of this
group of microorganisms was still higher in the contaminated soil than the
control soil. BEASZAK, NOWAK (2006) also observed better fungal growth on
the medium contaminated with copper chloride (active substance of Miedzian
50 WP) in the case of those fungi which had previous contact with an increased
dose of copper in the soil. The sizes of those fungal isolates were, on average,
about 10% higher that those originating from soil with natural copper content.
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Fig. 3. Percentage participation of fungi from the weakly Cu-contaminated soil in particular

resistance groups (RG). The value of resistance index (RI) decides upon the affinity of fungi to one

of the four resistance groups (RG): I group, RI = 0 — completely sensitive; II group, 0 < RI < 0.5 — very
sensitive; III group, 0.5 < RI < 1 — moderately sensitive; IV group, RI > 1 - resistant fungi
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Fungi originating from the soil heavily contaminated with Cu?* were represen-
ted mainly by very susceptible strains (group II). It was only on 150*" day of the
experiment that resistant strains — of group IV — dominated in isolated fungi
(Figure 1, Figure 4), which resulted in a rapid growth of average RI (Figure 1).
The above results demonstrate that heavy contamination of soil with copper
did not bring about the effect of resistance to this metal under in vitro
conditions. An experiment conducted by DONMEZ, AKSU (1999) examined
the ability of fungal strains of Ascomycetes genus to grow on the nutrient
medium containing Cu2?*. It was definitely established that in spite of a pre-
selection as regards the resistance to copper, all four strains revealed a slow
down or inhibition of growth in the presence of high copper content
(300 mg Cu?* dm™). Similarly, in another experiment (GUILLEN, MACHUCA
2007), the majority of the examined fungal strains did not grow in the presence
of the increased concentration of copper in nutrient medium; only two out
of ten: Wolfiporia cocos and Laetiporus sulfureus demonstrated resistance
even to 10 mM of copper. Heavy metal tolerance is related very individually
to a given microorganism strain, and the increase in the resistance
of a certain group of fungi to copper could be accompanied with a gradual
dying out of susceptible species DIAz-RAVINA, BAATH 1996). Likewise,
NIKLINSKA, CHMIEL (1997), while comparing the rate of soil respiration
(research concerned the release of CO: by soil microorganisms including
fungi) from the area of the Copper Works in Glogéw (copper content:
1120 mg kg') and a control soil in the distance of about 30 km from
this area (Cu content: 50 mg kg') observed that the results for the control
soil were by about 30% higher; however, after contaminating these soils
with copper under laboratory conditions, a stronger reduction of breathing
activity was obtained in the control soil. Still another experiment dem-
onstrated that heavy pollution of the environment (bacteria and fungi
were isolated from the area of coal mine Santa Catarina) did not always
immunize microorganisms against heavy metals (CASTRO-SILVA i in. 2003).
Generally, it can be assumed that the highest resistance to copper in
a microbiological medium was demonstrated by fungi isolated from soil that
was weakly contaminated with copper and the lowest resistance was by those
that originated from strongly contaminated soil. However; it should be noted
that on the last measurement date, the origin of fungi (from the control
or lightly contaminated soil) did not statistically influence their resistance
(Figure 1). Increased resistance of fungi that had a previous contact with
copper in the soil lightly contaminated lasted from day 100 to 250 of the
experiment, and afterwards, fungal isolates revealed a similar resistance
regardless of their origin (Figure 1). The decrease in the resistance to copper
(after day 250) is difficult to explain, its direct cause was the reduction
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of resistant fungi in the general pool of microorganisms (group IV), and the
increase of the share of completely and very susceptible fungi (groups I, II).
Not all of the examined fungi were able to immunize to copper, not all were
capable of creating an appropriate resistance mechanism, since on each
measurement date a group of microorganisms highly susceptible to the exam-
ined metal was observed.

Conclusions

1. Statistical analysis of results revealed highly significant differences
in copper resistance as regards fungi originating from soils with various
degrees of contamination with this metal.

2. The highest resistance to copper in the microbiological medium was
demonstrated by fungi isolated from soil that was weakly contaminated with
this metal (80 mg Cu?* kg') and the lowest by those that originated from
strong contaminated soil (500 mg Cu?* kg!). The increased resistance of fungal
isolates that had a prior contact with copper in the soil weakly contaminated
lasted from day 100 to 250 of the experiment, and after this period isolated
fungi revealed a similar resistance, irrespective of their origin.

3. Strong contamination of soil with copper (500 mg Cu?* kg') did not cause
the effect of increased resistance to this metal under in vitro conditions.

Translated by MaRiaN Lam
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Abstract

Investigations were carried out in ten municipal wastewater treatment plants located in the
Warmia and Mazury Province removing biogenes with the method of activated sludge. Extent and
intensity of activated sludge foaming were determined and organisms accompanying that phenom-
enon were recognized. In 60% of the treatment plants in the autumn-winter season and in 90% of the
treatment plants in the spring season stable brown foam was observed to cover surfaces of
bioreactors. Microscopic picture of foam enabled detection of six types of filamentous bacteria and
NALO actinomycetes (Nocardia amarae like organisms). In the entire experimental period, Micro-
thrix parvicella was most often occurring in foam. The co-predominating microorganisms in two
treatment plants, irrespective of the season, appeared to be Type 0092 and in one treatment plant
the spring season predominating microorganisms were NALO. The high number of Microthrix
parvicella in the activated sludge was not always linked with its foaming. The intensity of foaming,
expressed by the Scum index, was statistically significantly negatively correlated with the concentra-
tion of ammonia nitrogen in the treated wastewaters.

PROBLEM NITKOWATEGO PIENIENIA OSADU CZYNNEGO W OCZYSZCZALNIACH
SCIEKOW USUWAJACYCH BIOGENY W WOJ. WARMINSKO-MAZURSKIM, POLSKA

Adam Drzewicki', Urszula Filipkowska® Joanna Rodziewicz?

! Katedra Ekologii Stosowanej
2 Katedra Inzynierii Ochrony Srodowiska
Uniwersytet Warminsko-Mazurski w Olsztynie

Stowa kluczowe: osad czynny, pienienie, organizmy nitkowate, Microthrix parvicella.

Address: Adam Drzewiecki, University of Warmia and Mazury, ul. Michata Oczapowskiego 5, 10-957
Olsztyn, phone: +48 (089) 524 51 07, e-mail: adam.drzewiecki@uwm.edu.pl



646 Adam Drzewicki et al.

Abstrakt

Badania przeprowadzono w dziesieciu oczyszczalniach $éciekow komunalnych w woj. warminsko-
-mazurskim, usuwajacych biogeny metoda osadu czynnego. Oceniono rozmiar i intensywnos$é
pienienia sie osadu czynnego oraz rozpoznano organizmy towarzyszace temu zjawisku. W 60%
oczyszczalni w porze jesienno-zimowej i w 90% w porze wiosennej obserwowano trwalg brazowa piane
pokrywajaca powierzchnie bioreaktoréw. W obrazie mikroskopowym piany stwierdzono sze$é¢ typow
bakterii nitkowatych oraz promieniowce nokardiopodobne (NALO). Najczeiciej wystepowala Micro-
thrix parvicella. Wspéldominujacymi mikroorganizmami okazaly sie w dwoch oczyszczalniach
(niezaleznie od pory roku) — Typ 0092 oraz w jednej oczyszczalni w porze wiosennej — NALO. Wysoka
liczebno&¢ Microthrix parvicella w osadzie czynnym nie zawsze wigzala sie z jego pienieniem.
Intensywno§¢ pienienia, wyrazona indeksem piany, byla istotnie statystycznie ujemnie zwigzana ze
stezeniem azotu amonowego w Sciekach oczyszczonych.

Introduction

Foam of biological origin is a common phenomenon in most wastewater
treatment plants operating with the method of activated sludge. In a micro-
scopic picture, it is usually observed as bubbles of gas covered with flocks
of activated sludge contained in the intersludge liquid. A predominating compo-
nent of the flocks are filamentous organisms of bacteria. They are character-
ized by hydrophobicity of cell walls and/or production of surface-active com-
pounds, owing to which they evoke adhesion of activated sludge to bubbles
accompanying the wastewaters treatment process. This results in bulking and
permanent foaming of the sludge. Not removed foam binds up to over 30%
(WANNER 1994 cit. after HAO et al. 1988) of activated sludge contained in the
system and becomes the site of proliferation for filamentous organisms coloniz-
ing it (FOOT et al. 1994). As a consequence, its thickness increases, which in
turn impairs maintaining constant concentration of the sludge in bioreactors
and in recirculate, decreases oxygen concentration in aeration chambers, poses
safety problems in closed fermentation chambers (WESTLUND et al. 1998),
increases health risks to treatment plant staff and causes a variety of other
difficulties in everyday work of the treatment plant.

Recognition of factors stimulating excessive development of filamentous
organisms predominating in foam is a prerequisite for elimination of causes
of activated sludge foaming. Although the problem of biological foaming is
known for several decades (BLACKALL 1991), it is still actual nowadays (WANNER
et al. 1998, MADONI et al. 2000, KRHUTKOVA et al. 2002, KALISZ et al. 2005).

Therefore, the reported research was aimed at evaluating the extent and
intensity of filamentous foaming of activated sludge used for wastewater
treatment in then treatment plants removing biogenes as well as at recogniz-
ing organisms responsible for that phenomenon.
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Materials and Methods
Experimental area

Investigations covered 10 treatment plants removing carbon, nitrogen and
phosphorus, located in the Warmia and Mazury Province: Olsztynek, Lukta,
Morag, Kosyn, Biskupiec, Stawiguda, Ostréda, Lidzbark Warminski, Pasym,
and Jeziorany.

In two of them (Olsztynek and Pasym) wastewaters are treated biologically
in sequencing batch reactors (SBR). In the others, integrated removal
of carbon, nitrogen and phosphorus is carried out with the use of flow reactors.

Wastewater treatment plant throughput ranged from 300 to 7000 m? d'.
In the case of five treatment plants only municipal wastewaters were
discharged. The contribution of industrial sewage in wastewaters inflowing
to the other treatment plants ranged from 16 to 60% of the total wastewater
volume (Table 1).

Table 1
Characteristics of wastewater treatment plants

Treatment plant Contribution o

Trealtmer}t plant | Treatment throughput Reactor type of industrial Pre.dommatmg
ocation plant code designed real wastewaters industry

(m? d) (m? d?) (%)

Olsztynek A 4200 2800 periodical 60 fruit
processing
Lukta B 1000 600 flow
Morag C 4000 2330 flow 40 dairy
Kosyn D 3300 1600 flow 16
Biskupiec E 5000 1700 flow 23 meat
Stawiguda F 1200 450 flow
Ostréda G 12000 6855 flow 30 meat
Lidzbark Warm. H 4000 3338 flow
Pasym 1 600 320 periodical
Jeziorany J 1000 600 flow
Material

One sample of activated sludge, foam (if occurred), influent and effluent
wastewaters was collected for analyses from each treatment plant in the
autumn-winter season (October- January 2004/2005) and in the spring season
(May — June 2005).
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In wastewater treatment plants in Olsztynek and Pasym, samples of foam
for microscopic analyses were collected from the surface of sewage in a sequen-
tial biological reactor (SBR) during aeration phase, whereas in the other cases
foam samples were collected from the surface of sewage in oxygen chambers.
In addition, samples of activated sludge were collected from specified
bioreactors.

Laboratory analysis

A microscopic analysis of activated sludge and foam samples was carried
out in the material immediately after it reached the laboratory. Filamentous
organisms were identified according to their morphology as well as the Gram
and Neisser test following the method by JENKINS et al. 2004, EIKELBOOM
(2000). The quantitative composition of the filamentous microorganisms in the
samples of activated sludge was estimated using the widespread subjective
scoring of filaments abundance proposed by JENKINS et al. (2004).

Intensity of the foaming problem was expressed by means of a Scum index
(I,) understood as a ratio of organic dry foam and activated sludge. Our
previous observations demonstrate that I, > 1 points to a serious foaming
problem.

Determinations of the concentration of dry matter of activated sludge
in chambers of biological treatment and those of contamination indicators
in inflowing wastewaters were performed according to methodology of HER-
MANOWICZ (1999). Temperature of the inflowing wastewaters was measured at
reactor’s inlet.

Statistical analysis

In order to determine a dependency between the value of activated sludge
loading with BOD;, temperature of wastewaters inflowing to the reactor,
concentration of ammonia nitrogen in treated wastewaters, and the Scum
index, Pearson’s correlation coefficients (r) were calculated. A relationship
between concentration of ammonia nitrogen in treated wastewaters and the
Scum index was additionally analyzed by means of a logistic regression model.
The concentration of ammonia nitrogen in wastewater at treatment plant’s
outlet, expressed in mg dm3, was adopted as an independent variable, whereas
the value of the Scum index I, expressed in a binary system, as a dependent
variable. If I, < 1, then that value was recorded as 0, once I, > 1 the value was
recorded as 1.
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Results

Physicochemical and technological parameters of the activated
sludge process

Results of the physicochemical analysis of wastewaters and selected tech-
nological parameters were presented in Table 2 and Table 3. All treatment
plants operated in a low range of activated sludge loading with a load inflowing
wastewaters, i.e. from 0.004 to 0.146 kg BOD; kg! MLVSS d!. In the entire
experimental period, in wastewaters inflowing to the treatment plants the
value of COD ranged from 360 to 2975 mg O, dm™, and the value of BOD
fluctuated from 197 t01863 mg O, dm™. Contents of total phosphorus ranged
from 13.2-29.0. Ammonia nitrogen accounted for 12-84 NNH, dm™. Tempera-
ture of the inflowing wastewaters ranged from 6.6 to 18.1°C. Removal effi-
ciency of COD, BODs, NNH,, P,, was higher in the spring than in the
autumn-winter season. The most significant differences were observed in the
removal of nitrogen compounds, yet in the case of the other parameters
decreased efficiency was noted as well.

In the activated sludge, the content of total suspended matter accounted for
3424-17136 mg smo dm3, and that of organic suspension for 2796-12688 mg
smo dm?3. In samples of foam contents of total suspension and organic
suspension were as follows: from 1923 to 65886 mg smo dm3, and from 1679 to
53829 mg smo dm3, respectively (Table 4, Table 5).

Table 4
Concentration of activated sludge in biological treatment chambers and in foam — autumn-winter
season

Sludge Foam

Treatment total organic total organic
plant code suspension suspension suspension suspension

A 7464 6184 - -

B 6948 5058 - -

C 6808 5216 2735 2411

D 8072 6008 1923 1679

E 8492 6148 39708 29968

F 6228 4567 - -

G 3688 2792 - -

H 3424 2796 10496 7376

I 6808 5028 52125 38969

J 6080 4612 38910 29450
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Table 5
Concentration of activated sludge in biological treatment chambers and in foam - spring season
Sludge Foam
i{:ﬁzfggg total. organi.c total. organi.c
suspension suspension suspension suspension
A 7488 6204 11892 9900
B 6344 4584 46533 38411
C 8120 6516 65886 53829
D 4276 3184 38653 9093
E 8296 6272 15590 12160
F 8262 6377 5100 4216
G 4596 3484 - -
H 5192 3852 20530 14850
I 17136 12688 49377 38274
J 5872 4272 43345 32697

Composition of filamentous organisms in the samples
of activated sludge

In the entire experimental period, a total of 8 strains of filamentous
microorganisms were identified in the samples of activated sludge: Microthrix
parvicella, Type 0092, NALO (Nocardia amarae like organisms), Type 0041,
Type 0675, Nostocoida limicola 1, Nostocoida limicola 1I, Thiothrix sp. Irre-
spective of the experimental season, in all analyzed samples the predominating
strain was Microthrix parvicella (count: 4-5 points in a 6-point scale by
JENKINS et al). Co-predominating microorganisms in the activate sludge
appeared to be: Type 0092 in the treatment plants in Morag and Jeziorany
both in the autumn-winter and spring seasons, and NALO in the treatment
plant in Biskupiec in the spring season. The number of the accompanying
strains ranged from 0 to 3 points (Table 6, Table 7).

Extent and intensity of activated sludge foaming with the share
of filamentous microorganisms

The problem of sludge foaming was more wide-spread in the spring season.
Brown foam covering surfaces of bioreactors was observed in that period in
nine treatment plants, whereas in the autumn-winter season only in six
treatment plants. Also the intensity of foaming was stronger in the spring
season. In that period, the Scum index exceeding one, which indicates that the
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Table 6
Composition of filamentous organisms — autumn-winter season
A I e e e
plant code
AS| F |AS|F |[AS|F |[AS|F |AS|F |AS| F |[AS| F
A 4 1 2
B 4 2 1 3 3
C 4 ++ 4 |[++ 2 + 3 +
D 4 ++ 2 + +
E 4 ++ | 2 + 3 +
F 4 1 3 2
G 4 1 2 1 1
H 5 ++ | 1 + 3 + 1 + 1
I 5 | ++] 3
J 4 ++ 4 [++| 2 +
AS - activated sludge; F - foam
(++) - dominant; (+) — accompanying
(1-5) - filament abundance
Table 7
Table 7. Composition of filamentous organisms — spring season
Treatment |y oM Typ 0092 | NALO  |Typ 0041|Typ 0675| YOS | phiothix sp.
plant code
AS| F |AS|F |AS|F |[AS|F [AS|F |AS | F AS F
A 4 | ++ | 3 | + 2 | + +
B 4 | ++ |1 + | 3 |+ 2 +
C 5 ++ 5 [++ 3 + 1 + 1 +
D 5 ++ | 2 + 1
E 4 ++ 1 + 4 ++ 2 +
F 5 ++ 3 +
G 4 2 1 3
H 5 ++ | 2 + 2 + 3 + 2 +
I 5 ++ | 3 +
J 4 ++ 4 [++ + 2 1

Explantations as in Table 6

concentration of dry organic matter in foam was higher than in the activated
sludge, was reported in 89% of the samples examined, whereas in the autumn-
-winter season — in 67% of cases (Figure 1).
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A B C D E F G H I J
treatment plant code

Fig. 1. Scum index: ¢ — autumn-winter season; b — spring season

Foam components

As indicated by the microscopic picture, the foam consisted of bubbles
of gas coated with hydrophobic particles of the sludge, composed mainly
of filamentous microorganisms (Figure 2).

Fig. 2. Gas bubble coated with a suspension of activated sludge



Problem of Filamentous Foaming... 655

The composition of filamentous organisms occurring in the foam, including
their position in the community, was presented in Table 6, Table 7. Data
obtained indicate that in the entire experimental period, the most frequently
occurring and the most abundant in the foam were Microthrix parvicella. In
two treatment plants, irrespective of the season, Type 0092 was found to
predominate, whereas in one treatment plant in the autumn-winter season
predominating organisms were NALO.

Summary and Discussion

The reported study carried out in the Warmia and Mazury Province
demonstrated universality of the activated sludge foaming phenomenon linked
with a strong growth of filamentous organisms. It confirms the significance
of that problem in wastewater treatment plants removing biogenes with the
method of activated sludge (KALISZ et al. 2005). The main biological compo-
nents of the foam samples analyzed - type Microthrix parvicella — belongs to
filamentous organisms commonly observed in foaming activated sludge
(BLACKBEARD et al. 1986, SEVIOUR et al. 1990, PUJOL et al. 1991, WANNER et al.
1998, MADONI et al. 2000, KRHUTKOVA et al. 2002, KALISZ et al. 2005). It well
develops at a low contamination load of activated sludge, high age of the
sludge, low oxygen concentration and the presence of long-chain fatty acids
in the inflowing wastewaters (JENKINS et al. 2004). An additional growth-
-promoting factor of those bacteria is temperature of wastewaters not exceed-
ing 15°C (KNooP, KUNST 1998).

Environmental conditions found in the treatment plants examined facili-
tated the proliferation of dominant Microthrix parvicella. All plants were
treating municipal wastewaters containing products of fats and oils hydrolysis,
at low values of activated sludge loading with pollutants, i.e. from 0.004 to
0.146 kg BODs kg! MLVSS d!, and temperature of wastewaters usually not
exceeding 15°C.

In the study, no simple correlation was observed between the values of load
and Scum index (I,) — the coefficient of correlation (r) was statistically
insignificant (r = — 0.2077; n = 20; P > 0.05). Both in the treatments plants
operating at the loading < 0.01 and those with the loading > 0.1 kg BOD; kg'!
MLVSS d7, both intensive foam (I, > 1) and its lack (I, = 0) were observed.
Activated sludge loading in the treatment plant in Stawiguda was lower than
that kept in Jeziorany, however due to the season the intensity of foaming was
remarkably higher in Jeziorany (I,= 6.3; 7.6) than in Stawiguda (I, = 0; 0.7).
Although in the samples of activated sludge from the treatment plants
compared, Microthrix parvicella was found to predominate (count: > 4 points),
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no foam was observed in Stawiguda in the spring-winter season. It is contradic-
tory to findings of KNOOP and KUNST (1988), who claimed that abundant
growth of that strain in the activated sludge was always linked with the
generation of foam of biological origin on the surface of reactors of treatment
plants operating with biological methods of nutrients removal.

In the experimental period, temperature of wastewaters inflowing to the
reactors ranged from 6.6 to 18.1°C. No simple correlation was demonstrated
between temperature of inflowing wastewaters and the value of the Scum
index (r = - 0.3459; n = 20; p > 0.05). Yet, always when the intensity
of foaming was high (I, > 1) the temperature of influent was not exceeding 16°C.

The concentration of ammonia nitrogen at the outlet of reactors of the
treatment plants examined ranged from 0.0 to 15.0 mg dm?3. In the plants
in which no foam was observed, the concentration of ammonia nitrogen in the
treated wastewaters was < 0.7 mg dm?3. A statistically significant, simple,
negative correlation was found between that parameter and Scum index
(r =-0.4661;n = 20; p <0.05;y = 1.7463 + 0.244 X). An analysis of the logistic
regression model (Figure 3) demonstrated that the probability of intensive
foam appearance (I, > 1) exceeds 50% once ammonia nitrogen concentration
in the treated wastewaters is > 2 mg dm?3. Goodness of fit of that model
accounts for P = 0.0000. It is common knowledge that ammonia nitrogen is an
indispensable source of nitrogen for the growth of Microthrix parvicella. Its
increased concentration at the outlets of the treatment plants examined might
have occurred due to hypoxia of activated sludge contained in them.

logistic regression
y=exp(-5.4717+(2.85476) - x)/(1+exp(-5.4717+(2.85476) - x))
2

scum index (/,)>1

._.
S

am

probability
S o 9o
> o
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Fig. 3. Correlation between ammonia nitrogen concentration in treated wastewaters and scum index
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Conclusions

1. In 60% of the treatment plants in the autumn-winter season and in 90%
of the plants in the spring season foam of biological origin was observed.

2. In all foam samples analyzed the main biological component was
Microthrix parvicella.

3. A higher number of Microthrix parvicella (count: 4 points) in the
activated sludge in a load range of 0.004-0.146 kg BODs/kg MLVSS d was not
always linked with the foaming of activated sludge.

4. Foaming intensity, expressed by the Scum index, was statistically
significantly negatively correlated with the concentration of ammonia nitrogen
in the treated wastewaters. A lack of foam was linked with N-NH, < 0.7 mg;
whereas intensive foam (I, > 1) with N-NH, concentration in the inflowing
wastewaters > 2.0 mg dm?.

5. At intensive foaming, I, > 1, temperature of wastewaters inflowing to the
reactor did not exceed 16°C.

Translated by AUTHORS
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Abstract

The study was undertaken to investigate the removal of reactive dyes: Orange 16 and Black 8,
from aqueous solutions in the ozonation process. Experiments were carried under laboratory
conditions at a concentration of both dyes reaching 100 mg dm and at four doses of ozone — 16, 24, 32
and 40 g O; m™. Reaction rate constants were determined for each experimental series. The research
demonstrated that both the dose of ozone supplied and chemical structure of dye affected the rate

of the dye removal process. An increase in ozone dose evoked an increase in the reaction rate
constant for both dyes examined. The reaction rate constants determined at a stable dose of ozone for
Black 8 were ca. 2 times higher than the constants calculated for Orange 16.
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Abstrakt

W pracy badano usuwanie barwnikéw reaktywnych Orange 16 oraz Black 8 z roztwordw
wodnych w procesie ozonowania. Badania prowadzono w warunkach laboratoryjnych dla stezenia
obu barwnikéw 100 mg dm™ oraz dla czetrech dawek ozonu — 16, 24, 32 i 40 g O3 m™3. Dla kazdej
przeprowadzonej serii badawczej wyznaczono stale szybkoSci reakcji. Wykazano, ze zaréwno dawka
doprowadzonego ozonu, jak i budowa chemiczna barwnika wplywaly na szybko§é procesu usuwania
barwy. Wzrost dawki ozonu powodowal wzrost stalej szybkoéci reakcji dla obu testowanych bar-
wnikow. Stale szybkosci reakcji wyznaczone dla stalej dawki ozonu dla Black 8 byly ok. 2-krotnie
wyzsze od wyznaczonych dla Orange 16.

Introduction

On the world-wide scale, the textile industry utilizes ca. 540.000 tones
of dyes (SOLECKA, LEDAKOWICZ 2005). Dyes are enumerated amongst compounds
resistant to biochemical decomposition, inducing skin irritations, allergies,
often toxic, carcinogenic and mutagenic. They are applied mainly in the textile
industry, for the production of paints and varnishes, in the leather, papermak-
ing, cosmetic, food, and galvanizing industries, in tanneries as well as in
biology, medicine, in the production of pharmaceutics, and many others
(CzAJKOWSKI 2005, ZIMNICKI 2000).

In respect of chemical structure, dyes are usually aromatic derivatives
of benzene, naphtalene, anthracene and heterocyclic compounds with active
electrons loosely bound with a molecule. Reactive dyes are very good soluble in
water, thus their removal from wastewaters is difficult with conventional
physicochemical and biological methods (AKKAYA et al. 2007, BEYDILLI, PAVLOS-
TATHIS 2005). In the process of colouration and painting they bind with
cellulose, thus forming covalent bonds. Such a dye-cellulose complex is very
stable, due to which dyeing and printed cloth are characterized by a very good
resistance to washing agents.

Treatment methods of wastewaters containing increased concentrations
of dyes that would be characterized by a high effectiveness and economy price
have been searched for a number of years. One of them consists in the
application of ozone in order to oxidize color compounds occurring in waste-
waters. Ozone is both a very strong oxidant and a disinfectant. Those
characteristics enable its application in water treatment as a disinfecting agent
or an oxidant (KOWAL, SWIDERSKA-BROZ 2003). In literature, the ozonation
process has been postulated as a potential, alternative method for decolourisa-
tion and improvement of biological treatment of sewage (SOARES et al. 2006).
Apart from decolourisation, it is also used for the removal of bacteria and
viruses, oxidation of dissolved iron and manganese, removal of flavor and odor,
oxidation of organic and inorganic substances as well as for the removal
of turbidity.
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Theoretically, ozone is capable of oxidizing organic and inorganic matter to
its highest oxidation degree, depending on selectivity of individual molecules
and rate of their decomposition (CHU, MA 2000). Ozonation is an effective way
of degradation for a wide variety of dyes in aqueous solutions because it
destroys conjugated double bonds often associated with colour. Ozone leads to
degradation of dyes and detergents, evokes destruction of aromatic systems
and chromophore groups.

The paper reports on investigations into the removal of reactive dyes:
Orange 16 and Black 8 differing in chemical structure, from aqueous solutions
with the use of ozone. The research included the determination of the effect
of dye structure and ozone dose on the effectiveness of the ozonation process.
In addition, reaction rate constants were determined for the two dyes examined
at various doses of ozone.

Materials and Methods
Characteristics and preparation procedure of the dyes examined

Dyes used in the study originate from the class of reactive dyes. Due to
their chemical structures, they belong to chlorotriazine and vinyl groups.
Analyses were carried out for the following dyes: Reactive Black 8 originating
from the group of triazine dyes and Reactive Orange 16 from the group of
vinylsulfone dyes. Molecular formulas of the dyes were presented in Table 1.

Table 1
Types of the dyes examined

Commercial CI Reactive 2 Structural formula
name group
R . NH OH
Black DN eactive | 1 rotriazine | 580 M
Black 8
Nao3s so Na

OH

O]izﬁgzlgR é{r Z?;ZleG vinylsulfone [490 | NaO:;S-O-CHrCHzO:S$ I\%N*NHCO*CHJ
NaO3S

Solutions of the reactive dyes were prepared by weighing 1 g of the dye
powder. Next the dye was quantitatively transferred into a measuring flask
(with a capacity of 1 1) which was then filled up with distilled water at pH 7.0.
The stock solution was then used to prepare working solutions. Dye’s concen-
tration in the working solutions was 50, 100 and 200 mg dm.
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Experimental station

Experiments were carried out in a reactor with a volume of 1 dm?, containing
a dye solution in an appropriate concentration (50, 100 or 200 mg dm).
Ozone was supplied to the reactor at five doses, i.e. 16, 24, 32 and 40 g O3 m?.
Several samples were taken at regular time intervals (5 min). In each of the
experimental series, analyses were conducted until dye concentration in the
reactor stabilized.

The efficiency of the process was calculated by monitoring the decolourisa-
tion. Dye concentration was measured spectrophotometrically using a UV-VIS
Spectrophotometer SP 3000 apparatus.

Dyes Reactive Black 8 and Reactive Orange 16 were assigned a visual
wavelength A (Table 1) at which absorbance was measured in order to plot
a standardization curve and to calculate conversion coefficient.

Ozone was produced by means of an OZOMATIC LAB 802 generator
(WADECO, Poznan, Poland), using pure oxygen. At an overpressure of
0.5 bar, gas flow rate of 100 g Nm3, and temperature of 20°C, the production
of ozone reaches 4 g h'. The maximum potential ozone concentration
accounts for 250 g N m.

Results and discussion

Time curves obtained in the 8 experimental series and depicting changes
in the concentration of Reactive Black 8 and Reactive Orange 16 in the
ozonation process in time were presented in Figure 1 and Figure 2. The
obtained experimental results enabled determining reaction rate constants k.

In the description of experimental data obtained for changes of dye
concentration C in time ¢, a good fit was demonstrated by the first-order kinetic
model described by the following equation:

dC
r= s k-C 1
where k£ (min!) represents the first order rate constant and C (mg dm™) is dye
concentration in each case. Integration of eq. (1) , considering C = C0 when
t = 0, leads to:

In =-k-t 2)

or

C=Co-e™ 3)
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Fig. 1. Reactive Black 8 removal during ozonation versus ozon concentration and time of reaction:
a-16g0sm3 b-24g0;m?3 ¢c-32g0sm? d-40g O3 m?

Table 2, Table 3 presents reaction rate constants determined with the
method of non-linear regression for the two dyes analyzed. The study demon-
strated that at a stable dye concentration depended on ozone dose applied and
ranged from 0.01571 to 0.10551 min™! for Reactive Orange 16 and from 0.03068
t0 0.19242 min! for Reactive Black 8. The effect of an increasing dose of ozone
from 16 to 40 g O3 m™® was comparable for both dyes and evoked an over 6-fold
increase in the reaction rate constant. However, a strong effect of the chemical
structure of dye on the rate of its removal was observed in the study. The dye
with the chlorotriazine active group — Reactive Black 8 — was removed by ca.
2 times faster as compared to the dye containing the vinylsulfone active group.

The effect of the type of dye and its concentration in the solution on the
effectiveness of dye removal has been earlier described by FARIA et al. (2005).
They examined the kinetics of the ozonation process for three dyes belonging
to various groups — acid (C.I. Acid Blue 113), reactive (C.I. Reactive Red 241)
and basic (C.I. Basic Red 14), and demonstrated the impact of the type of dye
on the kinetics of that process. Yet, the lowest reaction rate was obtained for
the reactive dye, i.e. Reactive Red 241. It possessed a vinylsulfone group,
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Fig. 2. Reactive Orange 16 removal during ozonation versus ozon concentration and time of reaction:
a-16g0;m3 b6-24g0;m?3 ¢c-32g0;m?3 d-40g O3 m?

Table 2

First order rate constants of decolourisation by ozonation at different concentrations of ozone

D Kinetics constants £ (min)
ve type 16 g O3 m™ 24 g Oy m* 32 g 05 m* 40 g O5 m*®
Reactive Orange 16 0.01571 0.02457 0.0773 0.10551
Black 8 0.03068 0.09120 0.1249 0.19242
Table 3

Rate of decolourisation by ozonation at different concentrations of ozone

Kinetics constants £ (min™)
Dye type 16 g O3 m? 24 g O3 m* 32 g O3 m? 40 g O3 m™
Reactive Orange 16 1.57 2.46 7.73 10.55
Black 8 3.07 9.12 12.49 19.24
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analogously to Reactive Orange 16 dye analyzed in our study. The reported
research showed that within one group of reactive dyes the reaction rate
constants are different and depend on the type of reactive group.

This has been confirmed by results described in a paper by DONG et. al.
(2007). Those authors presented a mechanism and kinetic model of degrada-
tion of three synthetic dyes — Reactive Brilliant Blue KN-R, Reactive Brilliant
Red X-3B and Acid Scarlet G. Reaction rate constants determined for those
dyes accounted for: 0.0622 (Reactive Blue KN-R), 0.1454 (Reactive Red X-3B)
and 0.2045 min? (Acid Scarlet GR). Out of the dyes tested, two belonged to
a group of reactive dyes, yet Reactive Brilliant Blue KN-R contained a vinylsul-
fone active group - similarly to Reactive Orange 16 analyzed in our experi-
ment, whereas Reactive Brilliant Red X-3B possessed a chlorotriazine active
groups — analogously to Reactive Black 8 from our study. Likewise in the
reported research, the reaction rate constant determined for the dye with the
vinylsulfone active group was ca. twice as low as that calculated for the dye
with the chlorotriazine group. The results obtained are likely to affect design-
ing systems to be used in the dye removal process. The quantity of ozone
assumed in the technology including ozonation should be adjusted to the type
of dye and, in particular, to its chemical structure and reactive group.

Conclusions

1. Experiments demonstrated that the rate of dye removal depended on the
type of dye. Reactive Orange 16 — a dye with a vinylsulfone active group was
removed ca. 2 times slower than Black DN possessing a chlorotriazine group.

2. The effect of an increased dose of ozone on the increase in the rate of dye
removal was comparable for both dyes examined. Increasing ozone dose from
16 to 40 g O3 m™ resulted in a 6.72-fold and 6.27-fold increase in the reaction
rate for Reactive Orange 16 and Reactive Black 8, respectively.

Translated by Joanna MoLca
Accepted for print 5.12.2007
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Abstract

Water in the Drweca River has been monitored in terms of differences in counts of bacteria which
are active in transformations of nitrogen compounds depend on various man-made activity.
In 2000-2001 samples of waters were assayed for counts of proteolytic, ammonifying, AOB, NOB,
N-NO; to N-NO, reducing bacteria, denitrifying bacteria as well as anaerobic (Clostridium pas-
teurianum) and aerobic (Azotobacter sp.) atmospheric nitrogen binding bacteria, which differed
within several orders (0-10° cfu 1 cm™® or MPN 100 cm™®) depending on the analysed physiological
group of bacteria, sampling site or date. Statistically significant differences in counts of particular
groups of microorganisms in the analysed water samples collected from the Drweca River proved
between the sampling dates only confirm that the river may be seasonally polluted by domestic
sewage from towns and villages located in the river catchment or be associated with the cyclic nature
of fisheries and/or agricultural production.
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Abstrakt

Badano wody rzeki Drwecy pod katem zréznicowania iloSciowego bakterii biorgcych czynny
udzial w przemianach zwigzkéw azotu, uwzgledniajac rodzaj dzialalno$ci antropogenicznej. W latach
2000-2001 w probach wdd liczebnoéé badanych bakterii proteolitycznych, amonifikacyjnych, nit-
ryfikacyjnych I i II fazy, redukujacych NO3-N do NOy-N, denitryfikacyjnych oraz wigzacych azot
atmosferyczny w warunkach beztlenowych (Clostridium pasteurianum) i tlenowych (Azotobacter sp.)
réznila sie o kilka rzedéw wielkosci (0-10° jtk 1 cm™ lub NPL 100 cm™) w zaleznoéci od oznaczanej
grupy fizjologicznej, stanowiska i okresu badawczego. Statystycznie istotne réznice w ilosciowym
wystepowaniu poszczegélnych grup drobnoustrojéw w badanych prébach wod, stwierdzono tylko
miedzy okresami badawczymi. Potwierdzaja one mozliwo§¢ sezonowego doplywu zanieczyszczen
pochodzenia allochtonicznego ze Sciekéw bytowo-gospodarczych z miejscowosci poloznych na terenie
zlewni rzeki oraz zwigzanych z cyklicznym charakterem gospodarki rybackiej i rolnej.

Introduction

Microbiological transformations of organic and mineral nitrogen com-
pounds play a special role in aqueous ecosystems. The course and rate of such
conversions depend primarily on the biochemical activity of dominant physio-
logical groups of microorganisms (MUDRYK, DONDERSKI 1997). Particular
assemblages of bacteria which participate in the nitrogen cycle differ in their
physiology but together they constitute natural microflora of surface waters
(LEWANDOWSKA et al. 2003, WISNIEWSKA et al. 2006). Composition of microbial
flora, both qualitative and quantitative, can be affected by various environ-
mental and antrophogenic factors (like: nature and properties of a water body
and its catchment, atmospheric precipitations, seasons of the year, effects
caused by man influx of domestic, intensive farming practice, increasing
urbanisation) (KARPINSKI 1995, BOAVENTURA et al. 1997, LEWANDOWSKA et al.
2003, GOTKOWSKA-PELACHTA et al. 2005, NIEWOLAK et al. 2005, NIEWOLAK
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2006). Such fluctuations in assemblages of microorganisms are particularly
unwanted in water bodies which are legally protected, and the upper course
of the Drweca River has been a water and ichthyological reserve since 1961.

Material and Methods
Research object

The Drweca is a typical lakeland river. A right tributary of the Vistula River,
the Drweca is 207.2 km long and drains water from an area of 5343.5 km?.
The section of the Drweca which flows through the area of the Warmia
and Mazury Province is about 95 km long (Raport o stanie srodowiska ... 2003).
In its upper course, the river flows through a small lake called Ostrowin and
a typical beeded lake known as Drweckie (Raport o stanie srodowiska .... 2000).

In 1961 the whole length of the Drweca River was turned into a nature
reserve. The water nature reserve covers 1888.4 ha from the river sources to its
estuary into the Vistula River. This area of legally protected, called the
‘Drweca River Nature Reserve’, was set up to protect the river’s aqueous
environment and its fish, in particular trout, salmon, lake trout and vimba.
This is the longest ichthyological nature reserve in Poland and the total area
covered by legal protection is 444.38 ha. Owing to large differences in elevation
between the Drweca and its tributaries, many of the river’s sections are
submontate in character. This favours the occurrence of rare species of fish
and lampreys, which prefer highly oxygenated water (PETER 1997, 1999, 2003).

The river valley in the narrowest section of the upper course makes a gorge,
which is 20-30 m deep and 8 km long. It is known as Czarci Jar (Devil’s Gorge)
and the Polish Angling Association has a fish hatchery there.

The major sources of point pollution for the Drweca River are: household
sewage and wastewater, industrial wastewater and post-industrial waters
derived from the fish farms in Czarci Jar and Rychnowska Wola. In addition,
polluted water is brought to the Drweca by its tributary rivers such as
the Gizela, the Itawka, the Sandela and the Wel, which receive wastewater
from Balcyny, Itawa, Lubawa and Lidzbark Welski (Raport o stanie srodowis-
ka... 2003).

Sampling sites
The microbiological assays involved a 15-km long section of the upper

Drweca. Water samples were collected at 10 research sites set up in some
characteristic parts of the river, from its sources up to Ostrowin Lake (Figure 1).
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Fig. 1. Location sketch of sampling sites (I, I.X) in Drweca River

— site I - 2 km away from the river sources;

— site IT — before Fish Farm no. 1 (stocked with 20 tons of fish fry) in the village
of Czarci Jar;

— site III — where the river flows from :the trout part; of Fish Farm no. 1 in the
village of Czarci Jar;

— site IV — where the river flows from earth fish ponds of Fish Farm no.1 in the
village of Czarci Jar;

— site V — 2 km away from Fish Farm no.1, in the village Gibala;

— site VI - in Rychnowska Wola, before Fish Farms no. 2 and 3;

— site VII — where the river flows from Fish Farm no. 2 (stocked with 54 tons
of commercial trout) in Rychnowska Wola;

— site VIII — where the river flows from Fish Farm no. 3 (stocked with 58 tons
of commercial trout) in Rychnowska Wola;

— site IX — 2.5 km away from Fish Farms no. 2 and 3 in Rychnowska Wola;

— site X — a bridge on the Drweca before the river flows into Ostrowin Lake.
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Sampling

Water samples from the Drweca River were taken at 0.3-0.5 m depth
in two-month intervals from January 2000 to December 2001. Water samples
were collected directly to sterile bottles, according to the guidelines
of the Polish Norm (Woda i Scieki... PN-74/C-0462002) and the American
Public Health Association (1992). The samples were transported to a lab-
oratory in an ice box at 4°C. The time which elapsed from the sampling
to analyses did not exceed 6 hours.

In 2000-2001, 120 water samples from the River Drweca underwent
microbiological assays.

Microbiological assays

The microbiological assays involved the following determinations:

— counts of proteolytic bacteria (cfu 1 cm™®) by Frazier’s method (Rodina
1968) after 6-day incubation at 20°C (Woda i Scieki... PN-74/C-04615, arkusz 17);

— counts of ammonifying bacteria (MPN 100 cm?) on a broth medium
supplemented with 3% peptone (pH 7.2) after 7-day incubation at 26°C
(arkusz 18);

— counts of phase I nitrifying bacteria as AOB (MPN 100 cm™®) on Meik-
lejohn’s medium supplemented with (NH,)>SO, after 28-day incubation at
25°C, and counts of phase II nitrifying bacteria as NOB (MPN 100 cm™) on the
same medium but supplemented with NaNO, after 28-day incubation at 25°C
(SKERMAN 1967);

— counts of bacteria reducing NOs-N to NO;-N (MPN 100 cm?3) on
Giltay’s medium in Durham’s test tubes (RODINA 1968) after 7-day incubation
at 25°C as well as counts of denitrifying bacteria reducing NO3-N to N,-N
(MPN 100 cm®) on the same medium and with Durham’s test tubes after
14-day incubation at 25°C;

— counts (MPN 100 cm?) of bacteria binding atmospheric nitrogen under
anaerobic conditions (Clostridium pasteurianum) on Winogradsky’s medium
after 7-day incubation at 25°C (RODINA 1968);

— counts (cfu 1 em?) of bacteria binding atmospheric nitrogen under
aerobic conditions (Azotobacter sp.) on Fiodorow’s medium supplemented with
2% mannitol after 7-day incubation at 25°C (RODINA 1968).

The determinations concerning numbers of proteolytic and aerobic
atmospheric nitrogen fixing bacteria (Azotobacter sp.) were performed using
the pour-plate method and the results were converted into cfu per 1 cm?
of water.
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In order to determine proteolytic bacteria, after 6-day incubation the plates
were flooded with Frazier’s reagent (RODINA 1968) and after 15 to 20 minutes,
in order to count, all colonies with transparent zones (Woda i scieki... PN-75/C-
04615, arkusz 17). Characteristic large, cream white colonies were counted as
Azotobacter sp. bacteria binding atmospheric nitrogen under aerobic conditions
(RODINA 1968).

The MPN of ammonifying, AOB, NOB, bacteria reducing NO3;-N to NO,-N,
denitrifying bacteria and anaerobic atmospheric nitrogen binding (Clos-
tridium pasteurianum) bacteria were determined by performing inoculations
from 10-fold dilutions of a given water sample in 3 parallel replications. The
results (MPN) were read from McCrady’s tables (MEYNELL, MEYNELL 1970)
and expressed per 100 cm?® of water.

In order to determine MPN 100 cm™® of ammonifying bacteria, changes
such as cloudiness, coating or sediment at the bottom of a test tube with the
medium were observed. In addition, the medium’s reaction (pH) and presence
of ammonia, made evident with an aid of Nessler’s reagent, were tested. The
test tubes with a visible growth of bacteria, presence of ammonia and the
medium’s alkaline reaction to about 8-9, which all proved that ammonification
had taken place, were considered to be positive (Woda i Scieki... PN-75/C-
04615, arkusz 18).

As regards nitrifying bacteria, after the incubation period, cultures were
tested for the presence of NO2-N (AOB) or NO3-N (NOB) using Griess’s dry
reagent (RODINA 1968). NO3;-N was determined using a solution of
diphenylamine in concentrated H2504, having first decomposed in the me-
dium all the remaining, non-oxidised NO,-N, using for this purpose ammonia
and sulphuric acid. In addition, the samples in which the presence of NO,-N or
NOs;-N had been determined were examined under a microscope to find out if
the proper nitrifying bacteria were present too.

In the case of bacteria reducing NOs-N to NO,-N and denitrifying bacteria,
in samples where the medium had changed from green and blue to green and
yellow, blue or yellow the following were tested: presence of nitrites using
Griess’s dry reagent (RODINA 1968), absence of ammonia using Nessler’s
reagent and absence of nitrates using diphenylamine in concentrated sulphu-
ric acid (SKERMAN 1967), presence or absence of gas in Durham’s test tubes.

The presence of bacteria binding atmospheric nitrogen under anaerobic
conditions (Clostridium pasteurianum) was confirmed when the characteristic
smell of butyric acid was perceptible and Durham’s tubes contained gas.
In addition, the dilutions which generated positive results were used to make
microscopic preparations in order to confirm the occurrence of those bacteria
(RODINA 1968).
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Statistical analysis

In order to perceive relationships between counts of the assayed groups
of bacteria: ammonifying, proteolytic, AOB, NOB, bacteria reducing NOs-N to
NO,-N, denitrifying bacteria, binding atmospheric nitrogen under anaerobic
(Clostridium pasteurianum) and aerobic (Azotobacter sp.) conditions, and the
sampling sites as well as times of the year, a one-factor analysis of variance
(ANOVA) was applied, which presumed that the variances in different groups
are uniform (the same). The most powerful test to verify this hypothese was
Leven’s test. When Leven’s test was significant (where p < 0.05), the hypoth-
esis on uniform variance was discarded. Next Kruskal-Wallis test, a non-
-parametric equivalent to one-factor analysis of variance, was performed to
verify the hypothesis that the samples compared had been obtained from
a population characterised by the same distribution or distributions of the
same median (STANISZ 2006).

Results

The results of determinations of counts of the following bacteria: pro-
teolytic, ammonifying, AOB, NOB, bacteria reducing NOs-N to NO;-N, denit-
rifying bacteria and binding atmospheric nitrogen under anaerobic (Clos-
tridium pasteurianum) and aerobic (Azotobacter sp.) conditions, in samples
of water collected from the Drweca River are presented in Table 1. Means and
ranges of their counts differed within a few orders of magnitude depending on:
the physiological groups of bacteria the sampling sites and sampling dates.

The mean counts of proteolytic bacteria varied from 359 cfu 1 cm? at site
I to 22 902 cfu 1 em™ at site VIII. During the whole period covered by the
research project, the smallest differences in quantities of those bacteria
occurred at sites I and X (35-1000 cfu 1 cm™® and 26-1000 cfu 1 cm?,
respectively), whereas the largest differences were found at site VIII (160 to
100 000 cfu 1 cm™).

Ammonifying bacteria revealed similar trends in their lowest and highest
counts (means and ranges) at the respective sampling sites. The mean numb-
ers of these bacteria were up to 10-fold smaller than the counts of proteolytic
bacteria and varied from 930 MPN 100 em™ (site I) to 14 000 MPN 100 cm™
(site VIII). The smallest differences in amounts of ammonifying bacteria were
observed at site I whereas the biggest differences occurred at site VIII. These
differences were: 110-3000 and 200-70 000 MPN 100 cm, respectively.

At most of the sampling sites, the mean numbers AOB and NOB were
found to be similar. The mean of the quantitative occurrence of AOB varied
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from 10 MPN 100 cm® at site I to 320 MPN 100 cm?® at site VIII.
In comparison, NOB were determined to vary from 38 MPN 100 cm™ at site I
to 558 MPN 100 cm™ at site IX. During the whole duration of the experiment,
the smallest differences in counts of AOB appeared at site I (0-40 MPN 100 cm™)
and the biggest ones — at sites III, VII, VIII and X (0-1400 MPN 100 cm™®). On
the other hand, the smallest differences in counts of NOB were determined in
water samples collected at sites I and III (0-140 MPN 100 cm) and the biggest
ones — at sites IV, V, VI, VII and X (0-1 400 MPN 100 cm™).

In waters of the Drweca River, the mean quantities of bacteria which
reduce NO;s-N to NO,-N varied from 216 MPN 100 cm™ at site X to 7100 MPN
100 cm® at site IV. Likewise, the smallest differences in counts of these
bacteria were found at site X (0-750 MPN 100 cm) and the biggest ones — at
site IV (0-35 000 MPN 100 cm™).

In samples of water collected from the Drweca, denitrifying bacteria (which
reduce NO;-N to N,-N) occurred in numbers several-fold lower or similar to
quantities of bacteria reducing NO3-N to NO,-N, depending on a sampling site.
The mean, their lowest counts (104 MPN 100 cm™) were detected at site V and
the largest ones (3202 MPN 100 cm™) — at site VIII. The minimum differences
in ranges of their quantitative occurrence (70-7000 MPN 100 cm?) were
determined at site I and the maximum ones (400-14 000 MPN 100 cm?) — at
site VIII.

During the whole time period covered by the study, Clostridium pas-
teurtanum occurred in the smallest counts (both in terms of means and ranges)
among all atmospheric binding bacteria. The mean counts of C. pasteurianum
varied from 3 MPN 100 cm™ at sites IT and VIII to19 MPN 100 cm at site X.
The smallest differences in counts of these bacteria were noted at sites II and
VIII (0-7 MPN 100 cm) and the biggest ones — at site X (4-45 MPN 100 cm).

In turn, the mean numbers of Azotobacter sp., which bind atmospheric
nitrogen under aerobic conditions, ranged from 23 cfu 1 ecm™ at site I to 250 cfu
1 ecm? at site X. During the whole research period, the minimum and maximum
differences in the quantities of these bacteria were also observed at the analogous
sampling sites. They were 0-75 cfu 1 cm™ (site I) and 80-630 cfu 1 cm™ (site X),
respectively.

The values of the coefficient of significance of differences (p) and statistical
relationships between quantitative occurrence of the analysed bacteria, i.e.
proteolytic, ammonifying, AOB, NOB, bacteria reducing NO3;-N to NO;-N,
denitrifying bacteria, binding atmospheric nitrogen under anaerobic (Clos-
tridium pasteurianum) and aerobic (Azotobacter sp.) conditions, in waters
of the Drweca River between the sampling sites and dates are shown in Table 2.
Kruskal-Wallis test revealed that statistically significant differences
(p < 0.05) between counts of all the assayed groups of bacteria occurred only
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between sampling dates. No such correlation was found between the sampling
sites for any of the above groups of bacteria.

Table 2

Relationship between of the numbers of bacteria participating in the mineralization processes

of nitrogen compounds and sampling sites and periods of study in River Drweca based on test of the
Kruskal-Wallis

Coefficient correlation (p) between
numbers of studied groups

Group of microorganisms of microorganisms

at sampling sites | in periods of study

Proteolytic bacteria 0.0642 0.0352*
Ammonifying bacteria 0.1014 0.0127*
AOB 0.7969 0.0000*
NOB 0.1989 0.0250*
Bacteria reducing NO;-N to NO,-N 0.9972 0.0000%
Denitrifying bacteria 0.2175 0.0040*

Bacteria Azotobacter sp. fixing atmospheric nitrogen

under aerobic conditions 0.3076 0.0136*

Bacteria Clostridium pasteurianum fixing

atmospheric nitrogen under anaerobic conditions 0.2820 0.0098

* — satistically important differences (p < 0.05)

Discussion

Processes of mineralization of organic matter, which is produced in water
bodies or which reaches surface waters from their basins, are largely shaped by
the presence and activity of various physiological groups of microorganisms
(MUDRYK, DONDENRSKI 1997, WISNIEWSKA et al. 2006). This specially concerns
bacteria which play an active role in transformations of organic and inorganic
nitrogen compounds (BOTHE et al. 2000, BOLLMANN, LAANBROEK 2001, YE,
THOMAS 2001). In waters of the section of the Drweca covered by the present
study, counts of the analysed bacteria, i.e. proteolytic, ammonifying, AOB,
NOB, bacteria reducing NOs;-N to NOs-N, denitrifying bacteria, binding
atmospheric nitrogen under anaerobic (Clostridium pasteurianum) and aero-
bic (Azotobacter sp.) conditions, differed within the range of a few orders
of magnitude, depending on: a physiological group of bacteria, sampling site
and date. Counts of proteolytic, ammonifying and AOB reached the lowest
values at site I and the highest ones — at site VIII. Such tendencies
in quantitative occurrence of the above bacteria may have been caused by a low
content of organic matter in water near the river’s sources. In contrast, higher



Anthropogenic Impact on Quantitative... 677

counts of these bacteria determined at sites III and IV (behind the Fish Farm
in Czarci Jar) as well as their highest amounts determined at sites VII and VIII
(behind the Fish Farms in Rychnowska Wola) suggested there was some influx
of organic matter associated with intensive pisciculture (BOAVENTURA et al.
1997). Counts of proteolytic and ammonifying bacteria are closely connected
with amounts of organic nitrogen whereas development of nitrifying bacteria is
conditioned by bioavailability of ammonia (BOTHE et al. 2000, BOLLMANN,
LAANBROEK 2001). Thus, in samples of water collected from the Drweca at sites
located behind fish farms, these bacteria could advance better owing to organic
matter supplied from the fish farms in the form of unused fish fodder and
fish excrement (ENNEL 1995, KARPINSKI 1995, BOAVENTURA et al. 1997).
An additional factor which could have modified quantitative composition of the
above bacteria was the water from atmospheric precipitations which leached
organic compounds and microorganisms from the soil into the river (NIEWOLAK
et al. 2005).

In most of the samples from the Drweca, quantitative presence of NOB was
similar to that of AOB, which could be attributed to the growth of these
bacteria stimulated by the occurrence of nitrate ions produced during the first
phase of nitrification. This process means some preservation of the continuity
in transformations of nitrogen compounds taking place in due time periods
(GOTKOWSKA-PLACHTA et al. 2005). This fact is further confirmed by the
observed gradual and continuous increase in counts of NOB at subsequent
sampling sites. The highest numbers (1100 to 1400 MPN 100 cm™) of both
groups of those chemoautotrophic nitrifying bacteria, determined at most
of the research sites on the Drweca, suggest that new cells of nitrifying bacteria
adsorbed on mineral and organic particles in the river;s catchment may have
been leached by rainwater (AAKRA et al. 2000).

The amounts of microorganisms reducing NO3;-N to NO,-N and denitrify-
ing bacteria in waters of the Drweca River, which ranged between 0 to
104 MPN 100 cm®, were similar to those detected in other water bodies
(LEWANDOWSKA et al. 2003, GOTKOWSKA-PELACHTA et al. 2005, NIEWOLAK 2006).
Differences in the counts of these bacteria found at particular sampling sites
could have been due to different oxygen content in water, temperature (time
of the year), possible influx of allochtonous substance as well as natural
interaction between oxygenating and nitrogen reducing bacteria (KOTLAR et al.
1996, BOTHE et al. 2000, LEWANDOWSKA et al. 2003).

The quantitative occurrence of bacteria binding atmospheric nitrogen
under aerobic or anaerobic conditions in waters of the Drweca River was
congruent with the relevant data cited by references (NIEWOLAK et al. 2005,
WISNIEWSKA et al. 2006). Counts of bacteria belonging to Azotobacter sp.
Were lower by 2 to 3 orders of magnitude than numbers of Clostridium
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pasteurianum, which may have been an effect of different water soluble oxygen
concentrations (GOTKOWSKA-PLACHTA et al. 2005, NIEWOLAK et al. 2005).

Differences in the counts of particular groups of microorganisms which
take part in nitrogen cycling found in the analysed samples of water collected
from the Drweca were proved to be statistically significant only between the
time periods studied. This suggests that there could have been some seasonal
influx of allochtonous pollutants (BOAVENTURA et al. 1997). Increased concen-
trations of such organic and mineral substances may be associated with the
cyclic nature of intensive fish farming carried out in the area covered by the
research. Besides, another factor which could have modified bacterial assem-
blages in waters of the Drweca was the pollution caused by intensive agricul-
tural production. Such pollutants reach the river from farms and villages in its
basin together with atmospheric precipitation. Both surface flows and water
percolating through soil result in quantitative and qualitative modifications
of bacterial assemblages which participate in the cycling of nitrogen in nature
and make up natural microflora of surface waters (LEWANDOWSKA et al. 2003,
WISNIEWSKA et al. 2006). Under the influence of long-term pollution originat-
ing from local sources, the general and microbial quality of waters of the
Drweca River, a nature reserve, can change.

Conclusions

1. The quantitative occurrence of proteolytic, ammonifying, AOB, NOB,
bacteria reducing NO3-N to NO,-N, denitrifying bacteria as well as bacteria
binding nitrogen under anaerobic (Clostridium pasteurianum) and aerobic
(Azotobacter sp.) conditions, determined in waters of the Drweca River, varied
within a few orders of magnitude depending on: the physiological group of
studied microorganisms sampling site and date.

2. Increased counts of most of the analysed groups of microorganisms
found at sites III and IV (behind the Fish Farm in Czarci Jar) and at sites VII
and VIII (behind the Fish Farms in Rychnowska Wola) suggest that there is
some seasonal and/or local influx of organic matter associated with intensive
aquaculture.

3. Statistically significant differences in counts of particular groups
of bacteria in the analysed samples of water collected from the Drweca River,
which were detected only between the sampling dates, confirm seasonal influx
of allochtonous pollutants from domestics sewage from towns and villages
located in the river;s catchment as well as those associated with the cyclic
nature of fish farming and/or agricultural production.
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Abstract

Both ferric and aluminum salts show good coagulation and complex-forming ability in relation
to water-dissolved organic matter. The aim of this study was to characterize the reactions
of aluminum salts (AlCl;) and iron(III) salts (FeCls) with humic acids (HA) in a model alkaline
solution as dependent on the type and concentration of coagulant. Conductometric and pH-metric
titrations and coagulation jar tests were performed. Changes in COD, color and streaming potential
were measured in coagulated samples.

It was found that the characteristic changes in pH and electrolytic conductivity of solutions during
titration with Al and Fe(III) salts are indicative of a gradual course of humic acids coagulation process.
Depending on the salt used (aluminum or iron(III)), humic acids removal is a result of coagulation
proceeding via various mechanisms. Precipitation was observed at a dose of 3.2 mmol dm™ and pH < 6.4
in the case of AlCl;, and at a dose of 3.0 mmol dm™ and pH < 4.8 in that of FeCl;. COD and color removal
efficiency was equal to approximately 97% and 99% after coagulation with both AlICl; and FeCls. The
increase in streaming potential at a salt dose of 2.4-3.6 mmol dm™ was probably related to the binding
of positively charged products of salt hydrolysis by the functional groups of humic acids molecules,
followed by the neutralization of their charge.
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Abstrakt

Sole zelaza i glinu wykazuja wysoka zdolnoé¢ koagulacyjng oraz kompleksotwérczg w stosunku
do rozpuszczonej w wodzie materii organicznej. Celem badan bylto scharakteryzowanie oddziatywania
soli glinu (AICly) oraz zelaza(III) (FeCl;) z kwasami huminowymi (KH) w alkalicznym roztworze
modelowym w zaleznoSci od rodzaju i stezenia uzytego koagulantu. Przeprowadzono miareczkowania
konduktometryczne i pH-metryczne oraz testy koagulacyjne - ,jar testy”. W probach poddanych
koagulacji mierzono zmiany: ChZT, barwy i potencjalu przeplywu.

Wykazano, ze charakterystyczne zmiany pH oraz przewodnosci elektrolitycznej roztworow
podczas miareczkowania za pomoca soli Al i Fe(Ill) Swiadcza o stopniowym przebiegu procesu
koagulacji kwasow huminowych. W zaleznos$ci od rodzaju uzytej soli — glinu lub zelaza(III) usuwanie
kwaséw huminowych jest wynikiem koagulacji zachodzacej wg roznych mechanizméw. Wytracanie
sie osadu stwierdzono po dawce 8.2 mmol dm™ przy pH < 6.4 w przypadku AlCl; oraz po dawce
3.0 mmol dm? i pH < 4.8 w przypadku FeCls. Po koagulacji za pomoca zaréwno AlCls, jak i FeClg
stwierdzono ok. 97% efektywno$¢ usuwania ChZT oraz ok. 99% efektywno$§é usuwania barwy.
Zwiekszenie warto$ci potencjalu przeplywu w zakresie dawek soli 2.4-3.6 mmol dm™ jest praw-
dopodobnie wynikiem wigzania dodatnio naladowanych produktéw hydrolizy soli przez grupy
funkcyjne czasteczek KH i neutralizacji ich tadunku.

Introduction

The main component of water-dissolved organic matter are humic substan-
ces, which account for 50% to 70% of its total content (GORNIAK 1996). Studies
on the chemical structure of humic substances showed that they are chemically
non-homogenous, macromolecular organic compounds with a complex skel-
eton composed primarily of aromatic rings bound to organic functional groups
(SHULTEN 2001).

From the perspective of economic purposes of water use for, the presence
of these substances is undesirable. They have an adverse impact on the
physicochemical properties of water, including color and COD, and may
increase the risk of formation of disinfection by-products (ZHANG, MINEAR
2002). Due to their chemical structure, humic substances do not undergo fast
microbial decomposition, and their elimination requires the use
of physicochemical methods. They can be effectively removed by coagulation
(O’'MELIA et al. 1999). This process is based on interactions between humic acid
molecules and molecules of hydrolyzing salts. Organic colloid coagulation may
be induced using chemical reagents characterized by strong destabilization
ability. Metal ions found in surface waters are capable of binding organic
ligands (Ca?* < Al** < Fe®"), and their concentration affects the organic matter
content of surface waters (KAISER 1998). The stability of colloidal particles may
decrease as a result of their reactions with molecules carrying opposite
charges. According to Model VI (TIPPING et al. 2002), humic acids are able to
bind both metal ions and their first hydrolysis products — MeOH?2*, whose
concentration in the solution depends on pH. A better understanding
of interactions between humic acids and aluminum salts and iron(IIl) salts
during coagulation may contribute to the optimization of this process.
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The aim of this study was to characterize the interactions of aluminum salt
(AlCls) and iron(III) salt (FeCls) with humic acids (HA) in a model alkaline
solution as dependent on the type and concentration of coagulant.

Materials and Methods

A model solution of humic acids was used (Table 1). 1 dm? of the solution was
prepared using 500 mg of humic acids (Fluka No. 53680). The analytical sample
KH dried to constant mass at 50°C was dissolved in 100 ¢cm? of 0.1 mol dm?
NaOH solution and then was diluted to 1 dm?® with redistilled water. The
solution for experiments was 500 mg KH in 0.01 mol dm® NaOH solution.

Table 1
Characteristics of a model solution of humic acids
pH 11.96 £ 0.02
Electrolytic conductivity (uS em™) 1325+ 5
Color — PtCo (mg dm) 795 + 12 (dilution 1:25)
Turbidity - FTU (mg dm™) 91 + 5 (dilution 1:25)
Suspended solids (mg dm™) 289 + 24
COD (mg O, dm™) 795 + 10
C org. (mg C dm?) 298 + 4

Total functional group (TA - total acidity) content and carboxylic group
(COOH) content was determined with BaCl, (Kononowa 1968) and
Ca(CH;C0O0); (KONONOWA 1968, SCHNITZHER, KHAN 1972), respectively
(Table 2). The content of phenolic groups (OH) was calculated as the differ-
ence: TA — COOH = OH-phenolic (SCHNITZER, KHAN 1972, SOUZA SIERRA DE et
al. 2001).

Table 2
Functional group content of humic acids
Total functional group (TA) 6.18 + 0.23 meq g ashless dry matter of HA
Carboxylic group (COOH) 3.60 + 0.07 meq g* ashless dry matter of HA
Phenolic group (OH) 2.58 + 0.21 meq g* ashless dry matter of HA

The humic acids solution was coagulated with solutions of aluminum
chloride and iron(III) chloride at a concentration of 0.2 mol dm™. Coagulant
solutions were prepared from analytical samples of solid salts, AlCl;- 6H,0 p.a.
and FeCl;- TH,0 p.a., respectively.
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Conductometric and pH-metric titration of 100 cm? of humic acids solution
and reference solution (NaOH 0.01 mol dm™) was performed. The coagulant
solution was applied at doses of 0.05 cm3 1 cm?® of coagulant solution
corresponded to 2 mmol of salt per 1 dm® HA solution.

Coagulation efficiency was determined by a jar test procedure. In beakers
containing 200 cm?® of humic acids solution, used increasing coagulant doses.
1 min. of rapid mixing (300 rpm) was followed by 10 min. of slow mixing
(30 rpm) and 1 h of sedimentation. COD - Cr (mg O, dm™), color — PtCo (mg dm™)
and pH values (APHA, AWWA and WEF 1995, HERMANOWICZ et al. 1999) were
determined in the coagulated solution. Streaming potential (mV) was meas-
ured in samples of the humic acids solution during coagulation tests. A PCD 03
detector (Mutek Analytic Gmbh) was used.

Results and Discussion

The curves in Figure 1b and Figure 2b show the results of pH-metric and
conductometric titration of a model humic acids solution with 0.2 mol dm™
solutions of aluminum chloride and iron(III) chloride. For the purpose
of comparison, pH and electrolytic conductivity were measured during titration
of a 0.01 mol dm™ NaOH solution containing no HA (Figure 1a and Figure 2a).
There were considerable differences in the course of titration curves obtained
for a NaOH solution and an alkaline HA solution. Differences stemming from
the type of coagulant were also observed. The reactions taking place in titrated
samples and in samples used for jar tests are affected by hydrolysis, formation
of complex compounds, adsorption, electrokinetic phenomena, etc. (DUAN,
GREGORY 2003). At assumption of simplified scheme of reactions of salt
hydrolysis, the obtained products may be AI(OH); as well as Al**, AI(OH)?*,
Al(OH)?* and AI(OH)* ions. The equilibrium state between the concentrations
of the above ions depends on the pH of the solution (BOTTERO, BERSILLON
1989). At pH > 9, in the state of equilibrium with amorphous AI(OH);, AI(OH)*
ions dominate in the solution, while the pH range of 5-8 promotes Al(OH);
precipitation. At pH < 7 the concentrations of cationic hydrolysis products
increase significantly. The hydrolysis of iron(IIl) salts produces ions with
a similar structure, but their dependence on the pH of the solution is different,
as compared to aluminum salts (MARTIN 1991).

The curves in Figure la illustrate three ranges of changes in pH and
electrolytic conductivity, corresponding to successive stages of reaction with
the coagulant, i.e. pH 11.9-9.8, pH 9.8-5.4 and pH < 5 (towards the end
of titration). At first sodium hydroxide reacted with acid formed by hydrolysis
of AlCl;, which caused a decrease in pH accompanied by a gradual increase
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Fig. 2. Titration of 0.01 mol dm™® NaOH (a) and a model HA solution (b) with FeCls

in the concentration of AI(OH)*. Precipitation was initiated when a molar ratio
of hydroxide to aluminum salts (OH/Al) reached approximately 2.8-2.9 at pH
9.8. Further changes in pH, within the second range, resulted from
precipitation of amorphous aluminum hydroxide at pH < 7, followed by its
dissolution and formation of aluminum hydroxy cations at pH < 6.0. At pH
< 5.0 (third range) AI** ions could be already observed in the solution.
Similarly as in the case of curves in Figure la, the curve representing
titration of a HA solution (Figure 1b) may be divided into three parts,
corresponding to three pH ranges. The first pH range corresponded to
a gradual reaction of neutralization of sodium hydroxide, from pH 12 to 9.8 at
a dose of 1.8 mmol AlCl; dm™, and further neutralization of OH ions formed by
hydrolysis of sodium humate. No precipitation was observed at pH 9.8. These
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reactions were accompanied by an increase in the concentration of AI(OH)*
ions. Precipitation was initiated at pH 6.38 and a dose of 3.2 mmol AlCl; dm.
The value of the isoelectric point of amorphous AI(OH); corresponds to pH
~ 8.3 (BOTTERO, BERSILLON 1989). Aluminum hydroxide shows the lowest
solubility, about 10 mol dm™3, at pH ~ 6 (WESOLOWSKI, PALMER 1994). The
experimentally determined dose of AlCl; initiated coagulation and induced
precipitation of AI(OH); whose colloidal molecules carry a positive electrical
surface charge in a slightly acid environment, which is conducive to the
adsorption of negatively charged organic colloids. The mechanism of the so
called sweep flocculation may be assumed in this case, according to which an
organic colloid binds to the surface of the newly-formed hydroxide during rapid
and efficient flocculation (DUAN, GREGORY 2003).

A further increase in the dose, above 3.2 mmol AlCl; dm™, was followed
by an increase in the acidity of the solution (pH < 6.4) and probably contributed
to the precipitation of metal-humic complexes in consequence of reactions
of aluminum hydroxo cations and AlI** ions with negatively charged HA
molecules (LU et al. 1999). At the final stage of titration (pH < 5) the precipitate
was in equilibrium with AI** ions coming from successive coagulant doses. The
characteristic points of inflection and precipitation (point K) on curves repre-
senting pH-metric titration are close to those on curves representing conduc-
tometric titration.

Figure 2 present curves of titration of the experimental solutions with
FeCl; 0.2 mol dm™. The courses of these curves are noticeably different.
In view of data shown in Figure 2a (NaOH solution), precipitation began at pH
~ 9.1 at a dose of 3.1 mmol FeCl; dm™3. Next coagulant doses caused a rapid
change in pH, which decreased to 4.4. In the case of a HA solution (Figure 2b)
precipitation began in an acid environment at pH 4.8 and a comparable
(3.0 mmol) coagulant dose. Successive doses of FeCl; solution intensified
precipitation at pH < 4. The changes observed in pH and electrolytic conductiv-
ity resulted from reactions of the products of FeCl; hydrolysis and solution
ingredients. Hydrolysis of FeCls; leads to the formation of Fe(OH); and various
forms of Fe(III) ions. Cationic products of hydrolysis dominate at pH < 6. The
Fe(OH); precipitate shows the lowest solubility, about 8% mol dm™, at a wide
pH range of 6-10 (FLYNN 1984). Iron(III) hydroxide precipitated from FeCl;
and hydroxide precipitated from Fex(SO,); have their isoelectric points at pH
< 8 and pH ~ 6 (JIANG, GRAHAM 1998). This suggests that at a coagulant dose
(determined experimentally) required to initiate precipitation, iron(III) hy-
droxy cations probably reacted with negatively charged molecules of organic
colloids, still present at pH 4.5.

Precipitation in titrated solutions is an important observation in view
of the stability of colloidal solutions. It was demonstrated that in a HA
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solution, compared with a NaOH solution containing no humic acids,
precipitation takes place at lower pH wvalues, following the addition
of 3-3.2 mmol Me?*" dm?.

Value of pH at point K are also dependent on the type of salt — aluminum or
iron(III), added to the solution. According to BENEGAS et al. (2003), the reason
for humic acids precipitation is metal ion binding by functional groups capable
of ionization.

The ratio between the functional group content of humic acids in 1 dm?
of a model solution (2.87 meq), calculated based on their total content (Table 2),
and the amount of metal ions (3.2 mmol Al**) bound at point K is 0.9. In the
case of carboxylic groups (1.67 meq) this ratio is as low as 0.52. KINNIBURGH et
al. (1999) reported that both carboxylic groups -COOH and phenolic groups
-OH may serve as binding sites for metal ions in HA molecules. The ratio
between the total content of functional groups in HA to the amount (mmol)
of Me?* ions bound at point K, determined in this study, is much lower than
3:1. In the case of fulvic acids, BENSCHOTEN, EDZWALD (1990) proposed
a stoichiometric formula of a complex compound formed in a solution at pH
5-7, AIOH; ;FAg 4.

The curves in Figures 3 and 4 present changes in the efficiency of humic
acids removal, reflected in a percentage decrease in color and COD at a given
coagulant dose, and changes in streaming potential (mV) in coagulated
samples. It was found that the optimum dose of aluminum chloride and
iron(III) chloride was 3.2-3.6 mmol dm™. The application of aluminum salts
resulted in a maximum removal efficiency of about 99.5% for color and about
97% for COD. In the case of ferric coagulant the respective maximal values
were 99.8% and 97.3%.

100 ¢
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---A--- SP

-10L0 04081216 2 24283236 4 44 48L-1800
dose AICI3 (mmol dm'3)

Fig. 3. Efficiency of color and COD removal and changes in streaming potential as dependent
on AlCl; dose
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Fig. 4. Efficiency of color and COD removal and changes in streaming potential as dependent
on FeCl; dose

Other authors also confirmed the high (90-95%) efficiency of humic substan-
ces coagulation with aluminum salts and iron(III) salts (LU et al. 1999, CHENG
2002). Figure 3 and Figure 4 present also changes in streaming potential (SP).
The greatest changes in SP levels were recorded within a dose range of
2.8-3.6 mmol dm™, and the zero value of SP was observed for 3.2-3.6 mmol dm.

Among the physicochemical phenomena associated with coagulation there
are electrokinetic phenomena, such as zeta potential, streaming potential
or electrophoretic mobility of particles. Reliable measures of changes
in the charge of colloidal particles in a solution are changes in the values
of streaming potential. In our previous studies on coagulation of pulp
and paper mill effluents we observed the most significant changes in SP
at the optimum doses of FeCls and AICl; (DZIEJOWSKI et al. 2005). BACHE
et al. (1999) applied streaming potential measurements and a jar test
procedure in studies on coagulation of a HA in a 0.01 mol dm® NaOH
solution with Aly(SO,4)s;, and recorded SP ~ 0 at the optimum dose. The
value of electrokinetic potential in a HA solution depends on ionic strength,
pH and the type of humic acids (AVENA et al. 1999). According to BACHE
et al. (1999), the ability of functional groups to dissociate at a given
pH of the solution decides about the charge of humic acid particles. A decrease
in the pH of a solution is accompanied by reduced dissociation of functional
groups in molecules, which affects the value of surface charge and changes
in SP. Therefore, interactions between HA molecules with positively charged
products of hydrolysis of aluminum salts and iron(III) salts are of electrostatic
character, and a decrease in the negative charge of organic colloid particles
may lead to the disappearance of intermolecular repulsion forces, followed
by aggregation (EDWARDS, AMIRTHARAJAH 1985).
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DUAN et al. (2002), BENSCHOTEN, EDZWALD (1990) observed the highest
efficiency of coagulation of humic acids with aluminum salts at pH ~ 6.0,
conducive to minimal solubility of aluminum hydroxide. This suggests that
organic substances removal from water by coagulation is related not only to
colloidal charge neutralization, but adsorption of these substances on flocs
of the aluminum hydroxide precipitate is also possible (LU et al. 1999).

A greater ability of iron(III) salts, compared with aluminum salts, to form
complexes with water-dissolved organic matter was demonstrated by JANSEN
et al. (2002). According to LEFEBVRE, LEGUBE (1993), the possible mechanisms
of coagulation with iron(III) salts are as follows:

1) ligand exchange on the surface of amorphous iron(IIl) hydroxide,

2) complex formation or ligand exchange between dissolved iron(IIT) hy-
droxo cations and organic matter molecules.

Further research is needed to explain humic acids coagulation with alumi-
num salts and iron(III) salts. The analysis should focus, among others, on the
structure of intermediate and final products as well as on electrokinetic
phenomena.

Conclusions

1. Salt doses that initiate coagulation were determined by a titration
method. They appeared comparable to the optimal doses determined by a jar
test procedure.

2. The optimal doses of aluminum and ferric coagulants enabled almost
total removal of COD and color from a given solution.

3. The coagulation process of humic acids runs at a pH level below 4.8 in
case of iron(III) salt and at a pH below 6.4 in case of aluminum salt.

4. The streaming potential (SP) for investigated systems was close to zero
after introducing of optimum coagulant doses.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 13.12.2007
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Abstract

The effect of irrigation (fresh water, treated sewage, treated sewage stored in a biological pond)
and mineral fertilization (NPK) of meadow soils on the counts of aerobic and anaerobic cellulolytic
bacteria, lecithin-mineralizing bacteria, tribasic calcium phosphate-solubilizing bacteria, anaerobic
sulfate-reducing bacteria was examined. The studies were performed in 1996 and 1997 in 8 different
variants of irrigation and fertilization on 32 plots in the vicinity of the treatment plant in Olsztynek.
Aerobic and anaerobic cellulose-degrading bacteria generally occurred in greater numbers in the soil
from the plots irrigated with fresh water and/or with treated sewage stored in biological pond
(particularly for the maximum dose). They were sporadically recorded in NPK fertilized soil.
Lecithin-mineralizing bacteria occurred in great numbers both in non-irrigated, non-fertilized soil
and in soil irrigated with fresh water and/or treated sewage. Tribasic calcium phosphate-solubilizing
bacteria were sometimes recorded in greater numbers in NPK fertilized soil. Sulfate-reducing
bacteria usually occurred in small numbers in the soils irrespectively of the irrigation or fertilization
variant. The bacteria groups under study were reported in greater numbers in the 0-10 cm soil
layer with the exception of anaerobic cellulose-degrading bacteria which were more numerous in the
15-25 cm and the 30-50 cm soil layers.
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BAKTERIE CELULOLITYCZNE MINERALIZUJACE LECYTYNE, ROZPUSZCZAJACE
FOSFORAN TROJWAPNIOWY I REDUKUJACE SIARCZANY W GLEBACH LAKOWYCH
NAWADNIANYCH BIOLOGICZNIE OCZYSZCZONYMI SCIEKAMI

Stanistaw Niewolak!, Stefan Tucholski?
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Stowa kluczowe: gleba, $cieki, nawodnienia, nawozenie mineralne, bakterie celulolityczne,
bakterie mineralizujgce lecytyne, bakterie rozpuszczajace fosforan trojwap-
niowy, bakterie redukujace siarczany.

Abstrakt

Zbadano wplyw nawadniania (woda, oczyszczonymi Sciekami, oczyszczonymi Sciekami reten-
cjonowanymi w stawie biologicznym) i nawozenia mineralnego NPK gleb lgkowych na liczebnos$é
bakterii rozkladajacych blonnik w warunkach tlenowych i beztlenowych, bakterii mineralizujacych
lecytyne i rozpuszczajacych fosforan trojwapniowy oraz beztlenowych bakterii redukujacych siar-
czany. Badania przeprowadzono w latach 1996-1997 w 8 wariantach nawodnieniowo-nawozeniowych
na 32 poletkach przy oczyszczalni §ciekéw w Olsztynku. Bakterie rozkladajace blonnik w warunkach
tlenowych i beztlenowych wystepowaly z reguly liczniej w glebach nawadnianych woda i/lub §ciekami
oczyszczonymi i nastepnie retencjonowanymi w stawie biologicznym, a niekiedy réwniez w glebach
nawozonych mineralnie NPK. Bakterie mineralizujgce lecytyne wystepowaly rownie licznie zar6wno
w glebach nienawadnianych i nienawozonych, jak i w nawadnianych woda i/lub oczyszczonymi
$ciekami. Liczba bakterii redukujacych siarczany byla natomiast znacznie nizsza w glebach wszys-
tkich wariantéw nawodnieniowo-nawozeniowych. Badane grupy bakterii wystepowaly na ogét liczniej
w warstwie gleby 0-10 cm. Wyjatkiem byly bakterie rozkladajace blonnik w warunkach
beztlenowych, ktore dominowaly w gtebszych warstwach (15-20 cm i 30-50 cm).

Introduction

Cellulose is the most common polymer of a cellular wall of a plant. Together
with chemicelluloses it is the main biodegradable component in natural
environments. Utilization of solid wastes containing cellulose and plant rem-
nants in soil is closely connected with a biochemical activity of cellulolytic
microorganisms (ACEA, CARBALLAS, 1988, 1996, BARLAZ et al. 1992, QIAN,
BARLAZ 1996, RAI, SRIVASTAVA 1983, SCHRODER, Urban 1985, SINSABAUGH,
LINKINS 1988, TATENO 1988). Active microorganisms in those processes belong
to different physiological and systematic groups of the order Actinomycetales
and fungi (ERICKSSON et al. 1992, GOTTSCHALK et al. 1981, JOLIFF et al. 1989,
JOHANSEN, BINNERUP 2002, SCHWARTZ 2004) with differentiated biochemical
abilities (L1 1997, ULRICH, WIRTH 1999, WIRTH, ULRICH 2002). They are
common in soil sewages, bottom sediments of tanks, manure dung, compost,
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wood fermenter, pig intestine, paper mill, hot springs (CHEN, WEIMER 2001,
MORVAN et al. 1996, POUCHER et al. 2001, QIAN, BARLAZ 1996, SCHWARTZ 2004,
WEIMER et al. 1997). In soil cellulose degradation processes run slowly and
depend on concentration, localization and mobility of microorganisms and
their cellulases (HAYANO 1986), kind of substrate (straw, paper, wood), pH,
temperature, water content (KASHATTRIYA et al. 1992, SINSABAUGH, LINKINS
1988). Intensity of the processes increases at pH 5-6 and at 30-50°C (HOPE,
BURNS 1987). Agrotechnical procedures, fertilization, season of the year, kind
of cultivation are important as well (Kiss et al. 1978). Released in the process
of cellulose degradations to monosaccharides and their further digestion to
organic acids may stimulate the development and activity of other microorgan-
isms being important from the point of view of soil productivity. Bacteria
mineralizing phosphorus compounds and dissolving its mineral compounds are
significant (BOINOVA et al. 1997, DOMEY 1992, FORSTER, FREIER 1988, FREIER
1987, ILLMER et al. 1995, ILLMER, SCHINNER 1995, JONES et al. 1991, MIKANOVA,
NOVAKOVA 2002, RODRIGUEZ, FRAGA 1999). Most phosphorus found in soils are
non- assimilate by plants. In case of fertilizing soil superphosphate 70-90%
of phosphorus is fixed with oxides and hydroxides of Al and Fe (in acid soils)
or Ca (in alkalic soils). In all these cases effectiveness of phosphorus fertiliz-
ation is low (IGUAL et al. 2001). Ability of dissolving such difficult decompos-
able mineral compounds of phosphorus by microorganisms is attributed
to organic acids secretion (lactic, isovaleric, isobutyrie, glycolic, oxalic, malonic,
succinic). Such microorganisms are particularly active in the upper layer
of soil, in plant root system (CHUNG et al. 2005). They inhabit highly competi-
tive niches on the border of roots- soils sphere (rhizosphere) where they are
supplied with nutriens and ecological space (PARRET et al. 2003). Cellulose
degradation by cellulolytic microorganisms supplies the sources of carbon and
energy for many other microorganisms, for example, bacteria reducing sul-
phates. Those bacteria regulate different processes especially in water-logged
soil, including organic matter turnover, biodegradation of chlorinated organic
compounds, mercury methylation in anaerobic soils and in bottom sediments
of reservoirs (CASTRO et al. 2001). There are also known phenomena
of coexistence of bacteria reducing sulphates with bacteria decomposing
cellulose in a masseter of ruminants (MORVAN et al. 1996). The ability
of occupancy of different anaerobic environments causes that these bacteria
have become of great interest for past ten years. The number of bacteria
decomposing cellulose, liberating phosphorus from mineral compounds are
reducing sulfates may range within few orders of magnitude per 1 g of soil dry
mass depending on local conditions. Biological development and activity
of these microorganisms in soil is strictly connected with water content.
Therefore it is advisable to irrigate sand soils during drought. Utilization
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of sewage effluents from a treatment plant is used for the reduction of the
amount of sewage discharged into surface waters and for the soil enrichment
in biogenic compounds assimilated by plants and microorganisms (NIEWOLAK,
TUCHOLSKI 2001, NIEWOLAK et al. 2001). This paper presents the results of
research on the number of bacteria decomposing cellulose in aerobic and
anaerobic conditions, mineralizing lecithin, dissolving calcium phosphate and
reducing sulfates in meadow waters irrigated and/ or fertilized (NPK). Pro-
cesses of mineralization of organic substances in soil, liberation of nutrients for
plants (P) and degradation of harmful substances of sewages are connected
with biological activity of these bacteria.

Materials and Methods
The area of research

Studies were carried out during the vegetation periods in 1996 and 1997
in the area belonging to the household and fruit and vegetable processing plant
in Olsztynek. The meadow under study was characterized by light soil
composed of light clay sand with some clay layers. Soil quality corresponded
to IV b class (good rye complex). The distribution of plant species was uniform
Dactylis, Poa, Agropyrum and Taraxacum dominated (TUCHOLSKI et al. 1998).
The meadow was divided into 32 plots of 15.75 m? (Figure 1). The experiment
was carried out in 8 variants described in table 1, each in 4 replications.

Table 1.
Experimental variants of irrigation and fertilization of meadow soils near a treatment plant
in Olsztynek

Experlmentall [rrigation and fertilization variants
variants
A control, without irrigation and fertilization
B irrigation with clean water (basic dose)
C irrigation with biologically treated sewage (discharged directly by the treatment
plant), basic dose (243.7 mm in 1996 , 258.4 mm in 1997)
D irrigation with biologically treated sewage after retention in a biological pond, basic
dose
E irrigation with biologically treated sewage after retention in a biological pond,
150% of the basic dose
F irrigation with biologically treated sewage after retention in a biological pond,
200% of the basic dose
G mineral fertilization, dose in 1996: N — 90 kg ha'; P —43.6 kgha'; K- 112.1 kg ha',
Dose in 1997: N - 120 kg ha'; P - 43.6 kg ha!; K - 149.4 kg ha™!
H mineral fertilization as in variant G and irrigation as in variant B
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Fig. 1. Scheme of ponds (a) and experimental fields (b) in Waste Treatment Plant in Olsztynek
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Sampling procedure

Samples of soils for microbiological measurements were collected after
cropping the grass in sunny weather on 11 June, 31 July and 15 August 1996
and on 14 March, 2 June, 30 July and 7 October 1997. In non-irrigated and
non-fertilized (A) and irrigated with treated sewage stored in a biological pond
(D) soil samples were collected from 0-10 cm, 15-25 cm and 30-50 cm layers.
In the plots of the remaining experimental variants (B, C, E, F, G, H) the soil
samples were collected from 0-10 cm (Figure 2). 12 soil samples were collected
from each plot (in total 48 samples in a given variant, of approx. 1 kg) to a sterile
cuvette made of enamel metal, thoroughly mixed in situ and in sterile glass
dishes were carried to a laboratory. Before microbiological analysis, the soil was
mixed again in the same cuvettes, 10 g samples were weighed and put into
Erlenmeyer’s flasks with 90 cm? sterile physiological solution of NaCI (0.85%).
They were homogenized for 15 min on a magnetic stirrer and diluted to the
following degree: 1:10, 1:100, 1:1000, 1:10 000 in the same physiological salt
NaCl. 1 em? of each dilution was transferred onto sterile Petri dishes and test
tubes with a selective medium. At the same time, additional 10 g soil portions
(in 2 replications) were dried at 105°C for 24 hours to determine dry mass.
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Fig. 2. Timetable of meadow fields irrigation and used dose of water/biological treated sewage:
1 - dose of water/biological sewage; 2 — hay-making; 3 — soil sampling
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Microbiological determinations

The following determinations were performed in the collected soil samples:
1) number (MPN/g d. m.) of aerobic cellulose-degrading bacteria on Hutchin-
son liquid medium (RODINA 1968) after 21 days of incubation at 25°C;
2) number (MPN/g d. m.) of anaerobic cellulose degrading bacteria on Om-
elianski liquid medium (RODINA 1968) after 28 days of incubation at 25°C;
3) number (cfu/g d.m.) of lecithin-mineralizing bacteria on a Mienkina
(Difco) agar thickened medium after 14 days of incubation at 25°C;
4) number (cfu/g d.m.) of tribasic calcium phosphate-solubilizing bacteria
Ca3(P0,4); on Bunt and Rovira (Difco) agar thickened medium after 14 and 21
days of incubation at 25°C; and 5) number (cfu/g d. m.) of anaerobic sulfate-
reducing bacteria on Tauson (Difco) agar thickened medium (modified by
Szturm) after 7 days of incubation at 25°C. The methodology applied in this
study complied with the recommendations given in the manual by Rodina
(RODINA 1968).

All microbiological determinations were carried out in 3 parallel replica-
tions of the same soil sample. Number (cfu/g d. m. of soil) of lecithin-
-mineralizing bacteria, tribasic calcium phosphate-solubilizing bacteria and
sulfate-reducing bacteria were given in colony forming units. The most
probable numbers of aerobic and anaerobic cellulose-degrading bacteria
(MPN/g d.m. of soil) were read out from the MacCrady chart. The presence
of aerobic cellulose-degrading bacteria was detected basing on decomposition
of filter paper strips (10 x 1 cm) at the water-air phase, while the presence
of anaerobic cellulose-degrading bacteria was detected on base of decomposi-
tion of filter paper strips (5 x 1 cm) immersed in a medium poured into test
tubes and filled up to 2/3 of the height. For lecithin-mineralizing and tribasic
calcium phosphate-solubilizing bacteria, colonies circled with transparent
zones of broken down substrate on selective medium in Petri dishes were
counted. For sulfate-reducing bacteria, black colonies in an agar medium were
poured into test tubes up to 2/3 of the height.

Results

Aerobic cellulose-degrading bacteria were usually more numerous in the
soil irrigated with effluents from mechanical-biological waste treatment plant
(Table 2). Exceptionally great numbers of these bacteria were recorded in the
soil from non-irrigated and non-fertilized plots (control) in July 1996, and June
and July 1997 and from NPK fertilized and fresh water irrigated plots in
March 1997. Greater numbers of these bacteria in the soil from non-irrigated
and non-fertilized (control) plots and in the plots irrigated with the basic dose
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of effluents stored in a biological pond were usually recorded in the upper
layers of 0-10 cm and/or 15-25 ecm. Anaerobic cellulose-degrading bacteria
(Clostridium sp.) usually occurred in greater numbers in those soils irrigated
with the maximum dose of effluent stored in a biological pond. Exceptionally
great numbers of these bacteria were reported in March 1997 and also in the
NPK fertilized and fresh water irrigated plots in June and July 1997 in both
non-irrigated and non-fertilized (control) soil and irrigated with fresh water
and the basic dose of treated waste effluents (Table 2). Greater numbers
of these bacteria were also reported in July 1997 in non-irrigated and non-
-fertilized soil (control) and in the soil irrigated with the basic dose of effluents
stored in a biological pond. In principal anaerobic cellulose-degrading bacteria
were found in greater numbers in the soil sampled from deeper layers of the
control plots and the plots irrigated with the basic dose of effluents stored in
a biological pond.

The number of lecithin-mineralizing bacteria, occurred in soil samples
collected from plots representing all irrigation and fertilization variants was
usually 10-100-fold greater than the number of tribasic calcium phosphate-
-solubilizing bacteria. There were no greater differences in the number of these
bacteria recorded in the non-irrigated and non-fertilized (control) plots and the
plots irrigated with fresh water, treated waste or effluents stored in a biological
pond and minerally fertilized (NPK).Varied numbers of these bacteria were
reported at different depths of the soil profile in different months (Table 3).
Larger populations of tribasic calcium phosphate-solubilizing bacteria occur-
red usually in the NPK fertilized soil or additionally irrigated with fresh water,
smaller populations of these bacteria were found in the soil from non-irrigated
and non-fertilized (control) plots and the plots irrigated exclusively with fresh
water, treated sewage or effluents stored in a biological pond. The maximum
numbers of these bacteria in the soil from non-irrigated and non-fertilized
(control) plots and from the plots irrigated with the basic dose of effluents
stored in a biological pond were usually recorded at the same depths as the
lecithin-mineralizing bacteria (Table 3).

Sulfate-reducing bacteria were found in the majority of the soil samples.
The differences in their numbers between the non-irrigated and non fertilized
(control) plots and these irrigated with fresh water, treated sewage, effluents
stored in a biological pond or NPK fertilized were ambiguous (Table 4).
On the control plots and the plots irrigated with the basic dose of effluents
stored in a biological pond, these bacteria were usually more numerous
at the depth of 0-10 cm.



701

Cellulolytic, Lecithin-Mineralizing...

sjtun 3uruLio Auojod

T'LS 1¢ g'c 0 €'6¢el 609 LTVL gcy - 0g8¥ 0 0 01-0 H
6'TS T°6¢ ¢'e 0 15944 8'800T G8LL 0€LS - OLLT 0 (1454 01-0 O
6°GT 0 vy 9¥y 0 0 GEeL 0918 - 088TT 0 06499 01-0 A
1°'g¢e 8¢ 4 0 0 0 0€69 Y4969 - 9808 0 008T 01-0 o
g19 16 €'c 861 0 ¥'6 6968 (1)87 - ¥09¥ i 929 09-0€

¥'ce 8¢¢ €€ 0 0 6'8T YaLL ¥9€ - Ge80T 61 0 G9¢—g1 a
g'8¢ V'LE 80 0 v €8 gya9 (4¢] - Y65V 0 065¢€ 01-0

162 0 LT G'8l 0 6'8 92101 8021 - L9268 0 0 01-0 0
191 LT g'c 0 4t gv8 G688 000LT - 0901 0 89 01-0 q
18T 0 L'e 861 60 0 0v3L 089 - 0680T 6 - 09-0¢€

L'1E 9¢g (4 86 0 0 0259 0906 - 0209 12 - g¢—g1 \4
v'Le G'18 8T 0 60 0 086% Gve6 - 0889 8T - 01-0

#1-0% 40T NJ2
0T"L0 L0°0¢ 90720 €071 0T°¢T LOTE 0T"L0 L0°0¢ 90720 €071 0T°¢T LOTE (o) uBLIR
pdeq | TIEHEA
L66T 9661 L66T 9661
BLI9YOR( Sulzifiqnios-ojeydsojd winmes J1seqLy], BLI9JOB(Q SUIZI[RISUTW-UTIY}I0]

L66T PUB 9661 Seukyzs|Q ur juefd jusurjesr)
[BO130[0IQ-TBOIURYDOW B WOIJ 9Femes [[JImM poajelLull [0S Ul eL@joRq Surziiqnios-ejeydsoyd wnmoeo o1sequr) pue JUIZI[BISUTW-UIYINS] JO JoqUINN

€ 9[qBL



702 Stanistaw Niewolak, Stefan Tucholski

Table 4
Number of sulfate-reducing bacteria in soil irrigated with sewage from a mechanical-biological
treatment plant in Olsztynek, 1996 and 1997

1996 1997
Variant Depth
(cm) 11.06 31.07 15.10 14.03 02.06 30.07 07.10
cfu 103 kg*

0-10 - 410 295 440 27 36 25

A 15-25 - 37 297 145 37 27 27

30-50 - 38 312 0 36 23 27

B 0-10 - 210 310 40 210 26 24

C 0-10 - 245 98 36 76 24 25

0-10 30 33 40 0 203 84 23

D 15-25 58 66 65 443 37 64 28

30-50 29 280 33 10 37 82 26

E 0-10 80 230 53 243 70 90 33

F 0-10 28 74 40 150 184 90 72

G 0-10 65 243 73 0 200 30 26

H 0-10 28 37 58 145 548 77 24

* colony forming units

Statistical evaluation of the results. Parametric test ANOVA Kruskal-
-Wallis’, which corresponds to one- factor analysis of variance, was used to
obtain information if the number of the examined groups of microorganisms
differs between each other for particular variants of experiments and for
particular research period (months/years) because there is a lack of normality
in the distribution of variables. Hypothesis of means equality (H: x; = x...
= x5) on the level of significance o0 =0,05 was verified. In case when the test
was significant, verified hypothesis was rejected (STANISZ 1998). Significant
differences in the number of isolated bacteria from waters time and place
independent were not found.

Discussion

The number of bacteria decomposing cellulose in aerobic condition found in
meadow soil samples being not irrigated and not fertilized (control) was
generally lower than being irrigated and fertilized (KUCHARSKI et al. 2001) for
brown soil (leached) made of clay light dusty sand being fertilized with mineral
salts at constant moisture (60%). Similar number of these bacteria was found
by ACEA and CARBALLAS (1996) for forest soil with pine (Pinus pilaster Sol.) in
the North-West Spain. Generally higher amounts of these organisms were
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found in the samples of meadow soil irrigated with effluents from a mechan-
ical- biological waste treatment plant in Olsztynek, rather than with effluents
additionally stored in a biological pond because they may stay in a compound
due to moisture conditions and the presence of small amounts of bygones (N,P)
in sewages. The presence of moisture in soil is one of the main factors
(including cellulose as substratum) controlling the development and biological
activity of bacteria decomposing cellulose. Environmental conditions (soil, pH,
temperature, kind of crops) play a significant role; the amount of cellulose
getting to soil depends on the season of year (HOPE BURNS 1987, KIiss et al.
1978). Larger amounts of bacteria decomposing cellulose in aerobic conditions
are generally found in soil layers at 0-10 cm depth, sometimes at 15-25 cm and
it may be attributed to advantageous aerobic conditions, greater availability
of substratum (cellulose) and root system of grasses conditioning proper
structure of soil. Oxygen from air is transported through a root system.
Oxygen transported by plants to the root system creates oxygen microsites
adhering to roots and root hairs in the reduced substrate. In the microsites
ammonium ions could be oxidized by nitrifying bacteria into nitrates
(NIEWOLAK et al. 2005). The latest ones as well as the most active organic
fractions of roots secretions of plants (aminoacids, and other organic acids)
could be a source for cellulolytic bacteria. Additional amounts of nitrogen
necessary for these bacteria could have been carried out with the sewage
effluents used for irrigation (NIEWOLAK, TUCHOLSKI 2001). The decrease of the
number of bacteria decomposing cellulose in aerobic conditions in soil layers
taken from 30-50 cm (variants A and D) can be attributed to disadvantageous
aerobic conditions, smaller amount of substrate and biogenic chemical
elements (N, P), for example, far from the roots, nitrates can be denitrified
under anaerobic conditions and release gaseous nitrogen into the atmosphere
(NIEWOLAK et al. 2005). Larger amounts of bacteria decomposing cellulose in
aerobic conditions in July (variants A,B,C,D) and October 1996 (variants
B,C,E,F,G), in June (variants B,C,D,E,F,G,H) and October 1997 (variants
D,E,F,G,H) could have been attributed to thermal conditions (in summer) and
availability of substrate (in autumn). In autumn larger amounts of cellulose
from decayed plants and/or remnants of cut grasses get into the soil;
in summer non- decomposed cellulose from autumn (due to low temperature
in winter and early spring) can be available for cellulolytic bacteria when soil
temperature reaches the values close to the optimal ones (HOPE, BURNS 1987).
Larger amounts of these microorganisms found in October in 1996 and 1997
in meadow soil samples from different variants of irrigating-fertilizing experi-
ments can be an effect of dying antagonistic organisms (protozoa, earthworms,
and other) grazing on bacteria and fungi. Larger amounts of bacteria decompo-
sing cellulose in anaerobic conditions (Clostridium sp.) in meadow soil samples
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from control plot and meadow soils irrigated with biologically treated sewages
stored in a biological pond (variant A and D) taken from the levels: 25-30
and/or 30-50 cm can be attributed to limited availability of oxygen. Probably
in the layer of soil at 0-10 cm there are anaerobic niches where these
bacteria may exist in larger amounts in all variants of irrigating-fertilizing
experiments.

The number of bacteria mineralizing lecithin (organic phosphorus com-
pound) in meadow soils samples of different variants of irrigating-fertilizing
experiments (0-39.2 - 10® cfu/d.m. soil) did not differ from the previous one
found in the soils of Kaszuby Lake District being fertilized with sewage from
a swine farm earlier treated in a specially constructed pound (NIEWOLAK, KoC
1995). They were from few to several dozen per cent of a total number
of heterotrophic bacteria capable of growth on artificial substrates and were
comparable to the number of proteolytic and ammonifying bacteria
(NIEWOLAK, TUCHOLSKI 2001, NIEWOLAK et al. 2001) found in the same
research period. It is generally accepted (KRISTIANSEN 1982a,b) that soil
irrigation causes the increase of the number of heterotrophic bacteria, in the
case of bacteria mineralizing lecithin it was not so obvious. The number
of bacteria mineralizing lecithin reached the values twice higher than in the
samples of soils taken from 0-10 cm being non-irrigated and non-fertilized
(variants A and C) only in samples of soils biologically irrigated with treated
sewage taken in October 1997. In case of bacteria dissolving calcium phosphate
mineral fertilization NPK without (variant G) or with additional irrigation
with tap water (variant H) was of significance. Apart from the samples of soil
fertilized NPK (variant G) in July 1996 they did not reach the values (DOMEY
1992) for a given type of soils in Germany.

Greater amount of such bacteria was found in a surface layer of soil
(0-10 cm), except the samples of meadow soil taken in July 1996 and March 1997
irrigated with sewage effluents stored in a biological pond at a sewage
treatment plant in Olsztynek (variant D) where bacteria reducing sulfates
were numerous in a layer 30-50 cm and 15-25 cm. Although, anaerobic
bacteria in the presence of oxygen cannot reduce sulfates (FAKUI, TAKII 1990),
however, some of them can survive oxygenation (HARDY, HAMILTON 1985). It is
thought that bacteria reducing sulfates can be physiologically active inside
microniches not containing oxygen but on the other hand in aerobic environ-
ments (CYPIONKA et al. 1985). Some of them such as Desulfovibrio desul-
fotomaculum, Desulfobulbus sp. are found near oxic-anoxic interfaces or even
in oxic layers belonging to incompletely oxidizing organic substrates to acetate.
Only filamentous species of the genus Desulfonema oxidizing organic substra-
tes completely are found to be abundant in the oxic zone of microbial mats
(SAss et al. 2002, SAss, CYPIONKA 2002). The appearance of these microorgan-
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isms in a soil layer from 0-10 c¢cm can be attributed to a larger amount
of organic substance (monosaccharides, organic acids) originated from cellu-
lose decomposition, being a source of carbon and energy. Sulfates and soil pH
(inactive alkalic) play an important role in the development of these bacteria.
Apart from aerobic conditions and the content of organic substance these
factors could control the number of bacteria reducing sulfates in the examined
samples of soils. Comparing the number of bacteria reducing sulfates
in particular months of the research period in soils samples being non-irrigated
and non-fertilized to the soils samples of different irrigating-fertilizing combi-
nations an univocal answer concerning the influence of these procedures
on these microorganisms cannot be given. Similarly as in the case of cellulolytic
bacteria, mineralizing bacteria of lecithin and dissolving calcium phosphates,
the lack of significant differences among the number of bacteria reducing
sulfates in non-irrigated and non-fertilized soils (control) and in soils with
different irrigating-fertilizing combinations are explained by a constant ten-
dency of a fast reversion of soil bacteria population to the proper values for
a given type of soils. It can be a result of a quick consumption of one or many
significant “nutrients”, antibiosis phenomena, gathering of toxic substances
in soil environment or digestion by protozoa and other which control the
population of microorganisms in natural environments maintaining them on
a constant low lever. Besides the fact that the samples for microbiological
examination were taken just after hay harvesting and after a longer break
in irrigation should be taken into consideration. It is known from literature
that the largest growth of the number of bacteria in soils irrigated with
sewages takes place after this procedure. Therefore there were no significant
differences in the number of the examined groups of physiological bacteria
in soil samples from different variants of irrigating-fertilizing experiments.

Conclusions

1. The effect of irrigation (fresh water, biologically treated sewage, biologi-
cally treated sewage stored in a biological pond) and/or minerally fertilized
(NPK) on the count of cellulose-degrading (aerobic and anaerobic), lecithin-
-mineralizing, tribasic calcium phosphate-solubilizing or sulfate-reducing bac-
teria in meadow soils depended on the physiological group of microorganisms
and a research period.

2. Irrigation had a greater effect on the number of aerobic and anaerobic
cellulose-degrading bacteria than on the number of lecithin-mineralizing
bacteria, tribasic calcium phosphate-solubilizing bacteria or sulfate-reducing.
This effect on the three latter types of bacteria was small or non-existing.
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In some periods, NPK mineral fertilization with or without fresh water
irrigation had a more beneficial effect.

3. In principal greater numbers of aerobic cellulose-degrading, lecithin-
-mineralizing, tribasic calcium phosphate-solubilizing and sulfate-reducing
bacteria in non-irrigated and non-fertilized soils (control) and in the soil
irrigated with a basic dose of sewage effluents stored in a biological pond and
sampled from the depth of 0-10 cm, their lower numbers in soil samples
originating from the depths of 15-25 cm and 30-50 cm may be related with the
accumulation of greater amounts of organic substance in the surface layers
of the soil. In the case of sulfate-reducing bacteria, they may utilize sulfur
compounds possibly present in the soil surface.

Translated by ANNA SoBoTA
Accepted for print 22.11.2007

References

Acea M.J., CarBaLLas T. 1988. Effect of cattle slurry treatment on the microorganisms of carbon- and
sulphur cycles in the soil. Biological Waste, 24: 251-258.

AceA M.J., CarBALLAS T. 1996. Changes in physiological groups of microorganisms in soil following
wildfire. FEMS Microbiology Ecology, 20: 33-39.

Barraz ML.A., Hana R.K., SCHAEFER D.M. 1992. Microbial, chemical and methane production character-
istics of microbically decomposed refuse with and without leachate recycling. Waste Manage. Res.,
10: 257-267.

Bosinova D.R., VELKovA R., GRANCHAROV 1., SHELEV S. 1997. The Bioconversion of Tunisian phos-
phorite using Aspergillus niger. Nutr. Cyc. Agroecosyst., 47: 227-232.

Castro H.F., WiLLiams N.H., Ocram A. 2001. Phylogeny of sulphate-reducing bacteria. FEMS
Microbiology Ecology, 31: 1-9.

CHEN J., WEIMER P.J. 2001. Competition among three predominant ruminal cellulolytic bacteria in the
absence or presence of non-cellulolytic bacteria. Microbiology, 147: 21-32.

Cuung H., PArRk M., MADHAIYAN M., SESHADRI S., SonG J., CHO H., SA T. 2005. Isolation and
characterization of phosphate-solubilizing bacteria from the rhizosphere of crop plants of Korea.
Soil Biology and Biochemistry, 37: 1970-1974.

Cypionka H., WipDEL F., PrENNIG N. 1985. Survival of sulfate-reducing bacteria after oxygen stress,
and growth in sulfate-free oxygen-sulfide gradients. FEMS Microbiology Ecology, 31: 39-47.
DowmEey S. 1992. Vorkommen Phosphat mobilisierender Bakterien in der Rhizosphare landwirtschaf-
tlicher Kulturpflanzen bei mittleren bis hoher Phosphor-Versorgung des Bodens. Zentralbl.

Mikrobiol., 147: 270-276.

ErickssoN K.E.L., BLANCHETTE R.A., ANDER P. 1992. Microbial and enzymatic degradation of wood
components. Ch.2.6: Cellulose degradation by bacteria, pp.137-158 Berlin, Springer.

ForsTER L., FREIER K. 1988. Beitrage zur Phosphormobilisierung durch Boden-Mikroorganismen
in verschiedenen Boden der DDR. Wiss. Zeitschr. Univ. Halle, 37: 56-63.

FreEr K. 1987. Untersuchungen zum Vorkommen P-mobilisierender Mikroorganismen in Boden der
DDR und Prifung ihrer Leistungs- Fahigkeit in vitro sowie in der Rhizosphdre von Sonnenblume
und Winterweizen. Martin-Luther-Universitat, Landw. Fakultat. Diss. A. Halle,.

Fukuat M., Taku S. 1990. Survival of sulphate-reducing bacteria in oxic surface sediment of a seawater
lake. FEMS Microbiology Ecology, 23: 317-322.

Goenapi D.H., Suciarto Y. 2000. Bioactivation of poorly soluble phosphate rocks with a phosphorus-
-solubilizing fungus. Soil Sci. Soc. Am. J., 64: 927-932.

GorTscHALK G., ANDERSSEN J.R., HippE H. 1981. The Prokaryotes. I1. Eds. M.P. Starr, H. Stolp,
H.G. Triiper, A. Balows, G.H. Schlegel, Springer, Berlin, pp. 1767-1803.



Cellulolytic, Lecithin-Mineralizing... 707

Harpy J.A., HamiLton W.A. 1985. The oxygen tolerance of sulfate-reducing bacteria isolated from
North Sea waters. Curr. Microbiol., 6: 259-262.

Havano K. 1986. Cellulose complex in tomato field soil: induction, localization and some properties.
Soil Biol. Biochem., 18: 215-219.

Hork C.F.A., Burns R.G. 1987. Activity, origins and location of cellulose in a silt loam soil. Biol. Fertil.
Soils, 5: 164-170.

ILLMER P., BARBATO A., SCHINNER F. 1995. Solubilization of hardly soluble AIPO, with P-solubilizing
microorganisms. Soil Biol. Biochem., 27: 265-270.

ILLMmER P., ScHINNER P. 1995. Solubilization of inorganic calcium phosphates-solubilization mechan-
isms. Soil Biol. Biochem., 27: 257-263.

IcuaL J.M., VALVERDE A., CERVANTES E., VELAzZQUEz E. 2001. Phosphate-solubilizing bacteria as
inoculants for agriculture: use of update molecular techniques in their study. Agronomie, 21:
561-568.

JOLIFF G., EDELMAN A., KLIER A., RAPOPORT G. 1989. Inducible secretion of a cellulose from Clostridium
thermocellum in Bacillus subtilis. Appl. Env. Microbiol., 55: 2759-2744.

JoHANSEN J.E., BINNERUP S.J. 2002. Contribution of Cytophaga-like bacteria to the potential of turnover
of carbon, nitrogen and phosphorus by bacteria in the rhizosphere of barley (Hordeum vulgaris L.).
Microbiol. Ecol., 45: 268-306.

JonEes D., SmitH B.F.J., WiLsoN M.J., GoobMaN B.A. 1991. Phosphate-solubilizing fungi in a Scottish
upland soil. Mycol Res., 95: 1090-1093.

Kiss S., DragaN-BurLarpa, M. Rapurescu D. 1978. Soil polysaccharides: activity and agricultural
importance. [In:] Soil Enzyme. Ed. R.G. Burns, Academic Press, New York, pp. 117-147.

KRISTIANSEN R. 1982a. The soil as a renovating medium-clogging of infiltrative surfaces. [In:]
Alternative Waste Water Treatment. Eds. A.S. Eikum, R.W. Seabloom. D. Reidel Publ. Co.,
pp. 105-120.

KRISTIANSEN R. 1982b. The soil as a renovating medium. The fate of pollutants in soil-organic matter.
[In:] Alternative Waste Water Treatment. Eds. A.S. Eikum, R.W. Seabloom, D. Reidel Publ. Co.,
pp. 121-128.

KaSHATTRIYA S., SHARMA G.D., MisHra R.R. 1992. Enzyme activities related to litter decomposition
in the forest of different age and altitude in North East India. Soil Biol.Biochem, 24: 265-2170.

KUCHARSKI J., HrAsko A., Wyszkowska J. 2001. The number of microorganisms in soil contaminated
with copper. Zesz. Probl. Post. Nauk Rol., 476: 165-172.

L1 X. 1997. Streptomyces cellulolyticus sp. nov., a new cellulolytic Streptomyces isolated of different
origin. Can. J. Microbiol., 45: 395-399.

Mixanova O., NovAkova J. 2002. Evaluation of P-solubilizing activity in soil microorganisms and its
sensitivity to soluble phosphate. Roslinna Vyroba, 48: 397-400.

Morvan B., LesME F.R., FonTy G., GOUET P. 1996. In vitro interaction between rumen Hs-producing
cellulolytic microorganisms and Hs-utilizing acetogenic and sulfate-reducing bacteria. Anaerobe,
2: 175-180.

NieworAk S., Koc J. 1995. Microbiological studies on soils fertilized with pig slurry. Pol. J.
Env. St., 4: 41-47.

NiewoLAK S., KORZENIEWSKA E., FiLipKowskaA Z. 2005. Seasonal changes in the numbers of nitrogen cycle
bacteria in the water, soil and plants wetlands near Olsztyn. Acta Univ. Nicolai Copernici,
Limnological Paper, 25 (113): 105-122.

NieworLAK S., TucHoLskl S. 2001. Microbiological examination of meadow soils irrigated with
biologically treated sewages. Zesz. Probl. Post. Nauk Rol., 477: 431-442.

NieworLAK S., TucHoLskI S., PiEcHOTA M., PRZEZDZIAK M. 2001. Active microorganisms in nitrogen
circulation in meadow soils irrigated with effluence from mechanical-biological waste treatment
plant. Zesz. Probl. Post. Nauk Rol., 475: 33-48.

PARrET A.H., ScHOOFS G., ProosT P., Mot R. DE. 2003. Plant lectin-like bacteriocin from a rhizosphere-
-colonizing Pseudomonas isolate. J. Bact., 185: 897-908.

PouRrcHER A.M., Sutra L., HEBO 1., MOGUDET G., BoLLET C., SIMONEAU P., GARDAN L. 2001. Enumer-
ation and characterization of cellulolytic bacteria from refuse of a landfill. FEMS Microbiology
Ecology, 34: 229-241.

QiaN X., BarRrAz MLA. 1996. Enumeration of anaerobic refuse decomposting microorganisms on refuse
constituents. Waste Management Research, 14: 151-161.



708 Stanistaw Niewolak, Stefan Tucholski

Ra1 B., Srivastava A.K. 1983. Decomposition and competitive colonization of leaf litter by fungi. Soil
Biol.Biochem., 15: 115-117.

Robpmva A.G. 1968. Microbiological method of waters examinations. PWRiL, Warszawa, pp. 468.

Robricuez H., Fraca R. 1999. Phosphate solubilizing bacteria and role in plant growth promotion.
Biotechnol. Adv., 17: 319-339.

Sass A.M., EscHERMANN A., KUHL M., THAR R., Sass H., Cyprionka H. 2002. Growth and chemosensory
behavior of sulfate-reducing bacteria in oxygen-sulfide gradients. FEMS Microbiology Ecology,
40: 47-54.

ScHrRODER D., UrBaN B. 1985. Bodenatmung, Celluloseabbau und Dehydrogenaseaktivitit in ver-
schiedenen Boden und ihre Beziehungen zur organischen Substanz sowie Bodeneigenschaften.
Landwirtsch. Forschung, 58: 166-172.

ScuwarTz W. 2004. A list of cellulolytic bacteria. Cellulolytische Mikroorganismen. TUM Microbial
Biotechnology, pp. 1-8.

SinsaBAUGH R.L., LinkiNs A.E. 1988. Adsorption of cellulose components by leaf litter. Soil Biol.
Biochem., 20: 927-931.

Stanisz A. 1998. Course on statistics based on STATISTICA PL on examples from medicine, Stat Soft
Poland Sp. z o.0., Krakéw, 263-292.

TateNo M. 1988. Limitation and available substrates for the expression of cellulose and protease
activities in soil. Soil Biol. Biochem., 20: 117-118.

TucHoLskr S., NIEwoLAK S., Markiewicz K., Koc J. 1998. Investigations on possibility of utilizing
biologically treated sewages in fishery and agricultural production. Report on research, Project
KBN 5P0 6H00109. Mimeographed.

ULRIcH A., WIRTH S. 1999. Phylogenetic diversity and population densities of culturable cellulolytic soil
bacteria across an agricultural encatchment. Microb. Ecol., 37: 238-247.

WEmER P.J., Opr C., VacHORN G.C., MERTENS D.R. 1997. Populations of individual species
of cellulolytic bacteria in the rumen of lactating cows fed different diets. US Dairy Forage Research
Center, Research Summaries, USDA ARS, 57-59.

WirtH S., ULricH A. 2002. Cellulose degrading potential and phylogeneric classification of car-
boxymethyl-cellulose decomposing bacteria isolated from soil. System. Appl. Microbiol.,
25: 584-591.



POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc., Vol 23(3): 709-717, Y. 2008

DOI 10.2478/v10020-008-0056-5

ROLE OF ACTINOMYCES OF THE GENUS
STREPTOMYCES IN ALLEVIATING THE EFFECTS
OF SOIL CONTAMINATION WITH DIESEL OIL

Jadwiga Wyszkowska, Mirostaw Kucharski, Jan Kucharski

Chair of Microbiology
University of Warmia and Mazury in Olsztyn

Key words: diesel oil, enzymatic activity, microorganism counts, Streptomyces.

Abstract

A pot experiment was conducted to investigate the role of three species of actinomyces
in alleviating the effects of soil (light loam) contamination with diesel oil. The variables in the
experiment were: soil contamination with diesel oil in the amount of 0 or 10 cm® kg and soil
inoculation with spores of the following actinomyces: Streptomyces longisporoflavus, Streptomyces
odorifer and Streptomyces viridis. Actinomyces activity was compared against the results reported for
non-inoculated soil.

The experiment revealed that soil contaminated with diesel oil was biologically unbalanced due
to an increase in the microorganism population, which stimulated the activity of dehydrogenases,
urease and alkaline phosphatase. The applied inocula comprising spores of the following actinomyces:
Streptomyces longisporoflavus, Streptomyces viridis and Streptomyces odorifer proved to be relatively
ineffective in detoxifying soil contaminated with diesel oil. Further research into the use of
actinomyces in the reclamation of soil contaminated with diesel oil is required to investigate the
suitability of other actinomyces species as inocula, and to determine the quantity of by-products of oil
biodegradation.
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Abstrakt

W do$wiadezeniu wazonowym badano przydatno$é 3 gatunkéw promienioweéw w tagodzeniu
skutkow zanieczyszczenia gleby (glina lekka) olejem napedowym. Czynnikami zmiennymi
w badaniach byly: zanieczyszczenie gleby olejem napedowym w ilosci 0 lub 10 cm?® kg! oraz
szczepienie gleby zarodnikami promieniowcéw: Streptomyces longisporoflavus, Streptomyces odorifer
lub Streptomyces viridis. Dzialanie promieniowcéw poréwnywano z gleba nieszczepiona.

Stwierdzono, ze w glebie zanieczyszczonej olejem napedowym nastapilo naruszenie r6wnowagi
biologicznej w wyniku zwiekszenia liczebnosci drobnoustrojéw, co w efekcie przyczynilo sie do
podwyzszenia aktywnosci dehydrogenaz, ureazy i fosfatazy alkalicznej. Zastosowane szczepionki,
skladajace sie z zarodnikéw promieniowcow: Streptomyces longisporoflavus, Streptomyces viridis
i Streptomyces odorifer, okazaly si¢ malo przydatne w detoksykacji zanieczyszczonej gleby. Badania
nad wykorzystaniem promieniowcéw w przywracaniu sprawnosci glebom zanieczyszczonym olejem
napedowym powinny byé kontynuowane i rozszerzone o wiekszg liczbe ich gatunkéw w szczepion-
kach oraz poglebione o ilo$ciowe oznaczanie powstajacych produktéw poSrednich w trakcie biode-
gradacji oleju.

Introduction

Qil derivative products which penetrate into the natural environment not
only contribute to soil degradation through deterioration of its air-water and
chemical properties, but also have an adverse effect on soil-dwelling microor-
ganisms and plants (BUDNY et al. 2002, DELILLE, PELLETIER 2002, WYSZ-
KOWSKA, KUCHARSKI 2005). Nevertheless, their impact on soil microbes and
enzymes has not been clearly demonstrated. Microorganisms and enzymes
respond differently to contamination with petrol, compared to diesel oil
(KapLaN, KiTTs 2004, WYSZKOWSKA, KUCHARSKI 2000, 2001, 2005, Wysz-
KOWSKA et al. 2006). Regardless of its type, petrol usually reduces bacterial
counts (WYSZKOWSKA, KUCHARSKI 2001) and inhibits enzymatic activity (Wysz-
KOWSKA, KUCHARSKI 2000), while diesel oil may stimulate the proliferation of
some microorganisms and the activity of such enzymes as dehydrogenases and
urease (WYSZKOWSKA, KUCHARSKI 2005, WYSZKOWSKA et al. 2006). The varied
effect of petrol and diesel oil is due to the differences in the chemical
composition of those products, which in turn determines their physical and
chemical properties (Przetwory naftowe... PN-C 96025:1999, Przetwory naf-
towe... PN-EN 590:1999).

Although it may stimulate the activity of some microorganisms, diesel oil
always has an adverse effect on plant growth and development. The prolifer-
ation of selected microorganisms in soil contaminated with diesel oil could be
used to accelerate the biodegradation of diesel oil that has spread to the soil
in consequences of a failure (DELILLE, PELLETIER 2002, WYSZKOWSKA et al.
2002). Actinomyces actively break down even those organic substances which
are difficult to degrade. For this reason, a study was conducted to investigate
the effectiveness of certain actinomyces in the reclamation of soil con-
taminated with diesel oil.
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Materials and Methods

The experiment was carried out in the greenhouse of the University
of Warmia and Mazury in Olsztyn. Every plastic pot was filled with 3.1 kg
of soil. Under natural conditions, this was leached brown soil developed from
light loam with pHgg 6.6, hydrolytic acidity of 9.5 mmol(H*) kg, sum
of exchangeable basic cations of 81.0 mmol(+) kg! and total organic carbon
content of 7.5 g kg!. Prior to placement in the pots, the soil was fertilized
with the following macro- and micronutrients, in mg kg (in terms of pure
nutrients): N — 200 [CO(NHy).]; P — 70 [K;HPO,]; K - 100 [K;HPO, + KClJ;
Mg - 30 [MgSO, - TH;0]; Zn - 4 [ZnCly]; Cu — 4 [CuSO, - 5H;0]; Mn - 4 [MnCl,
- 4H,0]; Mo - 4 [NasMoO, - 2H,0]; B — 0.2 [H3BO;]. Mineral fertilizers were
applied once, pre-sowing and were thoroughly mixed with the soil material to
be placed in a single pot. At the same time, soil was contaminated with diesel
oil and actinomyces spores were added. The experiment involved 4 replications
with the following variables:

1. soil contamination with diesel oil in the amount of 0 or 10 cm?® kg,

2. soil inoculation with the spores of the following actinomyces: Streptomy-
ces longisporoflavus, Streptomyces odorifer or Streptomyces viridis. Actinomy-
ces activity was compared against the results reported for non-inoculated soil.

Actinomyces, obtained from the collection of the Department of Microbiol-
ogy, University of Warmia and Mazury in Olsztyn, were grown on slants
at a temperature of 28°C for 7 days. Next the cultures were rinsed with a saline
solution (3 em? per slant). Eighty slant cultures were placed in a 1 dm? conical
flask and mixed. A suspension sample of 5 cm® was taken per pot (3.1 kg
of soil). The culture medium consisted of: soluble starch — 10.0 g, casein - 0.3 g,
KNO; - 2.0 g, NaCl - 2.0 g, KtHPO, — 2.0 g, MgSO, - TH,0 - 0.05 g, CaCOs
—-0.02 g, FeSO, - 0.01 g, agar — 20.0 g, distilled water — up to 1 dm?, pH - 7.0.

Soil placed in pots was brought to a moisture content corresponding to 60%
of capillary water capacity. This humidity level was maintained throughout the
entire experiment (62 days). On day 12, soil samples were taken for microbi-
ological, biochemical and physicochemical analyses, and spring barley cv. Start
was sown (14 plants per pot). Barley was harvested at the flowering stage, i.e.
on day 62. At that moment soil samples were taken again for the same analyses
which were performed on day 12 of the experiment.

Microbiological analyses involved the determination of the following bac-
terial counts: oligotrophic bacteria, spore-forming oligotrophic bacteria, copiot-
rophic bacteria and spore-forming copiotrophic bacteria on the ONTA and
HATTORI medium (1983), Azotobacter spp. by the method proposed by FEN-
GLEROWA (1965), cellulolytic bacteria on a medium described by WYSZKOWSKA
and KUCHARSKI (2005), actinomyces on the Kuster and William medium with



712 Jadwiga Wyszkowska et al.

the addition of nystatin and actidione (PARKINSON et al. 1971), and fungi on the
MARTIN medium (1950). Microorganisms were incubated on Petri dishes, at
28°C, from 2 (Azotobacter) to 21 (oligotrophic bacteria) days. Spore-forming
oligotrophic and copiotrophic bacteria were determined in material pas-
teurized for 15 minutes at 85°C. The number of colony-forming units (cfu) was
determined with the use of a bacterial colony counter.

Biochemical analyses were performed to determine the activity of: dehyd-
rogenases — with TTC substrate (OHLINGER 1996), urease — as described by
ALEF and NANNIPIERI (1998), acid phosphatase (Pac) and alkaline phosphatase
(Pal) — by the method developed by ALEF et al. (1998). The activity of
dehydrogenases was expressed in cm?® Hs, required for TCC reduction to TFP,
the activity of urease — in mg N-NH** produced from hydrolyzed urea, and the
activity of phosphatases — in mmol p-nitrophenol (PNP) produced from sodium
4-nitrophenylphosphate.

At each stage of the experiment soil samples were also analyzed to the
determine the following: pHkq, organic carbon content, hydrolytic acidity, sum
of exchangeable basic cations and soil saturation with basic cations. The above
analyses were performed in line with the procedures described previously
(WyszrkowsKA, KUCHARSKI 2005). The results of physicochemical analyses are
not presented in this paper because none of the tested actinomyces significant-
ly modified the investigated parameters, and diesel oil contamination contrib-
uted only to an increase in the relative carbon content by 17%.

The obtained results were processed statistically with Duncan’s multiple
range test and a three-factorial analysis of variance (StatSoft, Inc....2005).

Results and Discussion

The data presented in Table 1 indicate that the bacterial count was
determined by many variables applied in the experiment, including the date
of the analysis. In soil samples analyzed on day 12 of the experiment, compared
to day 62, the count of total oligotrophic bacteria, total copiotrophic bacteria
and cellulolytic bacteria was 1.3-fold, 1.1-fold and 3.8-fold higher, respectively.
A reverse trend was reported with regard to the remaining microbial groups.
At the end of the experiment, compared to the initial stage of the study, the
count of Azotobacter, fungi, actinomyces, spore-forming oligotrophic bacteria
and of spore-forming copiotrophic bacteria was 27.7-fold, 15.4-fold, 5.5-fold,
5.1-fold and 1.6-fold higher, respectively.

The bacterial count was equally affected by soil contamination with diesel
oil as by the date of analysis. It should be noted that except for spore-forming
oligotrophic and copiotrophic bacteria, microorganisms showed a positive
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response to contamination, and their number increased many-fold
in comparison with uncontaminated soil. The total count of oligotrophic
bacteria increased more than 8-fold, total copiotrophic bacteria — 4-fold,
cellulolytic bacteria — 1.4-fold, actinomyces — 2.5-fold, fungi — 7-fold, Azotobac-
ter bacteria — 38-fold.

The applied actinomyces inoculum had a much weaker effect on soil
microbes than diesel oil. All of the actinomyces species contributed only to
an increase in the population size of spore-forming oligotrophic bacteria and
in the total count of actinomyces. The growth of oligotrophic, copiotrophic,
cellulolytic bacteria and fungi was also stimulated by Streptomyces longisporof-
lavus, while the remaining species exerted no significant influence on oligot-
rophic, copiotrophic, cellulolytic bacteria or fungi. None of the tested species
affected the Azotobacter population.

Similarly to microorganism counts, also the activity of soil enzymes varied
over time (Table 2). On day 12 of the experiment, the activity of dehyd-
rogenases was 43% higher than on day 62, the activity of urease was 211%
higher, the activity of alkaline phosphatase was 86% higher, while the activity

Table 2
Effect of soil contamination with diesel oil on the activity of soil enzymes in 1 kg soil dry matter
Dose ON Dehydrogenases Urease Phosphatase (mmol PNP h)
(cm® kg! (em® H, d) (mg N-NH; h') alkaline acid
of soil) I I I I I I I 1
without actinomyces
0 6.13 4.13 12.68 10.42 1.20 0.45 1.58 2.02
10 18.05 5.67 117.16 24.87 1.57 1.01 1.64 1.56
with Streptomyces longisporoflavus
0 5.95 6.39 10.73 9.57 0.91 0.46 1.47 2.54
10 17.53 17.76 122.02 33.93 1.24 0.75 2.03 1.35
with Streptomyces odorifer
0 5.94 5.25 14.57 7.79 1.04 0.47 1.47 2.00
10 19.43 10.25 123.77 37.13 1.55 0.90 1.53 1.47
with Streptomyces viridis
0 8.88 4.14 34.64 7.52 0.88 041 1.56 1.97
10 16.68 15.12 93.33 38.56 1.50 0.86 2.14 1.23
a-0.11 a-0.31 a-0.02 a-0.02
b-0.15 b-0.44 b-0.03 b-0.03
c-0.11 c-0.31 ¢-0.02 ¢ -0.02
LSDogs* |a-b-0.22 a-b-0.62 a-b-0.04 a-b-0.04
a-c-0.15 a-c-044 a-c-0.03 a-c-0.03
b-c-0.22 b-c-0.62 b-c-0.04 b-c-0.04
a-b-c-031 a-b-c-0.88 a-b-c-0.06 a-b-c-0.06

* explanations as in Table 1.
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of acid phosphatase was lower by more than 5%, but the resulting difference
was statistically significant. Diesel oil significantly affected the activity of the
investigated enzymes. It increased the activity of dehydrogenases by 157%,
of urease — by 447% and of alkaline phosphatase — by 61%, and it decreased the
activity of acid phosphatase by 11%. Enzymatic activity was also significantly
affected by actinomyces applied in the study. On average, all actinomyces
species stimulated the activity of dehydrogenases and urease, while inhibiting
the activity of alkaline phosphatase. Two species, Streptomyces longisporof-
lavus and Streptomyces viridis, stimulated the activity of acid phosphatase,
while Streptomyces odorifer significantly reduced its activity. The enzyme-
stimulating effect of actinomyces was observed mostly in soil samples con-
taminated with diesel oil.

The positive effect of actinomyces on selected soil enzymes was not
reported in respect of spring barley yield (Figure 1). In soil contaminated with
diesel oil, the yield of spring barley decreased 2.7-fold, and the applied
inoculum of actinomyces spores enhanced the adverse impact of diesel oil on
the growth and development of barley plants. The intensified negative effect
of diesel oil on spring barley grown in soil which was inoculated with
actinomyces could point to faster oil biodegradation in those treatments, a fact
which requires additional investigation through an analysis of diesel oil
residues and by-products of its transformation. Those by-products probably
further inhibited the growth and development of spring barley. Better results
might have been obtained if actinomyces inocula combining several, and not
a single, species were applied. The applied inocula had a varied effect on
bacterial counts and the activity of soil enzymes, and a more cumulative effect
could be produced if an inoculum composed of three species were used.

40 1 ‘LSD:a—1.14;b—1.6];a-b—2.28

) \
&0 \ &M without actinomyces
\ == S. odorifer
10 1 S. longisporoflavus
S. viridis
N
0

em® ON kg'1

Fig. 1. Effect of diesel oil on the yield of spring barley dry matter (g pot™*) LDS for: a — diesel oil dose,
b — actinomyces application
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According to numerous authors (LISTE, PRUTZ 2006, PICHTEL, LISKANEN
2001, WYSZKOWSKA, KUCHARSKI 2000, WYSZKOWSKA et al. 2002, 2006), oil
derivative products have a clearly negative impact on plants, while — as
presented in this study — their effect on bacterial counts and enzymatic activity
varies, subject to the type of the contaminant (BUDNY et al. 2002, LISTE, PRUTZ
2006, PALMROTH et al. 2005, PICHTEL, LISKANEN 2001, WYSZKOWSKA,
KUCHARSKI 2001, 2005). Diesel oil is a source of carbon for certain microorgan-
isms. As a result, their populations in diesel oi-contaminated soil may grow,
which in turn may affect enzymatic activity (BIELINSKA, TOMASZEWICZ 2006,
WyYSZKOWSKA et al. 2006). The above hypothesis can be supported by a 17%
increase in the organic carbon content of soil contaminated with diesel oil,
where spring barley was grown.

Conclusions

1. Soil contaminated with diesel oil was biologically unbalanced due to
an increase in microbial counts and, consequently, higher activity of dehyd-
rogenases, urease and alkaline phosphatase.

2. The applied inocula comprising spores of the following actinomyces:
Streptomyces longisporoflavus, Streptomyces viridis and Streptomyces odorifer
proved to be relatively ineffective in detoxifying soil contaminated with
diesel oil.

3. Further research into the use of actinomyces in the reclamation of soils
contaminated with diesel oil is required to investigate the suitability of other
actinomyces species as inocula, and to determine the quantity of by-products
of oil biodegradation.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 21.10.2007
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Abstract

The aim of this study was to establish the hierarchy of factors which influence consumer
behavior in purchasing dairy products, with special emphasis on the information provided on
the packaging. The survey involved a direct questionnaire which was distributed to 500 respondents.
The results of the survey indicate that when purchasing dairy products, consumers are guided mainly
by their own experience and the product’s price. For 30% of respondents, labeling was an important
source of information on the product and an equally important factor which stimulated
the consumers’ decision to buy dairy products.
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WYROBOW MLECZARSKICH
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Stowa kluczowe: wyroby mleczarskie, zachowania konsumenckie, badania ankietowe.
Abstrakt

Celem badania bylo okreslenie hierarchii czynnikéw wplywajacych na zakup produktow mleczar-
skich, ze szczegblnym uwzglednieniem informacji znajdujacej sie na ich opakowaniach. W badaniach
przeprowadzonych na grupie 500 respondentéow posiuzono sie kwestionariuszem ankiety bez-
posredniej. Wykazano, ze konsumenci, kupujac wyroby mleczarskie, kierujg sie glownie wlasnymi
do$wiadczeniami i cena towaru. Informacja znajdujaca sie na opakowaniu stanowila wazne zrédlo
wiedzy o produkcie, a tym samym wazny czynnik wyboréw konsumenckich dla grupy ok. 30%
badanych.
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Introduction

Consumer preferences regarding food products are shaped by numerous
factors which are related both to the product and the consumer making
a purchasing decision. Dairy products are primary products which is why the
majority of decisions made in the purchasing process are planned or impulse.
When buying dairy products consumers are likely to follow a certain routine,
where personal experiences and habits play an important role, while impulse
buying is usually due to a sudden urge caused by emotions, hunger, special
offers, eagerness to try out a new product, adherence to popular trends, etc.
(GABRIELSEN 2001, GRUNERT et al. 2000).

The labeling of food products is a direct method of informing consumers
about the products they are buying. Clear and comprehensive label informa-
tion enables the consumers to make well-informed decisions on the purchased
products and protects the consumers.

In view of the above, the aim of this study was to establish the hierarchy
of factors and stimuli which influence the purchasing decisions made by
consumers and the extent to which consumers rely on particular sources
of information in their decisions to buy dairy products, with special emphasis
on the information provided on the packaging.

Methods

The survey was carried out in the second half of 2005 and it involved a group
of 500 Olsztyn residents who shop in hypermarkets, supermarkets and small
local shops. The survey was conducted based on a direct questionnaire
comprising two parts. In the first part, the respondents were asked to evaluate
the degree to which the indicated social and economic factors affected their
decisions to buy the preferred dairy products. The second part featured
questions on the respondents’ sex, age, occupation, place of residence and
monthly income per person in the household.

Respondent characteristics

The characteristic features of the surveyed group are presented in Table 1.
Despite the fact that women slightly outnumbered men in the respondent
group, the age structure of the surveyed female and male population was
similar. The majority of respondents were aged from 21 to 40. When the
surveyed population was analyzed in view of the occupational criterion, the
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researchers found that the vast majority of respondents were white collar
workers who had a 44.4% share of the surveyed group. Students (22.6%) and
blue collar workers (19%) were less well represented, while old age and
disability pensioners and the unemployed (14%) had the smallest share of the
respondent group.

Table 1
Respondent characteristics
Respondents Population (%)
female 277 55.4
Sex male 223 44.6
total 500 100.0
up to 20 38 7.6
21-40 244 48.8
Age in years 41-60 186 37.2
Above 60 32 6.4
total 500 100.0
pupil/student 113 22.6
blue collar worker 95 19.0
Occupation white collar worker 222 444
old age/disability pensioner 58 11.6
unemployed 12 2.4
total 500 100.0
rural area 74 14.8
Place city < 50 000 38 7.6
of permanent city 50 000-100 000 49 9.8
residence city > 100 000 339 67.8
total 500 100.0
under PLN 300 37 7.4
PLN 301-900 122 24.4
Monthly income PLN 601-900 139 27.8
per person PLN 901-1200 83 16.6
above PLN 1200 119 23.8
total 500 100.0

The vast majority of respondents resided in cities with a population
higher than 100 000 (67.8%). A smaller percentage share was reported
in respect of residents from smaller cities (17.4%), while only around 15%
of the polled subjects resided in rural areas. This configuration of the
respondent structure, subject to the place of permanent residence, was
nearly identical for both sexes.

The largest group of respondents, accounting for nearly 60% of the entire
surveyed population, comprised persons generating monthly incomes of up
to PLN 900 per person in the household.
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Results and Discussion

Survey results were used to establish the hierarchy of factors which
stimulate purchases and the extent to which consumers rely on particular
sources of information in their decisions to buy dairy products.

The researchers concluded that personal experience is the most important
factor which influences the consumer’s decision to buy a given dairy product
(Figure 1). Previous experience was indicated by more than 80% respondents
as an important and very important factor in the decision-making process.
These results support the theory that the purchase of primary products is
a planned and routine process. According to the Howard-Sheth model
of consumer behavior which relies on previous purchasing experience,
consumers need very limited information to make a purchase and in this case,
the decision is made very quickly (SMYCZEK 2003a,b).

very high
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L0 N

mmm= brand
price

none n high packaging volume

’ == information from family

=== information on product
packaging

previous experience
= T'V/radio/press ADS

sales attendant's opinion

very low neither high or low educational programs

Fig. 1. Influence of social and economic factors on the consumers’ decision to buy dairy products
(% indications)

Survey results, verified with the use of the x? test, showed a significant
relationship between the influence of previous experience on the decision to
buy and the respondents’ age and place of residence (Table 2). Previous
experience was the most important factor influencing the purchasing decision
in the group of respondents aged up to 20 and respondents in the 21-40 age
group. Experience was indicated as the most important factor by respondents
aged over 60 and respondents in the 41-60 age group. Previous experience was
most frequently indicated as the factor stimulating the decision to buy dairy
products by respondents from cities with a population higher than 50 000. The
significance of experience was a less decisive factor in the purchasing process
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for respondents residing in rural areas. Only a small fraction of the entire
surveyed group (5.8%) pointed to previous experience as a relatively unimpor-
tant and completely insignificant factor stimulating their decisions to buy
dairy products (Figure 2a and Figure 2b).

Table 2
Significance of selected social and economic factors in the consumers’ decisions to buy dairy products
subject to: sex, age, place of permanent residence, occupation and monthly income per person (value

of %2 test)
Place Monthly
Specification Sex | Age |of permanent| Occupation income
residence per person

Brand 2.74 |43.05* 26.89 32.86 28.72
Price 2.62 |54.85% 17.37 34.42 22.32
Packaging volume 5.89 [25.54 39.58* 20.61 18.51
Information from family/friends 9.32 {20.02 19.54 21.90 13.88
Information on product packaging 4.47 |31.05* 16.80 21.66 25.66
Previous experience 2.75 |32.45% 35.42% 18.90 15.87
TV/radio/press ads 2.50 (36.84* 17.98 14.83 28.02
Sales attendant’s opinion 5.82 |32.42* 13.67 28.68 18.91
Educational programs 2.56 [18.90 33.74* 45.23* 11.57

* — significant value at oo = 0.01

As an inseparable product feature, the price was the second most important
factor after previous experience in the hierarchy of consumer decisions to buy
dairy products. The obtained results, verified with the use of the y? test,
pointed to a significant dependency between the influence of the price on the
decision to buy dairy products and the respondents’ age. Price was a the most
important factor (in comparison with other purchase stimulating factors)
in the group of respondents older than 60 (Table 2, Figure 3a and Figure 3b).
A similar view is postulated by KUSMIERCZYK (2000) whose research indicates
that in comparison with other age groups, elderly consumers are more likely
to be guided by the price in their purchasing decisions and this dependency
intensifies with age. The researchers also concluded that the price is a more
important factor determining the purchase of dairy products for less educated
respondents, blue collar workers, the unemployed and students. In a study
to determine the significance of information on product packaging, OZIMEK
(2002) classified price as the second most important factor in view of the
significance of particular components of information provided on product
packaging. It should be noted, however, that in most food products, including
dairy products, price is not a permanent feature of product packaging.
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Fig. 2. Influence of previous experience on the consumers’ decision to buy dairy products: a — subject
to age, b — subject to place of residence (% of indications)

Brand is a guarantee of product quality for consumers, and the choice
of a given brand is an expression of the consumers’ trust vested in a given
product and the brand proprietor. In a market with an enormous number
of competing dairy producers, customers are increasingly likely to focus
on products offered by a given company (GORSKA-WARSEWICZ 2006, JAKOWSKI
2002). A renowned product brand and the producer’s trademark ranked third
in the hierarchy of factors which affect the purchasing decisions of the
surveyed group. Product brand was indicated as an important stimulating
factor by more than 60% of respondents. The popularity of specific brands
among consumers make the brand an inestimable and the most valuable
intangible asset of its proprietor. According to the results of the survey, most
consumers identified the brand as an important factor which affects their
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Fig. 3. Influence of price on the consumers’ decision to buy dairy products: a — subject to age
b — subject to occupation (% of indications)

decision to buy dairy products regardless of the respondents’ sex, occupation,
place of residence or income per person in the household. In view of the
obtained data, verified with the use of the y? test, the only statistically
significant relationship was observed when the significance of product brand
was analyzed in view of the respondents’ age. The highest interest in the brand
criterion was demonstrated by persons in the 41-60 age group, while the brand
was perceived as the least influential factor determining the decision to buy
dairy products among the respondents aged up to 20 (Figure 4).

A slightly different view on the brand’s significance in the choice of dairy
products was presented by KUSMIERCZYK (2000) whose research, carried out
at the Institute of Home Market and Consumption on a group of 700 urban
households, indicated that dairy product brands do not have a significant
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Fig. 4. Influence of brand on the consumers’ decision to buy dairy products subject to age
(% of indications)

impact on the consumers’ purchasing decisions. Despite the above, a signifi-
cant fraction of the surveyed respondents claimed to have preferred brands
and were able to indicate brands which they purchased most often.

The study analyzing the influence of social and economic factors in shaping
the preferences of dairy product consumers indicates that the volume
of unitary packaging of dairy products and the information on product packag-
ing are equally responsible for stimulating purchasing decisions. Positive re-
sponses (very significant and significant) regarding the impact of those factors
on the decision to buy dairy products were given by around 30% of respondents
on average. Around 20% of the surveyed population did not recognize the
above factors as important purchase stimuli (Table 1).

The role of packaging volume in the process of purchasing dairy products
proved to be particularly significant for respondents residing in cities with
population of 50 000-100 000. Residents of large cities with population above
100 000 as well as residents of rural areas and smaller cities with population
below 50 000 had similar opinions on the impact of packaging volume on dairy
product purchases. Around 40% of respondents from the above groups claimed
that packaging volume is an important factor which affects their choice
of a given product (Figure 5).

Information plays a very important role on the contemporary market
where consumers can choose from a wide variety of dairy products. Consumers
have access to extensive information from various sources, including the
information displayed on product packaging or labels (OZIMEK 2002).
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Fig. 5. Influence of packaging volume on the consumers’ decision to buy dairy products subject

According to the survey, the information displayed on product packaging
was regarded as a very significant factor which influences purchasing decisions
by only 14.6% of the respondents, while 41.2% surveyed persons were of the
opinion that it is a significant factor. The results obtained in respect of the
above, verified with the use of the y? test, pointed to a significant relationship
between the information on product packaging and the respondents’ age.
It was concluded that the significance of information displayed on dairy
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products grew with the respondents’ age (Figure 6).
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Age was also an important factor determining the behavior of consumers
whose purchases are influenced by advertising (TV/radio/press). Yet in this
case, a reverse trend to that reported in respect of the role of product
information was observed. A much higher number of respondents aged under
20 claimed that advertising had a significant and very significant impact on
their decisions to buy dairy products (Figure 7).
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Fig. 7. Influence of TV/radio/press advertising on the consumers’ decision to buy dairy products

subject to age (% of indications)
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Fig. 8. Influence of sales attendant’s opinion on the consumers’ decision to buy dairy products
subject to age (% of indications)

From among other factors shaping dairy product purchases, only around
13.8% respondents on average declared that information obtained from family
members and friends played a significant or very significant role in their choice
of product brand (Figure 1).
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According to more than 40% of respondents aged up to 20, the sales
attendant’s opinion was of absolutely no relevance to their decision to buy
a specific dairy product brand. More than 30% of respondents older than 60
claimed to take into account the sales attendant’s suggestions regarding the
choice of product (Figure 8).

Conclusions

The results of the survey lead to the following conclusions:

1. Consumers are most likely to rely on previous purchasing experience
when choosing a dairy product.

2. The price of the product proved to be an important factor shaping the
consumers’ choice, especially among older respondents and respondents in the
lower income group.

3. Brand was recognized as an important factor which stimulates
purchasing decisions by 32.5% of the overall respondent population regardless
of sex, occupation, place of residence or income.

4. For 30% of the surveyed respondents, the information on product
packaging was an important source of product information and a significant
factor which determined their choice of dairy products.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 7.07.2007

References

GABRIELSEN G. 2001. A multi-level model for preferences. Food Quality and Preferences, 12: 337-344.

GRUNERT K.G., BECH-LARSEN T., BREDAHL L. 2000. Tree issues in consumer quality perception and
acceptance of dairy products. International Dairy Journal, 10: 575-584.

GoOrska-Warsewicz H. 2006. Marka przede wszystkim. Prz. Mlecz., 1: 30-31.

JArOWSKI S. 2002. Znaczenie marki firmowej umieszczanej na opakowaniu. Opakowanie, 2: 7-9.

Kusmierczyk K. 2000. Konsumenci produktow mlecznych. Prz. Mlecz., 3: 71-74.

Ozmvexk 1. 2002. Znaczenie informacji podanych na opakowaniu produktu zywnosciowego. Przemyst
Spozyweczy, 10: 31-32.

Smyczexk S. 2003a. Modele zachowari rynkowych konsumentow. 1, Marketing i rynek, 1: 14-19.

Smyczex S. 2003b. Modele zachowa# rynkowych konsumentéw. 2, Marketing i rynek, 2: 14-19.





