


EDITORIAL BOARD
Janusz Falkowski (Editor-in-chief), Eugeniusz Biesiadka, Jan Glogowski,

Ryszard Zadernowski, Hans Harms (Germany), Vaclav Matoušek (Czech Republic),
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THE EFFECT OF MULTI-COMPONENT FERTILIZERS
ON SPRING BARLEY YIELD, THE CONTENT

AND UPTAKE OF MACRONUTRIENTS*
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A b s t r a c t

The aim of this study was to determine the effect of mixed multi-component fertilizers on spring
wheat yield, the content and uptake of macronutrients. A three-year field experiment (2005–2007)
was carried out in a randomized block design at the Research and Experimental Station in
Tomaszkowo, at the University of Warmia and Mazury in Olsztyn. The experiment comprised three
fertilization treatments in four replications: control treatment (simple fertilizers), Amofosmag 3 and
Amofosmag 4. The tested crop was spring barley cv. Orthega.

Amofosmag 4 had the most beneficial influence on the yield of spring barley grain. The effect
of Amofosmag 3 was similar to that of simple fertilizers. In most cases, simple and multi-component
fertilizers exerted a comparable effect on the mineral composition of the tested crop. More
pronounced differences were observed in this respect between successive years of the study. The
highest total uptake of nitrogen and potassium by spring barley was noted in plots fertilized with
Amofosmag 3, while the highest total uptake of phosphorus, calcium and magnesium was observed
in treatments with Amofosmag 4. This indicates that the nutrients contained in mixed fertilizers are
more readily available to plants, compared with simple fertilizers.

WPŁYW NAWOZÓW WIELOSKŁADNIKOWYCH NA PLON, ZAWARTOŚĆ I POBRANIE
MAKROELEMENTÓW PRZEZ JĘCZMIEŃ JARY

Anna Nogalska, Jerzy Czapla, Małgorzata Skwierawska

Katedra Chemii Rolnej i Ochrony Środowiska
Uniwersytet Warmińsko-Mazurski w Olsztynie
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Table 5
Nutrient uptake by spring barley grain and straw [kg ha–1]

Treatment Nitrogen Phosphorus Potassium Calcium Magnesium

2005

NPK 87.79 15.19 62.19 19.88 6.76
Amofosmag 4 103.84 17.85 83.26 22.02 8.15
Amofosmag 3 97.47 15.44 72.93 17.03 6.57

2006

NPK 120.57 32.90 110.30 35.66 9.34
Amofosmag 4 129.45 34.20 116.07 39.35 9.28
Amofosmag 3 143.51 34.03 129.93 41.37 9.51

2007

NPK 168.16 18.96 76.94 16.21 7.21
Amofosmag 4 183.63 19.30 73.40 17.67 7.59
Amofosmag 3 180.22 18.79 86.90 16.52 7.60
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Fig. 1. Total macronutrient uptake by spring barley over a three-year experimental period

was affected by a high nitrogen content of barley grain. Nitrogen uptake in
the third year of the study was 1.8-fold and 1.4-fold higher than in the first
and second year, respectively. Phosphorus uptake levels were comparable in
all treatments, and they were found to increase in plots fertilized with
Amofosmag 4. Phosphorus uptake varied between years – it was highest in
2006 (33.7 kg P ha–1 on average), when barley grain and straw were abundant
in phosphorus, and nearly two-fold lower in the first and third year of the
experiment. A similar, albeit less pronounced, relation was observed with
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regard to the uptake of potassium, calcium and magnesium, which was highest
after the application of Amofosmag 3. The highest total (mean values of three
years) uptake of nitrogen and potassium by spring barley was noted in plots
fertilized with Amofosmag 3, while the highest total uptake of phosphorus,
calcium and magnesium was observed in treatments with Amofosmag 4. This
indicates that the nutrients contained in mixed fertilizers are more readily
available to plants, in comparison with simple fertilizers (Figure 1). STĘPIEŃ and
MERCIK (2001), ŚWIERCZEWSKA and SZTUDER (2006), and SZTUDER (2007) demon-
strated that multi-component fertilizers, compared with simple fertilizers,
contributed to higher nutrient uptake by various plants.

Conclusions

1. Amofosmag 4 had the most beneficial influence on spring barley yield
– the application of this fertilizer enabled to increase grain yield by 5% on
average, in comparison with the control treatment. The effect of Amofosmag 3
was similar to that of simple fertilizers.

2. The concentrations of the analyzed macronutrients in spring barley grain
and straw varied insignificantly between fertilization treatments. Simple and
multi-component fertilizers exerted a comparable effect on the chemical compo-
sition of the tested crop. Significant differences were observed in this respect
between successive years of the study.

3. The highest total uptake of nitrogen and potassium by spring barley
was noted in plots fertilized with Amofosmag 3, while the highest total
uptake of phosphorus, calcium and magnesium was observed in treatments
with Amofosmag 4. This indicates that the nutrients contained in mixed
fertilizers are more readily available to plants, compared with simple fertilizers.

Translated by ALEKSANDRA POPRAWSKA
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A b s t r a c t

The objective of this study was to determine the carcass weight of red deer (Cervus elaphus L.)
stags, hinds and calves in Poland in successive months of the hunting season. The results of the study
show that the average carcass weight of stags, hinds and calves in Poland is 115.05 kg, 75.38 kg and
42.48 kg, respectively. Stags characterized by the heaviest carcasses inhabit the provinces of
Podkarpacie, Podlasie and Lublin, and those with the lightest carcasses can be found in the Lower
Silesian and Pomeranian province. The highest carcass weight of hinds was noted in the Provinces of
Podkarpacie and Lublin, while lowest – in the Lower Silesian and Pomeranian Province. In the group
of calves, the highest and the lowest values of carcass weight were observed in the Provinces of Łódź
and Lublin, and in the Lubuskie and West Pomeranian province, respectively. The average carcass
weight of red deer varies significantly subject to the month of the hunting season. The heaviest stags
are hunter-harvested in September, and the heaviest hinds and calves in December and February,
respectively.

ZMIENNOŚĆ MASY TUSZY JELENIA SZLACHETNEGO (CERVUS ELAPHUS L.)
W POLSCE
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A b s t r a c t

Celem pracy była charakterystyka masy tuszy byków, łań oraz cieląt jelenia szlachetnego (Cervus
elaphus L.) na terenie Polski oraz opisanie zmienności masy tuszy w poszczególnych miesiącach
sezonu polowań.

Stwierdzono, że średnia masa tuszy byków, łań i cieląt jelenia szlachetnego na terytorium Polski
wynosi odpowiednio: 115,05 kg, 75,38 kg i 42,48 kg. Samce jelenia charakteryzujące się najcięższą
tuszą bytują w województwach: podkarpackim, podlaskim i lubelskiego, a o tuszach najlżejszych
w dolnośląskim i pomorskim. Najcięższe samice występują w województwie podkarpackim i lubel-
skim, a najlżejsze w dolnośląskiem i pomorskiem. U cieląt wartości te stwierdzono odpowiednio
w województwach: łódzkim i lubelskim oraz w lubuskim i zachodniopomorskim. Stwierdzono istotne
zróżnicowanie średniej masy tuszy w poszczególnych miesiącach sezonu polowań. Najcięższe byki
pozyskuje się we wrześniu, natomiast łanie i cielęta odpowiednio w grudniu i lutym.

Introduction

The Polish red deer population comprises various regional forms and
ecotypes which differ with respect to body size, measurements and weight,
antler shape, and color (TOMEK 2002), whose representatives inhabit the
following regions: Carpathians, Warmia and Mazury, Wielkopolska and Lublin
(STELIŃSKI 1957). The carcasses of red deer dwelling in the Carpathians and in
Warmia and Mazury are characterized by the best quality (DZIĘCIOŁOWSKI

1969, KUBACKI and JAMROZY 1999, BREWCZYŃSKI 2002). The above differences
result, among others, from climatic differences, the type of soil and vegetation,
population density and genetic factors (BOBEK et al. 1984, BORKOWSKI 1989).
The carcass weight of animals, considered an indicator of individual quality,
changes in response to the above factors.

Quality is often referred to in ecological studies, but its measurement
varies greatly across studies. It can be regarded as a variable that continuously
changes throughout life, such as: annual body condition, annual reproductive
success or body weight, etc (CLUTTON-BROCK et al. 1982, MOYES et al. 2006,
PETTORELLI et al. 2001).

The objective of this study was to determine the carcass weight of red deer
(Cervus elaphus L.) stags, hinds and calves in Poland in successive months
of the hunting season.

Material and Methods

Research area

The study was conducted in 13 Polish provinces: Lower Silesian, Kujawy
and Pomeranian, Lublin, Lubuskie, Łódź, Masovian, Podkarpacie, Podlasie,
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Pomeranian, Świętokrzyskie, Warmia and Mazury, Wielkopolska and West
Pomeranian, covering a total area of 275,750 km2 (88.41% of Poland’s
territory).

Experimental materials

The experimental materials comprised 22 402 red deer carcasses, including
9 372 carcasses of males (stags), 10 098 carcasses of females (hinds) and 2 932
carcasses of individuals aged up to 1 year (calves). Hunting reports and the
records of the venison meat purchase center, “LAS OLSZTYN” Ltd., were
analyzed in the study. All animals were hunter-harvested.

Data were collected over eight successive hunting seasons, from 2000/2001
to 2007/2008, and comprised the following information: carcass weight, region
and time of harvest of each animal, sex and age of each animal. Table 1
presents the number of analyzed carcasses subject to the sex and age classes
and the hunting season.

Table 1
Number of analyzed carcasses [indiv.]

Hunting season Stags Hinds Calves Total

2000/2001 1669 2003 568 4240

2001/2002 1530 1774 587 3891

2002/2003 1254 1286 334 2874

2003/2004 1228 1489 364 3081

2004/2005 631 758 233 1602

2005/2006 978 1088 239 2295

2006/2007 1032 242 295 1569

2007/2008 1050 1458 312 2820

Total 9 372 10 098 2 932 22 402

All animals were shot during the red deer open season: stags – from 21
August to the end of February, hinds – from 1 October to 15 January, calves
– from 1 October to the end of February (Rozporządzenie Ministra Środo-
wiska... Dz.U. z 2005).

The carcasses were weighed using an electronic scale, accurate to 0.1 kg,
after they had been transported to the storehouse of the “LAS OLSZTYN”
company from local venison meat collection points. Prior to weighing, all
carcasses were chilled for at least 24 hours.
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Statistical analysis

The results were processed statistically using STATISTICA PL software.
The statistical analysis of the investigated carcass traits involved the calcula-
tion of arithmetic means and standard deviations, and the estimation of
significance of differences between mean values. The obtained results were
verified by an analysis of variance for one-factor non-orthogonal design.

Results

The collected data and performed calculations show that the average
carcass weight of red deer stags, hinds and calves in Poland is 115.05 kg,
75.38 kg and 42.48 kg, respectively.

Characteristics of red deer carcass weight in successive
hunting seasons

As demonstrated by the data in Table 2, the lowest average carcass weight
of stags (111.27 kg) was noted in the hunting season 2000/2001, while highest
(120.63 kg) – in 2007/2008. The difference between this value and those
observed in the remaining hunting seasons was highly significant. The highest
average carcass weight of hinds (78.2 kg) was reported in 2006/2007, and it
differed highly significantly from the average carcass weights noted in the
hunting seasons 2001/2002, 2002/2003, 2005/2006 and 2007/2008. The lowest
average carcass weight of hinds was 74.13 kg (2001/2002). The average carcass
weight of calves reached the highest level in 2005/2006 (43.55 kg), and it was
highly significantly higher than the mean values noted in 2001/2002 (40.96 kg)
and 2002/2003 (41.71 kg).

The above data show that there were no clear relationships between the
highest and the lowest average carcass weights in the sex and age classes of red
deer during the eight analyzed hunting seasons. However, the pattern of
changes in the average carcass weight of hinds and calves was similar during
the first six hunting seasons. A decrease in the average carcass weight of
females and young animals was noted at the beginning of the investigated
period, followed by an increase which was observed until the hunting season
2004/2005. In subsequent seasons the trends in carcass weight changes in the
groups of hinds and calves were different. Changes in the average carcass
weight of stags, in comparison with hinds and calves, followed a different
pattern in the majority of cases.
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Tabela 2
Carcass weight stags, hinds and calves in successive hunting seasons [kg]

Hunting seasons

2000/ 2001/ 2002/ 2003/ 2004/ 2005/ 2006/ 2007/
/2001 /2002 /2003 /2004 /2005 /2006 /2007 /2008

1 2 3 4 5 6 7 8

Statistical Significance
measures of differences

STAGS

n 1669 1530 1254 1228 631 978 1032 1050 1, 2, 3, 4, 5, 6, 7 < 8**
x̄ 111.27 112.13 115.30 117.60 112.37 115.44 115.70 120.63 1, 2, 5 < 3, 4, 6, 7*
S 26.11 26.61 27.27 28.09 26.14 27.52 27.32 28.21 3 < 4*

HINDS

n 2003 1774 1286 1489 758 1088 242 1458 7 > 2, 3, 6, 8**
x̄ 76.3 74.13 75.78 76.22 76.54 75.27 78.21 75.45 1, 4, 5 > 2, 3, 6, 8*
S 13.4 13.46 13. 67 14.28 14.63 14.49 14.71 14.07

CALVES

n 568 587 334 364 213 229 295 312 1 > 2**; 6 > 2, 3**
x̄ 42.26 40.96 41.71 42.96 43.25 43.55 43.07 43.26 6 > 1, 4*; 4, 5, 7, 8 > 2**
S 7.53 7.88 7.57 8.00 7.90 7.64 7.17 7.64 4, 5, 7, 8 > 3*

* – P ≤ 0.05
** – P ≤ 0.01

Table 3 illustrates the average carcass weight of red deer in each month
of the hunting season. The average carcass weight of stags varied widely
throughout the open season, reaching the highest values in September
and August (over 128 kg and 118 kg, respectively). The difference in
the average carcass weight of stags shot in September and in subsequent
months of the hunting season (October to February) was highly significant.
The hinds harvested in November and December were characterized by
the heaviest carcasses (76.92 kg and 77.25 kg, respectively). The above
values were significantly higher than those noted in October and January
(around 74.3 kg in both months). The average carcass weight of calves
also varied subject to the month of the hunting season. The highest average
carcass weight of calves was reported in February and November (43.88 kg
and 43.22 kg, respectively), while the animals shot in January and October
were marked by the lowest average carcass weight (41.48 kg and 41.61 kg,
respectively). The difference between the mean values noted in February
and November and in the remaining months was highly significant.
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Table 4 presents the average carcass weight of red deer stags, hinds and
calves in 13 analyzed provinces. Stags characterized by the heaviest carcasses
were shot in the Provinces of Podkarpacie (over 122 kg), Podlasie and Lublin
(over 121 kg), and Warmia and Mazury (over 120 kg). Stags with the lightest
carcasses were harvested in the Lower Silesian (92 kg) and Pomeranian
Province (101 kg). The differences between the highest and the lowest mean
values were highly significant. The highest carcass weight of hinds was noted
in the Provinces of Podkarpacie (81.93 kg) and Lublin (81.22 kg), while lowest
– in the Lower Silesian Province (63.97 kg), similarly as in the group of stags.
The average carcass weight of calves also varied subject to the region of
harvest. The data in Table 4 show that in the group of calves, the highest
values of carcass weight were observed in the Provinces of Łódź (46.88 kg),
Lublin (46.76 kg) and Masovia (46.69 kg), whereas lowest – in the West
Pomeranian (40.60 kg) and Lubuskie Province (40.92 kg).

Discussion

The effect of environmental variation on traits such as body (carcass)
weight were widely demonstrated in red deer (ALBON et al. 1983, CLUTTON-
-BROCK et al. 1987, COULSON et al. 2003) but although studies could show that
heterogeneity exist among individuals in their response to such environmental
effects, the majority of this work focuses on differences in the strength of
others effects among stage, age and sex classes. For example, KRUUK et al. 1999
showed that male, but not female, lifetime reproductive success in population
of reed deer was associated with birth mass. Similarly, Loison et al. (2004)
found that maternal quality accounts for more variance in male offspring body
mass than female body mass in red deer.

It should be noted that the analyzed data were collected for animals
harvested in accordance with the culling strategy. As a result, the average
values of carcass weight presented in the study could be slightly lower from the
mean value determined for the entire red deer population in Poland. The body
weight of red deer stags, which is a key indicator of their quality, is most often
presented as carcass weight following evisceration, decapitation and partial
bleeding. Therefore, the actual body weight of those animals may be by
approximately 25% higher (DZIĘGIELEWSKI 1970). For practical purposes, it
seems important to determine the average carcass weight of red deer harvested
in various regions of the country and in different months of the hunting
season, as this information may be used by venison sellers and distributors
while planning sale and purchase volume.

According to DROZD et al. (2000), the average carcass weight of stags in the
macroregion of Central and eastern Poland in 1972–1996 reached 128.6 kg.
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As demonstrated by BREWCZYŃSKI (2002), the average carcass weight of red
deer stags (133.9 kg) harvested in the area managed by the State Forest
Enterprise branch in Krosno (Carpathians) was also higher than the values
noted in the present study. Insignificantly lower average carcass weight of
stags, at 108.0 kg, was reported by ŻURKOWSKI et al. (2000) who conducted
a study in the Pisz Forest in 1997–1998. CZYŻYK et al. (2007) analyzed the red
deer population of Masurian Forests in 1990–2001 where the average carcass
weight of stags reached 112.1 kg, and it was comparable to that noted in our
study. Yet the mean values determined for individual years by the cited
authors were lower than our results, at up to 110 kg. JAMROZY (1995) found,
based on a study covering ten hunting seasons, that the carcass weight of red
deer from the Carpathians ranged from 112 kg in the west to 148 kg in the
eastern part of the region. According to DZIĘGIELEWSKI (1970), Carpathian red
deer are larger than the animals dwelling in Wielkopolska, which is consistent
with our findings.

The results of a study carried out by TOMEK (2002) in the region of Krynica
indicate that the average carcass weight of red deer hinds older than 3 years is
90.4 kg. This value is higher than that noted in the present study. In a study by
JANISZEWSKI and SZCZEPAŃSKI (2004) conducted in the Forest Division of
Wipsowo, Province of Warmia and Mazury, the average carcass weight of hinds
reached 76.6 kg, which is comparable with the value observed in our study in
this province (77.32 kg). According to DZIĘCIOŁOWSKI (1970), the average
carcass weight of hinds in the Polish Lowlands is 71.9 kg. In an earlier study by
MYSTKOWSKA (1966), the average carcass weight of hinds dwelling in the
lowlands in 1960–1962 reached 70.9 kg. ŻURKOWSKI et al. (2000) investigated
the red deer population from the Pisz Forest in 1996/1997 and 1997/1998, and
found that the average carcass weight of hinds oscillated around 70.1 kg, and it
was lower than in our study. DZIĘCIOŁOWSKI (1969) demonstrated that the
average carcass weight of 96 red deer hinds harvested in three hunting
grounds in Poland reached 104.4 kg.

BOBEK et al. (1992) found that the carcass weight of calves in the red deer
population of southern Poland ranged from 42.5 kg to 50 kg. This was
validated by the findings of DZIĘCIOŁOWSKI (1969a) who carried out a study in
the former provinces of Olsztyn and Lublin in 1964–1968, and reported that
the average carcass weight of male and female calves was 44.8 kg and 43.90 kg,
respectively. The data are comparable with our results. In the red deer
population of the Krynica Forests, described by TOMEK (2002), the carcass
weight of calves reached 55.80 kg, and it was higher than in the present study.

An analysis of average carcass weight values in the sex and age classes of
red deer revealed that they were higher in the eastern parts of their range in
Poland, compared with the west. This confirms Bergmann’s rule stating that
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the average body size of a given species tends to be larger at higher latitudes
(BOBEK et al. 1984). The body size of warm-blooded animal species becomes
larger in cold climates, and their surface area to volume ratio decreases.

In the present study, the heaviest red deer stags were harvested in
September, and then a decrease in their carcass weight was observed.
The noted differences were due to the rutting season which took place in
September and at the beginning of October. Before the rut, stags are known to
deposit fat reserves as an additional source of energy (BOBEK et al. 1984). KRUPKA

et al. (1986) reported that the carcass weight of red deer stags in Central and
eastern Poland decreases by 8.27% during the rut, and by 22.73% over the entire
open season. In a study by DROZD et al. (2000), the decrease in the carcass weight
of stags reached 25%. As demonstrated by BOBEK et al. (1984), the winter weight
loss in large herbivorous mammals may be as high as 35%.

In the group of red deer hinds, the highest average carcass weight was
noted in November and December, and it was significantly higher than the
carcass weight of females harvested in October and January. In a study by
JANISZEWSKI and SZCZEPAŃSKI (2004), the carcass weight of hinds in the fall
and winter was at a similar level. According to the cited authors, the hunting
season had an insignificant effect on the carcass weight of hinds, which was
validated by the present study. TOMEK (2002) analyzed red deer hinds from the
Krynica Forests and found that their carcass weights were highest in Novem-
ber and December, and that the noted values were similar. The above
observations correspond to our findings, since the carcass weights of hinds in
our study were at a similar level, and they were not affected by the hunting
season. According to BOBEK et al. (1992), the average carcass weight of red deer
hinds in the Bieszczady Mountains and in the Beskids is higher, reaching
82.5 kg in January and 89.7 kg in December.

Calves shot in February and November were characterized by the highest
carcass weight. In a study by JANISZEWSKI and SZCZEPAŃSKI (2004), the average
carcass weight of calves harvested in one of the forest divisions in the Province
of Warmia and Mazury was 43.5 kg. According to the above authors, the month
of harvest has no significant effect on the carcass weight of red deer aged up to
one year, which is consistent with our findings.

Conclusions

The results of the study, which investigated red deer populations in Poland,
support the following conclusions:

1. The average carcass weight of red deer stags, hinds and calves in Poland
is 115.05 kg, 75.38 kg and 42.48 kg, respectively.
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2. Stags characterized by the heaviest carcasses inhabit the Provinces
of Podkarpacie (Subcarpathian), Podlasie and Lublin, and those with the
lightest carcasses can be found in the Lower Silesian and Pomeranian Province.

3. The highest carcass weight of hinds was noted in the Provinces
of Podkarpacie and Lublin, while lowest – in the Lower Silesian and Pom-
eranian Province. In the group of calves, the highest and the lowest values of
carcass weight were observed in the Provinces of Łódź and Lublin, and in the
Lubuskie and West Pomeranian Province, respectively.

4. The average carcass weight of red deer differs significantly subject to the
month of the hunting season. The heaviest stags are hunter-harvested in
September, and the heaviest hinds and calves in December and February,
respectively.

Translated by ALEKSANDRA POPRAWSKA
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Fig. 2. Characteristics of sludge sedimentation (with 15 mg dm–3 PAC and anionic flocculants)

Figure 2 presents the separation characteristics of flocs with 15 mg dm–3

PAC and selected doses of anionic flocculants. It was found that the doses of
0.5 mg dm–3 and 1.5 mg dm–3 of P 2540 flocculant ensure a reduction in the
sludge volume by 27% and 37%, respectively. The fall time of the flocs
obtained with P 2540 was shortened from 60 (only PAC) to about 30–45 min.
A similar result was obtained with an anionic flocculant – M 1011. The
highest applied doses of 1.5 mg dm–3 was found to be optimal. However, the
resulting flocs fell slightly slower than those obtained with the cationic
flocculants. It could be assumed that these flocs were hydrated to a greater
degree. The entire sedimentation process was completed in periods from
35 min (1.5 mg dm–3) to 45 min (1 mg dm–3). Other authors (ØDEGAARD 1992)
reported that the application of PAC results in the formation of flocs with
a predominating local positive charge which can potentially serve as a site
of flocculant particle bonding.

Figure 3 characteristics of sludge sedimentation with 15 mg dm–3 PAC and
cationic flocculants.
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Fig. 3. Characteristics of sludge sedimentation (with 15 mg dm–3 PAC and cationic flocculants)

The data presented in Figure 3 show the sludge sedimentation effect
obtained in the coagulation/flocculation of pulp and paper wastewater with
15 mg Al dm–3 (PAC) and the most effective doses of cationic flocculants. In all
cases, the flocs’ falling process was completed within 30–35 min. An addition of
1–1.5 mg dm–3 of Z 92 flocculant resulted in the reduction of sludge volume by
35–39% compared to a control sample (only coagulant). The highest effective-
ness in sludge volume reduction, however, was obtained with the Z 63 cationic
polymer. The optimum dose of 1.5 mg dm–3 reduced the volume of solid phase
by 55.1% when compared with the control sample. The reduction in the
sedimentation time by half (when compared with the samples treated only
PAC) indicates the high effectiveness of both Z 92 and Z 63 flocculants. Due to
their adsorption and bridging properties, polymers may enhance orthokinetic
flocculation (KOWAL 2009).

Cationic flocculants have a destabilising activity due to the adsorption
processes, charge neutralising and bridging by polymers. Simple anions and
polycations are produced in the process of dissociation of a cationic polyelec-
trolyte in water. Organic polycation activity is similar to that of polyhydroxyca-
tions of a coagulant, therefore, cationic polymers act similar to flocculants and
coagulants applied together (ØDEGAARD et al. 1992).
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The 35–55% reduction in the sludge volume obtained with cationic floc-
culants Z 92 and Z 63 was more beneficial than the 27–37% reduction reported
for anionic flocculants P 2540 and M 1011. Similar results, i.e. a 42%-reduction
in sludge volume obtained in the coagulation of breeding farm wastewater with
anionic PAA applied in combination with FeSO4 were obtained by Aguilar et al.
(2005). Generally, the application of both the anionic and cationic flocculants
in combination with PAC had a positive effect on the reduction of sedimenta-
tion time by approx. 40–50%. Both the cationic and anionic (flocculants
ensured greater packing of sludge flocs by forming {Al(OH)3}-{org}-{cationic
flocculant}-type and {anionic flocculant}-{Al(OH)3}-{org})-type structures
which were more compact than the {Al(OH)3}-{org} structures (without
flocculant).

Wastewater particles with predominating negative surface charge (DEN-

TEL, GOSSET 1987) are destabilised by cationic organic flocculants through
charge neutralisation, while anionic flocculants may initiate bridging, which
could explain the slightly lower effectiveness of anionic flocculants when
compared to cationic ones.

Based on the above results, it appears that the application of an inorganic
coagulant in combination with a cationic organic flocculant such as Z 92 and
Z 63 ensures a better flocs separation characteristic for pulp and paper
wastewater. At the optimum dose of an inorganic coagulant, only a small
addition of flocculant to a large degree reduced the sludge volume. In the
present study, an increase in the sludge volume over that obtained in the
control sample was not observed.

The reduction in the solid phase volume and the time of phase separation
following a coagulation serves as a measure of efficient activity of a coagulant-
flocculant system. Both a coagulant and a flocculant should be applied in
optimum doses when used in combination. Excessive doses of coagulants may
produce larger sludge volumes and reduced efficiency of the process. The
application of optimum doses of a coagulant-flocculant pair ensures cost-
efficiency and ecologically-friendly results.

Flocculant doses are much smaller than those of coagulants and practically
do not usually exceed 2 mg dm–3. However, for the currently reported high
wastewater loads, the application of flocculants without an inorganic coagulant
is not recommended for economic reasons.

Conclusions

1. Both the cationic and anionic flocculants considerably enhance the
sedimentation of flocs produced in the coagulation process.
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2. The best characteristic of phase separation was recorded for Z 63, whose
1 mg dm–3 dose reduced the sludge volume gain to the largest degree, i.e. to
IS = 0.18 cm3 min–1. An addition of cationic organic flocculants to inorganic
coagulant decreased this value to IS = 0.4 cm3 min–1 (for PAC), IS = 0.18–
–0.26 cm3 min–1 (for Z 63) and IS = 0.25–0.29 cm3 min–1 (for Z 92).

3. The applied anionic polyelectrolytes had a positive effect on phase
separation, however, this influence was not as strong as that exerted by
cationic polyelectrolytes. When applied in combination with PAC, P 2540 and
M 1011 produced IS = 0.258–0.3 cm3 min–1 and IS = 0.266–0.3 cm3 min–1,
respectively.

4. The obtained value of IS = 0.258–0.3 cm3 min–1 following the application
of P 2540 and IS = 0.266–0.3 cm3 min–1 for M 1011 also had a positive effect on
phase separation but not to as high a degree as the cationic flocculants.

5. The application of PAC in combination with cationic (Z 63 and Z 92,
at a dose of 1–1.5 mg dm–3) and anionic (1.5 mg dm–3 P2540 and 1–1.5 mg dm–3

M 1011) flocculants shortened the sedimentation time to 30–35 min when
compared with the samples with only an inorganic coagulant.

Translated by JOANNA JENSEN
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A b s t r a c t

Effects on the reproduction of C. gariepinus after ovulation stimulation with carp pituitary
homogenate (CPH), Ovopel or Dagin were investigated. After the application of Ovopel all the females
spawned while after CPH or Dagin treatment spawning was reduced to 83.3%. No statistically
significant effect of the stimulator was found on the weight of eggs expressed in g and in % of female
B.W. however, the highest mean values of these parameters were found after Dagin. A statistically
significant effect of the stimulator was noted for the percentage of fertilization and living embryos
after 24h and 28h incubation. The highest percentage of live embryos after a 28h incubation of eggs
was found after the treatment with Dagin and the lowest after Ovopel; the difference between the
means of these stimulators was statistically significant. The females ovulated 12h after Ovopel
treatment yielded eggs of a higher weight and of significantly higher quality compared with those
obtained 3h later. The relative effectiveness of reproduction, expressed as the number of live embryos
per kg of female B.W., was highest after Dagin treatment.
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A b s t r a k t

Badano wyniki rozrodu suma afrykańskiego C. gariepinus po stymulowaniu owulacji
homogenatem przysadki karpia (CPH), Ovopelem lub Daginem. Po podaniu Ovopelu ikrę oddały
wszystkie samice, a po zastosowaniu CPH lub Daginu 83.3% ryb. Nie odnotowano statystycznie
istotnego wpływu stymulatora na masę pozyskanej ikry, wyrażonej zarówno w gramach, jak
i w procencie masy ciała samic, ale najwyższe wartości tych parametrów wykazano po podaniu
Daginu. Statystycznie istotny wpływ stymulatora owulacji odnotowano dla procentu zapłodnienia
i żywych zarodków po 24 i 28 godz. inkubacji jaj. Najwyższy procent żywych zarodków po 28 godz.
inkubacji jaj wykazano po podaniu Daginu, a najniższy po użyciu Ovopelu; różnica między średnimi
dla tych stymulatorów była statystycznie istotna. Samice, które owulowały 12 godz. po podaniu
Ovopelu, oddały ikrę w większej masie i istotnie lepszej jakości w porównaniu z ikrą pozyskaną od
ryb, które owulowały 3 godziny później. Relatywna efektywność rozrodu, wyrażona jako liczba
żywych zarodków na 1 kg masy ciała samic, była najwyższa po podaniu Daginu.

Introduction

The African catfish Clarias gariepinus is a species well established
in European aquaculture (HUISMAN and RICHTER 1987, KUCZYŃSKI et al. 1999).
In optimal conditions the growth of this fish is rapid and the production cycle
can be shortened to seven months. The flesh of this species has high nutri-
tional quality and good taste. In the temperate climatic zone in summer
months, C. gariepinus can be stocked in fishing ponds as a species interesting
for anglers. C. gariepinus is a model species for reproduction endocrinological
investigations in Teleosts (VAN OORDT and GOOS 1987, RESINK et al. 1989,
VAN WEERD et al. 1990). The above traits and the fact that C. gariepinus can
mature and reproduce in captivity (HUET 1972, HOGENDOORN and VISMANS

1980) encourage the investigation of improvements to the reproduction
biotechnology of this interesting fish species.

In carrying out the reproduction of fish in controlled conditions the basic
aim is to obtain the highest possible yield of the best quality eggs and, hence, to
produce the highest possible numbers of good quality hatches. To this end,
attempts are made to find ovulation stimulators which ensure the best effects
of the controlled reproduction. Also it is obvious that suitable maternal and
paternal material should be used to obtain satisfactory results in stimulated
fish propagation. In the case of the African catfish C. gariepinus different
preparations were used to induce the maturation of oocytes and ovulation.
Among these materials were acetone-dried powdered carp pituitary (HOGEN-

DOORN and VISMANS 1980, ADAMEK 1993, DE GRAAF et al. 1995), crude pituitary
extract of Clarias albopunctatus and frog Rana elegans (Inyang and Het-
tiarchchi 1994), 17α-hydroxy-progesterone (RICHTER et al. 1985, RICHTER et al.
1987), 11-desoxycorticosterone-acetate (RICHTER and VAN DEN HURK 1982),
human chorionic gonadotropin-hCG (EDING et al. 1982; Inyang and Het-
tiarachchi 1994), hCG + Oxitocin (Hecht et al. 1982), Des Gly10[D-Ala6]LHRH-
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ethylamide with pimozide (DE LEEUW et al. 1985, RICHTER et al. 1987, RESINK

et al. 1989) or in combination with different drugs with anti-dopamine and
anti-serotonin properties (GOOS et al. 1987, KOUŘIl et al. 1992). A list of the
hormonal glycoproteins used to induce spawning in C. gariepinus was given by
HAYLOR (1993).

The extended studies on the effects of controlled reproduction of
C. gariepinus which started in 1996 at the Gołysz Institute of Ichthybiology and
Aquaculture (Polish Academy of Sciences) included numerous experiments
using different ovulation stimulators of natural and synthetic origin. The
natural spawning agents with which the fish were treated, were carp Cyprinus
carpio pituitary homogenate (see BRZUSKA 2005a), bream Abramis brama
pituitary homogenate (Brzuska et al. 1998b) and human chorionic gonadot-
ropin hCG (BRZUSKA et al. 1998c, 1999, 2000). The synthetic spawning agents
were preparations of: desGly10,[D-Ala6]-LHRH Ethylamide applied with
dopaminergic inhibitor pimozide (BRZUSKA et al. 1998c, 1999) and [Tle6,ProN-
HEt9]mGnRH (Lecirelin) applied with dopaminergic inhibitor metoclopramide
(BRZUSKA et al. 2004). The complex ovulation inducing preparations contained
GnRH-a and a dopamine receptor blocker at the pituitary level used in
aquaculture. The preparation Aquaspawn (Republic of South Africa) was also
tested on the females of C. gariepinus at Gołysz Institute (BRZUSKA 2003) as
well as Ovopel produced in Hungary (HORVÁTH et al. 1997) (BRZUSKA 2001b,
2002a,b, 2004, 2005a, BRZUSKA et al. 1998a, 2000).

The results of the successive experiment presented in this paper illustrate
the progress in the studies on this interesting fish species carried out at Gołysz
Institute. An experimental agent for inducing spawning in fish named Dagin
(DRORI et al. 1994, KULIKOWSKY et al. 1996, “Dagin” – Instructions for use) was
used in the present study. It has been successfully used for ovulation stimula-
tion in different fish species e.g. in carp Cyprinus carpio (KOUŘIl et al. 2003a,
BRZUSKA 1999, 2005b, 2006), in grass carp Ctenopharyngodon idella (KOUŘIl et
al. 2003a) in tench Tinca tinca (KOUŘIl et al. 2003b) and in the European
catfish Silurus glanis (BRZUSKA, unpubl. data). However, an attempt at
ovulation stimulation with Dagin in pike Esox lucius failed (SZABÓ 2003).

Dagin combines a superactive salmon GnRH analogue [(D-Arg6,Pro9NEt)-
sGnRH] and the dopamine receptor antagonist, metoclopramide. Each dose,
calculated per kg body weight of fish, contains 10 μg of the analogue and
20 mg metoclopramide (KULIKOVSKY et al. 1996). A diagram showing latency
dependence on water temperature has been elaborated for Dagin, facilitating
the proper timing of ovulation control (YARON et al. 2002). A study on
the use of this preparation in C. gariepinus – a species not used previously
in the tests with this preparation – was undertaken owing to the clear
advantages of Dagin. Dagin is made of fully synthetic components and
is therefore free of any pathogen which may reside in pituitaries of the
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donor fish used in hypophysation. Ovulation induction by Dagin requires
only a single injection and hence reduced stress to the females and less
work compared with carp pituitary homogenate treatment. An important
factor in hatchery conditions is that the preparation of this stimulator
for injection is very simple since there is no need to pound it in a mortar,
as is the case with carp pituitary or Ovopel. Neither is it necessary to
weigh Dagin in order to calculate its proper dose. It is only necessary
to dissolve the content of the dry matter in the vials (provided with the
number of doses per body weight of the spawners given on the label)
in a saline solution or water and inject it into the fish.

The aim of the present investigation was to compare the effectiveness of
reproduction of African catfish C. gariepinus after the Dagin treatment with
propagation results after CPH or Ovopel which are the most frequently used
ovulation stimulators in this fish species. The investigation also concerned the
dependence between the reproduction effects after ovulation stimulation with
different spawning agents and the latent period.

Material and Methods

The experiment was carried out at the Institute of Ichthyobiology and
Aquaculture of the Polish Academy of Sciences in Gołysz. It included 18
females of the African catfish C. gariepinus of body weight varying from 1.50 kg
to 2.53 kg. The fish, selected from a larger population of spawners, were
divided into three groups of six (Table 1). The external signs of maturity (large
and soft abdomen) were taken into consideration in selecting the females. They
were placed in nine 3 m3 volume tanks with two females in each tank. Thus,
the fish from each group were in three tanks. During the experiment the water
temperature was maintained in the range of 24–25oC. After a 24h adaptation
period the ovulation was stimulated with CPH in group I; with Ovopel in group
II; and with Dagin in group III. The doses of the applied agents for spawning
induction and the application method are given in Table 1.

Table 1
Number of females, substances used in stimulating ovulation, doses and method of application

Group Number of females Substances Dose*

I 6 Carp pituitary 4 mg (i.p.)
II 6 Ovopel 1 pellet (i.p.)
III 6 Dagin 1 standard dose

Total 18

* dose per kg body weight; i.p. intraperitoneally
1 pellet of Ovopel contains 18–20 μg of D-Ala6,Pro9NEt-m GnRH and 18–20 mg of metoclopramide
(HORVÁTH et al. 1997)
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The control of ovulation began 10h after stimulation with the above three
preparations and was continued every hour during the next five hours. The
fish were checked for ovulation by gentle pressing of the abdomen.

Eggs yielded by stripping the females were weighed and fertilized from
each fish separately with polled milt taken from the macerated testes of three
killed males (INYANG and HETTIARACHCHI 1994). The incubation of the eggs
from each female was carried out in separate Weiss glasses 7L in volume. After
a 12h incubation the percentage of egg fertilization and after 24h and 28h
incubation the percentage of live embryos were calculated as follows: the mean
percentage of fertilization and the mean percentage of live embryos were
calculated for each fish separately from three samples of 100 eggs taken on
a Petri dish. After the hatching of larvae the correctness of their development
was observed and the percentage of deformed individuals was calculated.

The obtained data (descriptive statistics are given in Table 2) were subjec-
ted to an analysis of variance using the least-squares method (HARVEY 1987)

Table 2
Statistical characteristics of the experimental data. (x̄, arithmetical mean; SD, standard deviation)

Descriptive statistics

n x̄ Minimum Maximum SD
Variables

Weight of females [kg]
Group I 6 2.16 1.50 2.53 0.40
Group II 6 1.99 1.60 2.50 0.34
Group III 6 2.12 1.80 2.30 0.19

Weight of eggs [g]
Group I 5 260.40 182.00 307.00 48.48
Group II 6 216.67 103.00 334.00 79.58
Group III 5 265.60 175.00 394.00 86.23

Weight of eggs [percentage of female body
weight]

Group I 5 11.97 11.46 12.53 0.40
Group II 6 10.76 6.44 13.36 2.51
Group III 5 12.44 9.05 17.90 3.57

Fertilized eggs after 12-h incubation [%]
Group I 5 98.00 97.00 99.00 0.71
Group II 6 95.83 94.00 98.00 1.83
Group III 5 97.60 94.00 99.00 2.07

Live embryos after 24-h incubation [%]
Group I 5 97.20 97.00 98.00 0.44
Group II 6 93.00 87.00 97.00 3.41
Group III 5 96.00 93.00 98.00 2.12

Live embryos after 28-h incubation [%]
Group I 5 91.00 90.00 93.00 1.41
Group II 6 85.17 64.00 93.00 10.85
Group III 5 94.80 91.00 98.00 2.77
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whose main classification factor was the ovulation stimulator. The investigated
parameters were: the weight of the eggs expressed in grams and in the percentage
of female body weight, the fertilization percentage after a 12h incubation and the
percentage of live embryos after a 24h and 28h incubation of the eggs. Analysis of
variance was carried out according to the following linear model:

Yij = α + gi + bWij + eij (1)
where:
α – the theoretical general mean (with the assumption that Wij = 0);
gi – the effect of treatment (spawning agent) i (i =1...3);
b – the regression on female body weight;
Wij – the body weight of the female j;
eij – the random error connected with the observation j.

Since the ovulation did not occur at the same time in all the females treated
with Ovopel, the question arose whether the latency significantly affected the
results of reproduction. An analysis of variance was carried out to answer this
question, the main classification factor being the ovulation time. The following
linear model was used:

Yij = α + ci + bWij + eij (2)
where:
α – the theoretical general mean with the assumption that Wij = 0;
ci – the effect of time i on the ovulation (i = 1...2);
b – the regression on female body weight;
Wij – the body weight of a female;
eij – the random error associated with the observation j.

In the present investigation we also attempted to resolve the problem of
significant differences in reproduction effects in the case of females which
ovulated after the same latent period but after the application of different
preparations. Therefore, two separate analyses of variance for the ovulation
time of 12h and 15h were carried out, using the least-squares method
according to the following linear model:

Yij = α + gi + bWij + eij (3)
where:
α – the theoretical general mean with the assumption that Wij = 0;
gi – the effect of ovulation stimulator i (i = 1...2);
b – the regression on female body weight;
Wij – the body weight of a female;
eij – the random error associated with the observation j.
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The significance of the effect of treatment on the investigated parameters
was verified with the F-test while Duncan’s multiple range test was used
for analyzing the significance of differences between the means of the
three investigated groups (Table 3). The estimated constants and the means
of the least squares for the investigated parameters within the three groups
are given in Table 3. The least-squares means, characterizing the effect
of propagation associated with the time of ovulation, are given in Table
4. Phenotypic correlations between all the parameters were calculated sep-
arately for each group.

Relative effectiveness of the reproduction (expressed as the number of live
embryos after 28 h incubation per kg female B.W.) for each ovulation stimula-
tor was calculated as:

RER =
ab

100

where:
a – number of eggs in the weight of eggs obtained per 1 kg female body weight;
b – mean percentage of live embryos after 28 h incubation of eggs

The calculation was carried out on the assumption that the mean weight of
one C. gariepinus egg is 1.43 mg (VIVEEN et al. 1986).

Results

Percentage of females ovulating after hormonal stimulation

After the application of Ovopel, eggs were obtained from all the females
while after CPH and Dagin from 83.3% of fish treated with these preparations.

Ovulation time

In the group of females treated with CPH in five females ovulation occurred
12h after its application. One female which did not spawn at that time was
controlled 13, 14 and 15h after the CPH treatment. At the first two controls no
information was obtained; after 15h the release of single degenerated eggs was
found, showing the disturbed maturation process. Therefore, no further
controls were carried out.

In the case of Dagin five females yielded eggs 15h after the injection. At that
time in one fish which did not give eggs the release of single degenerated eggs
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in abundant ovarian fluid was observed and hence further controls were
stopped.

In the group of females treated with Ovopel two terms of ovulation were
noted; 50% of fish yielded eggs 12h after the injection of this preparation and
after a further three hours the remaining 50% of females.

Effect of the ovulation stimulator on the weight and quality
of obtained eggs

The values of the least squares means for weight of eggs expressed both in
grams and in percentage of female body weight show that the highest weight of
eggs was found in the group of females treated with Dagin and the lowest after
Ovopel stimulation (257.94 g, 12.32% and 235.35 g, 11.07%, respectively; Table 3).
However, the ovulation stimulator did not significantly determine these traits
(Table 3). This main classification factor significantly affected investigated
traits characterizing the quality of eggs (P ≤ 0.05; P ≤ 0.01; P ≤ 0.05) (Table 3).
After the incubation of 12h, 24h and also 28h the poorest quality characterized
eggs yielded by females treated with Ovopel (95.89%, 92.70% and 84.22%,
respectively; Table 3). The difference between the mean of this group and the
mean of the groups after CPH as well as after the Dagin treatment was
statistically significant for the percentage of live embryos both after the 24h
and 28h incubation (Table 3). The highest percentage of live embryos after
a 28h incubation of eggs was found for fish stimulated with Dagin (95.19%)
however, it was not statistically significantly higher than the respective value
noted for hypophysed females (91.74%) – Table 3.

Ovulation time and the weight and quality of eggs

No statistically significant difference was found between the means deter-
mining the weight of eggs – both expressed in grams and in the percentage of
female body weight – obtained 12h and 15h after the application of Ovopel
(Table 4). However, in the case of 12h latency, the mean values for these traits
were higher by 28.35g and 1.86% (Table 4). The latent period significantly
affected the percentage of fertilization and the percentage of live embryos after
24h and 28h incubation of eggs (P ≤ 0.05; P ≤ 0.05; P ≤ 0.05; Table 4) while the
means for these traits showed higher values for 12h latency compared with 15h
latency (97.4%, 94.4%, 89.6% and 94.3%, 91.6%, 80.7%, respectively; Table 4).

Within the latency of 12 h the effect of the ovulation stimulator was only
statistically significant (P < 0.05) with respect to the percentage of live embryos
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after 24h incubation of eggs. The least-squares mean for this trait was higher
after the CPH treatment compared with the mean calculated for females
treated with Ovopel (97.44% and 94.60%, respectively; Table 4).

Within the 15h latency the effect of the ovulation stimulator was statisti-
cally significant with respect to three investigated traits determining the
quality of eggs (P ≤ 0.05; P ≤ 0.05; P ≤ 0.01; Table 4). The least-squares means
for the percentages of egg fertilization and live embryos after a 24h and
28h incubation showed higher values in the group of fish stimulated with
Dagin compared with the respective values calculated for fish injected with
Ovopel (97.56%, 96.04%, 95.11% and 94.39%, 90.94%, 78.16%, respectively;
Table 4).

Dependences between the investigated parameters

The coefficient of correlation between the body weight of females and the
weight of obtained eggs showed positive high values for fish after a CPH
treatment and for females treated with Ovopel (+0.98 and +0.93, respective-
ly) while its value for fish treated with Dagin was markedly lower (+0.52).
The weight of spawning females was positively correlated with the per-
centage of live embryos after a 28h incubation of eggs both in the group
of fish stimulated with CPH (+0.62) and in the group treated with Dagin
(+0.71) while after the application of Ovopel the correlation coefficient
between these parameters showed a negative value (-0.80). Similarly, in
the group of fish stimulated with Ovopel, the coefficient of correlation
between the weight of eggs expressed in grams and the percentage of
live embryos after a 28h incubation of eggs only showed negative values.
The index of correlation between the fertilization percentage and the per-
centage of live embryos after a 24h incubation of eggs, as well as between
the percentage of fertilization and the percentage of live embryos after
a 28h incubation showed high positive values only for fish injected with
Dagin (+0.91 and +0.90, respectively). The percentage of live embryos after
a 24h incubation of eggs and the percentage of live embryos after 28h
was positively correlated both in the group of females stimulated with Ovopel
and in the group of fish after the application of Dagin; the values of the
respective coefficients were high (+0.93 and +0.92). The correlation between
these parameters was negative (-0.40) for hypophysed fish.
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Occurrence of deformed larvae

The occurrence of larvae with body deformations was found in three
investigated groups. The mean percentage of deformed larvae was low in all
the investigated groups treated with different preparations: in group I it was
6.20%; in group II – 7.06%; and in group III – 5.63%.

Relative effectiveness of reproduction after ovulation stimulation
with CPH, Ovopel or Dagin

The lowest relative effectiveness of reproduction was found in the group
of fish treated with Ovopel. The number of live embryos per kg female body
weight after the application of this preparation was 65,551. The highest
relative effectiveness of reproduction was found in the group of fish treated
with Dagin. The number of live embryos per kg body weight of females was
83,324. In the group of fish treated with CPH the number of live embryos per
kg female body weight was 76,580. A statistically significant (P ≤ 0.01)
difference was noted only between values of RER for the Dagin and Ovopel
treatment.

Discussion

The results obtained in the present experiment show that the application
of Dagin resulted in satisfactory effects on reproduction. After using this
preparation a high percentage of females ovulated, the weight of eggs was high
and their quality after a 28h incubation exceeded the quality of eggs yielded by
hypophysed females and by fish treated with Ovopel. It is particularly worth
stressing that after the Dagin treatment the very high quality of eggs,
expressed by the fertilization percentage after a 12h incubation, was main-
tained during the rest of the incubation. In this group the mean percentage of
live embryos after a 28h incubation of eggs was lower only by 2.4% compared
with the mean fertilization percentage. In the group of fish treated with CPH
the respective values were approximately 6%. In the investigation carried out
at the Gołysz Institute attention was paid to the fact that after some spawning
agents applied to C. gariepinus the quality of eggs decreased during their
incubation. A decrease in the quality of C. gariepinus eggs during incubation
was observed after the application of desGly10[D-Ala6]-LHRH Ethylamide
(50 μgkg–1 body weight of females) (BRZUSKA et al. 1999), of [D-Tle6,ProN-
HEt9]m GnRH (15 μgkg–1) (BRZUSKA et al. 2004) and of the complex prepara-
tion-Aquaspawn (0.5 mLkg–1) (BRZUSKA 2003).
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The results presented here show that the most pronounced decrease in the
quality of eggs (in the period between 12 and 28h of incubation) occurred in the
group of females treated with Ovopel. A difference of 11.7% was noted between
the mean percentage of fertilization and the mean percentage of live embryos
after 28h incubation of eggs. The results of three previous experiments with
Ovopel applied to C. gariepinus showed distinctly that in these experiments no
serious decreases in quality occurred during the period of egg incubation
(BRZUSKA 2004). An analysis of data obtained in an investigation conducted on
a different species of the African catfish, i.e., Heterobranchus longifilis showed
that, in the course of incubation, the quality of eggs yielded by females
ovulating 14h after an Ovopel application deteriorated to a higher degree in
comparison with decreases in the quality of eggs yielded by fish two hours
earlier (BRZUSKA and ADAMEK 2008).

The striking fact is that after the application of Dagin all the females of C.
gariepinus spawned at the same time. A synchronized ovulation induced in all
the females by this spawning agent is an important positive trait determining
its value for hatchery practice. The lack of ovulation synchronization in
spawners hinders and disorganizes the work order in a hatchery at the time of
a controlled fish reproduction.

The results of an investigation of the common carp Cyprinus carpio and
grass carp Ctenopharyngodon idella (KOUŘIl et al. 2003a) clearly showed that,
in these two species, the application of Dagin induced the synchronization of
ovulation in all the treated females. In the common carp the time of stripping
was 14h 30 min (water temperature 24oC) and in grass carp 16h (the water
temperature 22.5oC). In tench, Tinca tinca treated with Dagin the latency
period was much longer – up to 30h 30min (water temperature 22.5oC) and was
the same in all the females which yielded eggs (KOUŘIl et al. 2003b). The effects
of experiments with the common carp carried out at the Institute of Ich-
thyobiology and Aquaculture at Gołysz showed that this preparation did not
synchronize ovulation in females from two Hungarian breeding strains: strain
W (BRZUSKA 2005b) and strain 7 (BRZUSKA 2006). However, the ovulation
synchronization after the Dagin treatment was recorded in common carp
females of the Polish strain 6 (BRZUSKA 2005b). The time interval between the
injection of Dagin and the initial egg release in the females of strain 6 (at
21.5oC) was 14h and was above one hour shorter as compared with the
respective time interval reported by DRORI et al. (1994) and by YARON et al.
(2002). The application of Dagin induced the ovulation in all the females of the
European catfish Silurus glanis at the same time, i.e., 24h after the injection of
this spawning agent (BRZUSKA, unpubl. data).

Synchronized ovulation also occurred in individuals treated with CPH
while after the application of Ovopel two different terms of egg release were
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recorded. We stress that a higher weight of eggs was obtained from females
ovulating 12h after the treatment with Ovopel. The percentage of live embryos
both after a 24h and 28h incubation developing in these eggs was significantly
higher compared with the percentage of live embryos developing in eggs
obtained from females ovulating three hours later. These results may suggest
that females which ovulated earlier were characterized by a higher physiologi-
cal readiness for ovulation induction using a preparation based on the stimula-
tion of the endogenous gonadotropin from the pituitary of fish treated with
a synthetic hypothalamic hormone. In previous experiments carried out with
females of this fish species stimulated with Ovopel the synchronization of
ovulation was noted in all the investigated fish both after the application of
Ovopel at one dose (1 pellet kg–1) or at two doses (1/5 + 1 pellet kg–1) (BRZUSKA

et al. 2000, BRZUSKA et al. 1998b, BRZUSKA 2002a,b, 2004). The lack of
ovulation synchronization after an Ovopel tratment was found in the Euro-
pean catfish Silurus glanis (BRZUSKA 2001a) and in the African catfish
Heterobranchus longifilis (BRZUSKA and ADAMEK 2008).

A very important piece of information obtained in the investigation of C.
gariepinus is that after the application of Dagin the percentage of deformed
larvae was not higher in comparison with the hypophysed group or that
treated with Ovopel. The high percentage (>20%) of larvae hatched with body
deformations was found in this fish species whose ovulation was stimulated
with desGly10[D-Ala6]-LHRH (applied with pimozide) irrespective of the LHRH
– a dose of 50 μg kg–1 or 20 μg kg–1 (BRZUSKA et al. 1998c). It is also important
that eggs obtained from all the fish after an ovulation stimulation with Dagin
were of a very good quality.

In summary, the results of controlled reproduction after the application
of the tested preparations were satisfactory. In spite of the fact that the results
of reproduction of C. gariepinus after ovulation stimulation with Dagin can be
only regarded as preliminary, the best effects were found after the treatment
with this preparation. In the group of fish treated with Dagin synchronization
of ovulation was noted in five females in which the ovulation occoured. The
highest mean weight of obtained eggs was found after the application of this
stimulator, however, it did not significantly differ from the mean weight of
eggs obtained from hypophysed females or those treated with Ovopel. The
highest mean percentage of live embryos after 28h incubation of eggs was
obtained after the application of Dagin, however, it differed significantly from
the mean percentage of live embryos in the group of fish treated with Ovopel.
The stimulation of ovulation with Dagin resulted in a higher relative effective-
ness of propagation (the number of live embryos per kg female body weight)
than the stimulation with carp pituitary homogenate or Ovopel.
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A b s t r a c t

The objective of this study was to determine the effect of oxidative stress caused by exposure to
ozone on the activity of 17-β-hydroxysteroid dehydrogenase and alkaline phosphatase, and testos-
terone concentrations in male rats, and to investigate the possible protective effect of easily available
antioxidants such as vitamins E and C. The experiment was conducted on adult Wistar-Hannover
rats. One group of animals was exposed to ozone without vitamin cover, and the remaining animals
were administered vitamins E and C in various combinations and doses. Ozone exposure in the group
of rats not receiving vitamin injections caused oxidative stress manifested by elevated MDA
concentrations in the blood plasma and testicular tissue. An increase in MDA levels was also observed
in the group of animals administered vitamins, excluding the animals receiving low- and average-dose
combinations of vitamins E and C. A drop in the activity of 17-β-hydroxysteroid dehydrogenase was
reported in animals exposed to ozone, but this effect was not noted in the groups exposed to ozone and
receiving vitamins. The lowest blood testosterone levels were observed in rats exposed to ozone and in
the groups receiving low- and average-dose combinations of vitamins E and C.
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A b s t r a k t

Celem pracy było określenie wpływu stresu oksydacyjnego powodowanego eskpozycją na ozon na
aktywność dehydrogenazy 17-β-hydroksysteroidowej i alkalicznej fosfatazy oraz koncentrację testos-
teronu u samców szczurów, jak również ewentualne ochronne oddziaływanie łatwo dostępnych
antyoksydantów, takich jak witamina E i C. Doświadczenie przeprowadzono na dorosłych szczurach
samcach szczepu Wistar/Hannover. Część zwierząt była ozonowana bez osłony witaminowej,
pozostałe otrzymywały witaminy E i C w różnych kombinacjach i dawkach. Ekspozycja szczurów na
ozon, bez iniekcji witamin, wywołała stan stresu oksydacyjnego, objawiający się wzrostem koncen-
tracji MDA zarówno w osoczu, jak i w tkance jąder. Wzrost poziomu MDA nastąpił również w grupach
zwierząt otrzymujących witaminy, z wyjątkiem szczurów dostających niskie i średnie dawki witaminy
E i C łącznie. U zwierząt ozonowanych zaobserwowano spadek aktywności dehydrogenazy
17-β-hydroksysteroidowej, czego nie zanotowano w grupach ozonowanych z witaminami. Koncen-
tracja testosteronu we krwi była najniższa u szczurów eksponowanych na ozon i w grupach
otrzymujących średnie i wysokie dawki witaminy E i C łącznie.

Introduction

Ozone is one of the key air pollutants. Its toxicity can be attributed mainly
to interactions with polyunsaturated fatty acids, which stimulates the forma-
tion of free radicals and other compounds such as hydrogen peroxide, protein
oxidation products, lipid hydroperoxides and the highly toxic malondialdehyde
(PRYOR et al. 1991). Ozone is a highly reactive gas that penetrates the tissue-air
boundary, but ozone-induced changes have also been determined in other
organs (PRYOR 1992). The above effects are attributed not only to ozone’s
direct oxidative activity (which is principally restricted to lungs), but also its
ability to activate free radical-initiated cascade reactions and produce toxic
peroxidation compounds (ESKEW et al. 1986, TOMSITS et al. 1994).

Living organisms deploy various mechanisms of protection against
oxidative stress, including with the involvement of vitamins E and C. Vitamin
E’s protective effect on the lipid environment is manifested by two processes.
The first relies on direct interactions with ozone which deprive this gas of its
oxidative effects, and second involves the free radical scavenging mechanism to
inhibit the autooxidation of polyunsaturated fatty acids (LIEBLER et al. 1993,
ZIELIŃSKI 1997). Vitamin C is a water-soluble antioxidant. It interacts directly
with peroxides, free radicals and atomic oxygen in an aquatic environment to
protect low density lipoproteins (LDLs) and serum lipids against oxidative
damage (PACKER et al. 1979).

There is a scarcity of published data on ozone’s effects on the male
reproductive system, including testes. The results of previous research have
demonstrated a drop in testosterone levels and the activity of 17-β-hydroxys-
teroid dehydrogenase in rats subjected to long-term ozone exposure
(JEDLIŃSKA-KRAKOWSKA 1998). Pathological changes in the spermatogenic
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epithelium were also observed (JEDLIŃSKA-KRAKOWSKA et al. 2006). In view of
the mechanism of ozone-induced toxicity, the objective of this study was to
investigate the effectiveness of popular antioxidants, such as vitamins E and C,
in preventing the harmful consequences of oxidative stress.

Materials and Methods

The experiment was conducted on 96 Wistar-Hannover rats aged five
months (at the beginning of the study), with average body weight of 370 ± 10 g.
The animals were divided into 12 groups (n = 8 in each group):

– I (Con) – control;
– II (Con PBS) – control animals receiving PBS injections i.m.
All animals from groups 3–12 were exposed to 0.5 ppm ozone for 50 days.

Daily exposure time was 5 h (8.30 a.m. to 1.30 p.m.). The air in the exposure
chamber was exchanged every two hours to prevent excessive CO2 accumula-
tion. Ozone concentrations were restored to the original level after every
exchange. The animals from groups 3–12 received vitamin E and C injections
i.m. at the following doses:

III – (1.5E) – 1.5 mg vit. E; IV – (4.5E) – 4.5 mg vit. E; V – (15E)
– 15 mg vit. E; VI – (3C) – 3 mg vit. C; VII – (9C) – 9 mg vit. C;
VIII – (50C) – 50 mg vit. C; IX – (1.5E 3C) – 1.5 mg vit. E and 3 mg
vit. C; X – (4.5E 9C) – 4.5 mg vit. E and 9 mg vit. C; XI – (15E 50C)
– 15 mg vit. E and 50 mg vit. C; XII – (Oz) – ozone exposure only.

Ozone was supplied from air compressed in the IMPOZ-4 ozone generator
(Institute of Precision Mechanics, Warsaw) to a chamber sealed with chemical-
ly neutral polyethylene film, where it was spontaneously mixed with air. Ozone
concentrations in the exposure chamber were controlled by iodometry (SALTZ-

MAN et al. 1959). During exposure, the animals had ad libitum access to water,
but feed was not administered owing to ozone’s oxidative effect. Outside the
daily exposure regime of 5 h, all animals were kept under identical conditions
as regards air composition, temperature and diet.

After the experiment, blood samples were obtained by heart puncture from
all rats anesthetized with halothane (Narcotan, Leciva, Czech Republic) until
completely bled. Blood samples were centrifuged at 4oC, 3000 rpm, for 10
minutes. Blood plasma was separated and stored at -22oC for the determina-
tion of vitamin E and C levels, testosterone and malondialdehyde (MDA)
concentrations (WARD et al. 1985). Directly after bleeding, gonadal fragments
were excised to measure MDA, vitamin E and C levels (RETTENMAIER et al.
1992, SANDOR et al. 1989, OMAYE et al. 1979). MDA concentrations were
determined in a 20% saline homogenate of testicular tissue.
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Gonadal sections were also used to prepare frozen specimens in a cryostat
(CRYOCAT, Reichert Young). The activity of alkaline phosphatase (AP) was
determined in the specimens by Gomori’s histochemical technique, and the
activity of 17-β-hydroxysteroid dehydrogenase – by the method proposed by
Levy, Deane and Rubin. The activity levels of the studied enzymes were
estimated using computer image analysis (System for Image Processing and
Analysis LUCIA). The optical density of the image produced by the studied
reaction was measured in the specimens and expressed on a scale of 0 (black
– high activity) to 62 (white – low activity).

The results were processed statistically to calculate the arithmetic means,
the standard error of the mean (SEM) and the significance of differences
relative to the control group, using Student’s t-test (Statgraphic application,
Statistical Graphic System).

Results and Discussion

A significant increase in malondialdehyde concentrations in the blood was
noted in all animals exposed to ozone, regardless of the applied vitamin dose
and combination. Elevated MDA levels in testicular tissue were observed in
rats exposed to ozone as well as in the animals exposed to ozone and receiving
vitamin C and E injections separately, regardless of the dose. In the groups
administered low-dose combinations of both vitamins, MDA concentrations
were comparable to control group values. The above could be attributed to the
synergistic effect of the studied antioxidants where the produced tocopheryl
radicals are reduced by vitamin C, thus reinstating the original structure of
vitamin E (BARTOSZ 2009). In the group of rats exposed to ozone as well as
animals exposed to ozone and receiving high doses of vitamin E and C, MDA
concentrations were significantly elevated. Authors differ in their opinions
regarding the antioxidative and prooxidative effects of ascorbic acid. When
administered at higher doses, vitamin C demonstrates prooxidative activity, it
contributes to the formation of hydroxyl radicals (Fenton’s reaction), oxidative
stress and elevated malondialdehyde levels (CARR et al. 1999, NAIDU 2003,
JEDLIŃSKA-KRAKOWSKA 2006).

Vitamin C concentrations in the blood plasma were marked by a significant
increase in the group of rats receiving the highest vitamin C doses as well as
average- and low-dose combinations of vitamins E and C (Table 1). Despite
significant variations between groups, the increase in vitamin E levels was
statistically non-significant owing to high SEM values. Ascorbic acid is a water-
soluble substance that does not demonstrate a cumulative effect, nonetheless,
an insignificant increase was noted in testicular tissue. A significant increase
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in vitamin E levels was noted in the testes of all ozone-exposed rats not
receiving vitamins, in animals receiving vitamin E, animals receiving both
vitamins as well as in rats administered the highest doses of vitamin C.
Vitamin E may be mobilized from other parts of the body by organs that are
directly exposed to ozone-induced oxidative stress, provided that it is present
in sufficient quantities. The above applies mainly to lungs. The same mobiliz-
ation mechanism may apply to other antioxidants, subject to the type of stress
(ELSAYED et al. 1993). High levels of vitamin E in the testes of rats exposed to
ozone and receiving high doses of vitamin E, high doses of vitamin C as well as
high-dose combinations of both vitamins may be related to an increased
demand for antioxidants (in view of the free radical cascade initiated by ozone
and the properties of ascorbic acid) as well as the mutual interactions between
the studied vitamins (PRYOR et al. 1991, BARTOSZ 2009).

Table 1
Concentration of vitamin E and C, and MDA in testes and blood plasma (±SEM)

Vitamin C Vitamin E MDA

Group [μg/ml] [μg/g] [μg/100 ml] [μg/100 g] [μM/l]

blood plasma testes blood plasma testes blood plasma testes

I Con 44 ± 8.9 84.5 ± 20.47 424 ± 224 70.1 ± 16.5 7.35 ± 0.84 1.88 ± 0.2

II Con PBS 34.8 ± 7.46 79.5 ± 22.87 246 ± 36.9 20.6 ± 13.1** 7.92 ± 1.02 2.15 ± 0.33

III 1.5E 44.8 ± 7.78 92.3 ± 8.62 680 ± 566 896 ± 241** 14.8 ± 1.77** 4.39 ± 0.37**

IV 4.5E 46.6 ± 4.82 98.4 ± 9.3 408 ± 65 166 ± 55** 15.46 ± 2.12** 4.47 ± 0.5**

V 15E 40.2 ± 4.66 104.9 ± 9.61 409 ± 145 225 ± 74** 12.8 ± 0.86** 2.78 ± 0.22*

VI 3C 49.1 ± 7.75 90.7 ± 8.47 237 ± 45 99 ± 24 13.4 ± 1.13** 2.98 ± 0.21*

VII 9C 50.7 ± 6.42 99.2 ± 3.51 1260 ± 1321 78 ± 17 15.4 ± 2.48** 3.53 ± 0.47**

VIII 50C 60.1 ± 4.07** 99.2 ± 9.38 2195 ± 2896 127 ± 27** 16.53 ± 1.52** 2.73 ± 0.25*

IX 1.5E 3C 38.4 ± 3.62 102.4 ± 9.24 457 ± 141 124 ± 36* 12.32 ± 1.06** 1.70 ± 0.4

X 4.5E 9C 55.7 ± 2.62** 91.2 ± 7.5 278 ± 59 743 ± 198** 11.47 ± 0.85** 1.95 ± 0.42

XI 15E 50C 58.2 ± 3.6** 90.8 ± 9.67 3696 ± 3412 843 ± 357** 12.0 ± 1.23** 4.82 ± 1.26**

XII Oz 53.4 ± 3.2 91.8 ± 10.22 359 ± 58 780 ± 152** 12.28±1.47** 4.37 ± 0.33**

** p ≤ 0.01 * p ≤ 0.05 significance in relation to the control group (Con)

The activity of alkaline phosphatase in testicular tissue was not marked by
significant variations in comparison with the control group, and the lowest,
statistically non-significant values were noted in rats exposed to ozone without
vitamin cover (Table 2). Oxidative stress is generally accompanied by a drop in
AP activity (OYAGBEMI et al. 2010) which it is an indicator of the quality and
biological value of semen. The results of a previous study have demonstrated
that although ozone exposure does not have a negative impact on sperm
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morphology, it reduces sperm concentrations (JEDLIŃSKA-KRAKOWSKA et
al. 2006). The activity of 17-β-hydroxysteroid dehydrogenase decreased only
in rats exposed to ozone and not receiving vitamins. The lowest blood
testosterone levels were also noted in this group of animals. Testosterone
concentrations were marked by a significant drop also in the group of
rats receiving average- and low-dose combinations of vitamin E and C.
The above can be attributed to the fact that ozone-induced oxidative stress
disrupts steroidogenesis in testes, thus lowering testosterone levels
(JEDLIŃSKA-KRAKOWSKA et al. 2007).

Table 2
The activity of alkaline phosphatase and 17-β-hydroxysteroid dehydrogenase in testes, and concen-

tration of testosterone in blood plasma (±SEM)

17-β-hydroxysteroid
Group dehydrogenase

(the optical density)*

Alkaline phosphatase Testosterone
(the optical density)* [ng ml–1]

I Con 32.86 ± 1.42 21.57 ± 0.75 0.94 ± 0.12

II Con PBS 36.38 ± 1.09 23.75 ± 1.68 0.95 ± 0.08

III 1.5E 35.25 ± 0.96 17.00 ± 1.54 1.10 ± 0.11

IV 4.5E 35.12 ± 0.77 21.85 ± 1.92 0.93 ± 0.11

V 15E 36.43 ± 1.78 18.50 ± 1.48 0.87 ± 0.18

VI 3C 34.8 ± 1.12 19.25 ± 0.94 0.83 ± 0.02

VII 9C 38.14 ± 2.20 21.42 ± 1.17 0.84 ± 0.08

VIII 50C 36.13 ± 1.21 19.10 ± 1.55 0.72 ± 0.06

IX 1.5E 3C 36.75 ± 1.39 18.25 ± 1.90 0.74 ± 0.09

X 4.5E 9C 35.63 ± 0.85 20.00 ± 1.46 0.59 ± 0.09*

XI 15E 50C 35.88 ± 1.21 19.50 ± 1.43 0.69 ± 0.14*

XII Oz 37.75 ± 1.00* 22.88 ± 1.22 0.42 ± 0.07**

** p ≤ 0.01 * p ≤ 0.05 significance in relation to the control group (Con)
* The optical density was expressed on a scale of 0 (black – high activity) to 62 (white – low activity).

The results of this study suggest that neither vitamin E nor vitamin
C effectively counteracted oxidative stress induced by ozone. The activity of
17-β-hydroxysteroid dehydrogenase in animals receiving the investigated vit-
amins was comparable to the levels noted in the control group, and so were
testosterone concentrations (with the exception of animals receiving high-dose
combinations of vitamins E and C).
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